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The Third International Symposium on Radiation Education was held on
August 23 — 26, 2004 at Nagasaki, Japan. The fundamental knowledge of radiation and
related nuclear matters should be properly communicated to students and general public.
The symposium has been devoted for developing an effective method of radiation
education. To remove unnecessary fears for radiation and to utilize radiation and nuclear
energy to contribute to the human welfare, the spirit of radiation education was first
announced internationally in 1998 at Hayama, Japan, and then confirmed in 2002 at
Debrecen, Hungary, and now was reassured in August 2004 at Nagasaki.
The symposium consisted of 5 sessions with 77 submitted papers, and involved
141 participants from 13 countries.
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PREFACE
Radiation and radioactivity have ubiquitously existed around our environment
since the beginning of Earth, and they exist even in our human body. Although an
excessive abundant amount of them is surely dangerous, we do not need to be fearful by
the reason of their existence only. There are various risks everywhere other than
radiation in our daily life, and our human body has a superb ability of adapting itself to
a small amount of them, even if a large amount of them is harmful. In general, any
possibly risky phenomena or material, some of which will be the product of recent
progress of technology, should be carefully studied and be utilized for the purpose of
conservation of energy and global environment and maintenance of human welfare, by
virtue of our human wisdom and the spirit of thorough investigation. How we learn
the wisdom depends on EDUCATION.
Recent society is flooded with abundant information. However, much of it is,
frequently not correct, and true facts are somewhat distorted. It is necessary for us to
have the ability of finding useful information and of selecting what is right from
abundant information. . We can, and must, learn the ability by education from
specialists.
Although radiation is recognized in general as extremely dangerous
regardless of its quantity, this view is very possibly due to a result of
misunderstanding or prejudices on nuclear energy and radiation, which have for the
long time distorted the proper education. We aim at promoting the proper education
both at school and in society, based on correct scientific facts and appropriate
appreciation of value. Especially as for the safety of radiation, we wish to make the
risk perception of radiation by the public sound, and thus to make people have the
ability of judging social matters fairly. Once the RADIATION EDUCATION is
widespread, the feeling of anxiety or horror against radiation by the general public may
be mitigated, and it is expected that the social acceptance of nuclear power production
and radiation utilization will be promoted. At the same time, the mental stress of those
who have exposed to radiation unwillingly, as well as the social-economical burden for
the peaceful uses of nuclear energy, will also be relieved; the resulting situation will
signify benefit to our nation and the world.
Usually the education of science studies in schools is aimed at developing the
systematic understanding of basic principles which governs the natural phenomena,
frequently utilizing experimental practice. Our radiation education covers a wider
range: it concerns not only the acquisition of purely scientific facts about radiation,
radioactivity, nuclear energy, and its application, but also includes the problem of valuejudging for the application of nuclear technologies for the purpose of solving the global
energy-environmental problems.
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The fundamental knowledge of radiation and related nuclear matters, which are
usually compared to a double-edged sword, should be properly communicated to many
young people and general public. This symposium, ISRE04, has been devoted to
exploring a standard method of radiation education.
The spirit of our radiation
education, to remove unnecessary fears for radiation and to utilize its energy to
contribute to the human welfare (economical fulfillment and mitigating mental pains),
was first announced internationally in December 1998 in Hayama, Kanagawa Prefecture,
and then was confirmed in August 2002 in Debrecen, Hungary, and now was reassured
in August 2004 in Nagasaki. Since we believe that this spirit deserves to be pursued,
we will continue the endeavor of realizing it in a worldwide scale. We sincerely hope
that the present volume will serve this purpose.
The organizing Committee of this Symposium sincerely thanks several
organizations, including Japanese Government, many companies and individuals,
including the distinguished invited speakers and participants, who have very kindly
understood the purpose of the Symposium and cooperated with us in various ways for
producing the Proceedings in the present form.
December 2004
Tatsuo Matsuura, Secretary General,
Organizing Committee for the Third International Symposium on Radiation Education
(ISRE04),
and
Radiation Education Forum
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1.1 Opening

Address

Expectation on the Present Symposium
Kojiro NISHINA
Professor Emeritus, Nagoya UniversityProfessor, Aichi Shukutoku University
Nagakute-Katahira 9, Nagakute-cho, Aichi-ken 480-1197 JAPAN
Turning over the pages of the present program we are struck by the fact that
participants have-come from such a wide geographical region of the world, representing
furthermore their diversified characteristics of educating organizations. Indeed, a
century has already passed since the discovery of X-ray. In spite of rich interactions
between radiation and human life during those years, however, we are still struggling
just as ever to find a pertinent solution to reconcile the public sentiment, the social
institutions, and the benefit from the radiation utilization. In the practice of education
in school or in society, one tries after all to appeal to the human thinking, in an attempt
to promote understandings on radiation. The effectiveness therefore depends on the
social forms and the culture of the country involved. The solution to this task
accordingly is not a single one, but can have varieties. Moreover, if any gap in education
exists, causing misunderstanding in the use of radiation, it could well raise an issue of
ethics. Thus, the presentations in lectures should maintain scientific accuracy, while
they must be easy and convincing. This is a demanding requirement.
In this regard, the author expects much from the present ISRE04. Every
participant, in his/her own effort of teaching and presentations, must have witnessed
the response of his/her audience and thus must have a unique opinion as to what would
be a proper way to convince the next generation or the public. With a mass of
participants in the present ISRE04, discussing and exchanging those unique opinions
in the following four days, the present state of our effort in radiation education in the
international aspect will be revealed. We expect to find many clues, gain
enlightenment, and feel motivated and assured.
As to the biological effect of low-dose radiation, the considerable data
compilation has be#n achieved in Japan. The public interest in such progress is also
quite high, reflecting the history that this is the only country in the world to suffer from
the atomic bomb casualties. With the related data joining from overseas in the present
symposium, we expect to listen to valuable discussions. The outcomes as well as
expressions carefully selected in those progress is expected to influence the art of
education during the years to follow. Hopefully the terminologies used will gradually
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be digested and interpreted correctly by the public in everyday life.
When it comes to the medical, scientific, as well as industrial applications of
radiation the progress Is so fast that even the interested specialists in neighboring
fields cannot follow. Without doubt It Is those fresh developments which excite the
audience In lectures, and which Influence the contents of education In the years to come.
Thus we are looking forward to listen to new developments in those applications.
Because we are now having this symposium in the city of Nagasaki, It would
not be irrelevant to quote the writing of Yoshio Nishina, who made a scientific survey
visit over Hiroshima and Nagasaki soon after the destruction of the cities.1 In the
following sentence which was published eight months after his survey, he expresses his
agony he felt in observing the disastrous scene"On the historical occasion to wjMess Hiroshima and. Nagasaki several days
after the atomic bomb attacks, I couM neither stand nor keep watching the disaster
because of Its cruelty and severe degree of destructions. Not to mention the dead bodies
found anywhere on the ground, the confused crowds of lying patients with the heavy
degree of bums, whose eyes and noses could neither be Identified nor differentiated;,
formed an infinitely long line. Hearing their moans out of their pain and suffering, I
realized that I had come to a hell on this earth indeed. The famous Urakami
Cathedral In Nagasaki has reduced to a mere ruin, and has sadly closed Its history and
tradition together with the pious Christians thereby. Schools and other noble cultural
facilities in the cities have been wiped out or burned, with no signs of its former
existence left. I looked down over the cities of Hiroshima and Nagasaki from the
nearby hills, and tried to convince myself that each scene was indeed the consequence of
only a single bomb. I could not help breathing a deep sigh of grief. I shook my head
pledging that we should not start any war in future, we should stop any war at any
cost." "
Reading this sentence we cannot help praying that the soul of the dead in those
casualties may refit in peace. The participants from overseas who have come to this
city for the first time are advised to visit the point of detonation (Matsuyama-machi)
and the Museum either by joining the tour on the 25th(Thursday), or by his own
planning.
Every new product of science and technology in general carries with Itself a
positive as well as negative nature In its influence to the society. Unfortunately,
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nuclear energy with accompanying radiation in their first debut brought a decisive
disaster to the mankind. Now that we have witnessed and realized the disaster, we
should identify and describe the realities of both the disastrous consequence and the
positive potential of this new field with scientific accuracy. Only by such efforts we
would gain wisdom from our past and construct a bright future.

We would then

establish adequate social systems where we can utilize this controversial product with
confidence and trust.

This is no longer a task of science alone, but an essential task of

cultural as well as mental endeavor.

We thus realize that we are feeing a task exactly

in the central spot of education. This is the reason why we sincerely wish to see a
success in this symposium.
I

The cities of Hiroshima and Nagasaki were bombed on August 6 and 9, respectively.
Y. Nishina made scientific surveys in Hiroshima from Aug. 8 through 15, and in
Nagasaki on Aug. 14. The first objective of the survey was to prove that it was indeed
the destruction by atomic bombs as claimed by Truman. He collected stone samples for
radiation measurements, and advised the X-ray films in hospitals be developed for
exposure verification. [Nishina Memorial Foundation Eds., "GensM-bakudaii(Atomic
Bomb)," p.109, Kofusha (Tokyo, 1973)].
II

Y. Nishina, "International Control of Nuclear Energy," Kaizo (a magazine in
Japanese), p.21 (Tokyo, April, 1946)
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amount of proven reserves divided by trie amount oi annual
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Table 1.

Achievement in 2000 and goal in 2010 of new energy in Japan Supply of new energy

2000

2010(goal)

2010/2000

Solar

81

1,180

15

Wind

59

1,340

23

Waste

1,150

5,520

5

47

340

7

Solar heat

890

4,390

5

Waste heat

140

Biomass heat

45
—

670

3
—

Unutilized

45

580

13

Black liquid

4,900

4,940

1

7,220

19,100

3

600,000

600,000

New energy

7,220

19,100

Ratio to total energy

1.20%

3.0%

Power generation

Biomass
Thermal utilization

Sum
Total primary energy Supply
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Table. 3. International comparison of the
Power Generation by Sun and Wind

Table 2. The Percentage of Renewable Energy
in the Tbtal Energy Supply in Several Countries
Primary energy supply
1998
2010

Power generarion
2010
1998

Japan

5.2%

7.5%

9.7%

11.3%

U.S.A

7.0%

6.9%

10.9%

9.2%

Canada
EU

17.1%
5.3%

—
11.6%

61.8%
13.9%

.

Japan
U.S.A
Germany
Denmark
Italy
Swiss
Hetherlands
Spain
Sweden
U.K.
World

—
22.1%

U.K.

1.0%

—

1.7%

10.0%

France

6.4%

—

15.0%

21.0%

Germany

1.7%

—

4.5%

12.5%

Italy

4.8%

—

16.0%

25.0%

Denmark

8.5%

—

8.7%

29.0%

Sweden

28.1%

—

49.1%

60.0%

Austria

22.2%

—

72.7%

78.1%
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Power generation
( 1 Million Watt)
Sun
Wind
209
144
117
2555
70
6113
1
2297
18
389
13
3
9
448
9
2402
3
231
1
409
520
17706
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13 Nagasaki and Radiation
— Health Effects of Radiation: Atomic Bomb9 Chernobyl and JCQ

Shigenobu NAGATAKI

Jtyfiltif
Prof. Emeritus, Nagasaki University

Executive Director, Japan Radioisotope Association

Tel: 03-5395-8021, Fax: 03-5395-8051, E-Mail: naRataki@jrias.or.jp

Abstract
Under the title of Nagasaki and Radiation, this presentation will include the significance of the
investigation of health effects of radiation on A-bomb survivors,

dissociation between the scientific

results and the public impression at the Chernobyl accident and problems in health control of the people
in the regions surrounding JCO, Tokaimura. It is proposed that in the area of the low-dose radiation,
economic, ethical, psychological, environmental, and scientific factors are all essential in the policy and
regulatory decision-making process to assure public health and well-being.
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Introduction
Follow-up studies on atomic bomb survivors

2.
3.

Radiation effects on humans in Chernobyl accident
4.

Health management of the residents living around JCO Tokaimura
5. i£<h&£> Summary

1.

W Introduction

1)

O^^M. Experiences in Radiation Effects
tS^¥ ( 1 9 5 6 - 1 9 8 0 )

University of Tokyo, Harvard University (1956-1980)
Investigation on Thyroid Glands and Clinical Application of Radioisotope

>mm±¥mmm

(19 8 0 - 1 9 9 7)
¥* WHO, IAEA, EC,

tm%

Professor of Medicine, Nagasaki University (1980-1997),
(Nagasaki Univ., WHO, IAEA, EC, Ministry of Foreign Affairs,
Radiation Effects Research Foundation, Japan Foundation )
Investigation on Thyroid Diseases in Atomic Bomb Survivors
Investigation on Chernobyl Nuclear Plant Accident
& (19 9 7 - 2 0 0 1 )
JCO
Radiation Effects Research Foundation (1997 - 2001)
Investigation on Atomic Bomb Survivors
Health management of the residents living surrounding JCO

mm (2 0 0 2-)
Japan Radioisotope Association (2002 -)
Administration, and Members of Councils, Committees and Commissions
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Stance of Author

Safety, reliability, trustworthiness, radiophobia, nuclear allergy
- all perception toward radiation arise from radiation effects on human health

Considering health effects is indispensable to utilization of nuclear power, radiation and
radioisotope
£b
: Summary
BW Radiation Effects are Health Effects
Conduct studies on radiation effects on humans and explain the results to the public
3) 20
Information Source on Radiation Effects on Humans in the 20^h Century
20 WB\Z&tfZ>tktt&<Dfem&W\ZM't%>BWl ' \nU
(Table 1)
Table

1

Formation

Source

Atomic bombing

on

Radiation

Effects

on Humans

in the 20 t n

Century

Hiroshima, Nagasaki

*-mM*

Bravo Test) * A ^

(^ffl)

A-bomb/H-bomb tests

Marshall (Bikini, Bravo Test) Nevada (USA), Semipalatinsk (USSR)
UK, France, China, India, Pakistan

- H OfcS), J^OyJV ( V I )
A-bomb production accidents

Hanford (USA), Southern Ural (USSR)
, JCO (M

Nuclear plant accidents

Three Mile Island, Chernobyl, JCO (Tokaimura)

Occupational exposure

Uranium mines, Fluorescent Paint, Nuclear Plants

iWJ$L \HL K Medical exposure

^ Diagnosis and treatment

tftl^ifc (IAEA,
Medical accidents

All over the world (reported to IAEA, WHO) most frequent

Personal experiences on the investigation of Atomic Bomb survivors, Chernobyl accident and JCO
accident will be described.

-

16

JAERI-Conf

2005-001

2. wM^m^(Dmm
Follow-up studies on atomic bomb survivors
Significance of epidemiologies! study results in the area of low dose radiation
1) M

Acute Effects

(1)

>
>

Death

fcBi

Hiroshima

140,000/360,000 (38.9%)

^llf Nagasaki
70,000/250,000 (28.0%)
L D 50 %] 3 W4 (Gy) ( 2 ) W&MM<0&:

Signs and Symptoms of Acute Effects

m<t\ mot, rffl, M K ^m^mm^(D^.Mmik, ritm^mit^m^:,

mmmrn, ^tJtm

Nausea, vomiting, diarrhea, skin damage, bloody stool due to digestive tract damage,
disturbed consciousness, bone marrow damage, secondary infection, organ failures

Long-term Follow-up Study on A-bomb Survivors in Hiroshima and Nagasaki
Radiation Effects Research Foundation :
The Successor to Atomic Bomb Casualty Commission (ABCC)
>

ABCC it^MW^tl^Wk^kfrbtDf^lzX.

19 1947 ^XZBs, 1948 ^NllUgf\C}&±L&frltz.o

ABCC was established in Hiroshima in 1947, and in Nagasaki in 1948, with funding
from the US Atomic Energy Commission.
ABCC-RERF studies focus on several fixed cohorts of survivors and their children.
Cohort members have been followed-up for more than 50 years.
(2) A B C C ( l 9 4 7 - ) ^ J : r / ^ l t ^ ^ # a : ^ F J f (RERF 1 9 7 5 - ) ^ P S ^
Cohorts of ABCC and Radiation Effects Research Foundation
120,000

1 S Life Span Study (1950-)
^mm^

20,000

(2 ^ ( c 1 IU^:^)(1958-)

Adult Health Study (biennial exam.)
%&&< In Utero Study (1950-)

3,300

ZLW First Filial Generation (1946-)

88,000
(DS86)-(DS02)

Individual exposure doses were estimated by US and Japanese experts
( 3 ) $L&&W (&m)

(VHhtf)

Summary of Late Effects

-

17

-

JAERI-Conf

2005-001

Statistically Significant Results Obtained From More Than One Study and Risks Clearly
Related to Radiation
(A) IfeHl^f A-bomb survivors
® M&MM Malignancy tumor

Leukemia (excluding chronic lymphocytic and T-cell leukemia)
Solid cancer: breast, thyroid, skin, colon, stomach, lung, ovary
B Noncancer Diseases

Radiation cataract, myoma of uterus, thyroid adenoma,
hyperparathyroidism,
autoimmune
hypothyroidism,
myocardial
infraction, chronic liver disease, delayed growth and development
(childhood exposure)
(B) Up^i^iX # In Utero exposed survivors
Microcephaly, delayed growth and development, decreases in school
performance and IQ scores
(€) W.j§^.W First Filial Generation
No evidence of clinical or subclinical effects has yet be seen.

(4) wMmmmM^^^(Dmmmm
International Approaches to the Results from Studies on A-bomb Survivors

a.

mmm.
ICRP: International Commission on Radiological Protection

UNSCEAR: United Nations Scientific Committee on the Effects of
Atomic Radiation

WHO-REMPAN: WHO Radiation Emergency Medical Preparedness and
Assistance Network
Biological studies on radiation effects on humans

-
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Use the results as a standard for making international consensus,
Adopt the safe side for regulatory decision-making concerning radiation protection
''W Stochastic Effects," Linear Dose Response, No Threshold (LNT)
Epidemiologically Cancer risk attributable to radiation effect is linear dose-response
and does not have a threshold.
Theoretically radiation on one cell may be a cause of cancer
(probability is small but not zero)
t < Bsk\^±
t\^b iHiteft V ^ No radiation dose is safe
¥ X. V ^ The radiation dose is lower the better

Life Span Study of RERF
Table 2

Table 3
Life Span Study

Life Span Study

1950-1997
Observed and Expected Solid Cancer Death

Age at exposure

People

Alive

0-9

17,824

91%

10-19

17,558

80%

20-29

10,883

66%

30-39

12,266

31%

40-49

13,491

4%

50+

14,550

Total

0%
48%

86,572^

People in Hiroshima or Nagasaki at the time of bombings for whom dose
estimates are available
• * r <D b *>37,458ttStlf < JBH1^0.Q05Sv&T
37,458 were exposed to radiation dose lower than O.OOSSv

People
37,458

3,833

31,650

3,277

0
44

0.0%

0.005-0.1
0.10.2

5,732

6S3

39

5.7%

0.2-0.5

6,332

763

97

12.7%

0.51

3,299

438

109

249%

LO-2.0

1,613

274

103

37.6%

488

82

48

58.5%

86,572

9,355

2.0Tbtal

Table 4

0-0.05
o-o.i
0-0.125
0-0.15
00.2
00.5
01
0-2
0-4

i?V
1.0

1.5

440

1.3%

47%

Excess Relative Risk Estimates for Selected Dose Ranges
Siit Dose

0.5

Deaths

Table 5

Excess Relative Risk of LSS Mortality from Solid Cancers by Radiation Dose

0.0

fitted excess

Dose
O.005

2.0

2.5

3.0

3.5

Colon D o s e (Sv)

ERE/Sv (SB)*

pffi p value**

0.93(0.85)
0.64(0.55)
0.74(0.38)
0.56(0.32)
0.76(0.29)
0.44(0.12)
0.47(0.10)
0.54(0.07)
0.47(0.05)

0.15
0.30
0.025
0.045
0.003
O.001
<0.001
<0.001
O.001

Solid cancer dose-response function averaged over sex attained age 70 after exposure at age 30

(SE>
Sex-averaged estimates at age 70 after exposure at age 30
One-sided P value for a test of the hypothesis that the slope is 0

My Proposal of Stochastic Effects ; Linear Dose Response, No Threshold (LNT)
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No radiation dose is safe
The lower radiation dose, the better
100m Sv J
However, it should be recognized that scientifically the effects of radiation lower
than lOOmSv (low dose radiation) and the existence of threshold has yet been proved
nor denied
3.
Radiation effects on humans in Chernobyl accident
Gap between scientific study results and media coverage Responsibility of scientist
1) 1996

^x^y^UWfclOj^©^*
IAEA- WHO- EC£|Wh>>3^vr>A

1996 International Symposia 10 Years after Chernobyl Accident
IAEA/WHO/EC Joint Symposium

2.

^8#f£fi#

3. tktt&&T%O\Z&ZtiLm%

400 77 A

H People considered to have been exposed
1. Power plant workers, firemen, etc.
2. Liquidators
3. Those exposed to radioactive fallout
• Demonstrated Health Effects

Several hundreds
Hundreds of thousands
4 million

1.

134 A (237

2.

800 A

3.
fc People with demonstrated health effects
134 (237 hospitalized)
1. Symptoms of acute radiation syndrome
28 died within 3 months
14 died within the subsequent 10 years (2 died of blood disease)
2. Childhood thyroid cancer
about 800
3 died because of thyroid cancer
3. Increase of other diseases including leukemia has not been confirmed
-
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2) m^^vmm
Interpretation of Research Results to the Public
Dissociation between scientific research results and impression of the public
Significant role of mass media
It is the duty of scientists to interpret scientific research results to the public
"Radiation effects scientifically not demonstrated " does not mean "Radiation effects do
not exist"

4. Mmtt J co
Health management of the residents living around JCO
Examples of responses to low dose radiation
>

JCO $i& Criticality Accident at JCO Tokai-mura

>

i&BMJkW?(Dm^W. (&¥k#))
Science

>

1999^9^30 0

i/—<D$&tfffi) Bridging Radiation Policy and

1 9 9 9 ¥ 12 R 1 - 5 0
^fM*WM%kfi^lk:£%&Jn Health management of residents

J&^Jj^zik^m.^

living around JCO 1999 ^ 11 M 8 0 —2000 ¥ 3 M 31 0
>

^HfMfi< ^ S H " f ~ 6 ^ ^ ^ £

The risk of cancer from diagnostic X rays

1 ^ 31 0
2 ) JCO • & Criticality Accident at JCO Tokai-mura

1999 ^ 9 M 30 0

Medical Response to Health Effects
High dose radiation

Two workers died

Top-level medical response
L6^%
JWDafiK

Accepted
JBE^S:^

L Low dose radiation

Residents

No signs

Limitation of medical science
Confusion
3) {£^*^jl(7)!ll^^^
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During the past 50 years studies have been conducted. The lowest dose at which
a statistically significant radiation risk has been shown is lOOmSv. This does not
imply the existence of a threshold.
It is essential to foster international harmonization of radiation safety policies for
low dose radiation.
Economic, environmental, ethical, psychological, and scientific factors are all
essential in the policy and regulatory decision-making process to assure public
health and well-being.

4)

Health management of residents living around JCO
: (less than imSv to 25mSv)

Judging from radiation dose (less than lmSv to 25mSv), ©no deterministic effects are
expected, and (2)the probability of stochastic effects is so small that it would be not
possible to find out the radiation effects. Therefore, there would be no specific health
examination to find out the radiation effects, but it is necessary to take care of
psychological stress of residents living around JCO.
5)
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Risk of cancer from diagnostic X-rays"
estimate for the UK and 14 other countries in the "Lancet
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> None of surveys and studies has been able to show a carcinogenic effect of low dose
radiation
> We fear this may dissuade individuals from doing necessary X-ray examinations for
fear of a carcinogenic effect
by Dr. M. Tubiana

> In day-to-day clinical practice, many cancers are detected by diagnostic X-rays and
adequately treated.
> Due to the existence of scientific uncertainty in the area of low dose radiation,
every possible factor is essential in the policy and regulatory decision-making
process to assure public health and well-being
by Dr. S. Nagataki
5 . ^ h <£> Summary
l£ t $) — 1 Summary-1
Health effects are dose-dependent. Effects vary according to radiation dose
There exists a threshold in acute and deterministic effects of radiation.
Effects are observed over a dose of threshold.

There exists no threshold in stochastic effects (cancer, etc.)
There are no safe radiation dose.

However, it should be recognized that scientifically the effects of radiation lower
than lOOmSv (low dose radiation) and the existence of threshold has yet been
proved nor denied
t #>- 2 Summary-2 ({SilllCDj^fl Low dose radiation)

It is important to recognize that effects of low dose radiation has not been proved nor
denied, and in the area of the lowdose radiation, policymaker, regulator, experts of
-
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science and stakeholders have to consider that economic, ethical, psychological,
environmental, and scientific factors in the policy and regulatory decision-making process
to assure public health and well-being
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1.4 Cross-national Survey on Science literacy and Attitudes
toward Use of Radiation among 7700 High-school Students
In Seven FNCA Countries
FNCAftll 7,700

•tmtmimi:
Yasumasa

TANAKA

Gakushuin Uninersity

Abstract
A joint cross-cultural study was launched in 2002 in seven member countries of the Forum
for Nuclear Cooperation in Asia (FNCA—China, Indonesia, Japan, Korea, The Philippines,
Thailand, and Vietnam). It was intended to examine (1) personal interest, (2) information
sources regarding science and technology, (3) general science literacy, (4) images of radiation
(including

"Hiroshima-Nagasaki-Nuclear Weapon"), and (5) the extent and the kind of

information needs for radiation, with a total of 1000 male and female high-school students
serving as respondents in each country. Basic information thus obtained regarding the
"receivers" should be able to serve for an appropriate selection of the "message", "style" and
"media" by any "potential communicators" when they need to communicate with the
"receivers"—high-school students in this case.

(The Forum for Nuclear Cooperation in
Asia -FNCA)CD
, 2002

-J

- J (No.7, 2003 ^ 9 R)
<http://www.fiica.jp/newsletter/no7_2003-9.pd£>
, 2002
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1.5 Energy, the Environment and Nuclear Power
Peter E. Hodgson
1. Energy Choices
Our very existence and our standard of living depends on an adequate
supply of energy. Without energy, we would not be able to heat our homes
or cook our food. Long-distance travel and communications would be
drastically changed, and our factories could no longer produce the goods
we need. The world demand for energy has increased rapidly due to the
increase of population and the overall rise in living standards. Globally, the
world population is doubling every thirty-five years and the energy use
every fourteen years. Furthermore, there is a crucial difference between
energy use and energy need: much energy is wasted in the richer countries,
while the poorer ones lack the minimum needed for an acceptable lifestyle.
A century ago the world's energy came almost wholly from coal and
age-old sources such as wood, crop residues and animal dung. These are
indeed still widely used in the poorer countries. Then in the late nineteenth
century oil and natural gas became an important energy source. The use of
oil and gas grew steadily through the twentieth century and are now
globally more important than coal.
In the last few years there have been many signs that the world is
experiencing a growing shortage of energy. Already the price of gas is
rising and is expected to increase by 20% by 2010 and that of oil has
reached $38 per barrel. Several areas, including California, have
experienced acute energy shortages. At present we are highly dependent on
oil, particularly for transport. Road transport is brought to a standstill in a
few days if the supply is cut off. Agriculture is also heavily dependent on
oil for fertilisers and machines. Planes are completely dependent on oil.
The vital question is how long will there be enough oil, and the other
fossil fuels gas and coal, to supply our needs. Some current estimates are
that at the present rate of use there is enough oil to last forty years, natural
gas sixty years and coal 230 years. These figures are not so alarming as
they appear, because they are obtained by dividing the known reserves by
the annual consumption and this does not imply that after these times the
reserves will be exhausted. Indeed, continuing studies reveal the surprising
fact that these figures remain almost constant from decade to decade, The
explanation is that as the existing reserves are used up the price rises and
-
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this stimulates searches for new oilfields and the development of new
techniques for extracting more oil from existing ones. This produces more
oil, so the price falls again. This in turn increases consumption, so that more
oil is used and the price rises again. The overall result of this feedback
mechanism is that the oil price remains fairly steady in the range $15 to $30
per barrel. Of course this cannot go on forever, and then it will become
economic to use other sources such as tar sands and oil shale. Already the
cost of oil from tar sands has dropped from $28 to $11, and there are vast
deposits of oil shale. So, contrary to the general belief, there is no
immediate danger of an oil shortage. Similar remarks apply to gas and coal.
In addition to these economic considerations, oil prices are subject to
political decisions by the OPEC countries. This was the reason for the sharp
rise in oil prices in 1973.
These remarks refer to the world as a whole. The changes are more
rapid in individual countries. Thus for example in Britain the oil will be
exhausted in about five years, and gas in about seven years. After that,
without a new energy source, we will have to rely on gas imported from
Libya and Russia.
Thus while there is no reason to expect an imminent shortage of
fossil fuels, there is continuing need for flexible planning and the search for
new sources. They are, however, polluting the atmosphere, leading to
climate change, acid rain and global warming. This situation is likely to
worsen, as world energy demand is expected to rise from 9.3 btoe (billion
tons of oil equivalent) in 2000 to 15.4 btoe in 2020, mainly due to increases
in China, India and Latin America.
Despite many resolutions at international conferences promising to
reduce emissions, the emission of carbon dioxide and other greenhouse
gases due to the burning of fossil fuels is steadily increasing, and with it
many indications of global increases in temperature. The resulting air
pollution has been estimated by the Royal Commission on Environmental
Pollution to contribute to 24,000 deaths in the UK each year and the World
Health Organisation attributes about 150,000 deaths per year to global
warming, and this is likely to increase. Furthermore, a global rise in sea
level is predicted, which will not only have serious environmental effects
but will affect communities worldwide, as many of the world's cities and
much of the industry is located at less than 5 metres above sea level.
Extreme weather events have increased tenfold in the last fifty years, and
the average cost of these is estimated to be around forty billion dollars per
year. It is therefore imperative to reduce our reliance on fossil fuels as
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rapidly as possible. If we fail to do this, we may well irreversibly pollute
our earth.
This situation has led to a demand for energy sources that are nonpolluting, and the so-called renewables are seen by many as the answer to
the problem. While many of us would be happy if this were so? detailed
analyses show that they are unable to provide the energy we need, and that
they are relatively dangerous and costly, as well as being injurious to the
environment. This had led many people and Governments to look again at
nuclear power.
At present most of our energy needs are supplied by oil, natural gas
and coal, together with some biomass in the poorer countries. These sources
are limited, but are likely to last for the foreseeable future. They do have,
however, the crippling disadvantages that they produce carbon dioxide and
a whole range of poisonous chemicals. The carbon dioxide is responsible
for a gradual global wanning and other climatic effects that may well prove
devastating in the long ran. The poisonous chemicals affect our health, and
cause acid rain. It is therefore urgent to reduce our dependence on these
energy sources. Other possible sources must be examined using the criteria
of capacity, reliability, cost, safety and effects on the environment. Of the
other sources, hydropower is useful, but for geographical reasons can never
provide more than about 3% of our needs. That leaves the so-called
renewables wind, solar, wave, tidal and geothermal. Some of these,
specially solar, have useful applications to small scale needs, but none of
them is able to provide the huge amounts of energy that are needed. Wind is
the most promising, but costs twice as much as the existing major sources
and is unreliable and harmful to the environment
2. Climate Change
Before considering nuclear power, it is useful to discuss the effects
on the climate of the burning of the fossil fuels coal, oil and natural gas. It
is being increasingly realised that present energy policies may be having a
disastrous effect on the word climate. The burning of fossil fuels inevitably
releases large amount of carbon dioxide into the atmosphere. There is no
economic way of avoiding this because the chemical reaction that releases
heat is the combination of carbon and oxygen to produce carbon dioxide. In
addition, fossil fuel power stations release into the atmosphere many
poisonous substances that eventually fall to earth as acid rain, killing trees
and rendering rivers and lakes sterile.
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The world climate Is constantly changing, and we can take averages
for a local region or for the whole earth. Climate Is determined by many
natural causes, and in addition there is evidence that It is affected by human
actions. We cannot do anything about the natural causes, but if there Is a
causal link between human actions and climate change we may have reason
to expect the present changes to continue, and furthermore we will have a
strong incentive to take action to mitigate the harmful effects of climate
change.
Such a causal link has been proposed. Extensive measurements have
shown that the concentrations of carbon dioxide, methane and some other
gases in the atmosphere are steadily increasing: The annual increase of
carbon dioxide is now 0.4%, that of methane 1.2%, of nitrous oxide 0.3%,
of the chlorofluorocarbons 6% and of ozone about 0.25%. In the European
Union, fossil fuels are the main source: oil 50%, natural gas 20% and coal
28%. Of this, electricity generation accounts for 37%, transport 28%,
Industry 16%, households 14% and the service sector for 5%. These are
established facts, and In addition there Is a strong correlation between
carbon dioxide concentrations and temperature changes. It is then suggested
that these increased concentrations are responsible for global wanning and
that global warming is responsible for other climate changes and predicted
effects such as a worldwide rise in the sea level. This conclusion Is
supported by recent results from the analysis of eight glacial cycles from
the Antarctic ice core extending over the past 740,000 years showing that
every time the carbon dioxide concentration has increased there has been a
corresponding increase in the temperature.
The connection between the increase in carbon dioxide and global
warming is known as the greenhouse effect. The argument Is that, as in a
greenhouse, the sun5 s rays penetrate the atmosphere and warm the earth.
Some of the heat is emitted with a different wavelength that cannot escape
because of the carbon dioxide; in the case of the greenhouse It Is the glass
that does this.
This argument, is plausible, but needs careful scientific analysis
before the conclusion can be established. Many scientists worldwide have
been making detailed calculations using increasingly sophisticated models
of the atmosphere. This is obviously a very complicated task. What, for
example, do we mean by the temperature of the atmosphere? We can
measure the temperature at a particular place and height, but this needs to
be done over the whole surface of the earth and for heights up to several
miles. The best we can do is to establish a grid of points and measure the
temperatures at these points as a function of the time. Even a coarse grid
-
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contains millions of points and the calculations are very time-consuming
even on a fast modem computer. The more accurate we want our
calculations to be the longer they will take. In addition, the results may be
very sensitive to the initial conditions; this is called the butterfly effect. The
main uncertainty at present seems to be the effects of water vapour, which
are greater than those of all the other gases combined. These are sensitively
affected by changes in the cloud cover which in turn changes the amount of
solar energy absorbed or reflected.
The results of such calculations are published periodically by the
Intergovernmental Panel on Climate Change, under the Chairmanship of
Sir John Houghton. With many qualifications, the conclusion of the latest
work is that there is good evidence that world temperature is increasing,
and it is predicted that the average temperature will rise by about four
degrees Centigrade by the year 2100. In the same period the sea level will
rise by about 60 cm. or by 40 cm. if the emissions are controlled. Such rises
will eliminate many islands such as the Maldives in the Indian Ocean, and
will inundate much of Bangladesh and some of Holland.
There are many uncertainties in these arguments, but uncertainties
are not uncommon in human affairs. We have to make a decision on the
basis of incomplete knowledge. It is easy to say that we must undertake
more research and do nothing until we are absolutely sure what is the best
thing to do. This is nearly always the worst decision of all. We must take
our decision on the basis of the best knowledge that we have, even if it is to
some extent uncertain. And concerning climate change, the best knowledge
that we have is contained in the results of the model calculations. It Is
therefore Important to explore any practicable means to reduce the emission
of gases that are responsible.
If that was all that could be said, the prospects of satisfying world
energy needs without polluting the earth and causing drastic climate change
would be thin Indeed. However there Is another source to be considered,
namely nuclear power.
3. Nuclear Power
Nuclear power stations are now operating In many countries and
provide about 20% of world electricity They are very reliable and almost
completely non-polluting. The countries that have built nuclear power
stations have dramatically reduced their carbon dioxide emissions. Thus
France Is about 80% nuclear and has halved Its carbon dioxide emissions;
Japan (32% nuclear) has achieved a reduction of 20%, while the USA (20%
-
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nuclear) has reduced them by 6%. The emission of sulphur dioxide is also
drastically reduced by replacing coal power stations by nuclear ones. The
British Government has set a target of a 10% cut in carbon emissions in the
period from 1990 to 2010. By 1995, a cut of about 6% had been achieved,
but this was due to the increase in nuclear output by 39% from 1990 to
1994. Nevertheless, emissions rose by 1% in 2003 and in the next few years
they will rise as the older nuclear power stations reach the end of their lives,
and no new ones are being built. There is thus no hope that the targets will
be met, and the situation is similar for the USA. On a longer term, the US
Energy Administration forecasts that global carbon dioxide emissions will
rise from 23.9 bnt (billion tonnes) to 37.1 bnt in 2025.
The cost of nuclear power is generally comparable to that of coal and
oil. It is not easy to make precise estimates because nuclear power stations
are much more costly to build than coal power stations, but are cheaper to
ran. The amount of fuel that has to be brought to a nuclear power station is
very small, compared with the thousand tons per day needed by a coal
power station. The relative cost therefore depends on the working life of the
power station and in that time the value of money undergoes substantial
changes. Nuclear power stations are more costly to decommission, but
these costs can easily be covered by investing a small amount during each
year of a reactor' s life. Thus it seems that the costs of nuclear and coal
power are quite similar, but this does not take into account the costs of
pollution and global warming that are due to coal and other fossil fuel
power stations.
Nuclear power stations compare well with other sources for safety.
No energy source is perfectly safe; there are always some deaths and
injuries due to accidents in the extraction of the fuel, Its transport to the
power station, Its construction and maintenance and in the distribution of
power to the user. Nuclear reactors have few adverse effects on the
environment. Most important, they emit almost no greenhouse gases and so
do not contribute to acid rain or global warming. In 1996, 2312 TWh of
electricity was generated by nuclear power. The same amount would be
produced by burning 900 million tons of coal or 600 million tons of oil.
Thus the emission of 3000 million tons of carbon dioxide has been saved
per year by using nuclear instead of coal power stations. When nuclear
power stations are built, the emission of poisonous gases is strikingly
reduced.
Nuclear reactors are continually being improved, and new types
studied. Among the new fission reactors the pebble-bed reactors seem
promising. Fast reactors, which burn the uranium 238 which comprises
-
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99.3% of natural uranium, have been studied for many years and pilot
plants have operated successfully. At present they are not economic
compared with the present reactors, but are available to take over from
thermal reactors if uranium becomes scarce. This seems unlikely to happen
for many decades because the cost of the fuel is a small fraction of the total
cost of running a reactor. In addition, uranium is very widespread though
often in small concentrations.
Experiments have been in progress for over fifty years to use the
fusion reaction to produce energy. Successive devices have come nearer to
the goal of producing more energy than is used to start the reaction, but this
has not yet been achieved. If and when it is, practically unlimited energy
would become available because the deuterium used as fuel is a component
of ordinary water. As the feasibility of fusion reactors has not yet been
demonstrated, they should not be considered in the context of providing for
our present needs, although they are a bright hope for the future.
4. The Opposition to Nuclear Power.
There are several reasons for the widespread opposition to nuclear
power. First there is the fear of nuclear weapons. The more reactors there
are around the world, the more likely that a rogue country will divert some
plutonium, make a few bombs and threaten the world with destruction. This
danger is already with us, and will not be reduced by abandoning nuclear
power. On the contrary, the scramble for the remaining oil supplies during
the coming decades is a potent cause of international tension.
Secondly, there is the fear of nuclear radiations. They are
deadly and invisible to the senses. We can receive a fatal dose of radiation
and feel nothing. However, nuclear radiations can easily be detected in
exceedingly small amount by simple instruments, thus allowing protective
measures to be taken. We are all continually exposed to nuclear radiation
from the radioactive minerals in our own bodies, in the earth and from the
cosmic radiation. In some areas this natural background dose is a hundred
times the average value yet even then the amount received is too small to
cause any danger, so the much smaller amount due to the nuclear power
industry should not be a cause for concern. There is even some evidence
that small radiation doses are beneficial, as they induce bodily repair
processes.
There is also widespread fear that nuclear radiations from
reprocessing plants such as that at Sellafield, and also from nuclear power
stations, can damage the health of people living nearby. In particular, there
-
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seems to be more cases of leukaemia in such regions. Such installations do
emit minuscuie amounts of radiation, far less than the natural background
to which we are exposed all the time. Detailed medical studies of the
frequency of leukaemia around nuclear installations have shown that it
cannot be attributed to nuclear radiations. An alternative explanation, due to
Kinlen, is that the excesses leukaemia cases, where they occur, are due to
viral effects connected with the movement of populations has been
supported by the detection of similar effects in regions not associated with
nuclear installations.
There is also widespread fear about the safety of nuclear reactors
after several accidents and particularly the disaster of Chernobyl. This was
due to an unsafe design and flagrant breaches of the operating instructions.
On the fatal night the operators wanted to make an experiment on the
reactor at low power and to prevent the reactor being automatically shut
down they switched off the safety circuits. Inevitably disaster followed. To
oppose nuclear power because of Chernobyl is like opposing modem cruise
liners because of the Titanic disaster.
One of the arguments most frequently used against nuclear power
stations is that they produce highly radioactive nuclear waste. This
accumulates and remains dangerous for thousands of years, so by building
nuclear power stations we are imposing an intolerable burden on future
generations. However, the method used to deal with nuclear waste has been
well understood for many years. First, it is allowed to stand in secure tanks
for about forty years to allow the short-lived isotopes to decay, and then the
residue is concentrated and fused into an insoluble ceramic and encased in
steel cylinders. It is then buried deep in the earth in a stable geological
formation where these is no chance that it will ever come into contact with
people. Eventually the remaining radioactivity will decay to a level
comparable with that of the surrounding rock. A recent OECD NEA Report
on the disposal of long-lived radioactive wastes concluded that 'there is a
consensus among the engaged technological community that engineered
geologic disposal provides a safe and ethical method for the long-term
management of such wastes5 . The amount of high-level radioactive waste
produced by a reactor each year is quite small; it could be loaded into a
minibus. For comparison, coal power stations produce millions of tons of
toxic waste each year.
5. Comparison of Energy Sources
In order to provide the very large amounts of energy we need to
sustain our living standards, and to raise those of people in the poorer
-
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countries, we need energy sources of high capacity. The only sources in this
category are the fossil fuels and nuclear. The fossil fuels are unacceptable
because of the pollution they produce, and the likelihood that they are
responsible for global warming. It is imperative to reduce our reliance on
them before the earth is polluted beyond repair. The renewable sources do
not at present produce amounts remotely approaching our needs, and they
are also inherently and unavoidably unreliable.
A recent French report gives some alternative ways to generate the
electricity produced by a 1000 MWe nuclear power station: 6000 windmills
of 20m blade diameter; 30,000 square km of forest; 2.3 million tonnes of
coal per year; 1.9 million tonnes of oil per year; 18 thousand million cubic
meters of gas per year; or 100 square km. of solar panels. As the present
nuclear capacity of the UK is 13,000 MWe, these figures have to be
multiplied by 13 to provide the actual equivalents.
For large-scale power generation the costs are all-important, and
numerous figures have been published. Thus a commission was appointed
by the Belgian Government to examine the costs of energy generation in
various ways. They took into account the costs of fuel, investment,
operations and maintenance, atmospheric air pollution, noise, greenhouse
gases, construction, grid connection and decommissioning and produced
the estimates shown in the Table. For comparison, some figure from the
Performance and Innovation Unit, the Royal Academy of Engineering and
BNFL are also given. To facilitate comparison the Belgian figures have
been normalised to equalise the costs of coal production. The last two
columns show figures including external costs. These have been estimated
as 4-7 for coal, 1-2 for gas and 0.25 for nuclear. One may add a US
estimate of nuclear costs as 1.7 cents/kWh and a UK estimate of 1.67
p/kWh. Taking account the different circumstances there is reasonable
agreement among these figures, except that the figure of 4.0 for nuclear for
PIU seems definitely too high.
TABLE: Costs of electricity generation in p/kWh
Energy Source

Belgian Costs*

PIU +

RAE

Coal
Gas
Wind (off-shore)
Wind (on-shore)
Nuclear

2.34
1.74
2.39
3.26
1.25

3.5
2.0
3.0
2.5
4.0

2.5-3.2
2.3
5.5 (7.2)
3.9 (5.4)
2.3

(3.5)
(2.6)
(3.6)
(4.9)
(1.8)
-
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* Figures in brackets normalised to PIU coal.
+ Performance and Innovation Unit
" Royal Academy of Engineering (backup costs in brackets)
* ^British Nuclear Fuels, including external costs
A
French estimates in e/kWh, including external costs
6. Political Considerations
In view of these facts, it is remarkable that conferences are held to
discuss ways to combat climate change and they discuss fiscal measures,
wind, wave and solar power, but make no mention whatsoever of nuclear
power. The only explanation is that Governments are aware that nuclear
power is politically so unpopular that they would lose their support if they
advocated the construction of new nuclear power stations. The possible
reasons for this have been discussed above, but what is of more concern is
that all the efforts of scientists to inform the public seem to be in vain.
There is a strong reluctance to face the truth. All this hides psychological
problems should be resolutely faced, and not simply ignored as if they do
not exist. Reality may be avoided for some time, certainly during the period
before the next election, but in the end the problems will have to be faced,
and the longer this is postponed the more difficult it will be to solve them, if
indeed it is not already too late.
I thank Dr.D.A.Hodgson for valuable comments and discussions,
particularly concerning the Antarctic.
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1.6 How to Promote Risk Literacy
of Atomic Energy and Radiation in Public
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Abstract
According to broad use of radiation and nuclear energy in our society we recognize
that the promotion of risk literacy in public is urgently needed. Necessary topics as
follows are explained and discussed. 1. view-points of micro-, macro- and human-world,
2.how to measure risks objectively, 3. why we need to consider nuclear/radiation risks,
4. nuclear/radiation safety measures, 5. how to protect ourselves from risks, and 6.
needs to establish new system of comprehensive risk education in the future.
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1.7 Application of Radiation and Radioisotopes in Life Science
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Abstract

Radiation and Radioisotopes have been played an important role in the wide range of life

science, from the field study, such as fertilizer or pesticide development
to gene engineering researches.

or production of new species,

Many mutants through radiation have been provided to the market and

the usage of radioactive tracers was an effective tool to study plant physiology.

It has been granted

that the contribution of radioisotopes has been accelerated the development of the gene engineering
technology, which is now overwhelming all the other usages of radiation or radioisotopes.

However,

because of the difficulty to get social acceptance for gene modified plants, the orientation of the life
science is now changing towards, so called "post genome era".

Therefore, from the point of radiation

or radioisotope usage, new application methods are needed to develop new type of researches.

We

present how (T) neutron activation analysis, (2) neutron radiography and (3) positron emission
tomography are promising to study living plant physiology.

Some of these techniques are not

necessarily new methods but with a little modification, they show new aspects of plant activity.
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Neutron activation analysis
It has been known that there are 17 essential elements for plant growth.

Though the role of each

element has been reported, the systematic movement of the elements within the plant has not been
known.

One of the most important features of a plant is that it always consists of various stages of

tissue, from meristem to an old one.

To understand biological activity in an intact plant, a

nondestructive technique is extremely important.

However, methods for such in vivo measurements

have not been well developed.
Therefore, we analyzed the elemental concentration in every tissue of the plant throughout its life
cycle.

Neutron activation analysis allows non-destructive measurement of meulti-element profile

within a plant.

If applying destructive method, we cannot obtain absolute amount of the elements.

the case of destructive method, the samples have to be prepared in solution.

In

When the amount of the

element is extremely low, it is difficult to avoid the contamination of the elements from the chemical
reagent.

The dissolving yield of the element is also now known.

Therefore, it can be said that

neutron activation analysis is the only method to measure the absolute amount of the element in the
sample.
Neutron activation analysis has been performed using JRR-3M, installed at JAERI (Japan Atomic
Energy Research Institute).

We found that there was a tremendous difference in each elemental

concentration in different tissues, and even in different locations within the same tissue.
these concentrations change by an order of magnitude.

Sometimes,

The gradient of each element was

systematically spread out throughout the whole plant, and was further separated by junctions between
different tissues.

This gap also appears to vary for different elements, and in relation to environmental

stress.
In the case of morning-glory, there was a systematic movement of some elements within a plant with
time and darkness (Fig.l).

78

Fig. 1

61

The distribution of Mn concentration during the developmental stage of morning-glory.

Psudo- color is applied according to the concentration.
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During the growth, each cell in tissue is aging and there is a connection between neighboring cells
through an exchange of information that is suggested by the movement of the elements.

The dynamics

of elements in plant tissues also suggests that the while plant itself is a great information processing
center that may be comparable to a brain in a human being.

2O Neutron radiography
The elements required for a plant are dissolved in water to be absorbed from the root and
some elements might have a role as signals; that is, water can be regarded as an important
medium in the information transferring process. Though water plays such an essential
role for a living plant activity, little study has been performed for imaging water in a plant,
mainly lacking tools for the research.
Since we have been performing activation analyses to measure elements using a
research reactor, we have found that neutrons could be used to produce a water specific
image in living plants. This technique provides the highest resolution for water in tissue
yet obtainable. We applied this technique to image water in flowers, seeds, and wood
disks during the drying process. Neutron beam analysis also enabled to analyze plant
roots imbedded in soil. Besides 2-dimensional images, spatial images of the roots
imbedded in soil was constructed by piling up hundreds of CT images. From these
3-dimensional images, the dynamic activity of living roots was studied for the first time.
The water-absorbing part in the root gradually shifted downward with growth and when
there was any environmental stress, a side root developed more to compensate for the main
root activity.
For an example, neutron image of soybean root and neighboring soil system is presented
below.
A soybean seedling was grown in an aluminum container (3.5mm 0 x 15cm) where
Toyoura's standard sand, containing 18% of water, was packed. Then thermal neutrons
were irradiated using a research reactor, JRR-3M, installed at JAERI(Japan Atomic Energy
Research Institute), whose neutron flux was 1.5 x 10 /cm • s. After penetrating the
sample, neutron was converted to light by a fluorescent converter and was guided to a
cooled CCD camera. Through 4 second exposure of the beam, the first projection image
was taken. An example of the projection image is shown in Fig.3.
Then the sample was rotated 1 degree, in an angle, to get another projection. The
procedure was repeated 180 times to get 180 successive images, along with rotation.
Using these 180 projection images, spatial water profile near the root was constructed.
Through image analysis, water in soil was found to decrease gradually towards the root
surface and from about 0.5 mm far from the surface, then the water amount was increased
drastically toward the surface (Fig.2). From this study, highly wet root surface was found
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verify the reproducibility of the experiment.
Thus the method provides real-time
imaging of the elemental movement. We applied the technique to measure water
movement in a living plant.

—a^,

'7 ~I~'3f-fi

s: n v

.li

Fig.5 F-labeled water movement in a
drought tolerant and sensitive cultivars.

Fig.4 Neutron image of a cowpea plant
axowpea, bxommon bean, c:soybean

First of all, we tried to use 18F to trace water movement because of its relatively longer
half life, 11 Om. We present the water uptake ability of cowpea (Vigna unguliculata Walp)
which has been regarded as one of the most drought resistant species among the pulse
crops. It has been suggested that in the lower part of the stem, parenehymatous tissue for
storing water has been developed for the function of drought resistance. We confirmed
that in this tissue, water amount was high compared to the other stems by neutron
radiography (Fig. 4). Then the water uptake manner was measured using 18F labeled
water produced by a cyclotron. Comparing the water uptake manner of cowpea plant
with that of common bean, cowpea plant was found to maintain high water uptake activity
after drying treatment, suggesting the high drought resistant character. We used drought
tolerant and sensitive cultivars selected out of about 2000 cowpea plants and compared
water uptake manner (Fig. 5). Interestingly, usually, drought tolerant cultivar was not
taken up much amount of 18F-labeled water compared to that of a sensitive one. But after
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drought treatment, sensitive one cannot take up much amount of water. The result
showed that the natural plant behavior suggested us different concept for the drought
tolerance. When we are trying to produce drought tolerant plant, we are apt to think that
adding high activity for water uptake is enough. In nature, drought tolerant cultivar does
not require much amount of water under normal condition but has high potential activity to
absorb water when water supply was limited.
in

We irradiated water with He beam to produce F in water. However, there always
remained a question whether F really represents water movement itself. To avoid this
problem, we tried to use 15O9 which was produced by 15N (d, n) 15O reaction at NIRS.
The labeled water was supplied to a soybean plant from root. Because of an extremely
short half-life of 15O, 2 min., water movement in a root, as well as up ground part of the
plant, was able to be traced until 20min9 after water was supplied. To get water
movement in a plant, an imaging plate (IP) was fixed to contact with the sample for 1 min.
and the IP was renewed rapidly (Fig. 6). Using these successive images, water uptake
movement was analyzed under different conditions of light and humidity. The water
uptake was found to be highly dependent on humidity. When the humidity was decreased
to about 50%, water uptake was shown even under dark condition (Fig. 7).
With this technique, not only water movement but also the other elemental movement,
such as K, Mn or Zn are expected to study in a living plant.
10-11 min.

M

A

20-21 min.

- M-:

B
C
D
Fig.7 Water image of an intemode by IP,
A,C:light B,D:dark; A,B:50%,C,D:99%
of humidity

Fig.6 Water imaging with IP
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Fig.8 Water uptake manner at the lowest part of an internode in a soybean plant
Conclusion
Although there has been a tremendous amount of work at the microscopic level,
represented by gene technology, or macroscopic work, like field research, there has been
relatively little study at the level of plant tissues, or whole plant systems. The intact plant
itself has a high potential to integrate many functions and to respond to many diverse
environmental conditions. Through nondestructive imaging of water in vivo and element
movements, we would like to inaugurate a new field of plant research, not only to reveal
new functions or evaluate intact systems, but also to find ways to bridge the microscopic
world of living plants with that of the macroscopic world. For this purpose utilization of
radioisotopes or radiation plays an crucial role.
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Education has been explicitly recognized as a critical issue for human societies at
least since the Greek classical period of Socrates, Plato, and Aristotle, and this
recognition almost certainly extends back even earlier. Good education with an
emphasis on a healthy mind and body is the foundation of a strong nation, and is thus
essential for national security and prosperity. Conventionally, the discipline of
education has been looked upon as one of the humanities. Important books on
education have been written by Plato, Rousseau, Steiner, Langevin, Wallon and many
others. Langevin was the chairman of the committee for making the new educational
plan of France after the World War II. It should be emphasized that the important part
of Langevin's thought on education might come from the Curies who discovered
radium in 1898.
The most general meaning of the word education is the physical and mental
upbringing of children. Its origin, however, is in the Latin word educatus (e-duc-tus),
which refers to the directional guidance of learning. Education and learning are
closely related concepts, but differ in that education deals with the external provision of
concepts while learning deals with the internal generation of concepts in response to
external stimuli (including concepts). That is, a learner is a subject developing
independently, but can also be an object of guidance by education. This essential
distinction can be examined from the viewpoint of natural science as well as that of the
humanities.
An early consideration of education from a biological viewpoint is seen in an
experiment performed by Immanuel Kant, although the importance of this work is yet to
be recognized in any relevant field of scholarship. In one of his duties as a professor of
philosophy at the time, Kant held a class in pedagogy. After Kant's death, his colleague
Link published the notebooks Kant had prepared for his lectures on education. Kant
deeply considered the origin of education, and found that birds are the only creatures
other than human beings to have education. He did this through an experiment where he
placed a sparrow's egg in a canary's nest. The sparrow raised by canaries was somehow
able to sing. Kant had thus discovered that bird song is a culture. It should be
emphasized that even chimpanzees do not have education.
In this lecture, I will discuss concepts of learning and education that have been
expressed in terms of the viewpoint of natural science, and will propose a new way to
study learning and education based on functional brain imaging.
From a biological viewpoint, learning and education are closely related to brain
development because the brain is an adaptable information processor that is open to
environmental stimuli. Stimuli from the environment cause new neuronal connections

-

57

-

JAERI-Conf

2005-001

to form, which in turn allow better adaptation to the environment. Learning is the
process by which the brain reacts to stimuli by making neuronal connections that act as
information-processing circuits and provide information storage, somewhat like a
database. Therefore, a biological viewpoint is essential to the study of learning and
education, although this has not been a major concern in the discipline of education to
date. From this point of view, education should be designed to guide and inspire the
construction of the basic architecture for information processing in the brain by
preparing and controlling the input stimuli given to the learners.
The components and basic architecture of the brain are created on the basis of
information contained in the genes. However, there is a great deal of room left for
epigenetic processes, i.e., processes that are free of genetic control, and stimuli from the
environment strongly affect substantial parts of the brain. In other words, the genes
generate a great potential for various functions of the brain, but a suitable environment
is required to stimulate healthy brain development, that is, nurture the expression and
integration of brain functions. Education is the process in which learning is guided to
provide an optimal environment for such development.
Learning and education can thus be studied as a new field of the natural sciences
that takes the entire human life span as its subject and encompasses a huge variety of
problems, including the fetal environment, childcare, language acquisition,
general/special education, and rehabilitation. Noninvasive imaging of higher-order brain
functions in humans will clarify the brain's developmental processes, and will provide
various pieces of evidence for the learning sciences. This new approach is called
"Brain-Science & Education".
When we consider the Earth's biosphere, we might regard it as being driven by the
great thermal engine formed between the Sun and the wider universe. The biosphere is
irradiated by higher energy and lower entropy photons from the Sun, and in turn emits
lower energy and higher entropy photons into space. This great thermal engine induces
both global water circulation and life cycles within the biosphere. Life could be defined
as a self-reproducing system that uses energy to produce negentropy. Figure 1 shows
the linkage between life and the universe.
Figure 2 shows the evolution of life from the informational viewpoint. The Big
Bang is thought to have happened about 13,500 million years ago. We cannot know
anything before the Big Bang. This is one of the basic limitations of science. Isotopic
analysis of meteorites indicates that the solar system was born about 4,600 million years
ago. Life is thought to have appeared about 3,800 million years ago. Information
adapting life to the environment has been accumulating in genes over very many
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generations and central nervous systems have been evolving since about 300 million
years ago. The feature of information processing by a central nervous system for
adaptation is that learning, and thus adaptation, takes place within a generation.
Therefore, the relation between genetic and epi-genetic processes is the key to a more
scientific view of education.
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Figure 2 Evolution of life from the informational viewpoint
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As an extension of the pioneering columnar structure studies on the primary visual
cortex by the Nobel laureates Hubel and Wiesel, many researchers in the 1980s studied
the critical period for the formations of these structures. If a baby cat is raised in an
environment surrounded only by vertical stripes, it becomes incapable of seeing
horizontal lines, and remains so throughout its life. The right-hand photograph shows
the structure of orientation columns in the cat's primary visual cortex. If stimuli from
the environment do not include horizontal lines, the columns responsible for horizontal
lines disappear through the process of neuronal elimination. Therefore, even formation
of the visual system in the brain is attributable to a leaning process that has a critical
period. Figure 3 shows cat raised in an environment of vertical stripes.
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Figure 3: Cat raised in an environment of vertical stripes

Figure 4 shows learning and brain development over a life-span. Learning categories
are learning in infancy, in childhood, and across a life from birth to death. A curriculum
based on critical and sensitive periods might be possible. Examples are given in this
slide. The time scale is logarithmic.
Completely noninvasive brain-function imaging methods are essential if we are to
apply the concept of "Developing the Brain" or "Brain-Science and Education" to
practical problems. This figure is for comparison of the methodologies of higher-order
brain-function imaging. We currently have three noninvasive imaging methods. Since
each method has both merits and limitations, we sometimes use all three methods
complementarity. Figure 5 shows brain-function measurement.
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Figure 5: Brain-function measurement
We to study functional recovery in early infant brains also used optical topography,
and again found incredible plasticity; motion despite an almost complete defective of
internal capsule; speech despite severe left-hemispheric damage; and complex motion
despite an almost complete lack of a cerebellum. Figure 6 shows functional recovery in
the early-infant brain.
More precise tests were performed in Italy by a group that included many of the
same workers. These results were recently reported in the Proceedings of the United
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States National Academy of Sciences. Subjects were again neonates within 5 days of
birth, but the mother tongue in this case was Italian. Listening to Italian produced
stronger activation than listening to a reverse tape or silence. The reverse tape of course
contains the same sound components, i.e., frequency and power spectra, but no words or
language. We are planning to continue tests of this kind, next looking at the mother
tongue vs. foreign languages. Figure 7 shows brain activity in hearing the mother
tongue.
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Figure 7: Brain activity in hearing the mother tongue
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Nuclear literacy and radiation effects in Hungary
Eszter Toth
RAD Laboratory, Budapest, Hungary
e-mail: et@hp.osski.hu

More than 60% of natural radioactivity at home is coming from radon, the nobel gas.
After its radioactive decay the daughter elements are also radioactive. The p- and a-particles
are electrically charged. This means that after the radioactive decays electrically charged ions
are born. It is a good question to ask your students whether these ions are positive or negative.
You can be almost sure that all of your students' answer will be: "It depends on the decay.
After a P decay the daughter element will be positively charged, but after an a-decay (a =
He4^) the daughter element will be negatively charged." BUT NO! The relative heavy and
charged a-particle will tear quite a lot of electrons from the atomic shell. So if radon gas is
present in the air there are positive ions, and they are even radioactive as well. If you blow up
a balloon, and you rub it by your freshly washed hair, it will be electrically negative. This
balloon is able to collect the positive ions from the air.
Now, it is easy to make an experiment with a Geiger counter. Do not forget to measure
the background before you blow up the balloon! (It was 40 clicks/minute in Nagasaki at the
ISRE Symposium.) Then the rubbed balloon should be taken into a closed room closed to the
ground. (The main source of radon is the natural radium content of the soil. In Nagasaki, in
the Brick Hall the small room just behind the doorman desk was "excellent".) To collect the
ions about 30 minutes is needed. Then let the air come out from the balloon! It is important!
There was a big balloon surface during the collection time. Now, without air in it, on the
smaller surface the density of the collected radioactive isotopes is much higher. (As it happened in Nagasaki at the ISRE Meeting: the Geiger counter showed 1000 clicks/minute!)
At this ISRE meeting we miss someone who was the prophet of nuclear literacy, not
only at home in Hungary, but all over the World. He had never worked at any nuclear company. He was not even a radiologist. His field was elementary particle physics; he was the
first who discovered the conservation of lepton charge. And he taught theoretical physics at
Budapest University. He loved his students; he felt deep responsibility for future generations.
This is why he elaborated teaching modem physics in high school in Hungary (i.e. he prepared teachers, textbook writers, planned experiments, gave lectures for public, for young
people, organized national and international conferences...). He had the very rare ability to
interpret science, physics as simple as it is understandable, as enjoyable as the life itself
George Marx! We miss you very much!
In the early 70-ies the fruits of the modem physics began known for the public. Not only
the cheap nuclear electric energy appeared in the media, but also the use of radioactive isotopes in medical practice, in industry, in geological research for oil and water. And even not
only the nuclear chapter of modern physics seemed to be useful! With the help of quantum
mechanics transistors, silicon chips, then computers were invented. Chemistry and biology
became more exact and rich by the help of statistical physics and quantum theory.
Also in the early 70-ies the political atmosphere started to be a little bit opened, not so
dictatorial in Eastern European countries - at least in natural sciences, and in their teaching. A
new, modem science curriculum for schools was allowed to be invented by the Hungarian
Science Academy. The chairman of this Committee was George Marx.
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The Hungarian science curriculum of 1973 had changed the attitude of teaching. It emphasized that to educate for the scientific thinking way (the model making) is more important
than to memorize more and more details of knowledge. The most important tasks of science
teaching were declared as mental or manual activities:
Make experiments!
Make models!
Predict the future!
Check your prediction via experiments!
Make decisions upon facts!
Feel responsibility of your knowledge!
Some new topics were introduced for 18 years old students: statistical physics, quantum
mechanics, nuclear physics, and history of Universe.
The most difficult was to convince the traditional physics teachers. To make them understand that the messages of the 20th century physics for the whole population differs from
the earlier messages. Somehow these physics teachers were trained in a way to be proud of
the "purity" of physics. Majority of them refused any integration or co-ordination with the
"soft" and "dirty" chemistry and biology. But professor Marx taught us the importance of
modern physics in other subjects, about the borders as trail-blazing frontiers where modern
physics is the key. He said: 'Modern physics is needed for all. Ethical problems of the 21st
century can be solved only by modern physics and science. Physics make you understand
LIFE!"
Teaching radiation and nuclear physics in this Hungarian school curriculum started from
facts, experiments, and computer simulations of old basic facts: the discovery of nucleus,
neutrons, and nuclear force. Then for the heavy nuclei (A > 27) the drop model was invented.
To understand radioactivity, fusion, fission the Nuclear Valley was used. (Nuclear Valley =
the two. dimensional function of binding energy per nucleon versus the number of protons and
the number of neutrons; drawing the chart it seems to be a Valley with a deepest point at iron.
See George Marx Life in the nuclear valley, Physics Education, 2001.) At the very beginning
of teaching of this new chapter a 137Cs-13 Ba artificial source was used to introduce activity,
half-life time, (3- and y-radiation.
Year by year more and more high school taught the "new physics" in Hungary, and at
the school year 1984/85 it was introduced in each high school. This Hungarian textbook was
translated also to Japanese by Jumpei Ryu and Tae Ryu (Maruzen Publishing House, Tokyo,
1999).
Chernobyle catastrophe happened in 1986. In the eyes of each student and even of the
alumni the physics teachers became heroes. They were the reliable source of information.
Even they measure the radioactive fall out, they did know the real facts. The reason of this
was that George Marx invited the teachers' representatives (who were already nuclearly literate) and gave them detailed information about the Chernobyle accident. His knowledge had
arrived via scientific channels directly from Chernobyle, from Swedish physicists, from the
International Atomic Energy Agency. This was quite different from the politically colored and
not too scientific news of the official media. And even more it was understandable.
Knowing the effects and measuring the fall out the Hungarian physics teachers (and
NOT the medical doctors) suggested the pregnant women (mainly their old students!) not to
decide for induced abortions. (Figure 1.) In other countries in Europe the excess of induced
abortions were more than 100 000 in 1986. There was NO excess in Hungary because of
Chernobyle - thanks to the nuclear literacy, thanks to the physics teachers.
Chernobyle was a good "lesson" for Hungarian physics teaching. Physics went out from
the school laboratory to the streets, to the playgrounds, to real life. Knowledge and understanding of nuclear physics and radiations helped us to orientate ourselves during those days.
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Even in the following two-three years there was a well measurable source of radioactivity for
school demonstrations...
i
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Figure 1. Because of Chernobyle catastrophe there were no excess induced abortions
in Hungary.
But radioactivity has an "ugly" feature: it is decreasing by time (it is a decay...). Chernobyle
radioactivity was over, schools pray for a new source of radioactivity. Then the nuclear
physics teaching went home. Really. Thousand of villages' pupils joined to a network to
measure radon at home. Hungary is a very lucky country. Its geology is very rich in different
soils. Some of them have high uranium-radium content. Through these pupils their parents,
grandparents and relatives learned the meaning of natural radioactivity. Maybe this nuclear
literacy is the most important result of the radon survey. But the huge amount of data1 made
some research possible as well.
It is "well-known" that ionizing radiation can cause cancer illness. The only question is
that what is the minimum dose to cause cancer. The usual answer is "Even one ionizing
particle can turn the cell to be the source of cancer after some years. " It is sure that the high
energy absorbed by biochemical substances affects the cell processes. Many interesting models were bom in the past decades.
At the very beginning of the Hungarian radon survey (1992) two villages were found
with very wide range radon activity concentrations in homes. Working together with local
pupils we wanted, we wanted very much to convince the local authorities that our work is
necessary for the human beings of the villages. We wanted to show by facts that in the homes
with high radon people get more cancer illness significantly. Instead of this intended result the
facts told us a more interesting outcome. (See Figures 2, 3, and 4.)
Our measurement method was checked at the Intercomparision organized by the National Radiological
Protection Board in England. From the point of view of the precision and standard deviation of the measurement
we were ranked among the best laboratories, (category A).
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Figure 2, Number of person years in two Hungarian villages where radon and cancer risk was surveyed. SMOK: smoking, NON-SM: non-smoking people; on the horizontal axis the age groups are
given. Next figure introduce the largest group: non-smoking, middle age women.
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Figure 3. In the cohort study of the two villages the relative cancer incidence above 185 Bq/m3 is RR =
2.2 (95% CI: 1.3 - 3.7). This is what was expected traditionally. But by a lower division at 110 Bq/m3
the cancer incidences are the same practically. Creating three groups of population the virtual contradiction can be solved. In medium high radon level there is a lower cancer incidence among nonsmoking women of 30 - 64 years old.
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Figure 4. At an ecological study of 34 Hungarian villages cancer mortality versus indoor radon was
examined. On the vertical axis the cancer mortality per 10 000 person-years are given. The figure introduces women in age groups; darker columns represent the groups living in higher radon. Radon
levels are the median values of the given villages.

The figures above introduce cancers of any type of organs, not only lung cancer. The
figures above introduce only facts, and NO hypothesis. Studying literature on the field radon
and its health effects some interesting aspects come back again and again.
1) The majority of the surveys have the basic hypothesis that the radon caused health
effects are must be harmful.
2) The majority of the surveys taking care of lung cancer, and ONLY lung cancer.
3) There is a "universal constant" in the majority of the papers: 150 Bq/m3, which is
used to examine the relative risk of lung cancer below and above it.
As a teacher I admire when the facts are in contradiction with our previous knowledge.
This is the best and most beautiful, enjoying and most exciting challenge of the inquiring
mind of my students. As a poor researcher of radon and cancer association I have different
feelings. To fight against dogmas is not a so good job for a woman physics teacher.
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Young Strategy' for the Ethical Education
on Radiation Technology: A Concept of 7 6 Es'
A.L. Bhatia1
Radiation Biology Laboratory
University of Rajasthan
Jaipur-302004; India

It is the ethics which makes human to make the justifiable use of radiation; there are
always two sides of coin; the benefits in the use of ionising radiation and radionuclide
should weigh with the risk. Radiation technology has both, the advantages and
disadvantages with certain shortcomings; however abandonment of any technology at this
juncture may be threat to human civilization. There should always be a rapid evolving
process in the development of technology-and so in radiation techniques for the
sustenance of human welfare. Hence a "strategy" is intended to be proposed and
formulated through this Conference; some in-depth and deep rooted engravings on the
young minds are proposed which are going to be the part of an enlightened citizens and
policy makers of tomorrow who could justifiably implement the right and better use of
radiation technology. Thus nowhere it could be taken as the liberal use of double-edged
sword.
The proposed strategy in the presentation will emphasize on educational policy from light
learning activities in the classroom to a short term and long-lasting impact for the
young children through planned lessons which could make a mind-etching luminous
part of their curriculum. Ethics is an engrave on the minds which are formed after
prolonged exposure of stimuli to brain through receptor organs by various ways like by a
regular 'dinner table chats', 'company chat on playground' and 'off-hour chat by teacher'
or by self-experience. Radiation education leading to ethics certainly can not be by selfexperiences - however the narration, pictures and movies on some of incidences like that
of Hiroshima and Nagasaki should be very often and religiously given and shown to them
world wide. An impressive and 'sugar-coated' informal ways of radiation education is
needed.
The principle of 7 Es i.e. how exposure to experiences, education, enrichment of
knowledge, elimination of fear and engravings in mind lead to ethics for radiation
which will give us enlightened citizens, policy-makers and leaders. Author will advocate
the inclusion of certain lessons in curriculum whereby child should cultivate rationality of
the use of radiation and eliminate fear against radiation. This would enable adolescent
brains to permeate the judicious learning leading to the formation of their mindset and
related behaviour. The psychological and sociological impact of radiation education with
the possible questions in the minds of august audience and luminaries are also intended to
be discussed. The logics based upon the adolescent brain and age-related behavioral
manifestations will further advocate the proposed strategic and premeditated theory on
ethical education on the use of radiation technology.
1

Professor and Head: armbha(fl'sancharnet.in; arvindlalbhatiafa yahoo.com.
Tel: 0091-141-2711304; 0091-141-2711158; 0091-141-5064287
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INTRODUCTION
It is the ethics which makes human to make the justifiable use of radiation; there are
always two sides of coin; the benefits in the use of ionising radiation and radionuclide
should weigh with the risk. Radiation technology has both, the advantages and
disadvantages with certain shortcomings; however abandonment of any technology at this
juncture may be threat to human civilization. There should always be a rapid evolving
process in the development of technology-and so in radiation techniques for the
sustenance of human welfare. Hence a "strategy" is intended to be proposed and
formulated through this Conference; some in-depth and deep rooted engravings on the
young minds are proposed which are going to be the part of an enlightened citizens and
policy makers of tomorrow who could justifiably implement the right and better use of
radiation technology. Thus nowhere it could be taken as the liberal use of double-edged
sword.
1.1 The Nature and Scope of Risks and Benefits
The requirement that research be justified on the basis of a favorable risk / benefit
assessment, bears a close relation to the principle of beneficence, just as the moral
requirement that informed consent be obtained is derived primarily from the principle of
respect for persons.
The term "risk" refers to a possibility that harm may occur. However, when expressions
such as "small risk" or "high risk" are used, they usually refer (often ambiguously) both to
the chance (probability) of experiencing a harm, and the severity (magnitude) of the
envisioned harm.
The term "benefit" is used in the research context to refer to something of positive value
related to health or welfare. Unlike "risk", "benefit" is not a term that expresses
probabilities. Risk is properly contrasted to probability of benefits, and benefits are
properly contrasted with harms rather than risks of harm. Accordingly, so-called risk /
benefit assessments are concerned with the probabilities and magnitudes of possible
harms, and anticipated benefits (Figure 1). Many kinds of possible harms and benefits
need to be taken into account. There are, for example, risks of psychological harm,
physical harm, legal harm, social harm and economic harm, and the corresponding
benefits. While the most likely types of harms to research subjects are those of
psychological or physical pain or injury, other possible kinds should not be overlooked.
Risks and benefits of research may affect the individual subjects, the families of the
individual subjects, and society at large (or special groups of subjects in society).
Previous codes and Federal regulations have required that risks to subjects be outweighed
by the sum of both the anticipated benefit to the subject, if any, and the anticipated benefit
to society in the form of knowledge to be gained from the research. In balancing these
different elements, the risks and benefits affecting the immediate research subject will
normally carry special weight. On the other hand, interests, other than those of the subject,
may on some occasions be sufficient by themselves to justify the risks involved in the
research, so long as the subjects' rights have been protected. Beneficence thus requires
that we protect against risk of harm to subjects, and also that we be concerned about the
loss of the substantial benefits that might be gained from research.
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1.2 Role of Agencies
Now the ICRP guidelines are
that "any risk must be kept
much smaller than that from
other hazards" and "the
probability of developing
radiation-dependent diseases,
characteristically cancers, is
directly proportional to the
dose received". That is, there
is no threshold. By the late
1970s the question had
become one as to what is
'reasonable'. Utilitarian costbenefit analysis was in
vogue. The key questions
were seen as: How many
lives will be saved? What will it cost? Protect society, it was thought, and the individual
will be protected. But by the time the 1990s arrived the emphasis had changed. A concern
for individual risk was uppermost. An important question was that of inequity. It was not
acceptable if a single individual was at high risk even if the population at large were
relatively safe. Standards must therefore address the question of the individual risk.
Now that we are in the 2000s the focus has become one of looking at individual risks,
sometimes from single sources. But the threshold effect is still debated. The French
Academy (the reporter notes the dependence of French industry upon nuclear power and
of French military prestige upon nuclear weapons) has produced a report that says such a
threshold exists. In the US Senate, Sen. Pete Domenici has introduced a resolution
demanding recognition of such a threshold by bodies such as ICRP. Yet, says, ICRP,
there is no threshold.2
It is the ethics which makes human to make the justifiable use of an inventory like
radiation and radioactive substances. There are 2 sides of coin- the benefits in the use of
ionising radiation and radio-nuclides should weigh the risk. While irradiation of humans
in medical and other researches can present certain calculable risks, such irradiation,
when properly controlled, carries a smaller risk to health than many chemicals,
Pharmaceuticals and other agents in common use. The International Commission on
Radiological Protection (ICRP), established in 1928 by the International Congress of
Radiology, has published comprehensive recommendations on the protection of man from
ionising radiation, including recommendations on exposure in the context of medical
research. In addition, the World Health Organisation published a report on the use of
ionising radiation and radionuclides on human beings for medical research, training and
non-medical purposes.
One of the actions of International Radiation Protection Agency (IRPA) on the
Executive Council from Hiroshima was to operate a forum for discussion of different
2

http://www.pugwash.org/reports/nw/nwl l.htm The Effects of Low Level Radiation Report of the
British Pugwash Group 18 April 2000; Chair: Sebastian Pease Rapporteur: Peter Nicholls, British Institute
of Radiology, London, UK
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Codes of Ethics with a view to preparing a proposal for adoption in Madrid. This
proposal prepared is based on the common elements of the Codes adopted by the US
Health Physics Soclety9 The UK Society for Radiological Protection and the
Australasian Radiation Protection Society. Note has also been taken of the Canadian
Radiation Protection Association Code of Professional Ethics where its coverage was
similar to that of the other Codes. It is commendable that societies and individual IRPA
Members are encouraged to review the proposal and make comments or suggestions.
Though, the principles have been primarily intended to aid members of IRPA Associate
Societies in maintaining a professional level of ethical conduct, however their
significance and relevance can not be safely ruled out in policy making. They are to be
regarded as guidelines using which members may determine the propriety of their
conduct in all relationships in which they are exercising their professional expertise. "If
there is reason to believe that a member had breached this Code of [Ethics / Ethical
Conduct], the Society to which the member belongs [shall/should] investigate and [take
appropriate measures. /, if substantiated, the member may be required to forfeit
membership of the Society and of IRPA]"3
1.3 Present Scenario of Use of Radiation Technology
Renewable energy sources other than hydro have high generating costs but are suitable
for small intermittent-load electricity demand. Nuclear power generation is an established
part of the world's electricity mix providing over 16% of world electricity4 (cf. coal 40%,
oil 10%, natural gas 15% and hydro & other 19%). It is especially suitable for large-scale,
base-load electricity demand.
A total of 438 nuclear power plants were operating around the world at the end of 2000,
according to data reported to the IAEA's Power Reactor Information System.
Asia is the only region in the world where electricity generating capacity and specifically
nuclear power is growing significantly. In East and South Asia there are currently about
100 nuclear power reactors in operation, 20under construction and plans to build about a
further forty. The greatest growth in nuclear generation is expected in China, Japan, South
Korea and India. India is a pioneer in developing the thorium fuel cycle, and has several
advanced facilities related to this.5
In India 14 units in operation (2.5 GWe), 8 under construction, 5 planned or proposed,
also 5 research reactors. India6 has achieved independence in its nuclear fuel cycle.
However, nuclear power currently supplies less than 4% of electricity in India. The units
under construction are due for completion by 2010. A further five units are planned or
proposed. In contrast with North America and most of Western Europe where growth in
electricity generating capacity and particularly nuclear power has levelled out, a number
of countries in East and Southeast Asia are planning and building new power reactors to
meet their increasing demands for electricity.

3
4

[IRPA Code of Ethics (Draft 1 June 2002] [Ethics / Ethical Conduct] (Draft 2 October 2003)]
http://www.uic.com.au/nip07.htm

6

Asia's Nuclear Energy Growth, Nuclear Issues Briefing Paper 2, November 2003; http://wvvw.uic.coin.au/nip02.htm
http://www.uic.com.au/nip07.htm
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2. ISSUES OF ETHICS AND MORALS
Law and morals don't always meet, new area, old questions or new area with new
questions? Does the medium bring new ethical questions to bear? e.g. security and safety;
we have the same information (and possibly more) but the problems come from easier
handling of that information. Ethics is the study of morals which are the (right or good)
habits which people have in a society (lat. Mores). Applied ethics tries to simplify the
questions of ethics/morals so that they can be discussed. Ethics have been and are still
(albeit to a lesser degree) used to formulate policies in societies. Therefore the aim(s) of
Ethics are the good of the people to understand what it would be - meta-ethics, to build a
system to solve how to get there, to apply the system(s) to actual questions coherently and
consistently and to aid us in our moral problems.
2.1 Ethics for Radiation
Why ethics for radiation technology is needed ? Any Technology has advanced faster
than ethical values, morals and laws and it warrants discussion between relevant parties,
ethicists, professionals, 'intelligentsia', organization representatives, politicians,
media, 'normal' people, etc. And so is with the technology using radiation and
radioactivity. Therefore for the advancement of radiation technology both ethicists and
professionals (i.e. users and policy makers) are needed to understand both to be able to
discuss rationally (and emotionally, at that) the - Ethics and - Technology whereby the
conceptual and usage muddles could be avoided. Professionals can provide the necessary
facts of the details and Ethicists can clarify the questions so that discussion is possible
whereby users at one juncture have better understanding with general public. This
understanding is highly desirable for the growth of technology and development of any
country. At this point the Darwinism should be evaluated with a view of self evolving
process of countries and races. As Social Darwinism says that some individuals
or 'races' based on some of their features are 'better' than others and thus ought be
favoured above others. How to measure these traits? What to do with those less 'good' in
term of developed and developing and underdeveloped countries.
2.2 '7-Es9-Ru!ed Ethics for Radiation Use
Guidelines are hereby recommended as 7 rules on the basis for ethics on use of radiation
and radiation technology.
I. Elementary Rule : The use of radiation technology should be useful to society.
II. Experiment Rule : Experiments should be based on animal research. No further
experimentation if death or disability occurs.
III. Evasive Rule : No unnecessary physical or psychological harm to the subjects and
students.
IV. Economic Rule : In radiation technology the risk involved should be proportional
to the benefits.
V. Employee Rule : Protect the worker/employee or any subject from harm. ()
VI. Ethical Rule : Policies should be prepared by highly qualified scientists with
ethical background only.
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VII. Elimination Rule : The researcher must be prepared to discontinue the experiment
in the event of any results untoward to the society.
And I hereby make an eloquent appeal for action. The rules require continuous dialogue.
Assessment of risks as a percentage of natural background may be the most useful. This
then also enables us to consider the question of environmental radiation protection policy-an area which current human-focused guidelines do not address. Because the
environment is not one of individuals, such risks are direct and not statistical in nature.
What will be the effect on oak trees? Or shellfish? Note that some organisms are much
less sensitive to radiation than are human beings (cockroaches are the famous example)
but others more so (including some plants and perhaps trees).
2.2.1 Three fundamental principles: But justifying acceptable levels of radiation
involves invoking more than science; it is also a matter of policy into which technical
radiological issues are but a minor input. At the moment all we can say technically that:•

Keep radiation as low as reasonably practicable to minimise long term effects

•

Justify all exposure by considering the benefits

•

Keep all exposure within legal limits

2.2.2 Limits: The guideline should be set to prevent acute effects and to provide a legal
backstop. Just exceeding a limit is not a life or death matter but it does show that safety
needs to be given the right level of management priority. Safety should be achieved by
gaining the trust of people by an honest approach on the risks of radiation, discussing
safety openly. This is done with regular staff training, working with Trades Union
appointed Safety representatives and regular meetings with representatives of the local
community. The ability to empathise with the full cross-section of society, from
managing directors to shop stewards to concerned members of the public is a key quality
of radiological protection specialists.
2.2.3 People should have dialogues together: People from all radiation organisations
and businesses should meet with common man together, to provide a forum for radiation
safety issues to be debated in a proper scientific manner. I will likely to have 2 aspects,
one, scientific which is the correct way to proceed and another philosophical which have
different value systems. However, victory through ethics has one motto "that the benefits
of working and living with radiation will always outweigh the risks". The necessity for
such a meet is that many people worried on account of radiation and its effects; they are
confused by the contradictions also. For example, diagnostic x-rays and therapeutic
gamma rays are considered good whereas radioactive wastes are bad. We believe that to
help workers, patients and the public deal safely and rationally with radiation, they should
understand something about it. Radiation Education Forum can do this independent of
both the nuclear industry and anti-nuclear protest groups.

3

C T V S A TUT* #~^1k/

3.1 "Catch Them Young Strategy":
From that we are all humans, certain
intersubjective norms follow. All humans subscribe to certain normative facts, like
'protect your young', 'try to maximize your own survival' etc. Teaching anything new or
transferring a thought or an idea to a youngster is far easier than teaching or transferring
to a grown up. Western nations are fully aware of this fact and have fully
developed programmes for energy awareness and environment for school kids. In India
-
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the same kind of detailed attention or concentration to inculcating the values of
environment protection and nuclear energy is lacking. From these follows the need to act
socially by the morals of the society which can be seen as basis for all developing society
that is the society making the best and 'optimal' and 'rationale' use of technology like
those of radiation which is based on the psychological and sociological impact of
radiation education with the possible questions in the minds of august audience and
luminaries need to be addressed at this juncture. The logics based upon the adolescent
brain and age-related behavioral manifestations will further advocate the proposed
strategic and premeditated theory on ethical education for the use of radiation technology.
Now what is most important that a "strategy" for some in-depth and deep rooted
engravement on the young mind needs to be chalked out and formulated through this
Conference which could produce the enlightened citizens and policy makers of tomorrow
who could justify the right and better use of radiation and radionuclides.
The principle of 7 Es i.e. how exposure to experiences, education, enrichment of
knowledge, elimination of fear and engravings in mind lead to ethics for radiation
which will give us enlightened citizens, policy-makers and leaders. Author will advocate
the inclusion of certain lessons in curriculum whereby child should cultivate rationality of
the use of radiation and eliminate fear against radiation. This would enable adolescent
brains to permeate the judicious learning leading to the formation of their mindset and
related behaviour (Figures 3 and 4).
Figure
3
:
Pyramidal
Representation of Strategy of
Radiation Education
Most schools consider these
topics as a "chore" imposed
from "above" to be "got over
with". Not only at school but
also at home these topics
deserve to be given more
attention and a gentle emphasis
by
parents. Of
course
Government plays a key role in
education and awareness as it
alone has the resources to
mobilize such programmes and run awareness programmes country-wise.
3*2 Proposed Strategy: The author intends to propose through his presentation a short
term and long-lasting impact educational strategy for the young children with certain
proposed lessons which could make a 'light' part of their studies. Strategy includes
1. Classroom but burden free activities involving the use of Geiger Muller Counter,
microwave, radio waves and full spectrum of light, its energy and its relationship
with the frequency.
2. Use of Radiopharmaceuticals involves the use of medicines labelled with a
radionuclide in order to evaluate their biokinetic behaviour. In some instances the
radionuclide may be administered separately from the medicine.
3. Radiography of the subject may sometimes be necessary to assess the action of the
medicine, particularly where medicines affecting bone metabolism are involved.
-
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4. Diagnostic applications: Most of such research is incidental to the irradiation of
patients in the course of diagnosis and treatment, but it will sometimes be
necessary to evaluate normal subjects as well. The establishment of medical and
biological reference values based on an adequate selection of known normal
subjects provides standards against which abnormalities can be judged.
5. Other Uses, This category covers studies in physiology, pathology and
anthropology and includes studies on volunteers involving the use of compounds
labelled with radioactivity to investigate, for instance, iron absorption, the fate of
food additives and pesticides that are swallowed or inhaled.
6. Models of Nuclear Power Plants, X-rays, Primary Idea on Dose-dependent Effects
Figure 4°8 7 Es Circle
for
Radiation
Education Strategy

i
!
'

•

i

^

'

_

_

\

^GSAVJwGs'iiTiiiiwe"":
•~7i_j.'.:_m

i

'

• ; ' "" ! Interactions: Questions
, . ' j in normative ethics, or

ELIMINATION OF FEAR i •. \

-•- ; ..-...:_:ri—:'-...
,:,.Vl.i
.. v .;_*...:_:i*. •• > _•.-...
•:-.y.;ijft. ^ _ _ _ - _ _ _>. .
.-'irxflffc UNOWLEDGE
| .'•._.

|

the
study
of
: p h i l o s o p h i c a l ideas a b o u t
j
right,
virtue
and
I happiness, including t h e

:Vitrr7no\"." '.."'• ' question,
"Why
be
' . I moral?" are very much
heeded upon to discuss.
Introduces students to
communication
and
conflict resolution skills
pertinent to health care.
Other topics include an
overview of ethical theories and current legal and ethical issues in health care
(specifically in oncology).
i

'

Difficult interactions are not unique to science, but the dynamic of the research setting
provides a distinct context for such relationships to develop. Interaction to the scientific
research endeavour should not be appalling. The National Academies should issue many
reports and publications on responsible conduct in radiation science. Read free online or
purchase in bulk.
4. SHORT TERM AND LGNG-LASTING IMPACT
4.1 Imprinting - Role of Braim Neurologically it can be hypothesized that the term
mind is an abbreviation of ill-defined groups of mental activities, memory, emotions,
intelligence and behaviour. Anatomically such activities are governed by certain areas of
the brain. These are frontal neocortex, limbic lobe, hypothalamus and upper brain stem.
At the core of these structures lies the medial forebrain bundle, the complex set of
ascending and descending fibres that connect these structures rostrally and caudally.
4.2 Adolescent Brain: Impressions and engravement of new and newer learnings in
mind are the results of formation of new and newer connectivities of neurons,
qualitatively and quantitatively as well as formation of new proteins. But it is all
depending on the types and quality of stimuli being fed to the young brain through
sensory organs or one can say exposure to the atmosphere created around him. The bare
-
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fact should not ignored that more strenuously you put a fact in this developing brain more
it gets disenchanted from that very learning. It is also to be included in his curriculum
that he or she should cultivate rationality, eliminate fear towards radiation only then he
will be able to permeate the right learning in his mind forming his behaviour.
Recent developments in brain research provide scientific support to the theories on the
limitations of youth's decision-making. The development of a child's brain to adulthood
has been traced. It is found that biologically, adolescents do not have the same abilities as
adults to control their actions and make sound decisions (Researchers at UCLA, Harvard
Medical School and the National Institute of Mental Health). However, a process called
"myelination" a normal healthy adolescent brain develops during adolescence, as
researchers have discovered through neuroimaging technology.

Figure S
The General Strategy for Radiation Education
The brain's maturation process continues through adolescence and is not complete until
the early 20's. The area not yet folly refined and focused in the adolescent mind is called
the prefrontal cortex. The prefrontal cortex is the largest section of the brain, slowest to
develop, and undergoes the most drastic changes during adolescence. The prefrontal
cortex is responsible for complex thinking. It allows the mind to organize, perform
abstract thinking, prioritize, anticipate consequences, control impulses and conform
behavior accordingly.
The frontal lobes play important roles in a variety of higher psychological processes - like
planning, decision making, impulse control, language, memory, and others (Figure 6).
There is mounting evidence that neuronal circuitry in the frontal lobes is shaped and fine
timed during adolescence, and that experience plays a prominent role in these changes
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To compensate for the underdevelopment of the prefrontal cortex, the adolescent brain
relies heavily on another area of the brain called the amygdala, which creates a tendency
to react on instincts.
Pubertal increases in gonadal hormones are a hallmark of adolescence, although there is
little evidence for a simple association of these hormones with behavioral change during
adolescence. Prominent developmental transform-ations are seen in prefrontal cortex and
limbic brain regions of adolescents across a variety of species, alterations that include an
apparent shift in the balance between
mesocortical and mesolimbic dopamine
systems.

Figure 6: Tie Frontal Lobe of Brain

Developmental
changes in these
stressor-sensitive regions, which are
critical for attributing incentive salience
to drugs and other stimuli, likely contribute to the unique characteristics of adolescence .
Developmental transformations of the adolescent brain may have been evolutionarily
advantageous in promoting behavioral adaptations to avoid inbreeding and to facilitate
the transition to independence. These brain transformations may also alter sensitivity of
adolescents to a number of alcohol effects, leading perhaps in some cases to higher
intakes to attain reinforcing effects. These features of the adolescent brain may also
increase the sensitivity of adolescents to stressors, further escalating their propensity to
initiate any use. Additional investigations are needed to resolve whether ethanol use
during adolescence disrupts maturational processes in ethanol-sensitive brain regions .
It's no wonder that the adolescent years—the transition between childhood and
adulthood—can be the most sensitive time in a person's life. Indeed, although physical
strength and reaction times peak in these years, morbidity and mortality increase by 300%
in this group.11,12
4 3 Environmental Influences Much of the behavior characterizing adolescence is
rooted in biology, intermingling with environmental influences to cause teens to
assimilate the surrounding, take more risks, and experience wide swings in emotion.
9

Spear LP. (2002) The adolescent brain and age-related behavioral manifestations. Neurosci Biobehav
Rev. 24(4):417-63.
10

. Spear LP. (2002): The adolescent brain and the college drinker: biological basis of propensity to
use and misMse alcohol. J Stud Alcohol Suppl. (14):71-81.
li
Robert Wood Johnson Foundation: http://www.rwjf.org/index.jsp
12

http://wvvw.tern.org/
On September 18-20, 2003, experts gathered In New York to address the changes and challenges of
adolescence at a meeting called Adolescence Brain Development: Vulnerabilities and Opportunities. The
conference was hosted in collaboration with the Robert Wood Johnson Foundation and the Tobacco
Etiology Research Network, with support from the National Institutes of Health.
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Whether this kind of instability may be of any use? Yes. A physically mature body and a
still-maturing nervous system may be of great use for imprinting several ethical facts and
moral values. The interaction of biological changes and environmental challenges makes
adolescence a time of increased vulnerability and provide a great opportunity to the
policy makers. The adolescent brain is built to leam, amassing more knowledge in high
school and college than at any other time. With the right dose of guidance and
understanding, adolescence can be a relatively smooth transition. And for most
individuals, that's exactly the case, with the majority of teens getting through those
difficult years just fine.
5. THE ETHICS OF RADIATION STUDY-PREREQUISITE
Ethical and philosophical issues arising in and from the health care system. Problems and
conflicts in society are generally being posed by interpersonal, professional and teacherstudents relationships. Questions dealing with the right to learn and leave, the right to
discard are the limitations in implementation our strategy.
The multi-dimensional nature of study and complexities in providing RADIATION
information to diverse populations required streamlining. Students' self awareness,
knowledge, and skills addressed through discussions of readings, videos and practice
exercises.
Sol Integrity and Trusts These are the hallmarks of the scientific discovery and use of
technology. Being objective is critical to this process, because communicating one's
research to the scientific community is at the heart of what keeps science alive. It's also
the principal way that scientists make their reputations, get jobs and promotions, and
obtain sustained research support. In the current climate of radiation research, ethical
education has become trickier than ever. Therefore efforts need to be more collaborative.
Institutions need to be more aggressive in turning radiation knowledge into products.
Even though universities, professional societies, and journal publishers have radiation
policies and ethical guidelines outlining the standards that researchers should strive for,
no one is adequately prepared to deal with disputes. When problems do arise, the system
still relies on trust that those involved will act responsibly. Although the research
community agrees that high ethical standards are worthy goals, few of these junior
members of ike scientific commumity receive any explicit training on publication
practices and mores. Instead, they are expected to absorb their respective disciplines'
standards by osmosis. Teaching ethics to researchers is not the key point—"ethics are
caught? not taught" one saying goes. Rather, many think the focus needs to be on
helping researchers to be prepared to work through problems together so that everyone in
public involved will be satisfied with the outcome. But it is not true. Agencies should
have dialogues directly with public and it only possible when they have clear
fundamentals the seeds of which were sown during their teenage years.
5.2 Discourse on Radiation Ethics: Talking to one's trainees about radiation ethics is
like talking to one's children about something boring. Topics such as the use of radiation
and nuclear power in the public place may be experienced as highly personal and
potentially embarrassing and generally thought to be restricted to only intuition and work
place. A further parallel between radiation education and sex education is that if not given
good information and opportunities to get answers to their questions, not only children
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but adults too will certainly pick up potentially damaging misinformation and share
misunderstandings.
•

Knowledge on the radiation technology exerts many pressures on beginning and
experienced ones alike. All parts of the research system have a responsibility to
recognize and respond to these pressures. Institutions must review their own
policies, foster awareness of radiation ethics, and ensure that researchers are
aware of the policies that are in place. And researchers should constantly be aware
of the extent to which ethically based decisions will influence their success as
nuclear scientists.

•

Radiation Scientists should seek to advance nuclear science, understand the
limitations of their knowledge, and respect the truth. They should ensure that their
scientific contributions, and those of their collaborators, are thorough, accurate,
and unbiased in design, implementation, and presentation.

•

Guidelines should be offered not in the sense that there is any immediate crisis in
ethical behaviour, but rather from a conviction that the observance of high ethical
standards is so vital to the whole scientific enterprise that a definition of those
standards should be brought to the attention of all concerned.13

Surely many problems can be ameliorated by a constant awareness of the special duty of
faculty to foster the intellectual growth and independence of their students, by a habit of
generosity in giving as much credit to their contributions as is consistent with realistic
appraisal, and by the meticulous observation of strict standards of citation and
acknowledgment.14
6. JOINT EFFORTS FOR QUALITY OF LIFE
Radiation Society should provide a broad forum for ethical, legal, social, and other issues
related to nuclear science and technology (Figure 7), including the online Professional
Ethics Reports. Hence it becomes not only the ethical but social and political issues to
deal with. As shown in the Figure quality of life of individual, society and polity depends
on 4 other factors like system quality, accountability, rights and obligation and ethics.
Accountability, liability & control are related to following issues:•

Ethical issues: who is morally responsible for consequences of abuse of radiation
energy or power cut?

•

Social issues: what should society expect and allow?

•

Political issues: to what extent should government owe the responsibility? Where
does it fail?

When it comes to quality of life, it should have following major issues

13
14

•

centralization vs. decentralization

•

rapid change: reduced response time to competition

modified http://pubs.acs.org/instruct/ethic2000.pdf
Written in 1985 by then-university-president Donald Kennedy, who is now editor-in-chief of Science
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•

maintaining boundaries: family, work, leisure

•

dependence and vulnerability

•

crime & abuse vs. rationale & optimal use

•

employment: trickle-down technology; reengineering job loss

•

equity & access: increasing racial & social class cleavages

•

health risks

Figure li an improvement
of quality of life: the
Ethical
Social
and
Political Contributions
Assessment of Risks and
Benefits: The codes consist
of rules, some general,
others specific that guide
the investigators or the
reviewers of research in
their work. Such rules often
are inadequate to cover
complex situations; at times
they come into conflict, and
they are frequently difficult
to interpret or apply. Broader ethical principles will provide a basis on which specific
rules may be formulated, criticized and interpreted. The assessment presents both an
opportunity and a responsibility to gather systematic and comprehensive information.
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APPENDIX
Questions in the minds of August Audience and Luminaries
1.

What is the need to have such a strategy in the wake of large exposure of knowledge to public
through various means like media, availability of such material e.g. brochures, leaflets, booklets
etc., available in plenty of numbers and being freely circulated by various agencies

Answer: Such literature is primarily meant for adults and computer illiterates. By this time it is mainly
confined to either media or researchers.
2.

Media people take such educational material to this may be adequate.

Answer: Yes, they do so but primarily they themselves do not understand the intricacy of technological
development with radiation and radioisotopes due to lack of primary radiation knowledge. Secondly,
general public and common man is hardly interested in such material. Thirdly such material is reached to
public only in the wake of unusual situations or in any untoward incidence like Chernobyl accidents or any
sensational stories related to leakage of radioactive materials or theft of any diagnostic or therapeutic
medical instrument (may be out of ignorance). Or during the movement by people which also includes
research of epidemiological importance, e.g. tuberculosis and silicosis surveys and case-finding work in the
field of industrial medicine and occupational health.
3.

Whether such education to children on radiation is not redundant?

Answer: Ethics results from engravings of the minds which are laid down after prolonged exposure of
stimuli to brain either by a regular 'dinner table chats', 'company chat on playground' and 'off-hour chat
with their teachers' or by self-experience. Certainly the self-experiences in case of radiation education can
not be considered a safe mean. However the narration, pictures and movies on some of incidences like that
of Hiroshima and Nagasaki should be very often and religiously given and shown to them. I advocate only
an impressive and 'sugar-coated' informal ways of education.
4.

How much and what part it should consist of normal ones?

Answer: From VI to VIII Standard Classes, the moral education is being taught globally but formally and
that too with marks-carrying weightage. It makes a routine reading for them without much impact on their
brain. I believe half of this curriculum should now be devoted to technology and ethics part and half of the
this technology ethics (i.e. 1/4 of the total curriculum) should be dedicated to an informal deliverance of
radiation education and ethics.
5.

Radiation is Utility - or a problem?

Utility is hard to measure and hard to define. If lO'OOO people gain "utility" (what ever it might then be)
from killing one, is it right? If lO'OOO people gain "utility" from ignoring one persons IPR's in their digital
media, is it right?
6.

What kind of principle fits in well on the use of radiation technology ?

Utilitarianism S It states :°

Greatest amount of good to greatest amount of people
Utilitarianism Act: Do what maximizes good in a given situation, good will follow

s

Good does not necessarily equal happiness.
Hospitals and health care are typical areas of implementation for utilitarian thinking
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2*2 How to balance the future in a small country with
huge traditions of nuclear applications: the Swedish example
Imre Pazsit
Chalmers University of Technology
Department of Reactor Physics
SE-412 96 Goteborg, Sweden
1. Introduction: some historical facts
To understand the way how the Swedish energy situation and in particular the nuclear
energy sector has reached its present status, it is worth taking a short historical perspective.
As is known and will be described in more detail, the two main sources of electricity
generation in Sweden are hydro power and nuclear power, in a roughly equal share. The
build-up of hydroelectric power was completed first, and the nuclear capacity was built up
afterwards. The building of hydroelectric stations started in larger scale in the 1930's, and
the main surge of work was completed during the 1950s and 60's. Nuclear power, whose
build-up started in an industrial scale in the 1970's, was considered as an energy alternative
already immediately after WW II. In the 1950's and 60's a broad national program was
created for research in and development of nuclear science and technology. This has lead to
the creation of a very strong nuclear industry in two ways: Sweden has the highest value for
nuclearly generated kWhrs per capita in the world, and it is the smallest country (by
inhabitants) which has a capacity of building nuclear reactors.
The fact that nuclear energy was taken as an option, and indeed became one of the main
energy sources, had a few different reasons. Firstly, there has been traditionally a strong
interest in research in nuclear physics in Sweden. The first, relatively small cyclotron was
built already in 1938 at the Nobel Institute in Stockholm, capable of accelerating deuterons
to 7 MeV. After the Second World War, more ambitious plans emerged. The Nobel
Chemistry Laureate The (Theodor) Svedberg (with whom the late Yoshio Nishina had
scientific contact) was one of the driving forces to build a more powerful cyclotron for the
production of radionuclides. An interesting circumstance is that the funding for the
cyclotron came as a donation from the Goteborg textile magnate Gustaf Werner, who was
the richest person in Sweden at that time. His company offered to finance a cyclotron, in
the hope that the quality of synthetic fibres can be improved by neutron irradiation, as he
was told by The Svedberg.
This interest in nuclear science got a substantial amplification by the international
enthusiasm on the perspectives of peaceful applications of nuclear power as a new and very
effective, cheap and clean source of energy. One has envisaged a strong increase in energy
demand in the post-war industrial boom, and nuclear power seemed to be a very strong
candidate. Since Sweden does not have natural resources of fossil fuels in any appreciable
extent, nuclear seemed to be a good alternative for an energy policy that did not make the
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country dependent on foreign suppliers. Being self-supporting, and hence not being
dependent on different alliances, was an important feeling in post-war Sweden, which more
or less managed to conduct a neutrality policy for a long period. Also, there are rather large
resources of uranium in the Swedish soil, and according to the original plans these would
be used in Swedish reactors. Later it turned out that it was easier and simpler to buy
enriched uranium from abroad, and Swedish uranium was never used for energy production.
Already in the years after WW II an "Atomic Committee" was initiated by the government
for the exploration of the potentials of nuclear science and technology, with specific
governmental funding. The non-alliance policy also had the effect that Sweden was in a
relatively comfortable situation to share information on nuclear technology with other
countries, or to get hold of nuclear technology and materials. The first Swedish research
reactor, Rl, was built with Norwegian heavy water and French uranium, and it was started
up nearly exactly 50 years ago (in July 1954). During the 1970's and 80's, Sweden has
completed the world's most intensive nuclear energy program: 12 reactor units were built in
a country of (then) 8 million inhabitants. 9 out of these reactors were built by the Swedish
company ASEA-Atom.
One can also wonder how a country with the size of Sweden could afford developing a
reactor manufacturing industry. Construction of a nuclear reactor is a very resourcedemanding industry, both in terms of expertise and advanced technology. However, nuclear
technology is not the only case where such a question could be put. In the history of
modern industrial Sweden, a few strong, centralized industries played the major role.
Sweden has, for instance, two car manufacturers, Volvo and SAAB, which is also unusual
for a country of Sweden's size.
Developing a nuclear industry to such an extent required of course highly qualified
technical personnel. Some of them made a significant international career. The devotion of
Sweden to the nuclear line (and partly its position as a non-allied country) is also
underlined by the fact that two of the General Secretaries of the IAEA were Swedes: Sigvar
Eklund and Hans Blix.
One can summarize by saying that the interplay of many beneficial circumstances put
Sweden into the nuclear track with the goal of peaceful utilization of nuclear energy and
technology at a very early stage of nuclear development in Europe.
2.

The immediate past and the present energy mix in Sweden

Sweden has, per inhabitant, the fourth largest energy consumption in the world, after
Norway, Canada and Iceland. This is a consequence of an energy (and electricity)
demanding industry, and a cold climate. Since the share of nuclear electricity generation is
high in Sweden, around 45%, whereas two of the other three countries, Norway and Iceland,
do not have nuclear power, and in Canada nuclear stands only for about 10% of all
electricity generation, these facts together put Sweden into the position of largest nuclear
energy producer per inhabitant. There are several countries with a percentage of nuclear
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electricity that is higher than that of Sweden, such as France with about 75%, but the
consumption of electricity per capita is much less in those countries.
Some statistics are shown in the two tables below. Table I shows the production in absolute
terms (GWh per year), whereas Table II and Fig. 1. show the relative contributions of the
domestic energy types (imports not included) for the past few years. The values naturally
fluctuate from year to year, but there is a larger jump between 1999 and 2000 which will be
explained soon.
Table I. Electricity consumption in Sweden 1998-2001
GWh
Hydro power
Nuclear power
Fossil
Import

1998
73,829
70,500
9,915
6,102

1999
70,862
70,200
9,350
8,456

2000
77,848
54,772
8,797
18,308

2001
78,558
69,211
9,489
11,135

Table II. Relative contribution of the various energy types
Hydro power
Nuclear power
Fossil

1998
48%
46%
6%

1999
47%
47%
6%

2000
55%
39%
6%

2001
50%
44%
6%

• Hydro power
• Nuclear power
• Fossil

1998

1999

2000

2001

Figure 1. Relative share of the electricity production forms
Fig. 2. shows the geographic position of the reactors, as well as other nuclear facilities in
Sweden. These latter include a nuclear fuel factory of Westinghouse Atom (formerly ABB
Atom), two research reactors at the Studsvik site, the central interim storage facility for
spent fuel at Oskarshamn, and the final repository for radioactive waste (medium and low
level) at Forsmark. The site of the first power reactor at Agesta, Stockholm, which
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produced a total of 50 MW for partly central heating and partly electricity generation, and
which was decommissioned in 1972, is not shown. The first large power reactor went on
the grid in 1972, and the last two in 1985. Barseback 1 was closed down in 1999. This has
its roots in the public opinion and the political situation in Sweden as described below.
Nuclear Facilities In jSweden
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Figure 2. An overview of the nuclear facilities in Sweden
3. Nuclear power as a political issue in Sweden
Even before more than half of the 12 reactors totally installed were completed, the nuclear
debate was started in Sweden. This in itself was not unique, similar trends could be
observed in many other industrialized countries using nuclear power. The special with the
Swedish case was that nuclear power has become not only a public, but to a much larger
extent also a political issue. The position of the parties for or against nuclear power became
an important and decisive question in elections, and it led to fall of governments twice in
the pre-1980 period. After the Three Mile Island accident in the US in 1979, this situation
and the increasing opposition resulted in a national vote (referendum) in March 1980 on the
future use of nuclear power in Sweden. The referendum was unique in the sense that there
was no option available for the continued use, not to mention extension of nuclear power.
All alternatives available aimed at phasing out nuclear power, the only difference being in
how fast this should happen.
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The outcome of the referendum was that no more than the already planned 12 reactors
should be built. At that time 6 units were already in operation, and another 6 being build or
just about to be started up. Further, according to the vote, nuclear power must be phased out
on the long run and replaced by renewable energy sources. The existing reactors can be
used as long as they are safe and economical. The phasing out has to be achieved in such a
way that the welfare and employment levels must be maintained. The referendum did not
specify any date for the phasing out of nuclear power, i.e. when the above goals with the
availability of alternative energy sources can be secured. The government set 2010 as the
deadline after the referendum in 1981. There were several, and partly contradictory reasons
for setting this date, but one strong belief, emphasized by the opponents of nuclear power,
was that clean, cheap, and abundant/renewable energy will be available to replace nuclear
by that time. Interestingly, fusion power was claimed to be one of the main candidates.
The aftermaths of this referendum have been influencing the Swedish energy politics since
then. Although after 1980, the intensity of the public debate and the political significance of
the question have reduced, the Chernobyl accident has put back the nuclear debate in the
political scene. The reaction from the public was strong, but, remarkably, quite short. The
ratio in the public opinion between opponents/proponents leveled out already the year after.
The political consequences were much longer lasting and significant. One consequence of
the accident was a decision on the accelerated phase-out, proposed by the reigning Social
Democrat Party and accepted in Parliament in 1988. According to this plan the first two
reactor units should be closed down already in 1995-96. This proposition, designated as
"non-withdrawable", was withdrawn already at the next election.
A more peculiar post-Chernobyl decision, actually very little known outside Sweden, was
the so-called "Brain-wash paragraph" or "ban on free thought", i.e. §6 in the Law on
Nuclear Technology, Law 1987:3. This item in the Law declares that any activity, whose
expressed purpose is to lead to the construction of a new reactor unit in Sweden, including
economical calculation, is criminal and violation of it leads to prosecution at a low court.
Although the law does not explicitly forbid studying new technologies and performing
research on new reactor as long as the purpose is not related to building a new reactor in
Sweden, such a law has obviously significant negative consequences on the governmental
funding of research in nuclear engineering, and the attractiveness of the field to young
bright students.
A long and complicated period followed during the 1990's. In 1991 a so-called New
Energy Policy was launched by government and accepted in Parliament. The main purpose
was the strengthening the research efforts on alternative energy sources. Changes of
government and an official canceling of the accelerated phase-out followed. From the view
of public opinion, the majority has been permanently in favour of continued use of nuclear
power, with about 20% of the population being in favour of building new reactors (which,
of course, is in conflict with Swedish legislation due to the §6 mentioned above). Mainly
due to the recognition of the fact that no significant step towards a "natural phase-out" was
taken (i.e. aging of the reactors, obvious abundance of alternative energy forms as predicted
and requested in the 1980 national vote, or a strong opposition in the public opinion), the
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Parliament made a decision in 1997 that nuclear power can be phased out without the
fulfilling of the conditions of the referendum. This is the Law on Nuclear Phasing Out,
which means that the nuclear plants can be closed down based on solely political arguments,
even if they are safe, economical, and no alternative energy forms are available.
Shortly thereafter, a Parliament decision was taken, by the help of the new law, on the
closing down of Barseback 1 by the end of June 1998. The closing down was postponed
due to an appeal of the utility Sydkraft which runs the reactor to the High Court, but finally
the reactor was closed down on 30 November 1999. One reason for selecting the Barseback
reactor to be closed down (in comparison with other reactors) was the permanent pressure
from the Danish politicians, who pointed out the geographical closeness of Barseback to
Copenhagen. (No such protests were raised when the site was selected for the construction,
in consultation with Denmark).
As is seen in Table 1, the energy imports increased immediately thereafter. Part of the
decreased energy production is covered by imported Danish electricity from coal-fired
power plants.
The Parliament commissioned the Government to close down also the second unit at the
Barseback site. However, this was connected to certain conditions, namely that the energy
produced or purchased to replace the fallout of Barseback 2 should be produced in an
environmentally-friendly way, such that the emission of greenhouse gases should not
increase. Those conditions have not been fulfilled yet, so Barseback 2 is in operation, and
there is no designated date for its closing down. The negotiations around this question are
actually being made in a wider setting, which will be described soon.
Concurrent with the closing down of Barseback 1, the Parliament also cancelled the date
2010 for the complete phase-out of nuclear power. This has lead to a new and significant
opening in the energy policy which, together with several important concurrent
international events, altered the energy scene, as will be described below.
4. The recent situation and future prospects
The immediate consequence of the abandoning of the date 2010 was that the first time since
long, the nuclear industry could prepare for a period of operation much longer than the
gradually shrinking space of about one decade or less until 2010. The planned investments
include, among others, also a power upgrade at several of the operating units. Several
power plants have recently applied for power upgrade at the safety authority. All this
developments mean not only investments and hardware upgrades, but also a long-term need
of highly qualified labour for the nuclear industry. As in many other countries, due to
cutting budgets for universities and institutes of technology, the support for nuclear
engineering education was permanently decreasing. Due to the above mentioned §6, very
little funding was available from science councils for research in nuclear engineering.
In this situation the nuclear industry took responsibility for sponsoring both education and
research at the main Swedish universities (The Royal Institute of Technology in Stockholm,
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Chalmers University of Technology, and Uppsala University). The Swedish Centre for
Nuclear Technology (SKC) was founded, whose task is to distribute research and
educational funds for universities, primarily to the above mentioned three establishments
from the nuclear industry and the safety authority (SKI). In 2000, 6-year contracts were
signed between SKC and the local centres at the three largest universities, in the frame of
which partly support was given to certain positions, and partly to PhD projects. The support
for the lecturers and professors was also meant to support undergraduate education.
Approximately at the beginning of the above procedure, significant changes took place in
the international nuclear arena. An energy survey performed in the USA, ordered by the
President in 1997, resulted in the conclusion by the Department of Energy, DoE, that on the
medium long term, nuclear is one of the most important and promising energy sources
because "nuclear reactors have an excellent operating record, and are generating electricity
in a reliable, environmentally safe, and affordable manner without emitting noxious gases
into the atmosphere". Thus DoE started up the so-called Nuclear Energy Research Initiative
(NERI). This means, among others, increased financial support to university research
groups. It has also initiated the "Generation IV Nuclear Energy System Initiative", whose
purpose is to elaborate the next generation types of nuclear power plants, that will excel in
safety, economy, waste management and non-proliferation points of view.
Further aspects came from the plans of the transition to hydrogen as an energy carrier,
instead of oil or petrol. The recent development of fuel cells, running on hydrogen, makes
this option a realistic possibility in the immediate future. Production of hydrogen in
amounts that would supply the whole transport industry (to replace oil products which
hydrogen) requires practically a doubling of the electricity (or corresponding thermal
energy) generation. Many arguments can be said in favour of nuclear energy as the source
of hydrogen, at least in the USA. For instance the most effective way of producing
hydrogen is high temperature catalytic dissociation. High-temperature nuclear reactors are
very suitable for that purpose, and indeed such reactors are being studied and planned,
among others, in the US.
In addition to the recent developments in the US and the countries taking part in the socalled "Generation IV International Forum", significant changes have occurred also in the
closer neighbourhood of Sweden. In 2002, Finland has decided to build one more, fifth,
reactor unit. The question of building a fifth plant has been discussed during nearly two
decades now, but before 2002 it has never passed Parliament and/or government. The
AREVA and Siemens consortium has been awarded by TVO, the utility, a contract to build
an EPR (European pressurized water reactor) nuclear power plant, and the preparations for
the construction have been started. In addition, Finland was the first Nordic country to
decide on the site of an underground spent-fuel repository. Both decisions were passed in
Parliament, and hence are approved through a democratic process.
These developments on the international scene have naturally affected the Swedish
situation. The technical developments in nuclear technology, the increasing consciousness
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about the greenhouse effect, but also the increased global threat since 11 September 2001,
lead to a re-evaluation of the views, opinions and long term policies.
From the public point of view, since the beginning of the 1990's, the public opinion has
been constantly in favour of continued use of nuclear power, in which the consciousness of
the greenhouse problem and development of nuclear technology and safety has played a
major role. A large majority of the population is in favour of continued use of nuclear
energy in the near future; a clear majority exists for the long-term use of nuclear power, and
about 20% of the population is in favour of building more nuclear reactors.
This fact is nevertheless not reflected in the policy of the reigning Social Democrat party,
whose standpoint is still a rhetoric repetition of the results of the national vote, taken
approximately 25 years ago. The only exception on the political scene is the Liberal Party,
which recently announced its support for building new nuclear power plants in Sweden.
Due to the changed international situation, both the technical developments and the
renewed interest in nuclear power in the US, the longer than planned (i.e. beyond 2010)
operation of the Swedish plants, as well as due to the increased global hot from terrorism,
the Ministry of Environment has designated an inquiry by an independent expert group into
the safety of the Swedish nuclear installations assuming a long-term operation. The inquiry
found that the safety is satisfactory despite the increased threat situation. On the other hand,
the first time since its creation, the suitability and feasibility of the formerly mentioned §6
in the Law on Nuclear Technology was severely questioned by a government-appointed
group. I was explicitly recommended by the final report of the inquiry that this paragraph
be abolished.
To achieve a consolidated energy policy situation with the long-term operation of nuclear
plants in Sweden, the Government has appointed a special negotiator, Bo Bylund, director
of the Road Infrastructure Institute, with the task of elaborating guidelines for the long-term
operation of nuclear plants in Sweden. The ultimate goal of the negotiations is the phasing
out nuclear power but without any negative effect on economy and environment. The idea
was to find an agreement between industry and government which regulates the conditions
of long-term phasing out by having in mind the "German model". These negotiations are
currently on-going. Several earlier deadlines for the achieving of the agreement have
already passed. The question of whether Barseback-2 should be closed down, and in that
case when, was also included into these negotiations. It turned out that to reach an
agreement which is appealing to both sides is not an easy task. The replacement of the
extensive nuclear production with a better alternative has just turned out to be more
complicated than it had appeared.
One can summarize by saying that the future of nuclear power in Sweden, just as in the
previous decades, is not predictable in detail. It is however rather likely that nuclear power
remains a significant contributor of electricity production in the coming decades, either at
the same or an increased level, in the frame of a long-term agreement and consensus
between industry and government.
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Epilogue

After the end of the conference, some facts happened that are worth mentioning in
addendum to this paper. The above mentioned negotiations between the government and
the industry on the conditions of a long-term phasing out of nuclear power broke down. On
4 October the appointed negotiator, Bo Bylund, announced a final deadlock in the
negotiations. Shortly thereafter the three-party coalition with the reigning Social Democrats
together with the Left Party and the Centre Party announced that they plan ordering the
closing down the reactor Barseback 2 during 2005. The recent legislation makes the
political forcing of the closing down possible, even if the earlier necessary conditions on
the availability of renewable energy to replace the reactor are not fulfilled. The political
scene is divided on this plan. This can be seen by the fact that even among the members of
and voters to the Social Democrat party, an overwhelming majority are against this plan.
This notwithstanding, on 16 December the Government announced the decision that
Barseback 2 shall be shut down by the end of May 2005.
At the same time the nuclear industry follows up the plans for the power upgrade program.
Most of the 10 reactor units, that will be in operation after the summer of 2005, plan power
upgrades, and several of them have already applied of permission and the safety authority,
the Swedish Nuclear Power Inspectorate. The sum of these power upgrades is actually
significantly higher than the electric power of Barseback 2 (615 MWe). Hence, in the long
run, Sweden's nuclear capacity will increase and gets modernized, despite the closing down
of Barseback 2.
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Radiation Education in Japan

— Present situation and how it should be in the future —

Minoru EDA
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Abstract
Although there are wide uses of radiation in various area in Japan, pupils are less literate about
radiation than those of advanced countries.
Radiation education has been implemented mainly in social studies and science in
lower secondary schools and upper secondary schools in Japan, but few periods were
allocated for it.
In 2002, the national curriculum has reformed and radiation education can be
carried out also in the new content free subject 'Period for Integrated Study' which is
set for fostering pupil's problem solving abilities.
On the other hand, teachers' experiences in teaching radiation are not still
sufficient, nor curriculum is undeveloped so far.
In order to cope with the energy, environmental issues, population and food
problems in the future, it is essential to promote radiation education by raising
teachers' skills through the cooperation of schools and society.
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Abstract!
Recently, so many medical institutions established and the increasing use of the
high technological medical imaging equipment, it makes radiological technology
become the main instrument for the medical diagnostic and radiation therapy.
However, the medical radiological technologists play the important role to operate all
the related radiological machines. If they do not use the machines adequately, it will
increase the patients' radiation absorbed dose. Then, the whole society health may be
influenced. Therefore, constructing the professional competence of the medical
radiological technologists is an important course.
The purpose of this research are:(l) to construct the index of professional
competence with radiological technology students, (2) to discuss the professional
competence for the graduates from the department of radiological technology to be the
reference for the Ministry of Examination for the license test of radiological
technologists, (3) to provide the direction of the radiological technology department
development °
Keywords'. Professional Competence, Radiological Technology

Introductions
Ever since 1996, the domestic technical-vocational education system has been
conducted the reform practices as the junior colleges which aimed to educating
domestic junior (middle) technical talents in earlier years have been reorganized into
technical institutes or even into technical universities, with such act making the
structure of technical-vocational education system integrated gradually (for students
trained under technical-vocational education system, on the other hand, it indicates the
wider channel of for technical education). However, what is the position for
technical-vocational education? What is the difference of professionals trained under
the career and technical education from those educated under general four-year colleges?
Currently, domestic technical education system and general four-year college education
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have three and six institutes/universities respectively instituted with radiological
technology department about which while there is still short of the related research and
report featuring educational goal, curriculum planning and issue of position; Yuanpei
Institute of Science and Technology (formerly known as Yuanpei Junior College) and
ChungTai Institute of Health Sciences and Technology (formerly known as ChungTai
Junior College), both under the technical-vocational education system, have instituted
the radiological technology program at the five-year program on a basis of the junior
college since 1965 to train professional radiological technologists. After both Yuanpei
and Chung Tai were reorganized into institute of technology in 1998, the two institutes
started to institute the two-year program by offering students graduated from five-year
junior college a channel to further their studies and earn bachelor degrees; nevertheless,
there still lacks related research and report concerning the educational goal and
curriculum design for radiological technology department as well as the issue regarding
the position for students graduating from radiological technology department under the
technical-vocational education system.
With the change of the society and reform of the educational system, there appears
changes for educational goal set by institute of technology as well; technical-vocational
education in earlier years aimed to educating students' professional skills required for
their future career and guiding them to develop their careers after graduation, and the
educational goal for institute of technology and university of technology, however, puts
emphasis on offering students holistic education featuring humanistic cultivation and
basic academic competency, in hope of further guiding them to pursue an advanced
study-oriented academic goal; the issue concerning "If the orientation of educational
goal for technical-vocational education, however, would have any effect on the intention
by radiological technology education to train students' professional competency?" is
still worthy of further discussion.
The professional field of medical radiology covers diagnostic radiology,
radiotherapy and nuclear medicine with the entire medical group consisting of
radiologist, radiological technologist, nurse, medical physicist, and file personnel,
among which radiological technologist who is good at operating radiological
instruments or radioactive material to be in great demand; in a retrospection of the
development of domestic radiology education, there had no any formal education for
this subject from 1951 to 1965 during which radiological personnel were trained under
the radiological training class held by National Taiwan University Hospital and Taipei
Veterans General Hospital. Not until 1965 and 1966, did Yuanpei Junior College
(currently Yuanpei Institute of Science and Technology) and ChungTai Junior College
(currently ChungTai Institute of Health Sciences and Technology) start to establish
radiological technology department respectively, heralding an era for the formal
education of radiological technology in Taiwan, subsequently followed by the
radiological technology department by National Yang Ming University, Kaohsiung
Medical University, Chang Gung University and Tzuchi Institute with an aim to
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educating bachelor-degree radiological technologist, thus helping enhance the whole
radiological technology education. Ever since the three junior colleges were
reorganized into institute of technology, the urgent issue arising out of a recruitment of
students for the radiological technology department in four-year division of the junior
college appears as the one that vocational schools (senior industrial and vocational high
schools) have not instituted radiological technology program that might impossible to
recruit students from the upstream schools directly when conducting the recruitment for
four-year division of the junior college. In term of the background of basic medicine
for students majoring in nursing and background of electricity for electronics-major
students, the three institutes decided to enroll students for radiological technology
departments, half from nursing and electronics graduates respectively. Even the
practice is still in a probationary stage, planning for the four-year technology program
of the three institutes still lacks common consensus. For recent years, many scholars
have been delving into general issues concerning radiological technology, with the
issues featuring "Survey and Planning for Human Power of Radiological Technologists"
(Hsu, Shih-Tsung, 1984), "Survey of Training and Supply for Human Power for
Radiological Technology" (Sung, Wen-Chuan et al., 1999), "Analysis of Education,
Examination and Employment System for Radiological Technology" (Chen, Fu-Du,
1987), "Development for Medical Science & Pharmacology Education under
Technical-Vocational Education System" (Chen, Chao-Yang et al., 2000), "Practice for
Students under Cooperative System" (Cheng, Kai-Yuan et al., 2001), and "Advice for
Human Power Policy of Medical Radiological Technology" (Chen, Fu-Du, 2001); with
regarding to constructing the index of radiological technology students' professional
competency, there is still in want of related articles and reports for in-depth discussion.
In sum, if it would be effective to construct and explore into the index of
radiological technology students' professional competency, it might guide the planning
of development and educational goal for curriculum of radiological technology
education correctly.
This research aims to constructing the index of radiological technology students'
professional competency, in hope of benefiting to the three institutes in the development
of radiological technology department and curriculum design as well as offering
reference basis to education training and career planning for domestic radiological
technology and national examination for professionals and technologists. This
research expects to achieve the following three goals:
(1) Construct the index of radiological technology students' professional competency.
(2) Discuss the professional competency those radiological technology students shall be
possessed, in hope of offering reference basis for guiding students in their career
planning and preparing them in national examinations for professionals and
technologists held by Ministry of Examination of Examination Yuan of R.O.C.
(3) Discuss the professional competency those radiological technology students shall be
possessed, so as to offer reference bases covering direction of development,
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curriculum planning, employment of teachers with professionalism for radiological
technology department and purchase of teaching facilities, etc., in hope of offering
reference to the radiological technology departments for the curriculum amendment
in the future with the analysis and suggestion of results for the integral research.

Methods!
A series of questionnaires for this research are conducted by employing Delphi
Method which adopts methods pooling experiences, opinions and suggestions from
experts and scholars, followed by an analysis of all information and data to produce
useful results which are served as reference for principles of policy. Delphi Method
features an anonymous-correspondence questionnaire that collects, analyze and induce
experts and scholars' opinion followed by making one questionnaire, with repeated
process in collecting and analyzing all information to achieve the unanimous conclusion.
This method works ideally to avoid some factors, such as time schedule and selection of
venue, for participants when they must conduct the face-to-face communication and
discussion to achieve a unanimous agreement during the traditional policy-making
course; help prevent experts from being intervened when filling in questionnaire
separately; enhance experts and scholars' sense of participation.
This research takes questionnaire as a major method with its design in conducting
survey on 44 subjects including full-time professors of radiological technology from six
universities/institutes and radiological technology experts at some hospitals in Taiwan.
In open-ended questions, the first questionnaire, "The First Questionnaire in Delphi
Method for Index of Radiological Technology Students' Professional Competency"
provides experts and scholars with specious room for thinking. A majority of 44
questionnaires were returned as expected, and, eventually, a total of 34 were collected
after numerous follow-ups through telephone that makes a response rate of 77.3%.
According to interviewees' opinions collected from the returned questionnaires, index
of radiological technology students' professional competency can be classified into
three categories: (1) Basic competency, (2) professional competency, (3) humanistic
cultivation. Moreover, 69 indexes of professional competency are sorted out to be
edited into the second questionnaire, "The Second Questionnaire in Delphi Method for
Index of Radiological Technology Students' Professional Competency" which was then
mailed to the 34 experts and scholars who returned the first questionnaire; eventually, a
total of 30 questionnaires for the second one are returned, making a response rate of
88%, with the experts and scholars' opinions from those 30 questionnaires conducted
the preliminary statistical analysis with the SPSS that extends the original 69 indexes of
professional competency to 76 ones which are then edited into the third questionnaire,
"The Third Questionnaire in Delphi Method for Index of Radiological Technology
Students' Professional Competency". Opinions from the second questionnaire and
important quantified analysis data are enclosed to the third questionnaire, offered to
those experts and scholars who have participated in the third questionnaire to make
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them decide if they need to adjust each item, from which consensus index of
radiological technology students' professional competency is constructed after a series
of integrated collection, arrangement and analysis; finally, a total of 29 questionnaires
are collected (achieving a response rate of 96.7%), achieving the whole Delphi Method.
Results a n d Discussion:
Members of this research then conducted SPSS statistical analysis on quantified
items ticked by experts and scholars from those 29 returned questionnaires. Among
those 29 interviewees, three with seniority up to five years, five with seniority from 6 ~
10 years, and 21 with a minimum of 10 years of seniority; on the aspect of educational
background, two with diplomas conferred by junior colleges, twelve with bachelor
degrees, and fifteen with master or doctoral degrees; in terms of occupation, twelve of
them are doctors, five are professors, and three are medical physicists in hospitals, and
nine are radiological technologists.
Among the twenty four indexes of professional competency listed by Category
One Basic Competency in this research, a minimum of 58% (17/29) interviewees think
that English, anatomy and cross-sectional anatomy are very important; among the forty
seven indexes of professional competency listed by Category Two Basic Competency in
this research, a minimum of 52% (15/29) interviewees think that radiation physics,
radiation safety, X-ray principle and technology, computed tomography principle and
technology, magnetic resonance imaging principle and technology, ultrasound principle
and technology, radiological equipment, Anger camera principle and technology,
SPECT principle and technology, PET principle and technology, nuclear medicine
equipment, external beam radiation therapy principle and technology, brachytherapy
principle and technology, treatment planning, radiotherapy equipment, medical image
processing principle and technology, quality assurance theory of radiological equipment,
quality assurance theory of nuclear medicine equipment, and quality assurance theory of
radiotherapy equipment are very important indexes of professional competency for
radiological technology students; besides, 52% (15/29) among these interviewees think
that psychology is one very important index of competency in the five indexes of
professional competency listed by Category Three Humanistic Cultivation in this
research.
Results of analysis given above indicate that in addition to complete clinical
training, professional knowledge and technology, English and psychology are inevitable
for one excellent radiological technology student. As most of radiological technology
students would serve in radiology-related departments in hospital in the future,
radiological technologists shall be enterprising enough to absorb all kinds of new
medical knowledge from a variety of newspapers and periodicals that English
competency is required, in addition to the above professional skills; as radiological
technologists have great opportunity of facing patients directly during their service in
hospitals, the need for them to establish good interpersonality with patients and takes

-

104

-

JAERI-Conf

2005-001

the concept of "taking patients as your relatives" are significant issue that makes
psychology considered by those interviewees as one of indexes of professional
competency for radiological technology students.
There still has no related research and report working in in-depth exploration into
the construction of the index of radiological technology students' professional
competency, and results of this research can:
(1) Offer reference to curriculum planning for radiological technology department as
well as work as indexes of radiological technology students' professional
competence, in hope of enabling students to possess competency required for their
career.
(2) Offer reference basis for guiding students in their career planning and preparing
them in national examinations for professionals and technologists held by Ministry
of Examination of Examination Yuan of R.O.C.
This research employs Delphi Method to conduct three questionnaire surveys on
selected radiological experts. Even it is a time-consuming task on the edition, delivery,
follow-up by telephone and return for the questionnaires as well as some interviewees
can hardly fill in three questionnaires patiently that causes the loss of questionnaire, and
results of this research are quite satisfactory.
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2.5 PUBLIC EDUCATION THROUGH SAFETY CULTURE DEMONSTRATION
Warapon WANITSUKSOMBUT
Bureau of Radiation Safety Regulation, Office of Atoms for Peace
Bangkok, Thailand
Abstract 1
The activities relating to nuclear energy have been world widely opposed against,
because there have existed scars in the past; atomic bombs and a few accidents in
nuclear facilities. It cannot be denied that the most effective education of public is
through Medias such as news or documentary on newspaper and television. Once
such cases appeared to public, it is difficult to erase the bad pictures from their
memory. Since education for public is mainly depending on media, it is recommended
putting harder effort on dissemination of information on regulation and regulatory
function to public. The regulatory function of each country is the key of safe
utilization of nuclear energy. Since prime responsibility of maintenance and operation
are rested on the operators. To achieve the goal of safety, regulatory authority's task
now is emphasized on encouraging operators of nuclear facilities to implement their
safety culture. This will reduce the probability of unwanted events and therefore
raising credit of nuclear energy.

Introduction
Thailand is a non nuclear energy country; we do not have nuclear power. Though the
country starts nuclear program at the same age as Japan and Korea, we could not
reach that stage. Some said that it is due to unstable of government; others said that it
is due to less understanding of public on nuclear energy. But radiation technology is
well adopted in the country. Modern equipment utilizing radiation technology appears
in almost everywhere, in hospitals, in industry and in research laboratories. Thailand
has enacted a law called Atomic Energy For Peace Act, 1961. Under the Act, several
Ministerial regulations were laying out necessary elements for regulating the use of
ionizing radiation. Thailand is also a member of International Atomic Energy Agency.
After the accident involving Cobalt-60 source happened in February 2000, the
regulations have been revised to the updated information provided on safety and
security of radiation sources.
Public Information through Media in the Accident
Cobalt-60 is the most useful radioactive material utilizing for cancer treatment or
radiotherapy. There was a question we got after the accident that if it is such
dangerous material it should not be imported in the country. From that question,
revealed us with the situation that public has very little knowledge of Nuclear
Technology, no use to mention of nuclear power. Evermore, remedial actions taken
on the accident was badly criticized by newspapers.

Responsibility for the content of this paper rests with the author: it does not
necessarily reflect the views of her employer.
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Radiological Protection and Safety of Radiation Sources
Radiation hazard was well recognized for a long time. In every practice employing
radiation, there must be existing radiation protection programme. This has been
guided by several international organizations; BEIR, ICRP, and IAEA. Recently, 11
Principles are laid down by the IAEA in the document on Radiation Protection and
the Safety of Radiation Sources (1). The principles divide into four groups; Principles
for Practices, Principles for intervention, Implementation Principles, and
Infrastructure for Protection and Safety. IAEA eventually launch a rule that any
assistance required from IAEA will not be approved without radiation protection
infrastructure in the requested member country. In this way, safety in the operation of
nuclear technology is guaranteed. The infrastructure for protection and safety is
included legal framework and responsibility within the legal framework. In legal
framework, legislation and regulatory authority has to be established. Responsibilities
of other relevant authorities must also be clearly document in the legal framework.
Responsibilities and functions of Regulatory Body (2)
In order to fulfill its statutory obligations, the regulatory body shall define policies,
safety principles and associated criteria as a basis for its regulatory actions. The
functions of regulatory body are:
> To assess applications for authorizations of practices and to issue, renew and
alter authorizations as appropriate.
> To inspect authorized practices to confirm that regulatory requirements are
being met.
> To enforce the regulatory requirements where non-compliance with the
requirements are found.
> To encourage the development of a safety culture.

Encouragement of Safety Culture (2)
Safety culture is the attitude of individuals and organizations to radiation protection
and safety issues. Where there is a good safety culture, such issues receive
appropriate attention without the intervention of the regulatory authority. The need
for a good safety culture has been demonstrated by accidents such as the Chernobyl
nuclear power plant accident, where poor safety culture was found to be one of the
contributing factors that led to the accident.
The licensee, registrant or employer is responsible for the development of safety
culture at a practice. The regulatory authority cannot impose safety culture, but it
should encourage the development of the following safety culture characteristics:
> Commitment of workers, authorized persons and the regulatory authority to
safety.
> Accountability of all individuals for protection and safety, including those at
senior management level.
> Positive attitudes to safety which include a willingness to question and learn,
and to discourage complacency on safety issues.
-
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> Communication on safety issues throughout the organization by the authorized
persons.
By developing these characteristics, a good safety culture should be established and
maintained. This should ensure a safe working environment and in turn, avoid
accident situations.
Influence of the Regulatory body (3)
In the interests of promoting safety culture in organizations under its jurisdiction, the
regulatory body should consider the following:
> Allowing some flexibility, within the constraints of national legislation, for
organizations to manage for safety and develop aims and goals that exceed
legal requirements.
> Targeting inspection effort to areas of risk and recognizing that some plants
may have effective safety management systems. At these plants, sufficient
inspections of control processes and selective inspections of consequences to
the plant may be adequate as a regulatory tool.
> Not seeking to allocate blame in the investigation of incidents, and avoiding
inappropriate punitive action for reporting incidents.
> Showing the reasoning behind regulatory controls, e.g. by publishing them.
> Establishing predictability and stability in the regulatory process.
> Trying to agree on appropriate technical ground rules for safety cases and
assessment methodologies.
> Having regular dialogue with organizations and encouraging openness in
dealings.
> Training inspectors to communicate with the public on nuclear safety issues in
a comprehensible manner.
> Training inspectors in safety management (including safety culture) and
human factors.
> Encouraging inspectors to interact with workers at the facility and to be visible
to them.
Public Information (3)
Public should have information on safety culture development in nuclear installation.
Dissemination of the information could be done by both sides; operators and
regulators. Communication of information on safety performance to external groups
can assist in developing confidence in its safety. However, the information must be
prepared and disseminated by competent staff in order to minimize misinterpretation.
Some organizations hold routine meetings, often referred to as 'local liaison meetings',
with representatives of their local community and local government to share
information about activities and performance. Sub-groups can be formed to deal with
environmental and emergency planning issues. The meetings often include
representatives from the regulatory bodies in order to assure the local community that
there is an independent perspective.
In addition to local liaison meetings, some organizations publish regular newsletters
containing information on safety related matters. The background, consequences and
-
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corrective actions applicable to any significant safety abnormality can be included. In
some instances where a newsletter is used as a channel of communication, the
information is picked up by the wider media (newspapers, radio, television) to report
on events at the nuclear installation. This practice can result in a more factual and less
emotional reporting of an abnormality.
Conclusion
Public acceptance of nuclear technology could be improved by successfully
implementation of safety culture. In the case of cobalt-60 accident in Samut Prakarn,
regulatory body had applied effective mitigation measures. A small group of
overexposure persons were exposed before the accident was discovered. If safety
culture has been frequently demonstated, public confusion and misunderstanding
could be minimized.
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Abstract
Radiation, which is simply defined as energy, that travels in the form of waves or
particles has both positive and negative effects on humans. This has necessitated a careful
study on how to create awareness on the 'two-edge sword'. Since radiation cannot be
removed from our environment we, however, reduce our risks by controlling our
exposure to it through various ways. Understanding radiation and radioactivity will help
us make informed decisions about our exposure. Many different types of radiation have
range of energy that form electromagnetic spectrum. Their sources include nuclear power
plants, nuclear weapon^, and medicine. Others include, microwaves, radar, electrical
power lines, cellular phones, and sunlight' and so on. However, the radiation used in
nuclear power, nuclear weapons, and medicine has enough energy to break chemical
bonds, and is referred to as 'ionizing radiation', which is dangerous to life. Because of
this negative effect of radiation there is common fear and myths related to radiation,
radioactivity, uranium mining and milling, and the nuclear industry. This radiation
education and energy-environmental education attempt to dispel the common fears and
myths relating to them in so far as there is perfect protection from harmful exposure and
abuse. The design of an integrated unit of study for radiation and environmental energy
uses arts of language, life skills, skill designs, social studies and mathematical skills in
creating understanding and abilities necessary to do scientific inquiry by the students
without abuse or danger. The education unit is designed to assess materials for, factual
information and appropriate language and identification of potential bias in
environmental education materials and evaluate materials in perspective of cultural and
ethnic upbringing.
1.0 Introduction
If the uses of radiation and radioactivity are limited to nuclear weapons there will have
been no need for radiation education forum. Radiation and radioactivity are becoming
indispensable in modern technology for saving lives and improving the quality of human
life. They are not only used for medical diagnoses and treatments in saving lives they are
also used in Nuclear power production, researches and applications in different areas of
science and technology.
However, the indispensability of radiation and radioactivity in the field of scientific
technology has been a propelling force for further research to solve the risky aspect and
fearful side of the technology. The negative and disastrous use of nuclear energy
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including accidental occurrences in nuclear power plants is posing a serious treat to the
use of nuclear technology. The possible health hazard caused by rays of ionizing
radiation requires urgent solution.
What are the fundamental problems to be solved by radiation education? One would
suggest that it is to give correct information about radiation in order to reduce the scaring
factor among working personnel and advise them on how to be protected even when there
is nuclear accident. It is therefore, important to search and define clearly the new
direction in radiation education.
2.0 Background Studies
US Federal government(2002) "Fact Sheet: Guidance for Responding to Radiological and
Nuclear Incidents" U.S. Department of State, Washington, D.C. has described the
principal radionuclides for which the DILs were developed as (1) nuclear reactors (1-131;
Cs-134 + Cs-137; Ru-103 + Ru-106) (2) nuclear fuel reprocessing plants (Sr-90; Cs-137;
Pu-239 + Am-241), (3) nuclear waste storage facilities (Sr-90; Cs-137; Pu-239 + Am241), (4) nuclear weapons (i.e., dispersal of nuclear material without nuclear detonation)
(Pu-239), (5) radioisotope thermoelectric generators (RTGs) and (6) radioisotope heater
units (RHUs) used in space vehicles (Pu-238).". Unesco: International Institute for
Educational Planning (1967) presented methods for educational effectiveness. It also
described conditions for success in education. The North American Association for
Environmental Education has described guidelines for environmental education with
respect to nuclear technology. The association attempts to dispel the common fears and
myths related to radiation, radioactivity, uranium mining and milling, and the nuclear
industry. It also encourages educators and students "to form their own opinions about
these issues based upon investigations of the available facts and to consider ways to live
in harmony with the powerful forces released by nuclear energy". The association argued
"with such an emotionally charged, controversial topic, we as educators have a
responsibility to present a "balanced" view of the issues, to allow our students to form
their own opinions". Kruger, P. G. (1940) has analyzed some biological effects of nuclear
disintegration products on neoplastic tissue. He gave various ways for nuclear technology
applications. Many authors have expressed their views in relation with nuclear
technology applications especially on medical uses and it's side effects.
3.0 Methodology and Design Procedures
The radioactivity is the property of some atoms that spontaneously radiate energy as
particles or rays. When these energy particles are lodged inside the body the internal
organs are exposed as the radionuclides decay. Atoms are either stable or unstable. If the
forces among the particles that makeup the nucleus are balanced then the atom is stable.
But if these forces are unbalanced the atom is unstable. When the atom is
unbalanced/unstable it is also radioactive. When the atom is radioactive the nucleus has
an excess of internal energy. Radiation takes place when the nucleus is throwing away
the excess of internal energy. Exposure to radiation is believed to be capable of causing
serious illness, and even death. The threat of accidents in nuclear power technology and
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the possibility that nuclear materials could get into the wrong hands have contributed
substantially to public fears about this nuclear technology. Even the normal operation of a
nuclear power plant creates low-level radioactive waste.
3.1.0 Radiation Protection
Risks from Nuclear Accidents are possible through (1) Radioactive Accident (2)
Contamination of Human Food (3) And Animal Feeds (4) Contamination of physical
objects.
Sources of Exposure and Deposition Mechanisms: In any nuclear accident, the
radioactive plume results in two types of deposition. Namely dry deposition and wet
deposition. The dry deposition is the airborne plume while the wet deposition is the
liquid effluent dispersal. The basic pathways of human exposure to contamination
resulting from nuclear accidents of any kind include: external exposure, absorption,
inhalation and ingestion. (1) External Exposure includes radiation shine in immediate
accident location, plume cloud, and ground. (2) Absorption (Dermal Deposition (3)
Inhalation exposure includes Plume Inhalation and Re-suspended ground deposition
inhalation. (4) Ingestion exposure includes: Primary Ingestion from surface
contamination, Secondary Ingestion of contamination via pathways to human
consumption such as the forage - cow - milk pathway, and Tertiary Ingestion of
contamination via indirect pathways to human consumption, e.g. the incorporation of
contaminated whey into processed foods and their redistribution to markets in areas
unaffected by ground deposition. Primary ingestion comes from raw agro-foods such as
leafy green vegetables etc. Secondary contamination comes mainly from processed foods
like milk etc. High-risk exposure occurs at early time of the accident through Inhalation
of plume by external exposure to the plume and Absorption due to contamination of skin
and clothes and physical materials. High-risk exposure also occurs through external
exposure from ground deposition. It also occurs through Primary and secondary ingestion
of contaminated food and water. It extends to Absorption due to contamination of clothes
and re-contamination of skin from ground contamination and Inhalation of re-suspended
ground deposition.
3.2.0 Protection Against exposure
In any nuclear accident, there are two fundamental protective majors against exposure
namely evacuation and sheltering. All situations are characterized by the following safety
precautions: Control to the contaminated area, Control and sheltering of livestock,
Control and sheltering of animals if not already evacuated, Food and water controls,
Decontamination efforts, and Relocation.
3.2.1 Evacuation
Persons living in the vicinity of any nuclear facility during a major nuclear accident have
only one viable option: evacuation to an un-affected area.
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3.2.2 Sheltering:
The first thing to do by the people staying near the nuclear accident zone is to seek
immediate shelter far away from the area. In the likely event that no stocked fallout
shelter is available, the safest option is usually sheltering within one's own residence.
Dust mask is necessary if someone is outside and has not been able to seek shelter yet, or
for some urgent reason must go outside during plume passage. A simple particulate
respirator (dust mask) is an essential first line of protection against inhaling plume pulse
particulates As soon as you reach shelter, close all windows and doors to minimize
inhalation of passing plume.
3.2.3 Shielding
Barriers of lead, concrete or water give good protection from penetrating radiation such
as gamma rays. Radioactive materials are therefore often stored or handled under water,
or by remote control in rooms constructed of thick concrete or lined with lead.
3.2.4 Reduction of exposure time
For people who must be exposed to radiation in addition to natural background radiation
because of their work, the dose is reduced and the risk of illness essentially eliminated by
limiting exposure time.
3.2.5 Distance
When you are further away from radiation source, the intensity of radiation decreases
with distance from its source.
3.2.6 Containment
Radioactive materials are confined and kept out of the environment. Radioactive isotopes
for medical use, for example, are dispensed in closed handling facilities, while nuclear
reactors operate within closed systems with multiple barriers, which keep the radioactive
materials contained.
3.2.7 Necessary Actions to Take
Avoid using surface water supplies and rainwater. Avoid exposure of children to
contaminated surface water (puddles and rain) and ground contamination. Avoid tracking
in ground deposition: remove contaminated clothing and footwear. Avoid consumption of
foods contaminated with surface deposition, especially leafy vegetables with foliar
contamination. Also avoid fruits, which are difficult to wash and food which rapidly bioaccumulates contamination, such as mushrooms and sea vegetables. Avoid consuming
foods subjected to secondary ingestion pathway contamination. Use food products
produced and/or packaged prior to plume passage whenever possible. Shelter livestock
and pets; use uncontaminated feeds. Avoid exposure to surface ground contamination by
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staying indoors as much as possible. Cover garden sites with tarps prior to plume passage
if time permits. Utilize greens grown in a greenhouse situation whenever possible.
Package, box or bag contaminated clothing and footwear and remove from immediate
vicinity of the living quarters if possible. Due to filtering and/or diluting all subsurface
water sources and most public drinking water, sources will remain relatively safe after
most types of nuclear accidents. In the days after a nuclear accident, if you have avoided
inhalation of the passing plume and if you can avoid extensive exposure to ground
deposition, your principal pathway of exposure will be the ingestion pathway.

3.3.0 Design Procedures for Awareness
Radiation education has come up in our time as a challenge to educational administrators,
planners and educational organizers throughout the entire world. In order to solve this
great challenge posed by radiation effect, all controllers of education must come out with
a definite direction and understanding about the radiation. There should be a defined
objective in five component directions.
(1) The first component direction is on the research aspect.
(2) The second component direction is on content and teaching method.
(3) The third component direction is on system of communication and evaluation.
(4) The fourth component direction is on training provisions for teachers.
(5) The fifth component direction is on establishment of various controlling bodies.
The first component being research aspect means that there should be emphasis
and promotion on research about radiation and radioactivity. The experts should
concentrate their researches on those aspects of radiation and radioactivity, which form a
treat to life. The results of the researches should be made available to teachers. The
teachers should rely on the latest research findings made by the experts in the field of
nuclear technology.
The second component is on the direction of the content and teaching method. The
content of radiation education should be clearly determined based on the new research
findings. The method of imparting the knowledge on the students derived.
The third component is on the aspect of system of communication and evaluation.
The important facts should be simplified to the understanding level of the students.
Important research findings, which are capable of correcting the negative perception of
nuclear technology, should be simplified to understanding level of the students.
Evaluation of students should be more on the simplified new research findings. This will
encourage effort and concentration on the new research findings.
The
teachers
findings
research

fourth component is on the provision of trainings to teachers. Training for
should be being organized on regular basis to educate them on the latest research
on nuclear technology. The teachers should have good understanding of the new
findings and be able to simplify and impart them on students.
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The fifth component direction demands the creation of international association for
radiation education. This international association should have various levels for effective
control and administration. See figure 1 bellow. There should be a world central body,
which controls and coordinates the research activities in nuclear technology. Various
continental bodies follow this world central body. The continental bodies should be
responsible to the world central body in research controlling and coordinating. The third
level is on various countries. They should have national bodies that report to the
continental body. The creation of this international association with various levels of
control and administrative bodies will not only disseminate new research findings but
also create awareness for radiation education.
International Association for radiation education

Figure 1: Flowchart for Awareness Creation
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3.4 Nuclear power plants
One of the challenges in the nuclear power plant maintenance is how to predict
phenomena related to corrosion. These include stress corrosion cracking and activity
build-up. It includes deposition of activated corrosion products onto the surfaces of the
reactor cooling system. In nuclear power plants the temperature of the cooling water and
the pressure should be being monitored. A good choice of the material must be made for
the components in contact with the cooling water. This is because oxygen in water can
react with the outermost layers of these metals, forming a thin oxide layer that slows
down further corrosion. Example of the materials includes stainless steel or nickel base
alloys. Minor alloys added to the steel may enhance the protectiveness of the layer.
Corrosion effects are produced from the thin metal oxide layer by flowing of the cooling
water. The corrosion effects are activated as they pass through the core of the reactor, and
can be deposited in inner surface of the pathway. Stress and corrosion may enhance
growth of cracks in metallic materials. More research is needed in order to develop
accurate methods for predicting the progress of any phenomena relating to cracking due
to corrosion and stress. We therefore, advocate in addition that development of intelligent
sensors be made for the purpose of detecting any form of crack in the nuclear power
plants. For protective measure against accident in nuclear power plant, there should be a
new research direction on various types of intelligent sensors, which could be fitted in all
around the nuclear power plant. The intelligent sensors will be capable of detecting any
possibility of accident occurrence before it happens.
4.0 Conclusion
This work has shown basic protection majors against exposure during nuclear accident.
Evacuation of people from the accident vicinity and sheltering them in a location far
away from the accident zone or unaffected area are the fundamental protection against
the risk of exposure. All livestock and all useful objects and materials should be
evacuated to avoid contamination. A simple particulate respirator (dust mask) is very
essential for protection against inhaling plume pulse particulates. For shielding radiation,
concrete, water or barriers of lead, are good protections from penetrating radiation such
as gamma rays. For nuclear workers who must be exposed to radiation in addition to
natural background radiation due to the nature of their work, the dose is reduced and the
danger of sickness essentially eliminated by reducing time of exposure. The nuclear
workers should also try to be at a distant from the source in order to reduce the intensity
of radiation. Radioactive materials are confined and kept out of the environment.
Radioactive isotopes are dispensed in closed handling facilities, while nuclear reactors
operate within closed systems with many barriers, which are capable of containing the
radioactive materials. More researches are encouraged especially toward intelligent
sensors for detecting any possible occurrence of accident in nuclear technology.
Researches are also encouraged in the aspect of materials used in the nuclear industries.
Awareness creation is very important to all. Establishment of international association
and corporation for the propagating of radiation education will be very useful to
humanity in this age and next generation.
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2*7 Physics teachers9 nuclear In-service training in Hungary
Sandor Ujvari
Cornelius Lanczos Gymnasium, Szekesfehervar, Hungary

When I was a child, at school we had to make pictures or school compositions with the
title ,,What will the year 2000 be like?" We had futuristic ideas: many people will live in
Mars, our cars will fly, there will be eternal peace on the Earth, the cancer wont dangerous
any more, we'll be able to produce pure unlimited energy, all the people will live more than
hundred years.
This magic date is here now, here is the moment of the truth.
What do we have? We have fast computers, Internet, big jets, lots of cars, we have very
effective weapons, global economy. On the other hand we have ozone hole, we have
destroying rainforests, we have AIDS and we are afraid of global warming. I think the balance
is neither positive, nor negative. But the most significant phenomena is the very quick change
of technology, of knowledge, the accelerating time (George Marx). One thing is sure: The
role of science, and the role of science education remain very important.

Our Country, Hungary is a very small country. The country occupies a territory of
about 93 000 square kilometres. It has a population of about 10 million. We have good soils
for crops and vegeteables but because of the agricultural overproduction all over the world it
is difficult to find any market. Unfortunately we have no mineral resources, there are only a
few oil-wells, we have no diamond and gold mines.
If we want to compete with the world's countries we can only rely on people, human
understanding and creativity. The teacher has to bring to the surface, unearth this creativity
and he/she must has to develop the found talent.
Teaching of science subjects, among them physics, demands revision and renewal
syllabuses and methods. It is a banality to talk about the rapid increase of factual knowledge,
abuot the progress of science at a quick pace. In our country the shift of social system adds to
these things. These things cause anxiety because the future is uncertain and our knowledge is
limited.
But the experiences show that hard times cultivate clever people, geniuses. There is an
other thing against fear that who becomes a teacher, has to be always renewed. He/she has to
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be renewed because he/she has to face clever young people full of critical sense, has to hand
his/her knowledge over to them.
The theme of this conference is the nuclear education. But please allow me to say
some words about the past. I would like to talk about, how the modern physics got to
Hungarian schools, what kinds of methods the physics teachers used for their in-service
training and what was their success by these methods.

Leon Lederman writes about Martians in his book ,,The God Particle":
,,These extraterrestrials achieved great results in science, they had strange, even fantastic
ideas. Because they could not learn English without an alien accent, they claim to be
Hungarians. Such Martians were Edward Teller, Eugene Wigner, Jonh von Neumann,
Theodor von Karman, Leo Szilard. Nevertheless they became suspect because all they arrived
in America from the same district of Budapest and moreover several of them attended the
same grammar school. (Past decade two more joined this exclusive club: John C. Harsanyi,
economic Nobel laureate and George Olah, chemical Nobel laureate.)
The man who as the Minister of Public Education established ,,the basis of the Martians" —
the grammar schools of Budapest, himself was a worthy of them physicist, Baron Roland
ECtvos. Every physicist and physics teacher knows his incredibily accurate gravitational
measurements, the torsion pendulum made by him."
Overview Eotvos' scientific achievement is not my present task.

More than hundred

years ago, in 1891 Roland Eotvos invited mathematics and

physics teachers with the aim of founding a society for the study of a continous selfeducation.
This Mathematics and Physics Society later adopted its founder's name; and is the present
Eotvos Society.
We, Hungarian physicists and physics teachers believe, that organization of a self education
forum, the Physical Society (1891), establishment of Eotvos College (1894) and the first
Hungarian teacher training workshop (1905) are also very important part of his life-work.
Due to this activity the physics teachers can have the most active professional life and they
have the best contacts with the scientists and university professors.

A historical example for the connection of modern science and education.
-
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At the end of 1895 Conrad Rontgen, Rector of Wurzburg University discovered X-rays. The
first newspaper article about this discovery was published in Wienna early in 1896.
Hungarian Natural Scientific Journal reported on this discovery in January 1896. This article
was illustrated with an X-ray photograph made at Budapest University. The photograph
depicted Roland Eotvos'hand.
On 18 th January X-rays were produced also at grammar school of a provincial town. The
photograph was published in the school yearbook. The school leavers (17-18 years old) took
part in making X-rays photographs.
Virgil Klatt, a grammar school teacher from Pozsony (the teacher of to be Nobel prize winner
Philip Lenard) worked out experimentally photoluminescent materials which were used for
making fluorescent screen.
Secondary school physics teachers were so enthusiastic that on their own initiative they
equipped X-ray laboratories in physics equipment stores. In two towns sick persons had been
examined for decades in these laboratories. The creator of one of these laboratories, Josephus
Ireneus Karoly took part in above mentioned first Hungarian trainingsseminar (1895). The Xray laboratory established on money collected by him already worked in December 1896
(one year after discovery!).
Unfortunately today we cannot hope for such a direct connection between science and
education. But every teacher who wants to do his job well has to inquire about contemporary
scientific problems, mainly because his/her students are much more interested in the future
then in the past. This demands a permanent self-education from all of us.

Physics teachers' in service training in Hungary

In 1985 the Hungarian government decided on the teacher in service training reform. It
introduced the system of intensive courses. According to this plan every teacher has to take
part in an in-service training at a given time for a year. The courses ended with a thesis, and
an examination. Depending on their results the participants received wage-increase.

Nuclear physics intensive course
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Physics teachers had a possibility to be absorbed in a topic on the nuclear physics
intensive course of Nuclear Physics Departement at Eotvo s University. This kind of training
was exciting, it evoked the teachers' large interest.
Though nuclear physics was not born these days nevertheless, now it represents the most
advanced technology, in connection with environmental protection and energy supply. The
students' experienced interest also motivates the teacher to be well-informed of this field.
The curriculum was the following:

Nuclear physics theoretical lectures

10 hours

Nucleonics

10 hours

Nuclear energetics

10 hours

Radioprotection

20 hours

Nuclear demonstration experiments

10 hours

Nucleonics and radiatation protection measurements

40 hours

100 hours

Topics of laboratory practice:

-

Dosimetry

-

Measuring thermal neutron flux in active zone of reactor

-

Neutron activation analysis

-

Nuclear spectroscopy
Computational simulation

-

Practical reactor operation

Lectures were given by professors of Eotvos University and Technical University.
Practice mostly was carried out in the reactor of the Technical University in Budapest. The
greatest experience for the teachers was the praxis in the operation of swimming pool type
reactor. We had possibility start, run and stop a reactor.
The course ended with a ground-level examination on radiation protection controlled by state.
The participants of courses after their succesful examinations received Geiger counters and
simple radioactive sources for their schools as a present. The high popularity of this course is
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due to the teachers good connection with the University, with its Nuclear Physics
Departement. We often go back with our students for school excursions to see the reactor.

Some dissertations of the course:
Simulation of neutron scattering with computer
-

Investigation of cosmic radiation with a Geiger counters in coincidence

-

Measuring of lead content in air
Observation of acid rain

-

Indoor radon survey

-

Radon in my village

-

Investigation of heavy metal content of leaves with snapshots of gamma
spectrum

The teachers took special visits in power plants, laboratories, mines, deposits of
nuclear wasts, universities or research institutes.

Nuclear excursions

Not only the participants of course, but the interested Hungarian teachers had possibility to
see Chernobil and Three Mile Island,

the teachers and the best students visited the

laboratories of CERN, we saw the heavy water factory in Turnu Severin, in Romania and we
went down to the mine of uranium in Hungary.

I would like to mention an interesting and well established training form of Unversity of
Debrecen. Each year one teacher can work at the Nuclear Research Institut getting a research
scholarship. With a consultant's help he/she can engage in a real, daily research, he/she can
solve a part of research problem. After one year the sponsored teacher gives an account of
his/her finished work. If this account has a quite high level the theacher has an opportunity to
improve it on as a PHD.
From these ,,nuclear teachers" a country-wide network has been created not only for inservice
training of secondary school teachers, but for the dissemination of actual information as well.
For example: Intended location of radioactive waste deposits, CO2 green house situation,
international agreements and manifests about SO2, NOX, CO2, nuclear releases, future
limitations, software for energy production, environmental models and risk education.
-
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At least in half of the counties this network is alive, organizes seminars, visits the nuclear
plant. Eight years ago these teachers formed the Teacher Branch of Hungarian Nuclear
Society. Nowadays the most important task of the Teacher Branch is to organize the Leo
Szilard Nuclear Physics competition.

The start of Leo Szilard competition

At the centenary of Leo Szilard, in 1998 the Eotvos Physical Society proposed a countrywide
student competition of secondary school graduates in nuclear physics.
The interest exceeded all our hopes. Each year over 400 students participate from dozens of
schools, from all over the country.
(This means more than one percent of secondary school graduates of the year.) Even some
younger students from grades 8,9,10, 11 (of the age 13, 14, 15,16) participate.

Selecting Competitions

From the selecting competitions - organized locally in the schools - those had the chance to
go to the final competition, who solved over 60 % of the problems. (For juniors below the
age of 16 a success rate of 40 % was the threshold for participating the final competition.)

Final competitions

The final competitions are arranged in Paks, in the Energy Industry College of the Nuclear
Power Plant.
At final competition
the solution often more demanding theoretical problems (in 2 hours),
one computer assisted problem (1 hour) Bemutatni egyet!!
one experimental problem (2 hours) are the tasks.

About the results of competition
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The encouraging fact is that these tasks are not exaggerated: each problem was solved
perfectly well by a one or two students.
The success rate: above 60% at senior students, near to 50 % at junior students.
About the selective power of the Leo Szilard Competion: in last year one of the winners
brought home also a medal from the International Physics Student Olympiad.

The competition is made more attractive by the fact that in each year the 5 best students get
free entrance to the Hungarian universities.

The organizers

The Leo Szilard Student Competition is organized by an unselfish group of professors
representing leading Hungarian universities and teacher training colleges, furthermore of
secondary school teachers, under the umbrella of the Eotvos Physical Society and Hungarian
Nuclear Society.

Autumn universities

On George Marx professors initiative in 1972 was born the tradition of autumn university.
The themes of these universities were energy, environment, global problems. The issues
showed that we had to find connections with other natural sciences. These meetings had less
participants, generally about 100 of the most active and innovative Hungarian physics
teachers.

Titles of the Autumn Universities were:

-

Energy and education

-

Nuclear energy (Visiting the nuclear power plant in Paks, measuring here)
After Rio's environment conference

-

Global way of thinking, global responsibility
The Gaia model
Life in physics-physics in life (biophysics)

Famous lecturers from abroad and the most famous Hungarian professors spent time together
with the physics teachers.
-
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Not only physics teachers took part in these programs but biology and chemistry teachers
were interested as well. This kind of training gave the experiences of real scientific
conferences to the participants.
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2.8 Nuclear-Electrica Experience Related to the Public Information
About Nuclear Energy and Its Benefits for Development of Society
Author: Mariana Vatamanu
Societatea Nationala Nuclearelectrica SA
Bucharest-Romania
Abstract:
Recent events in Canada and Italy and the prediction for similar incidents to be
produced in other high developed countries have highlighted public concerns about the
nation's energy policies. The blackout that affected much of Ontario and the
northeastern United States has focused attention on the adequacy and security of the
everyone electricity supply . Meanwhile, gas and oil prices have soared across the
continents and this is a very strong motivation for the countries governments to
allocate financing funds for a range of policy initiatives related to the Kyoto Protocol,
reminding to all of us about the need to make changes to the way in which we generate
and use energy, in order to reduce the possibility of anthropogenic climate change and
other types of damage to the environment.
The people of all over the world are concerned about the potential for global warming.
There are also concerns about the health effects associated with the use of fossil fuels
(smog and other forms of pollution). What alternative forms of energy are there? And
could we help to solve these problems by changing the way we use energy in industry,
for transportation, and in our daily lives? Government policies in these areas are
incomplete, and the general public needs much more information if a consensus is to
evolve about the necessary changes in energy use in our society.
Nuclearelectrica has developed a strategy of public information, following the basic
objective principles of communication to inform the public about the facts on different
aspects and events produced on nuclear field not only within Romanian territory but all
over the world.
The elements needed by a communication plan are strictly followed as:
6
clear objectives
• the audience according to the objectives
• the message to be communicated
- a communication plan with goals for each audience in order to achieve the objectives
e
evaluation of the results to be included in future planning
It has been demonstrates that a quick access to information is mandatory for public
credibility, so that the general principles as:
« the respect for the public
• to pay attention to all the major interest problems and fears of the public
• a large degree of transparency toward inhabitants of Romania
• the respect for the opponents' opinions
• the quality and content of the messages
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initiative in information supply
are strictly observed during the action taken by our company for public
communication, developed by means of mass media, publications as books,
pamphlets, presentation of events related to nuclear program developed by our
company Nuclearelectrica.

We have developed a very meticulous program for public information through different
methods: special presentation in the school, visits organized for children and their
teachers and parents on Cernavoda site, annual exhibitions with paintings having
nuclear thematic, performed by children and organized by our company during Nuclear
Energy Days and International Symposiums about Nuclear Energy (awards are given to
children for special paintings, etc.).
The specific aspects of a good collaboration with the press are represented by the
propagation of the relationships with reporters, simplicity and knowledge of being
original.
The relationship with mass-media are generally developed through:
•

elaboration of the support documentation for radio and television
programs;
• initiating some radio programs, quizzes, eventually live talking to the
listeners;
• initiating some TV programs on various topics mutually set out with the
programs editors;
• issuing press releases for a prompt information of the public related to
some events occurred during the operation of the subsidiaries reporting
to "Nuclearelectrica" National Company - SA;
• adopting an "offensive" attitude at the press level by publishing articles
on Cernavoda NPP operation, reliability, safety, economic, ecological
and social advantages, on radioactivity and so on, as well as interviewing
scientific, medical personalities, specialists involved in the nuclear power
program, Romanian operators, representatives of the nuclear regulatory
body and so on;
• organizing initiating courses on nuclear power for media representatives.
The main actions taken with view to inform promptly the public:
• prompt press releases and interviews on different subject of interest in the central
press
• press conferences on site and at the headquarters
• radio programs, so called "nuclear radio pills"
• radio and TV round tables
• initiating courses for journalists about the history of nuclear energy and
Cernavoda NPP , nuclear power generation, CANDU type reactor presentation safety aspects, technical and economical performance, waste management,
radiation levels, visits of the plant. '
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Main text:
The success of any activity depends on the way the problem is technically dealt with,
and the support of the people => an efficient public information and communication
policy.
Societatea Nationala NuclearelectricA SA - SNN SA - represents a Romanian state
owned stock company, established in July 1998, following the restructuring of RENEL,
the former centralized Romanian Utility and includes three main branches:
> "CNE Prod", operating Unit # 1 Cemavoda NPP (CANDU 6 Type)
> "CNE Invest", including Units # 2 to 5, actually in charge with the
completion of Unit # 2 (CANDU 6)
> "FCN - Pitesti", the nuclear fuel factory that supplies the nuclear fuel
for Cernavoda Unit#l and with minor changes can double the production
- the plant is qualified by AECL and ZPI-Canada as CANDU6 Nuclear
Fuel Supplier
r r

..

Ukraine
, 8 < w \ Moldova

••' ' • •... - . . . .

. •''' ' Bulgaria " • •

*

The total revenue of SNN SA in 2002 was about US$115 Million, having a staff of
about 2400 employees at the end of February 2003.
Cernavoda Unit 1 NPP - is operated
based on technology transfer process from
Canada (CANDU 6 nuclear reactor), Italy (BOP) and United States (TG):
•
"in service " since December 2, 1996
•
gross capacity: 706,5 MWe;
•
provides ~i 0% of the annual electricity output of Romania
Cernavoda Unit 2 NPP - is under completion and SNN S A manages, together with
AECL- Canada and ANSALDO - Italy, the construction work at:
The unit is ~ 68% complete, main equipment procured;
• Scheduled term for start-up: 2006
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• Project Management Contract signed on May 2001;
FCN Pitesti - Produces nuclear fuel for Cernavoda NPP, at its subsidiary in Pitesti;
• uses natural Uranium dioxide, from a Romanian supplier

•. • • • ' . - . £

i

In the year 1991 - started in Romania the first Public Information program
The presentation will focus on the Romanian nuclear utility experience in public
information, considering the authors' position on different levels of communication, and
direct involvement in the major information campaigns organized by SNN
The nuclear power has proved its potential to contribute substantially to electricity
supply and to compete with the alternatives sources, to satisfy the need of more and
more power consumption in the world. Nevertheless the implementation of nuclear
power projects raises social concerns.
The social acceptance of nuclear energy can be approached by two ways, one based on
increasing the public trust and the other is based on the technology development.
The trust based approach is referring to the public capability to decide whom and how
to trust different groups of people involved in a way or in another in nuclear program
and dealing with any issues of nuclear power.
The approach based on technology explanation has in view to make the public to decide
alone if the technology is acceptable, based on the understanding of arguments and
evidences provided by the experts. The international experience demonstrates that all
efforts to improve acceptability of nuclear power based on the technology arguments
have failed and that only the approach based on public trust was successful.
The communication strategies suitable for nuclear power are those considering the
public as an equal partner for dialogue. The Aarhus Convention, now in force in
Romania, provides an adequate framework for development of public trust, based on the
dialogue and partnership.
The main obstacle for a rapid growth of nuclear power is the anxiety, distrust and lack
of enthusiasm of the public versus this energy source. The public attitude regarding the
nuclear energy varies in function of the geographical area, being identified three
categories. In the west, the public has a critical or hesitant attitude. In the east, the
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communist experience induced to the public a listless and tiredness attitude. In the fare
east and in the south the public shows awareness and interest.
The variability in time of public opinion as concerns the nuclear energy is illustrated by
its status in the USA. If in the first years of the nuclear era the public was ambivalent,
after the
Three Miles Islands accident (1979) in the USA and the Cernobyl accident (1986) in
Ukraine, the majority of the Americans opposed to erection of new nuclear power plants,
even if they accepted the nuclear energy as an important alternative on long term. Now
the situation tends to be more well-balanced.
The apparently paradoxical behavior of the public can be understood if we have in view
the nuclear energy history, the communication deficiencies and the lack of trust in
authorities and the technologic progress. The distrust was feed by the low involvement
of the public in decision making in this field.
The nuclear energy is reflected in the public consciousness as cliches. The first cliche
represent s the atomic mushroom produced by explosions in Hiroshima and Nagasaki,
or by the nuclear weapons tests which followed, and by the radioactive cloud produced
at Cemobyl. The impression produced by this cliche is so strong that many people are
convinced that the nuclear power plants may explode like an atomic bombs.
Another cliche refers to the vulnerability of nuclear energy in front of terrorist attacks.
The idea that the nuclear materials may fall in the terrorists hands, or that the sabotage
actions may severely affect the safety of nuclear installations is easily accepted by the
public and regarded as a real possibility.
The handling, conditioning and disposal of radioactive wastes are the main objection in
all talks about nuclear energy. The subject of nuclear wastes is difficult to debate
because the public regards these activities as unwanted and that the only the alternative
is to oppose.
Surprisingly, the industry did not tried, until recently, to struggle against these cliches
by promoting a more realistic image.
The governmental policy in this field was based on mistaken assumptions that the
public is ignorant and irrational, and that its education and information assures a better
acceptance of nuclear energy. Gradually, the scientific community began to understand
the necessity of a more consistent involvement of the public in decision making
regarding the nuclear energy.
THE SOCIAL ACCEPTABILITY
The social acceptability is essential for redefinition of nuclear energy role in the modern
society. The basic understanding of the social attitude versus the nuclear energy will
enable us to highlight the economic and ecological benefits of this energy source.
There are two approaches to explain the acceptability of nuclear energy: one based on
the technology and another one based on trust.
The technology-based argument explains the social acceptance of nuclear energy as a
result of the cumulated effort to build more safe power plants and the public information
programs on the risks and merits of this technology.
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The alternative for the way based on technology is that based on trust. This way is based
on the observation that the public is not actually trying to form and independent opinion
concerning how well the technology will likely perform, but rather is trying to decide
which group of people to trust concerning how it should be managed.
The members of the public try to understand at the basic level only the issues
considered as vital, but the nuclear energy is not included. All non vital issues are
accepted function of their benefits and the trust in their managers.
The Society do not see the nuclear electricity as a basic issue, and the frequent negative
signals from the media are reasons for anxiety. The fact that the present nuclear power
plants have no impact on public health is exciting nobody. The free of incidents
operation history of nuclear plants is a necessary but not a sufficient argument to obtain
the social support. The social support for nuclear energy may increase as the public
understand its active role in avoiding crisis in power systems, noticed in the last years,
in reducing the green house emissions and in diversifying its applications in economy
and social life. Therefore, the social acceptability is affected by three factors:
technology quality, organization competence and especially public trust in users of that
technology. The nuclear energy acceptability should be assessed within a larger context
of public concern for environmental protection.
At the European level, the Aarhus Convention gave to the public the right to
information, to access in justice, and to be involved in making the decisions that affect
the environment, such as the nuclear energy.
The involvement of the public in such decisions is vital for sustainable development
policy.
Additionally, the involvement is one of the ways to improve the trust and implicitly, the
social support for nuclear energy.
The involvement of the public in making the decisions that affect the environment, both
in the home country and in neighboring countries became at the European level a
requirement, according to Council Directives 97/1 I/EC and 85/337/EEC. At the same
time, the Convention on environmental impact assessment in the trans-boundary context,
adopted at Espoo on February 25th 1991, exceeds the framework of the European Union,
providing clear explanations for the minimal content of the environmental impact
assessment (EIA) submitted to public debate, as well as public consultation procedures
in the potentially affected zones, outside the territory of the polluting party.
•
•

The main obstacle: anxiety, distrust and lack of enthusiasm of the public.
The public attitude varies in function of geographical area:
West: a critical and hesitant attitude;
East: a listless and tiredness attitude induced by the communist
experience;
Fare East and South: awareness and interest.
i> The public perception of the nuclear energy problems, in general and of
nuclear power, in particular, is generated by the lack of sufficient
information in the domain, communication deficiencies, lack of trust in
authorities and technology progress.
l> The public fear for their health; the main reasons: the radiation and the
latest one - the waste.
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Cliches:
- the atomic mushroom and weapons tests
- fear of terrorist attacks or sabotage actions
The technology-based argument: more safe power plants and the public information
programms on the risks and merits of this technology
The slogan of this way to obtain the social acceptability : "ifyou would know what I
know, you will believe what I believe "
But this approach has few effects in changing the rejection attitude of the public
The alternative for the way based on technology is that based on trust
The members of the public try to understand at the basic level only the issues
considered as vital, but the nuclear energy is not included. All non vital issues are
accepted function of their benefits and the trust in their managers.
> The Society do not see the nuclear electricity as a basic issue
> The free of incidents operation history of nuclear plants is a necessary but not a
sufficient argument to obtain the social support. The fact that the present nuclear
power plants have no impact on public health is exciting nobody
> The social support for nuclear energy may increase as the public understand its
active role in avoiding crisis in power systems, in reducing the green house
emissions and in diversifying its applications in economy and social life
> The social acceptability is affected by three factors: technology quality,
organization competence and especially public trust in users of that technology.
THE STATUS OF PUBLIC ACCEPTANCE OF NUCLEAR PROGRAM
DEVELOPMENT IN ROMANIA
The nuclear energy program was initiated in Romania in the 80's by means of a political
decision. The authoritative regime of that period granted no role to the public and
enveloped the nuclear program in full secrecy. The secrecy veil was removed only after
the revolution in 1989, when was found out that the involvement of political factors in
implementation of the nuclear project had extremely negative effects. Reconsidering the
nuclear program, on the unanimously accepted bases in developed countries and
international organizations , enabled us the completion of the first unit of Cemavoda
NPP and supply of electricity since 1996. The main issue changed at that time includes
the removal of secrecy and starting a new relationship with the public.
This new attitude versus the public materialized in few actions:
• . A better relationship with mass-media, including visual media;
• . Publishing of information materials about nuclear activities, issues and
prospective
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• . Organizing seminars and symposia and cooperation with professional
and industrial organizations promoting nuclear energy
• The open doors policy
• . Actions for the new generation
• . Public participation in decision making and extension of this approach
for neighboring countries
• . Information of decision makers at local or national level
© . The use of internal communication instruments
The cooperation with mass-media was carried on better and better, both partners could
have the initiative. As the cooperation improved, the different issues of nuclear energy
were most adequately reflected by mass-media. In these days the mass-media interest
for nuclear issues is low and circumstantial. In the same time, this positive aspect
reflects the maturity and professionalism of Romanian nuclear industry management.
Another important communication tool, due to the nuclear energy specificity, is the
organizing of seminars for journalists, to explain the basic processes in nuclear plants.
Granting interviews or participation in debates, some of them on line, at national or
local stations are communication tools with positive impact on the public. A special
attention was given to crisis communication, a good example being the period of dryout in August - September 2003, when the regular meetings with mass-media enabled
us to operatively inform the public on this phenomenon and its consequences. In this
way the decision to shut down the Cernavoda NPP Unit 1 when the Danube reached the
emergency level was understood and accepted without any negative comments.
A basic communication tool was the public information about all issues of nuclear
energy.
During the last 10 years a whole series of good quality and accessibility informative
materials was published. These materials dealt with the important issues of nuclear
energy: radiations and the public health, environmental protection, nuclear accidents,
the nuclear energy advantages, etc. The informative materials were prepared by
professionals from nuclear industry or from NGOs and argued both pros and anti
opinions. Of course, when the anti nuclear positions were based on unfounded and
untrue arguments, the experts from SNN or from pro nuclear NGOs took position, based
on solid arguments.
A modem tool for public information is Internet, and our company has its own site
available to the public, together with other web pages dedicated to nuclear activities and
issues and many of these sites are available in Romanian language:
http://www.nuclearelectrica.ro
http://www.cne.ro
http: //www. are n. ro
http://nuclearinfo.ro
http://www.ccolo.org/base/basero.htm
Other important method for communication with the public are seminars and symposia
organized with different subjects regarding the nuclear power. On this way is
transmitted information for some target public categories such as: medical workers,

-

134

-

JAERI-Conf

2005-001

industry and research professionals, administration staff, etc. In this respect, the
cooperation between Nuclearelectrica National Company and the professional and
industrial associations sue h as the Romanian Association Nuclear Energy, the
Romanian Atomic Forum, the Romanian National Committee for World Energy Forum
or the Romanian Radioprotection Society is very important, their professionalism
increasing the trust in the messages given to the public.
The open doors policy is the most useful means for improving the trust and increasing
the social acceptability of nuclear energy. Anybody like it may visit the Cernavoda
nuclear plant and may see that the nuclear energy is clean, safe and efficient. The
visitors of all ages are more numerous, this proving the fact that the public overtaken the
period of obsessions and distrust.
In many occasions the plant received foreign visitors which have noticed and positively
mentioned the high technological and managerial level, comparable with that of
developed countries.
It should be noticed that after the September 11th 2001 events in New York, many
countries gave up the open doors policy. In Romania, like in other European countries
(e.g. Spain), the visitors access at Cernavoda NPP was maintained, and we have 200250 Romanian and foreign visitors per year. The Cernavoda public information center
will be an element of attraction and an increased number of visitors are expected.
In relation with the young generation, we stressed the fact that the nuclear energy is
clean, non- polluting and without impact on the environment. A particular interest was
noticed between low age pupils for the drawings contest on the relationship nuclear
energy and environment.
Another vital component of the relationship with the public is the involvement and
participation. The public involvement in making the decisions with impact on
environment and public heath is going to become a general practice at the European
level, and a legal requirement in our country.
The Aarhus and Espoo conventions ratified by Romania and the requirement of the
accession process in the European Union regarding the implementation of the aquis,
outlined the legal framework for public involvement in the decision making process for
nuclear objectives.
The environmental regulations have provisions for public debates, and the local public
begins to involve himself more and more, like in the Cernavoda Unit 2 and the Interim
Spent Fuel Dry Storage Facility.
The local public is generally for the nuclear program, because is better informed and
trusts in the plant management. The opposition groups are generally international
environmental organizations with very low local and national audience.
The messages reach the national and local decision makers by through the published
documents.
The on site visits and meetings, especially at Cernavoda, with top decision makers,
provided the opportunity for direct contacts with the realities and needs of the national
nuclear program, as well as the implementation of the right decisions.
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In the same time, the internal communication is an important tool for a good
understanding by all staff of the managerial decisions, and of the processes, as well as a
communication way with families of the employs and their friends, with partners
(subcontractors, suppliers, etc). In this respect we publish periodically information
bulletins or dedicated publications for special events
(emergency exercises, outages, etc.).
COOPERATION WITH THE CIVIL SOCIETY
Areas and methods of cooperation:
S Organizing symposiums and seminars, main sponsor for "The Romanian Energy
Days" - ZEN and the "International Symposium on Nuclear Energy" - SIEN,
organized by the Romanian "Nuclear Energy" Association.
S Inviting NGOs to participate to public debates
S Sending representatives to managing boards of AREN and ROMATOM
S Publishing articles in "Energia Nucleara", the magazine issued by AREN and
ROMATOM
> The Society do not see the nuclear electricity as a basic issue
> The free of incidents operation history of nuclear plants is a necessary but not a
sufficient argument to obtain the social support. The fact that the present nuclear
power plants have no impact on public health is exciting nobody
> The social support for nuclear energy may increase as the public understand its
active role in avoiding crisis in power systems, in reducing the green house
emissions and in diversifying its applications in economy and social life
> The social acceptability is affected by three factors: technology quality,
organization competence and especially public trust in users of that technology.
RSRP is a professional association of the Romanian specialists in radiation protection
field, is an independent, non-profit and nongovernmental organization.
* RSRP was founded in May 30, 1990 as a organization for scientific information in
radiation protection to public.
* RSRP is IRPA Associate Society since 1992 and is member of the Central European
Association of IRPA Associate Societies since 2000.
* RSRP aims are to:
- protect population and radiation workers against the harmful effects of ionizing
radiation;
- develop and make known the scientific, technical, medical and legal aspects of
radiation protection on a nationwide scale;
- imply the civil society in the benefit/risk analyses for the ionizing radiation uses.
* RSRP has a presentation leaflet that can be obtained from the e-mail address:
cmilu@ispb.ro and has a Web page hosted at:
www.ispb.ro/rsrp.htm.
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RSRP organized annually national conferences with the subjects on radiation
protection of the human population and environment with the participation of the
Romanian specialists, specialists from many countries, environmental NGOs, local
authorities, students and other interested peoples.
RSRP specialists published many books and leaflets informing public about
radioactivity and the potential risks for environment and human health, presenting
concepts about radiation protection, impact of radiation on day by day population
life, medical irradiation of population, etc.
RSRP published years before a Bulletin for interested NGOs about the following
subjects: radioactivity of atmospheric deposition, radioactivity of water and milk
and exposure dose at the height of 1 m from the soil.
A lot of news about the Radiation Protection and the RSRP activities where
inserted in the review called "The Courier of Physics"
RSRP, through its specialists organized few Press Conferences on Radiation
Protection and participate at 6 TV or Radio broadcastings on uses of nuclear energy,
radiation protection of humans and environment, the radioactivity of miscellaneous
foods, etc..
By participation of the RSRP members at different activities organized by mass
media, environmental NGOs, etc., a massive implication of the specialists in
Radiation Protection in actual problems about peaceful uses of nuclear energy
(nuclear energetic, nuclear medicine, etc.) was achieved and possible risks in case
of non-use of all recommended radiation protection were presented.
The RSRP specialists published a lot of articles in the central or local news press on
the radiation protection subjects and are involved in the on going events treating
population radiation issues.
The point of view of the RSRP regarding the peaceful uses of nuclear energy as well
as the improvement of the citizens capabilities to take decisions regarding the
nuclear activities in Romania is presented at different conferences and symposiums
organized in Romania and abroad
The presence of the professional women, organized into associations like Women in
Nuclear (WIN) could bring an important added value to the pro-nuclear 'civil
society' contribution for better informing the public. They may act under the
umbrella of the nuclear professional society, or could be set-up as independent
organizations.
The goal of the group is to inform the public objectively on the use of nuclear
energy and application on national and international level and to develop dialog with
the public
Another goal is to emphasize and support the role that women can and do have in
addressing the public's concerns about nuclear energy, nuclear application and
nuclear technology
• The target audience of this organization is:
Public, Female leaders
Local policy makers
Health professionals
Academic's and women's associations
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CONCLUSION
All target audience is important in building the confidence, but some categories
deserve special attention, considering the today priorities of the company:
o Local public, including local authorities - as far the anti-nuclear NGOs
started a strong campaign against Cemavoda 2 and further development
of the site
o Mass-media representatives, increasing the co-operation with local
newspapers, as well as with the national ones
o Politicians, considering this year elections, and the re-drafting process of
the political strategies of different parties
o Improving the internal communication developing INTRANET and
EXTRANET channels, and extending social events inside the company
A better social acceptability of nuclear energy may be obtained through a
sustained effort to improve the public trust, using tools as diversified as possible;
The public information and public participation are the two main components of
the communication process, the accent following to be changed from
information to participation;
Public communication must be professionalized and planned so that each target
group be treated in a specific manner;
According to our experience, at this moment the target groups are local
communities, mass media representatives and decision makers, but we can not
neglect the internal communication which is important for local public
involvement;
Company has enough flexibility to re-defme the target audience, considering
possible future reallocation of priorities
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3.1 IONIZING RADIATION IN 21 S T CENTURY
Zbigniew Jaworowski
Central Laboratory for Radiological Protection - CLOR, Warsaw, Poland
Radiation protection is not only a matter of science. It is a problem
ofphilosophy, morality and the utmost wisdom.
LauristonS. Taylor, 1957

Trying to assess the risk of ionizing radiation from a 21 st century perspective we may start by
looking at what we learned from the world's greatest nuclear accident that occurred almost 20
years ago: the Chernobyl catastrophe. For myself it was a dramatic personal experience, a
difficult exam, which I am not sure I passed. For many people, but not all, engaged in
radiological protection, it was a watershed that changed their view on the paradigm on which
the present safety regulations are based, the holy mantra of LNT - linear no-threshold
assumption, according to which even the lowest, near-zero doses of radiation may cause
cancer and genetic harm. For everybody it might serve as a yardstick for comparison of
radiation risks from natural and man-made sources (Figure 1). It also sheds light on how
easily the global community may leave the
NATURAL
realm of rationality facing an imaginary
emergency.
The LNT assumption is in direct contradiction
with a vast sea of data on the beneficial effects of
low doses of radiation. When in 1980, as a
chairman of the United Nations Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR), I tried to convince its members that
we should not ignore but rather peruse and assess
these data, published in the scientific. The LNT
assumption is in direct contradiction with a vast
sea of data on the beneficial effects of low doses
of radiation. When in 1980, as a chairman of the
United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR), I tried
to convince its members that we should not ignore
but rather peruse and assess these data, published
in the scientific literature since the end of 19th
century, everybody in the Committee was against
it. In each of the next seven years I repeated the
proposal,
to no avail. Finally, the Chernobyl
K
appeared to be an eye opener two years after the
accident, in 1988, the Committee saw the light
and decided to study radiation hormesis, i.e., the
adaptive and beneficial effects of low levels of
radiation. Six years of the Committee's work
Figure 1. Average individual radiation
and
hot discussions later, Annex B"'Adaptive
Exposure to world population and in
Responses to radiation in cells and organisms'"
Chernobyl region (Based on data in
appeared in the UNSCEAR 1994 Report, fourteen
years from UNSCEAR, 1988 and 2000)
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years after my original proposal. The Annex started a virtual revolution in radiation protection,
now in full speed.
The LNT/hormesis controversy is not limited to radiation. It poses problems for practically all
noxious physical, chemical and biological agents which we meet in life [1]. Ionizing radiation
was discovered rather lately, at the end of the 19th century, but, as most of these other agents,
it has been with us since time immemorial.
Chernobyl accident was a radiation event unique in human history, but not in the long history
of the biosphere, in which increased radiation levels occurred at much greater scales [2-4]. In
terms of human losses it was a minor event as compared with many other man-made
catastrophes[5]. But its political, economic, social and psychological impact was enormous.
Let's have a look at what happened
Lessons of Chernobyl
About 9 a.m. on Monday 28 April 1986 at the entrance of CLOR in Warsaw I was greeted by
my assistant with a statement: "Look, at 7:00 we received a telex from Mikolajki monitoring
station saying that the radioactivity of air is there 550 000 times higher than a day before. A
similar increase Ifound in the air filter from the station in our backyard, and the pavement in
front of the institute is highly radioactive"". Soon, to our relief, we found that the isotopic
composition of radioactive dust was not from a nuclear explosion, but rather from a nuclear
reactor. Reports inflowing successively from our 140 monitoring stations suggested that a
radioactive cloud over Poland traveled westwards and that it arrived from the Soviet Union,
but it was only about 6 p.m. that we learned from BBC radio that its source was in Chernobyl.
This was a terrible psychological shock. The air over the whole country was filled with the
radioactive material, at levels hundreds of thousands times higher than anything we
experienced in the past, even in 1963, a record year of fallout from nuclear test explosions. It
is curious that all my attention was concentrated on this enormous increase in air radioactivity,
although I knew that on this first day of "Chernobyl in Poland", the dose rate of external
radiation penetrating our bodies reached 30 \\K per hour, or 2.6 mSv per year, i.e., was only by
a factor of 3 higher than a day before. This dose rate was four times lower than I would
experience visiting places in Norway, where the natural external radiation (up to 11.3
mSv/year[6]) from the rocks is higher than over Central European plane. It was also some
100 times lower than in an Iranian resort Ramsar, where in a house the annual dose reaches
about 250 mSv per year [7], or more than 300 times lower than at the Brazilian beaches (790
mSv per year) [8] or in South-West France (up to 870 mSv per year) [9]. No adverse health
effects among the people living in those areas with high natural background radiation, were
ever reported.
But in 1986 the impact of a dramatic increase in atmospheric radioactivity dominated the
thinking of myself and of everybody. This state of mind led to immediate serious
consequences in Poland, in the Soviet Union, throughout the Europe, and later all over the
globe. First were different hectic actions, such as ad hoc coining of different principles and
emergency countermeasures, which sense and quality was lagging far behind the excellent
measuring techniques and monitoring systems. An example of this was the radionuclide
concentration limits in food implemented few days after the accident by various countries and
international organizations, which were varying by a factor of up to 50,000[10]. The base of
-
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some of these limits was not scientific, but reflected the emotional state of the decision
makers, and also political and mercantile factors. For example, Sweden allowed for 30 times
more activity in imported vegetables than in the domestic ones, and Israel imposed lower
limits for radioactivity in food imported from Eastern than from Western Europe [10]. The
limit of cesium-137 concentration in meat of 6 Bq/kg was accepted in Philipines and 6000
Bq/kg in Norway [10].
The monetary costs of such restrictions were estimated in Norway. At first the cesium-137
limit for meat was accepted there as 600 Bq/kg, which from a health physics point of view is
meaningless [11], as consumption of 1 kg of such a meat would correspond to a dose of
0.0078 mSv. If somebody would eat 0.25 kg of this meat each day for 1 year the internal
radiation dose would reach 0.7 mSv. This limit was often surpassed in mutton, and the
farmers received compensation for destroying the meat, and for special fodder they were
forced to feed the sheep for months before slaughtering. Such a low limit could have
destroyed the living of Lapps whose economy depends on reindeer, an animal having a special
food chain based on lichens. Due to this chain the reindeer meat contained in 1986 high
concentrations of cesium-137, reaching up to 40,000 Bq/kg. In November 1986 Norwegian
authorities introduced a limit of 6000 Bq/kg of reindeer meat and game. Ordinary Norwegian
diet includes only about 0.6 kg of reindeer meat per year [11], thus this limit was aimed to
protect Norwegians against a radiation dose of 0.047 mSv/year. In 1994 the costs of this
"protection" were evaluated: they reached over $51 million [12].
Sweden was not better. When the farmers near Stockholm discovered that the Chernobyl
accident contaminated the milk of their cows with cesium-137 above the limit of 300 Bq per
liter imposed by Swedish authorities, they wrote to them and asked if their milk could not be
diluted with uncontaminated milk from other regions, until the limit were attained, for
instance by mixing 1 liter of contaminated milk with 10 liters of clean milk. To the farmers'
surprise the answer was no, and the milk was to be discarded. This was strange, as it always
was possible to do so for other pollutants in foodstuffs, and we also dilute the fumes from
fireplaces or ovens with the atmospheric air. Authorities explained that even though one could
reduce the individual risk by diluting the milk, at the same time, one would increase the
number of consumers, and thus the risk would remained the same, although now spread over a
larger population [13]. This was a practical application of the LNT assumption, and of its
offspring, the concept of the "collective dose" (i.e. reaching terrifyingly great numbers of
"man-sieverts", by multiplying tiny innocuous individual radiation doses by a large number of
exposed people). I believe that in an earlier paper I demonstrated the lack of sense and
negative consequences both of this assumption and of the concept [14]. This practical
application made that the costs of the Chernobyl accident might probably exceed in Western
Europe $100 billion [15].
The most nonsensical action, however, was the evacuation of 336 000 people from the regions
of the former Soviet Union, where during the years 1986 - 1995 the Chernobyl fallout
increased the average natural radiation dose (of about 2.5 mGy per year) by 0.8 to 1.4 mSv per
year, i.e. by about 30% to 50% [8]. The evacuation was based on radiation limits
recommended by International Commission for Radiological Protection (ICRP) for "the event
of major radiation accidents" [16] and on recommendations for protection of general
population [17, 18], which were tens to hundreds of times lower than natural doses in many
countries [19]. In the streets of the "ghost town" of Pripyat, from which about 50 000 people
were relocated, and where nobody can enter without special pemiission, the radiation dose
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rate measured by a Polish team in May 2001 was 0.9 mSv per year [20], i.e. the same as in
Warsaw, and five times lower than at the Grand Central Station in New York. The evacuation
led to development of mass psychosomatic disturbances, great economical losses, and
traumatic social consequences. Obviously, ICRP will never accept responsibility for the
disastrous effects of practical application of its easy chair elucubrations, which make that the
present system of "radiationprotection become a health hazard"[\3].
In Poland, to save the population from effects of exposure to iodine-131, the government,
upon my instigation, administered during three days (starting on April 29th) a single dose of
iodine to about 18.5 million people, the greatest prophylactic action in the history of medicine
performed in such short a time. My medical colleagues and the Ministry of Health were
rightly proud of the ingenious and innovative way they implemented this countermeasure.
Recently several countries, including the USA, planned to follow in our flight [21-23].
However, now I see this action as nonsensical. We endeavored to save Polish children from
developing thyroid cancers by protecting them from a radiation dose of 50 mSv to the thyroid
gland [24]. At this dose ICRP recommended implementation of stable iodine prophylaxis [16].
But in studies of more than 34 000 Swedish patients whose thyroid glands received radiation
doses reaching up to 40 000 mSv from iodine-131, there was no statistically significant
increase in thyroid cancers in adults or children, who had not already been thought to have
cancer before treatment with iodine-131. In fact, an opposite effect was observed: there was a
38% decrease in thyroid cancer incidence as compared with the non-irradiated population [25,
26]. In a smaller British study of 7417 adult hyperthyroid patients whose thyroids received
average radiation doses from iodine-131 of 300 000 mSv, a 17% deficit in incidence of all
studied cancers was found [27]. Without the stable iodine prophylaxis and milk restrictions
the maximum thyroid dose would reach about 1000 mSv in about 5% of Polish children[24].
All what I would now expect from this dose is a zero effect.
Fourteen years after the Chernobyl accident in the highly contaminated areas of the former
Soviet Union, no increase in incidence in solid cancers and leukemia was observed, except for
thyroid cancers. In its 2000 Report UNSCEAR stated that the "population need not live in
fear of serious health consequences", and "generally positive prospects for the future health
of most individuals should prevail" [8]. No epidemics of cancers in the Northern Hemisphere,
direly predicted from the LNT assumption to reach tens and hundreds of thousands, or even
millions of cases, has ever occurred.
The number of 1800 new thyroid cancers registered among the children from Belarus, Russia
and Ukraine should be viewed in respect to extremely high occurrence of the "occult" thyroid
cancers in normal populations [28-31]. The occult cancers, not presenting adverse clinical
effects, are detected at post mortem, or by USG examinations. Their incidence ranges from
5% in Colombia, to 9% in Poland, 13% in the USA, and 35% in Finland [29]. In Finland
occult thyroid cancers appear in 2.4% of children 0 to 15 year old [28]. In Minsk, Belarus the
normal incidence of occult thyroid cancers is 9.3% [32]. The greatest incidence of
"Chernobyl" thyroid cancers in children under 15 years old, of 0.027%, was registered in 1994
in the Bryansk region of Russia, which was less by a factor of about 90 than the normal
incidence of occult thyroid cancers among the Finish children. The "Chernobyl" thyroid
cancers are of the same type and similarly invasive as the occult cancers [30]. The first
increase of these cancers was registered in 1987 in the Bryansk region, Russia, one year after
the accident. Since 1995 the number of registered cancers tends to decline. This is not in
agreement with what we know about radiation-induced thyroid cancers, the risk of which
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increases until 15-29 years after exposure[8]. In the United States the incidence rate of
thyroid tumors detected between 1974 - 1979 during a screening program was 21 times higher
than before the screening [33], an increase similar to that observed in three former Soviet
countries. I believe that the increased registration of thyroid cancers in contaminated parts of
these countries is a classic screening effect, i.e., a consequence of mass thyroid examinations
and of the use of modern diagnostic equipment, in the countries where before 1986 such
examinations were rather scarce.
Besides the 28 fatalities caused by very high doses of radiation among rescue workers and the
employees of the power station, and 3 deaths in this group due to other reasons, the only real
adverse health consequence of the Chernobyl catastrophe among about five million people
living in the contaminated regions is the epidemics of psychosomatic diseases [8]. These
diseases were not due to irradiation with Chernobyl fallout, but were caused by radiophobia,
induced by years of propaganda before and after the accident, and aggravated by improper
administrative decisions. These decisions caused that several million people in three countries
"has been labeled as, and perceive themselves as, actual or potential victims of
Chernobyl"[34]. This was the main factor behind the economic losses caused by the
Chernobyl catastrophe, estimated for Ukraine to reach $148 billion until 2000, and $235
billion until 2016 for Belarus [34].
In 1986 most of my professional colleagues and myself, the authorities, and the public in
Poland and elsewhere were pre-conditioned for irrational reactions. Victims of the LNT
dogma, we all wished to protect people even against the lowest, near-zero doses of ionizing
radiation. The dogma influenced behavior of everybody, leading to a mass psychosis, in fact to
the greatest psychological catastrophe in history[5], into which the accident in Chernobyl,
with the efficient help of media [10], and national and international authorities, quickly
evolved. It seems that professionals, international and national institutions, and the system of
radiological protection did not meet the challenge of the Chernobyl catastrophe.
The following main lessons can be deduced from this accident.
(1) Ionizing radiation killed only a few occupationally exposed people. The Chernobyl fallout
did not expose the general population to harmful radiation doses. The area covered by the
dangerous radioactive fallout, where the radiation dose rate reached 1 Gy per hour, was
limited to about 0.5 km in an uninhabited location, reaching a distance of 1.8 km from the
burning nuclear reactor. Several hundred meters outside the 1 Gy isoline the dose rate dropped
by two orders of magnitude, to a safe level of 0.01 to 0.001 Gy per hour (Figure 2). This is a
situation completely different from a surface explosion of a 10 Mt nuclear bomb, when the 1
Gy per hour isoline can reach a distance of 440 km [35], and the lethal fallout can cover tens
of thousands km2, and endanger the life of millions of people.
(2) Radionuclides were injected high into the stratosphere, at least up to 15 km altitude [36],
what made possible its long distance migration in the whole Northern Hemisphere, and a
penetration over the Equator down to the South Pole [37]. With a unique, extremely
sophisticated radiation monitoring systems, implemented in all developed countries, even the
most tiny debris from the Chernobyl reactor was easily detected all over the world. No such
system exists for any other potentially harmful environmental agent. Ironically, this excellence
of radiological protection ignited the mass anxiety, with its disastrous consequences in the
former Soviet Union, and strangulation of nuclear energy development elsewhere.
-

143

-

JAERI-Conf

2005-001

Figure 2. Measured radiation exposure rates in air on 26 April
1986 in the local area of the Chernobyl reactor. Units of
isoline- are Gy per hour. (After UNSCEAR, 2000).
(3) Psychosomatic disorders and the screening effects were the only detectable health
consequences among the general population. Fighting the panic and mass hysteria could be
regarded the most important countermeasure to protect the public against the effects of a
similar accident should it occur again.
(4) This was the worst possible catastrophe of a badly constructed nuclear reactor, in which
two tasks were mixed: production of electric power with production of military grade
plutonium. The accident caused a complete meltdown of the reactor core, followed by the ten
days long completely free emission of radionuclides into the atmosphere. Nothing worse could
happen. It resulted in a comparatively minute occupational death toll, amounting to about half
of that of each weekend's traffic in Poland, and tens or hundreds times lower than that of
many other industrial catastrophes, and no fatalities among the public. In the centuries to
come, the Chernobyl catastrophe will be seen as a proof that nuclear power is a safe means of
energy production.
Beneficial radiation and regulations
After ionizing radiation and radioactivity were discovered at the end of the 19th century, their
social perception has alternated between enthusiastic acceptance and rejection. This stemmed
from recognition of their three basic aspects:
1) usefulness for medical applications and for technical and scientific aims;
2) beneficial effects of their low levels; and
3) harmful effects of high levels.
In the first part of the 20th century acceptance prevailed, in the second - rejection. The change
of the public mood which had occurred rather abruptly after the World War II was not due to
discovery of some new danger of radiation, but was caused by political and social reasons,
unrelated to the actual effects of radiation[14].
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The possibilities that ionizing radiation offered for medical diagnostics were first
demonstrated by W. K. Roentgen, one month after his discovery, by publishing in Nature in
January 1896 an x-ray photograph of the hand of his wife. The first therapeutic application of
high doses of x-rays for pain release, rheumatic diseases and chronic bronchitis was
announced in 1897 [38]. In 1902 Pierre Curie, together with two physicians: C. Balthazard
and V. Bonchard, discovered that radium rays are useful in cancer therapy.
The beneficial or hormetic effects of low doses of ionizing radiation were found two years
after Roentgen announced the discovery of ionizing radiation. First observed effect was an
increased growth rate of blue green algae exposed to x-rays [39]. During the next decades, this
observation was followed by thousands of publications on hormetic effects at all biological
levels (see e.g. [40-43]), including human epidemiology (Table 1).
That ionizing radiation can be hazardous for man was first announced in 1896 in the German
Medical Weekly [44]. The early students and users of radiation voluntarily or unknowingly
exposed themselves to high radiation doses. Among the pioneers of radiation and radioactivity
from 23 countries, scientists, physicists, medical doctors, nurses, and x-ray technicians, about
100 persons died by 1922, and 406 died until 1992, with afflictions that could be related to
radiation. The names of all these victims are recorded in the "Book of Honour of
Roentgenologists of All Nations" [45]. This experience sounded an alarm, and the need for
protection against high doses of radiation was realised quite early.
The radiological protection developed since the 1920s, and reached high standards after the
World War II. Due to this development, the total number of persons exposed worldwide
between 1945 and 2001 to significant radiation doses was only 2044. Among them 134
persons died; probably 70% of these fatalities occurred in medical applications of radiation
[46]. This record includes the Chernobyl victims, and is unusually low as compared with other
human activities. This testifies two facts: (1) excellency of radiological protection (but see
below the criticism of exaggerated standards); and (2) a low noxiousness of ionizing radiation.
In the 1920s the concept of "tolerance dose" was introduced, defined as a fraction of the dose
that caused skin reddening. This fraction corresponded originally to an annual dose (in
modern units) of 700 mSv. In 1936 it was reduced to 350 mSv, and in 1941 to 70 mSv. The
concept of tolerance dose, which was effectively a statement of threshold, served as the basis
for radiation protection standards for three decades [47] until 1959, when the International
Commission on Radiological Protection based its recommendations on the linear no-threshold
assumption (LNT) [48]. Introducing LNT to radiological protection was stimulated by undue
concern in the 1950s with the allegedly disastrous genetic effects on the human population of
ionizing radiation produced by man. In the literature on ionizing radiation at that time, one
could often see the following statements of geneticists: "...we have reached a stage where
human mistakes can have a more disastrous effect than ever before in our history - because
such mistakes may drastically change the course of man's biological evolution" [49]. In the
years that followed, even in the progeny of survivors of nuclear attacks on Hiroshima and
Nagasaki no radiation-induced genetic disorders were detected[50]. Also from other genetic
studies it became clear that this concern was an overreaction, in tune with strong emotions,
evoked by the menace of nuclear war. However, emotions are not a good basis for regulations.
Professor W.V. Mayneord, the late chairman of the ICRP Committee IV, a highly respected
scholar and humanist, made the following comment on using LNT as a regulatory basis: " /
have always felt that the argument that because at higher values of dose an observed effect is .
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proportional to dose, then at very low doses there is necessarily some 'effect' of dose, however
small, is nonsense" [51]. Mayneord's concern about the values applied in ICRP
recommendations was in "the weakness of the biological and medical foundations coupled
with a most impressive numerical fagade". This numerical facade, however, is now regarded
as epistemologically unacceptable to interpret a biological reality[52]. An outsider of the
radiation protection community, the late professor E.T. Jaynes, presented as a classical
example for a common scientific error judging the effects of radiation by assuming a linear
response without threshold (LNT). He stated that "to analyse one's data in terms of a model
which does not allow even the possibility of a threshold effect is to prejudge the issue in a way
that can lead to false conclusions, however good the data.. ..The false premise built into a
model which is never questioned cannot be removed by any amount of new data.... False
conclusions of just this kind are now not only causing major economic waste, but also
creating unnecessary dangers to public health and safety. Society has only finite resources to
deal with such problems, so any effort expended on imaginary dangers means that the real
dangers are going unattended. "[53].
For the past few decades the main support of LNT assumption in radiology was the
interpretation of epidemiological data from Japanese A-bomb survivor Life Span Study. This
population was exposed to extremely high dose rates, as the duration of radiation pulse during
nuclear explosion was about 10"8 second. This dose rate was larger by 2 x 1015 than the
Chernobyl dose rate in the US (0.0046 mSv over 50 years). Using LNT assumption based on
such an enormous difference of the dose rates to calculate exactly 53 400 cancer death toll, is
not only unacceptable scientifically[14]. Indeed, Lauriston Taylor, the former president of the
US National Council on Radiological Protection and Measurements, deemed such
extrapolations to be "deeply immoral use of our scientific heritage." Recently, a meticulous
revision of the cancer and leukemia incidence data from Hiroshima demonstrated that they are
consistent with the threshold-like dose response model [54].
During the past several decades there was a tendency to decrease the levels of dose applied in
standards of radiation protection to lower and lower values. In the 1980s and the 1990s these
became 20 mSv per year for occupationally exposed people, and 1 mSv per year for the
general population. For an individual who receives no direct benefit from a source of radiation,
a maximum dose of 0.3 mSv in a year has been recently proposed [55], and for some instances
- an exemption level of 0.01 mSv per year [56]. Justification for such low levels is difficult to
conceive, as no one has ever been identifiably injured by radiation while standards set by the
ICRP in the 1920s and the 1930s were in force, involving dose levels hundreds or thousands
of times higher [57, 58]. The life expectancy of the survivors of nuclear attacks on Hiroshima
and Nagasaki was found to be higher than that in the control groups [59], no adverse genetic
effects were found in the progeny of survivors [50]. There is also ample evidence of beneficial
effects of low doses of radiation in people occupationally, medically or naturally exposed to
doses much higher than the current radiation protection standards (see e.g. [60], and Table 1).
To adhere to regulations based on standards involving such low dose limits, the society is
paying hundreds of billions of dollars, with no detectable benefit. Each human life
hypothetically saved by implementing the present regulations costs about $2.5 billion [70].
Such spending is morally questionable, as: (1) the limited resources of the society are spent on
prevention of an imaginary harm, instead of achieving real progress in health care, and (2)
because low radiation doses are beneficial for the individual. For these two reasons, such
expenditures may have actually an adverse effect on the population.
-
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Table 1. Deficit of mortality in large human populations exposed to low radiation doses
(up to 500 mSv), in comparison with unexposed populations.
Population
Deficit (%) and causes
References
High background area, USA

15%

cancers*

[61]

High background area, China
Nuclear industry workers, Canada
Nuclear shipyard workers, USA

15%
68%
24%
58%
9%

cancers
leukemia
all cancers
leukemia
cancers

[62]
[63]
[64]

Nuclear workers, combined Hanford,
ORNL, Rocky Flats, USA

78%
British medical radiologists after 1955- 32%
1979
29%
36%
Plutonium workers, Mayak
29%
Eastern Ural, Russia
High residential radon, USA
35%
Accident in Eastern Ural, Russia
39%
Swedish patients diagnosed with
38%
iodine-131 **
* incidence; ** thyroid doses 0 - 257,000 mGy

leukemia
all cancers
cancers
non-cancers
leukemia
lung cancers
cancers
cancers

[65]

[66]

[67]
[68]
[69]
[26]

Natural radioactivity and nuclear wastes
When life began some three and half billion years ago, the natural level of ionizing radiation
at the planet's surface was about three to five times higher than presently [71]. At that time,
the long-lived potassium-40, uranium-238, and thorium-232 had not yet decayed to their
current levels. Their content in the contemporary Earth's crust is still quite high, and it is
responsible for the highest radiation exposure of every living being. One ton of average soil
contains about 1.3 x 106Bq of potassium-40, thorium-232 and uranium-238 and their
daughters. This corresponds to 3.6 x 1015 Bq per cubic kilometer (Table 2). Decay of these
natural radionuclides present in 1 kilometer thick soil layer produces 8000 calories per square
meter annually [2].
We can compare the natural, extremely long-lived activity of potassium-40 (JlA = 1.28 x 10
years), thorium-232 ( T/2 = 1.4 x 1010 years) and uranium-238 (VA = 4.47 x 109 years) in soil,
with the activity of much shorter-lived radioactive wastes from the nuclear power cycle (Table
2). In 2002 the total annual production of electricity in nuclear reactors was 285.4 GW(e) [8,
80]. The global production of radioactive wastes from this source amounts to 3 x 1015 Bq per
year, with the longest lived plutonium-244 (T!/2 = 8.26 x 107 years). Such amount of average
natural activity is contained in a relatively small block of soil from high activity areas 0.17 by
0.17 km wide and 2 km deep. None of the man-made component of these wastes has
appreciably higher radiotoxicity (expressed as Sv/Bq) than the natural thorium-232 [81].
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Table 2. Activity of natural radionuclides in the terrestrial crust and total activity of wastes
from nuclear power. (After [72], corrected)
Natural radioactivity
Number of radionuclides in chain
Concentration of parent in soil, Bq/g
Median
Max
Concentration of series in soil, Bq/g
Median
Max
Activity of series in 1 kmJ of soil
(2.7E15g),Bq
Median
Max
Activity of series in terrestrial crust
(17.3E24g b ), Bq
Median
Wastes from nuclear power
ILW and LLW from electricity
production in 2002, Bq c
Wastes accumulated until 2000 from the
whole civilian nuclear fuel cycle after
500 years of storage for cooling, Bq d

K-40
1

Rb-87
1

Th-232
11

U-235
12

U-238
14

0.40
3.20

0.08

0.030
0.360

0.0016
0.0160

0.035
0.900

0.40
3.20

0.08

0.33
3.96

0.019
0.192

0.49
12.60

1.32
19.95

1.1E15
8.6E15

2.2E14

8.9E14
1.1E16

5.1E13
5.2E14

1.3E15
3.4E16

3.6E15
5.4E16

6.9E24

1.4E24

5.7E24

3.3E23

8.5E24

2.3E25

3.0E15

e

5.8E18

f

Total

a

After ref. [8], [73], and [74];
After ref. [74];
c
285.4 GW e , after ref. [75], and assuming 20% nuclear power station efficiency; and 10,000
GBq/GW(e) y"1 for conditioned solid intermediate level wastes (ILW), and 500 GBq/GW y"1
low level wastes (LLW) after ref. [76];
200,000 tones of "heavy metal" wastes after ref. [77]; decay rate of fission products and
actinides from ORIGEN after ref. [78] and [79];
e
Corresponds to median natural activity in 0*83 km 3 of soil, i.e. in a block of 0.64 x 0.64 x 2
km; or in 0.06 km 3 of soil with maximum concentration of natural radionuclides, i.e. in a
block of about 0.17 x 0.17 x 2 km.
Corresponds to activity in 1611 km 3 of soil with median concentration of natural
radionuclides, i.e. in a block of about 28.4 x 28.4 x 2 km; or in 107 km3 of soil with
maximum concentration of natural radionuclides, i.e. in a block of about 7.3 x 7.3 x 2 km.
b

The activity of wastes accumulated until the end of 2000 from the whole global civilian
nuclear fuel cycle is much greater. It amounts to 200 000 tones of "heavy metals". Disposal of
high level wastes and spent fuel in geologic repositories may result in doses to population that
do not begin to accumulate until well after 500 years [82]. After 500 years activity of all high
level wastes will decrease to about 5.8 x 1018 Bq [83], corresponding to natural activity
contained in a block of soil from high activity areas about 7.3 by 7.3 km wide and 2 km deep.
No special barriers prevent the natural radionuclides from migration from, say, a depth of 2
km to the surface of the ground. They can be transported by mechanical action, or move in
solution. Thorium is not susceptible to leaching under most geological conditions and its
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principal mode of occurrence is in refractory minerals. Uranium is highly mobile, and may
migrate with ground water to distances of several tens of kilometres or more. Radium is mobile
in sulphate-free neutral or acidic solutions. The average volcanic injections of alpha emitting
210
Po into the global atmosphere during non-eruptive activity amount to about 5 x 1015 Bq per
year [84], i.e., almost twice as much as the 2002 production of radioactive wastes from nuclear
power reactors (Table 2). Geochemical differences between uranium, thorium and radium may
lead to drastic changes in their radioactive equilibrium [85].
In contrast, for man-made radioactive wastes many effective, sophisticated barriers are
provided in deep underground depositories. At a first glance, one can see in Table 2 that it
would take few billion years of such a global production of wastes from nuclear power
reactors as in 2002, to double the total activity of natural radionuclides in the Earth's
continental crust.
Conclusions
Man's contribution to the content and flow of radionuclides and of radiation energy in the
particular compartments of the environment consist but a tiny fraction of the natural
contribution. In some areas in the world the natural radiation doses to man and to other biota
are many hundreds times higher than the currently accepted dose limits for the general
population. No adverse health effects were found in humans, animals and plants in these areas.
In the future reconstruction of the edifice of radiation protection which now stands on the
abstract LNT foundations, a down-to-earth approach will be necessary, taking into account the
apparently safe chronic doses in high natural radiation areas. It seems, therefore, that studies of
these areas deserve special attention and support in the coming years.
The twentieth century witnessed the dawn of man-made ionizing radiation and radioactivity,
the use of the highest human knowledge to kill people in Hiroshima and Nagasaki, and the
greatest nuclear catastrophe in Chernobyl. This catastrophe claimed only 31 fatal occupational
victims and probably none among the public, ultimately proving that nuclear energy is a
comparatively save means of power production. It was also found that high semi-acute doses
of radiation can cure cancers, and that small chronic doses of radiation are beneficial for health.
It seems that the discovery of "new" radiation and of radioactivity which opened the gate to an
unlimited energy resource, has a significance to humankind similar to that of the discovery of
fire some 500 000 years ago. Fire made us the most ubiquitous species and enabled expansion
of life outside the Earth's biosphere. Our ancestors had many thousands of years to mentally
adapt to fire, sometimes even deifying it. It seems that one century has not been long enough
to adapt mentally in the same manner to ionizing radiation and radioactivity. But everything
now seems to proceed faster than before. Perhaps 21st century will suffice for this adaptation.
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A SERIOUS BUT CURABLE MENTAL DISORDER
Klaus Becker
Radiation Science & Health
Boothstr. 27. D-12207 Berlin, e-mail prof.dr.klaus.becker@t-online.de

Symptoms, some consequences and treatments of radiophobia
The radiophobia syndrome is the excessive acute or chronical fear of small
radiation doses in the range of natural background fluctuations below about 50
mSv/y. It may be considered and treated as a mental disorder. It is caused primarily
by anti-nuclear activists and "green" political parties, as well as by fear-mongering
sensation-oriented media, and is endemic in several industrialized countries.
The consequences are serious. Best known is the lack of public acceptance for
clean, safe, and economical nuclear power. In extreme forms, e.g. in Germany, it can
lead to quasi-terrorist actions against transports of nuclear materials, purely politically
motivated blocking of an almost completed high-level waste repository in the Gorleben
salt stock, and the premature phasing-out of some of the world's safest and most reliable
nuclear power plants. At high costs for industry, electricity consumers and tax-payers,
they are intended to be replaced by many vastly more expensive and controversial
wind-mill parks, or even more uneconomic photovoltaic facilities in order to fullfil the
German CO2-reduction commitments according to the Kyoto Protocol. Less obvious
are other side-effects, such as excessive costs of decommissioning and waste disposal,
- unnecessary but very expensive radon remediation programs in former uranium
mining areas, private residences, etc., reluctance of patients to accept vital
radiodiagnostic or radiotherapeutic measures, administrative obstacles curbing the use
of radioactive sources in industry and research, and complications for some industries
involving increased natural radiation levels.
Among the relatively new aspects is that of terrorist threat with "dirty bombs"
based on the distribution of radioactive materials from stolen or orphan sources.
Although such devices would create only minor real radiological damage, such
Weapons of Mass Disruption could, if cleverly placed, easily create tremendous costs
and chaos among uninformed populations and authorities.
The therapeutic approach for treating radiophobia must include at least two
measures:
(1) Changes in the regulations should abolish the LNT hypothesis and the collective
dose concept. The dose limits should be increased to the lower level for observable
detrimental health effects, or to the fluctuations of natural levels including the
high-level areas in the world. New radiobiological and epidemiological data can
accelerate this process.
(2) Closely connected are improvements in information and education regarding
low-level radiation effects and the risk-benefit situation, for example by pointing out
beneficial radiation effects, e.g. in the wide-spread and successful radon therapy for
arthritic/rheumatic diseases and Morbus Bechterew. Such efforts should initially be
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focussed on public opinion makers and multiplicators, namely the media (journalists)
and politicians, progressing to teachers on all levels, physicians, clerics, community
organizations, etc. Both approaches are difficult and time-consuming, but recent
developments show that encouraging progress has already been made.
In a historical view, until 1940-50s low-dose radiation was generally associated with
beneficial health effects. Since the Japanese A-bombs disaster and global test fallout
in 1940-50s increasing worries arose about genetic disorders. After the 1950s, the
antinuclear Green/alternative movements increased in some countries. Since 1986, vast
exaggerations of Chernobyl effects stimulated intense anti-nuclear, mostly ideologically
motivated media and political campaigns in several rich nations. After 1990, the
divergence between accumulating scientific evidence and overcautious regulations
increased, causing rapidly increasing costs for waste management, decommissioning,
etc., and negative effects on society (inexpensive clean energy, reluctance of medical
radiation uses, etc.)
The Current Situation
Discrepancies between large fluctuations of natural exposures and the restrictive
limits for "artificial" population doses became increasingly problematic for the
credibility of radiation protection. In Germany, for instance, there are currently release
limits for radioactive materials corresponding to O.OlmSv/y population exposure
(<0.5 % of average annual natural dose), and requirements for the safe final storage of
radioactive waste for one million years — perhaps exceeding the survival expectancy of
homosapiens (and the U.S. requirements by a factor of 100).
The risk/benefit assessment of such measures becomes particularly serious when
economic problems are not any more restricted to less developed countries, but also
interfere with social structures (employment, social services, education, etc.), and
become a serious burden for the taxpayer in formerly affluent countries. Radiation
protection in not a luxury which only a few rich countries can afford.
For example, currently in Germany for dose reduction down to individual doses of
0.5% of average natural exposure (0.01 mSv p.a.), 100,000 ECU/Sv (about
US$ 135,000) are being spent. This results in direct expenses, e.g., in Germany, of about
1,500 mill. ECU in the remediation of former U mining areas, about 5,000 mill. ECU on
radiation protection measures in decommissioning and waste programs, and about 200
mill. ECU for destruction of agricultural products after Chernobyl, etc. It is important
to note that indirect economic and social costs amount to a much larger amount of at
least 1,000 mill. ECU annually.
Some Expert opinions
According to the study of U.S. Congress/General Accounting Office, a question
has been presented as to the scientific basis of the present radiation standard as follows
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(released July 14,2000):
"A disagreement between federal agencies over what level of radiation exposure is
safe was not based on scientific evidence and could cost the taxpayer billions in
unnecessary spending. Current standards assume there is no safe level for radiation
exposure, but many scientists say that radiation exposure is harmless below a certain
threshold. Current standards of acceptable radiation exposure are based on
extrapolations from studies on much higher exposure. The question is, is it justified to
spend money if you are not sure that there is some benefit derived from spending that
money?"
There are many relevant statements of experts, e.g. at 5th Internat. Conference on
High Levels of Radiation and Radon Areas, Dose and Health Effects,
IAEA/WHO/EU/BMU/BIS/UNSCEAR, Munich Sept. 4-7, 2000):
-- "We are swimming in a sea of uncertainties and contradictions. We cannot live with
a consistent system for natural and artificial radiation. The cleanup industry makes a lot
of money and tries to maximize profits." (Gonzalez, IAEA, Director, Radiation and
Waste Safely Div.)
— "There are no conclusive data from epidemiological studies. The risk from radiation
is much less than currently estimated. The costs for decommissioning and remediation
are not acceptable."
(A. C. S. Amaral, Director, Inst. Radiat. Protect., Brazil)
— "Radiation protection should avoid splendid isolation in a self-inflected ghetto. Why
worry, at a cost of 100,000 EURO for one Sievert avoided down to a level of O.OlmSv/y,
and look away from people living at lOmSv/y?" (W. Burkart, IAEA Dep. Direct.
Gen.)
— "We should not extrapolate from high to low levels, because the biological
effects are basically different. "(L. Wei, Ministry of Health, China)
Natural and "artificial" dose limits
There are no detrimental health effects up to at least lOmSv/y in high natural
radiation areas, e.g. in Kerala/India, China, or, Germany. However, if current limits for
"artificial" radiation (1 mSv/y) are applied also to natural radiation, large parts of many
countries would have to be evacuated, and many industries (minerals, phosphate, coal,
oil) have to be closed down. The extreme expenses could seriously affect whole national
economies.
Possible solutions could be:
1. To apply very different standards for natural and artificial radiation, or
2. to adjust regulatory limits for artificial radiation to a much higher level
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(by a factor 10-100), which would also correspond with the approx. 1:10 fluctuations
in natural exposure. Unfortunately, this obvious solution seems to be not politically
acceptable at present.
High natural radon concentration measured in Germany:
- Residential radon: Some basements of older houses in Saxony with more than
100,000 Bq/m3
- Air in overground industrial facilities: In the Hof/Bavaria Public Water Works ca.
750,000 Bq/m3,
- Air in radon spa sources: Up to 180,000 Bq/m3
- Air in U mines around Schneeberg/Saxony (ca. 1946-1950): more than 2,000,000
Bq/m3.
The Schneeberg area of Saxony/Germany, 12% of all homes are above 15000 Bq/m3
(maximum around 115000 Bq/m3). Since 1990, about 3.000 mill. US $ have been
spent on overground radon assessment and remediation programs, however, in 1998
there has been the official reopening of new radon therapy facilities in the same area.
Radon Therapy as an Example of Beneficial Radiation Effects
Radon therapy has a long history dating back to the ancient Romans. After
thel903/04 discovery of Th/Ra (called emanation) in the U.K. and Germany, first spa
studies were made in Gastein/Austria. Systematic investigations of Rn sources
followed in Austria, Bohemia, Germany, and first scientific studies in Germany.
There was a widespread use of Ra/Rn "emanators", and rapidly developing radon spas,
e.g. Joachimstal (43 patients in 1906, 373 in 1920, 2476 in 1913, with the Radium
Palace Hotel opening in 1912). In Russia, since ca. 1910 there was increasing radon
therapy with up to one million annual patient treatments, and in 1993 the first clinical
proof of radon effects in randomized double-blind studies started Germany. A total of
more than 1,000 publications appeared in scientific/medical journals on Rn therapy
since 1904.
As for radon spas, there are currently >30 in Russia, 7 in Germany, 3 in Austria, and
others in the Czech Republic, in Bulgaria, in Italy, Japan, Poland, and USA. Patients
are treated mostly for rheumatic arthritis and spondilytis ankylosans (M. Bechterew),
e.g. 75,000 p.a. in Germany and Austria. Several explanations for the effectiveness of
radon treatments have been investigated, e.g. stimulation of the immune system,
improved cellular repair capacity, or promotion of hormone and radical scavenger
production.
The New ICRP 2005 Draft
However, ICRP insists that even low and very low radiation doses are dangerous.
The proposed limits remain largely unchanged with 1 mSv/y for the population dose,
and 0.01 mSv/y release constrains. For radon, it is up to 600 Bq/m3 in residences, 1,000
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Bq/m at the working place (national regulations are in many cases much lower, e.g.
150-250 Bq/m3 for residential radon, and a recently proposed limit of 100 Bq/m3 in
Germany, which would cause costs of about 1.000 ECU). The weighting factor(RBE)
for alphas remains at 20, and LNT the basic principle. The inconsistent consideration of
natural (NORM, etc.), medical, and artificial" exposure also remains unchanged.
Among the new topics are cloudy "stakeholder" and ethical-philosophical
considerations, and an increasing concern about the radiation protection of non-human
species. There are slight indications of improvements in collective dose and lung risk
assessment, but without any action. Remarkable is the increasing influence of
non-scientific political and public-opinion factors in the formulation of ICRP
recommendation.
Conclusions
The current consensus of (almost) all radiation protection and radiation biology
experts may be summarized as follows:
1.
For economical (cost/benefit), ethical and political (e.g. nuclear energy
acceptance) reasons, low dose effects are of utmost interest.
2.
Radiobiological and epidemiological evidence demonstrates that the LNT
hypothesis and collective dose concept are invalid for low and very low doses, but
perhaps still of limited administrative value. In particular the "collective dose" concept
frequently produces, by multiplication of very small doses with large populations,
obviously absurd results.
3.
The RBE of high-LET (alpha, neutron) radiation should be reduced from 20 to a
more realistic value around 5-10.
4.
Current population limits of 1 mSv/y (individuals) and -0.01 mSv/y (large
groups) are, considering research results, e.g. effects of natural background fluctuations,
much too low and should be revised.
Remark: These are notes for a lecture, and not a carefully polished scientific paper.
References and additional information may be requested from the author.
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33 Evidence for beneficial low level radiation effects
and radiation hormesis
L.E. Feinendegen
Heinrich-Heine-University Dtisseldorf, Germany;
Brookhaven National Laboratory, Upton, NY, USA
Abstract
Low doses in the mGy range cause a dual effect on cellular DNA. One effect concerns a
relatively low probability of DNA damage per energy deposition event and it increases
proportional with dose, with possible bystander effects operating. This damage at background
radiation exposure is orders of magnitudes lower than that from endogenous sources, such as
ROS. The other effect at comparable doses brings an easily observable adaptive protection
against DNA damage from any, mainly endogenous sources, depending on cell type, species,
and metabolism. Protective responses express adaptive responses to metabolic perturbations
and also mimic oxygen stress responses. Adaptive protection operates in terms of DNA
damage prevention and repair, and of immune stimulation. It develops with a delay of hours,
may last for days to months, and increasingly disappears at doses beyond about 100 to 200
mGy. Radiation-induced apoptosis and terminal cell differentiation occurs also at higher
doses and adds to protection by reducing genomic instability and the number of mutated cells
in tissues. At low doses, damage reduction by adaptive protection against damage from
endogenous sources predictably outweighs radiogenic damage induction. The analysis of the
consequences of the particular low-dose scenario shows that the linear-no-threshold (LNT)
hypothesis for cancer risk is scientifically unfounded and appears to be invalid in favor of a
threshold or hormesis. This is consistent with data both from animal studies and human
epidemiological observations on low-dose induced cancer. The LNT hypothesis should be
abandoned and be replaced by a hypothesis that is scientifically justified. The appropriate
model should include terms for both linear and non-linear response probabilities. Maintaining
the LNT-hypothesis as basis for radiation protection causes unreasonable fear and expenses.

Ionizing radiation and endogenous toxins at low doses

All agree that cellular responses to low values of absorbed doses of ionizing radiation are not
readily predictable by extrapolation of responses observed at high doses. One reason for this
unpredictability is in the physics of energy distribution in low-dose exposed tissues. In case
of penetrating radiation, particle tracks arise stochastically throughout the exposed tissue with
the relatively low density at low doses [1], These tracks generate on the one hand unevenly
distributed ionizations and excitations of constituent molecules along the track path, as well as
bursts of reactive oxygen species (ROS) [2]. In case of exposure to internal emitters, the
distribution of particle tracks is determined by the distribution of the emitter in tissue [3],
-
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The lower the radiation fluence or number of particle emitters in a given tissue mass, the less
crowded are the particles in the exposed mass and with them the more heterogeneous is the
distribution of ionized molecules and of ROS bursts.
The other reason is the presence of compounds that may aggravate or reduce radiation effects;
there is especially the abundant and constant metabolic generation of ROS and of other
endogenous toxins, on top of which low-dose radiation acts [2, 4], The quotient between the
rates of endogenous and radiogenic ROS production at background radiation exposure
strongly favors the former. In fact, the average production rate of endogenous DNA double
strand breaks (DSB) per cell per day in the body is about 103 times higher than that of
radiogenic DSB from background irradiation assumed overwhelmingly to be low-LET type.
However, at low-LET irradiation the probability of radiation induced DSB per primary DNA
alteration of any type is about 105 times higher than that caused endogenously [5]. This data
set attests not only that endogenous DNA damage far outweighs radiation induced DNA
damage at background level exposure, but also that irradiation is far more effective in causing
DSB than are endogenous ROS.

Ratio of DNA damage and eaecer probabilities

Radiation induced DNA damage increases with absorbed dose [6]. Such cellular effects come
through direct energy deposition events from traversing particle tracks by which DNA
damage rises proportional with dose. Dependent of the amount of energy deposited per cell,
bystander effects in non-irradiated neighboring cells may add to this damage in tissue at low
doses [7, 8]. By measuring damage in multicellular systems, values of damage per exposed
cell or defined micromass are calculated averages. This implies that any bystander
phenomenon that may have occurred is coregistered and expressed in the oberved values from
which these calculations were made [9], A dose of 1 mGy of low-LET radiation, such as 100
kVp x-rays, causes on average the following effects per potentially oncogenic stem cell with
an average mass of 1 nanogram: 1 particle track; about 150 ROS; 2 DNA alterations of any
kind; 10"2 DSB; 10"4 chromosomal aberrations; and the probability of an oncogenic
transformation of the hit cell with lethal outcome is about 10"13 to 10"14 [10,11, 12]. In other
words, the ratio of the probabilities for radation induced lethal cancer and the corresponding
DSB is about 10"1' to 10"12. This means that the statement of even one DSB to pose a risk of
causing a lethal cancer to develop from the affected cell is unreal and, in fact, scientifically
unfounded.
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Adaptive Responses, Protection

A sudden suprabasal yet non-lethal rise of toxin concentration in a biological target tends to
elicit stress responses and to stimulate adaptation usually in terms of protective mechanisms
in the sense of hormesis [13]. Increasing evidence in the literature over the past 25 years
indicates that adaptive protection responses occur in mammalian cells in vivo and in vitro
after single as well as protracted exposures to X- or y-radiation at low doses. Not only the
occurrence of adaptive protection but also the nature of some biochemical mechanisms
involved have been reported [4,11, 12,14, 15,16,17]. There appear to be two principal
types of adaptive protection, one is to prevent and repair DNA damage and in doing so to
keep cells alive and functioning properly. The other is to remove damaged cells from tissue
by inducing apoptosis, terminal differentiation, and immune responses and thus to reduce
genomic instability in the tissue system and eliminate mutated cells.

Contrary to the immediate begin of repair after DNA damage has occurred, adaptive
protection develops as adaptive response relatively slowly within a few hours, may last for
several weeks to months, and resemble physiological stress responses that protect against
accumulation of DNA damage in tissue. This damage may be from any source such as from
metabolically generated or environmental toxins or renewed irradiation [18]. Such protective
responses occur in various ways. They appear to depend on mammalian species, individual
genomes, cell types, cell cycle, and cell metabolism. Adaptive protection categories after
single low-dose, low-LET irradiation, are as follows:

Damage prevention
Stimulation of the radical detoxification system that appears to reach a maximum at about 4
hours after irradiation and lasts for several hours to even weeks, depending on tissue and cell
type. In mouse bone marrow in vivo, there was a delayed and temporary reduction of the
incorporation of DNA precursors and of thymidine kinase activity to some 70 % of control
with a concomitant rise of free glutathione; the effect slowly declined over a period of about 6
hours. [10,19, 20? 21]. In other low-dose irradiated rodent tissues, increased levels of
superoxide dismutase (SOD) occurred in parallel with decreased lipid peroxidation lasting for
weeks [229 23] and an elevated level of glutathione up by a factor of close to five in spleen
cells was involved in an increase in natural killer cell activity [24]. ROS detoxification was
also linked to gene activation. Thus, mRNAs for glutathione synthesis-related proteins in the
-

161 ™

JAERI-Conf

2005-001

mouse liver became elevated after low-dose gamma irradiation [25], The increase in
intracellular glutathione caused by low-dose in RAW 264.7 cells had its maximum between 3
and 6 hours after exposure; this effect was mediated by transcriptional regulation of the
gamma-glutamylcysteine synthetase gene, predominantly through the AP-1 binding site in its
promoter [26].

Damage repair
Protection against high-dose induced chromosomal aberrations in human lymphocytes
increased to a maximum about 4 hours after a conditioning low-dose low-LET irradiation; the
protection also operated against other DNA damaging agents [279 28]. This protection
covered up to about 30 % of the damage seen in non-conditioned controls and varied between
individuals and cells types; it was absent in some individuals and is probably determined
genetically [299 30], Where it operates, it appears to last up to about 3 days, as reported for
various human cells in vivo as well as in culture [15]. This adaptive response probably
involves a several-fold enhancement of the DNA repair rate [31, 32] with the slow component
of DSB repair being much faster at 0.5 Gy x-rays than that seen at 2 Gy [33], Another
adaptive response of this type appeared regarding micronuclei formation in human fibroblasts
[34]. In these cells, conditioning doses from 1 to 500 mGy were equally effective; this also
indicated that at the lowest dose, when approximately 40 % of the cells did not experience an
energy deposition event, a bystander effect was involved in causing the adaptive protection
[35]. A similar set of data in fibroblasts showed constancy of the adaptive protection over a
dose from 1 to 100 mGy gamma-rays using the micronucleus assay [36]. The degree of
inhibition of DNA synthesis and cell growth in rat glial cells in culture by a high dose of xrays was reduced by about one fourth to one third at several hours following a conditioning
low-dose exposure, when the cells were obtained from young rats. The adaptive response
decreased with age of the donor rats. This adaptive response involved protein-kinase C
(PCK), DNA-dependent protein-kinase (DNA-PK), and phosphatidylinositol 3-kinase (PI3K),
as well as the activity of the ataxia-telangiectasia gene (ATM) [37].

Damage removal by apoptosisDmx\digQ& cells may be induced into apoptosis by intra- and
intercellular cellular signaling. Apoptosis also may occur within hours after high-dose
irradiation. Low-dose induced apoptosis of pre-damaged cells with replacement by healthy
cells may be a major route of in vivo removal of oncogenically transformed cells [389 395 40,
41, 429 439 44]. Low-dose induced apoptosis is assumed to operate also through intercellular
-
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signaling from normal cells, which may also be activated by transformed cells in culture [45,
46]. Non-growing human fibroblasts in culture with DSBs from low-dose low-LET
irradiation readily lost this damage to the level of DSBs in non-irradiated control cells after
induction of proliferation; this damage removal was mainly due to apoptosis [47]. Low-dose
induced enhancement of DNA repair may be responsible for the observation in rat thymocytes,
where the incidence of radiation-induced apoptosis first declined at low doses and only rose
with higher doses [48]. The induction of apoptosis apparently requires a certain level of DNA
damage.

Stimulation of immune response
Removal of damaged cells occurred in vivo by way of a low-dose induced immune
competence [49, 50]. This was, in another study, associated with a reduction in the incidence
of cancer metastases to less than one third of control concomitantly with an increased number
of circulating cytotoxic lymphocytes [51]. Such response had its maximum in vivo at about
0.2 Gy [52]. Low-dose induced immune competence may last for several weeks [53].

Protection and cell cycle
Damaged cells also may exit the system by premature differentiation and maturation to
senescence [54], This was observed to occur also via bystander effect in microbeam
experiments directed to single cells in complex tissue [55]. The various mechanisms of
protection may be directly or indirectly linked to transient changes in the activity of the Gi
cell cycle checkpoint [56]. Another mechanism in this category of damage removal is known
to occur in a number of tissue culture cell types by way of hypersensitivity to low-dose
radiation that disappears at higher doses [579 58]. This hypersensitivity in some cells was
linked to the cell cycle [59, 60] and it disappeared in a number of culture cells within about 4
hours, but not immediately, after a single low-dose, low-LET irradiation [61]. Radiationinduced predisposition to genetic instability in culture cells also declined following low-dose
irradiation [62]. These data indicate prevention of damage removal by way of low-dose
induced DNA repair.

Reduction of carcinogenesis
The coordinated action of these protective responses, in one form or another may be
responsible for the observation of a reduction of spontaneously occurring cancers. In fact,
single low doses of low-LET radiation in tissue culture cells initiated with a delay of 1 day,
-
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but not immediately, a significant reduction of spontaneous clonogenic transformation to
about one third of control [63, 64, 65]. There is indication that this low-dose suppression of
oncogenic transformation is not in response to cellular glutathione [66]. It can involve
bystander phenomena likely through extra-cellular signaling exchange [67]. In mice
heterozygous for the Trp-53 gene, a single low dose of low-LET radiation given at the age of
about 2 months significantly delayed the appearance of "spontaneous" lymphoma and spinal
osteosarcoma later in life [68]. A review on tumor development following low-dose, lowLET irradiation in rodents showed the existence of a threshold dose [69]. This is supported
by a recently published study of induction of lymphomas, solid tumors, and ovarian tumors in
BC3F1 female mice that at the age of 1 month or 3 months received single whole body doses
up to 32 cGy of low-LET radiation; the threshold dose was 4 cGy [70]. Several human
epidemiological studies also indicate either a threshold or a reduced cancer incidence below
control following a single low-dose irradiation [5,15,16, 40].

Low-dose induced changes in gene expression
The above listed categories of adaptive protection involve changes in gene expression [4,25,
26, 37, 71]. An example for DNA repair gene activation refers to the telangiectasia gene [37].
Human fibroblasts in culture showed DNA repair in the course of adaptive protection against
micronucleus formation following acute high-dose irradiation; the repair was more effective
in the gene poor chromosome than in the gene rich chromosome of the cells [72]. Another
data set showed that exposure of human skin fibroblasts in culture to a single dose of 20 mGy
y-radiation caused more than 100 genes to change their expression within 2 hours. This gene
group included stress response genes and was different from the group of genes in parallel
cultures that concomitantly responded to 500 mGy [73]. A similar pattern of expression
amongst a total of 1574 genes developed in the y-irradiated mouse brain more at 30 min. than
at 4 hours, with 30 % of the genes exclusively affected by 0.1 Gy [74].

A common pattern
Despite the disparity of the examined systems and responses, there appears to be a common
pattern in the data. In fact, adaptive protection following low doses of low-LET radiation
appears to be the consequence of changed cellular signaling and to be ubiquitous.
Adaptive protection is a physiological expression of cellular capabilities to maintain integrity
of tissue structure and function in the face of various exposures to potentially toxic agents
including ROS, be they from endogenous sources or from ionizing radiation [5, 75, 76]. One
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might speculate that DNA damage accumulation from any source eventually conditions a cell
to become susceptible to apoptosis induced by low doses including that from background
radiation exposure [2], In this sense, background radiation exposure comes into focus as a
possible trigger for maintaining tissue homeostasis.

Regarding their dependence on absorbed dose, the above listed categories of adaptive
protection are schematically summarized in Figure 1. Except for apoptosis and terminal cell
differentiation, all the above protective responses to single exposures tend to be expressed
maximally after less than 0.1 and not after more than 0.5 Gy X- or y- radiation [10,77, 78]
and to increasingly fail with higher doses depending on type of adaptive protection in a given
cell system, as summarized previously [5,10,11, 12]; in most mammalian cells so far
examined, the expression of adaptive protection had a maximum above 5 mGy and below
about 200 mGy.
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Fig. 1:
Single low-dose induced adaptive responses have a protecting function through various
mechanisms. Note that mechanisms of DNA damage prevention and repair and the immune
stimulation decrease after a maximum at doses between 0.1 - 0.2 Gy, in contrast to apoptosis
incidence that increases with dose. Absorbed dose is in Gy and also in terms of
microdosimetry, in that the mean energy deposition per particle traversal per defined
micomass (specific energy zi) (ICRU 1983) is multiplied by the number of such events (NH)
in the number of exposed micomasses (NE).
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Regarding the duration of their effectiveness, Figure 2 gives a schematic summary of
available published data. The time scales of duration of adaptive protection of various kinds
are crucially important for the assessment of dose rate effects [79]. Depending on radiation
type and dose rate, energy deposition events per defined miocromass such as a cell happen at
certain average time intervals. The time interval between repetitive energy deposition events
in a defined biological target at a given dose rate may determine to what degree damage or
adaptive protection prevails.
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Fig. 2:
Single low-dose induced adaptive responses have different times of duration depending on
protective mechanisms, that begin with a delay of several hours and may last for up to months
regarding immune response. Note that repair in response to radiation damage begins
immediately after damage has occurred.
Since DNA damage and cancer in mammals arise mainly from non-radiogenic sources, it is
justified to relate the low-dose induced various adaptive protection mechanism mainly to nonradiogenic, i.e., "spontaneous" DNA damage and cancer in addition to their potential effect
against radiogeneic damage and cancer5 as presented in more detail in a model elsewhere [5,
11,12,17]. A summarizing graphical display applying the model of risk evaluation after
single low-dose irradiation is shown in Figure 3. It illustrates in principle that low-doses
induce adaptive protection against DNA damage and its accumulation in tissue, mainly from
endogenous, i.e., "spontaneous" sources and thus counterbalances effects from radiation
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exposure. The net risk of cancer, then, becomes lower than predicted by the LNT-hypothesis,
or even negative with more benefit than damage to the low-dose exposed system.
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Fig. 3:
The dual effect of single low-dose irradiation is schematically analyzed according to a
simplified model (see also text). This encompasses as a function of dose D, i.e. of NH/NE for a
given radiation quality, the following probabilities: a) of DNA damage induction per energy
deposition event zi (see Fig. 1), pind, with a potential contribution from bystander effect, in
red; this function appears linear with dose beyond the contribution from bystander effect; b)
of the net protection provided by dose dependent mechanisms, pprot(fNH)? plus of apoptosis
papo, - both against spontaneous cancer with the probability pspo per affected cell, in green.
The net cancer risk derives from the difference between cancer induction and prevention at
the various dose levels; the solid curve of net cancer risk is without protection from apoptosis,
and the dotted curve of net cancer risk is with protection from apoptosis.

Summary

1) Ionizing radiation causes DNA damage in mammalian cells proportional with dose with
additional possible bystander effects. 2) At background radiation exposure levels, DNA
damage comes overwhelmingly from non-radiation sources. 3) The probability of radiation
induced adaptive protection measurably outweighs that of damage from doses well below 200
mGy low-LET radiation. 4) The delayed and temporary adaptive protection at low doses
involves damage prevention, damage repair, and immune responses. They appear to operate
-
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primarily against DNA damage from non-radiation sources. Moreover, apoptosis and
terminal cell differentiation also occur at higher doses and tend to remove susceptible
damaged cells as does the low-dose induced stimulation of the immune system. Cell removal
reduces genomic instability and mutated cells from tissue. 5) At higher absorbed doses in
tissue, cell and DNA damage appear increasingly to overrule, negate, or annihilate the more
subtle signaling effects seen after low doses that lead to adaptive protection, whereas
apoptosis and terminal cell differentiation continue to function. 6) The linear-dose-risk
function appears invalid and should be replaced by a function that includes both linear and
non-linear terms. Basic research data and human epidemiological data conform to threshold
or hormesis in the low-dose range.
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3,4 Health Effects of Low Dose Radiation

Sohei KONDO

Emeritus Professor of Osaka University

T583-0864

EL 6-2-13

E-mail: skondo@taurus.bekkoame.ne.jp

Abstract
Studies of 30,000 children born to atomic bomb survivors exposed to an average of 400 mSv
revealed no statistically significant increase in the genetic indicators when compared with 40,000
control children. Nevertheless, UNSCEAR reports in 2001 gave estimates of hereditary effects of
radiation using experimental data on mice. Four cases (people living at a high background radiation
area in China, British radiologists, European airline pilots and children in Belarus exposed to high
level of radioactive fallout from the Chernobyl accident) of epidemiologic data are presented to
show that cancer incidences after chronic exposure to radiation at the level of a few mSv to 100
mSv are not higher than those after exposure to the normal level of natural radiation. Radiation,
when given at a low dose, is safe.
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© Atomic Bomb Casualty Commission (ABCC)
, 1 9 7 5 ^ , ABCCffRERF (Radiation Effects
Research Foundation:

, Exposed F,
(F,= first filial generation) t m t <

R g — i u (Control F,)

i(7)^T\ i i ^ ^ m f ^ W ^ ^ (genetic indicator)
Tablel H i S S ^ ^ S : ^

^ f 4-6)

Table 1 Genetic effects of atomic bomb radiation a ); comparison of abnormality
frequencies between children (Fi) of control parents and Fi of exposed parents b)
Genetic
indicators

Translocations
of chromosomes

Sex chromosome
abnormalities

Mutations in blood
proteins

Control Fi

0.31%
(25/7976)
0.22%
(18/8322)

0.30%
(24/7976)
0.23%
(19/8322)

0.00064%
(3/(4.7x105))
0.00045%
(3/(6.7x105))

Childhood
leukemia

Congenital defects
and stillbirths

Childhood
deaths

Exposed Fi

Genetic
Indicators
Control Fi

0.05%
4.99%
7.38%
(21/41,069)
(2,451/33,361)
(2,257/45,234)
Exposed Fi
0.05%
7.08%
5%
(16/31,159)
(503/10,069)
(989/13,969)
a) Average value of parental exposure doses was 0.4 Sv
b) Awa et al (1989), Neel et al (1988), Yoshimoto et al (1991), Otake et al (1990),
Yoshimoto et al (1991)

-

176

-

JAERI-Conf

2005-001

Table 1

3

{K

(Table 1 #f$

0.00064%J;

10

) (Table l)

2. EM

(HBRA: High Background Radiation Area) # * & £
1970 ^Kli

Table 2 Comparison of cancer death rates in control and high background radiation areas in
China a)
(HBRA)
b
Radiation dose ) Cancer death rates Relative cancer death
rates
rates
Control Area

0.7mSv/year

6.8x10" 4 /year

1

HBRA
2.2mSv/year
0.96 (0.8- 1.2)
5.7x10" 4 /year
^ Wei, L.X. and Sugahara, T. : J. Radiat. Suppl. Vol. 41 (2000)
b
) External natural radiation dose only ; ^U

-

Ill

-

JAERI-Conf

2005-001

3.
1955-1997%•?$
tkO/E £ SMR
(standardized mortality ratio U

Z <k-o T J$tb & :

O

E = m P i + n 2 P 2 + • • • • + nkPk

(1)

Table 3

Table 3 Observed (0) deaths in British radiologists and expected deaths (E) in medical
practitioners and SMR(standardized mortality ration) stratified by cause of deatha)
Cause of death ^EH
All cancers itffiAj
All non-cancer diseases

,

0

SMR

E
45.03
120.66

32
77

flWb?EtJ±
0.71
0.64***

***p<0.001
) Berrington, A. et al. Br J Radiol 74: 507-519 (2001)
The death rates given in this table are for radiologists, who entered the profession during
1955 and 1979, and have been annually exposed to an estimated dose of 5 mSv.

Z.(Dmt, 1955-1979 mzWLMWt-Utet&V) , ¥F^ 5mSv
Table 3

S

f
29%

%} 5mSv

4.
U
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Table 4 Standardized mortality ratios (SMR) stratified by cumulative dose of cosmic
radiation in European airline pilots a)
Uy

Cumulative dose (mSv)
SMR for all cause deaths

IZft'tZ SMR

M

'M

"Jt SMR t

5-14 .9

0--4. 9

0. 97

0.66

(0. 89-1 .06)

(0 .58-0. 74)

SMR for all cancer deaths

15 -24.9

25 0+

0. 64
(0. 57 -0 72)

0.67
0. 71
0. 91
87)
(0.
—
1
.09)
.53-0.
58
-0 91)
72
(0
(0.
a) Langner, I. et al.: Radiat Environ Biophys 42:247-256 (2004)
Pilots were exposed to annual cosmic radiation doses of 2-5 mSv..
2-5 mSv
S

fti"3 SMR

0.4^
(0.39--0 53)
0.6
(0.45--0 77)

vV

4.9mSv i

0.91
mSv

5. m

(ALL: acute lymphoblastic leukemia)

^^(DmWs^

Table 5 t : ^ t o

Table 5 te, &ltt< &tf 0.03 - 0.3 Sv (Dfc&m

(Table 5)

\ Table
5 (Df
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Table 5 Incidence rates of acute lymphoblastic leukemia (ALL) in children 0-15 years
old at the time of atomic bombings stratified by dose of atomic bomb radiation a)

Atomic bomb radiation dose
(Sv)

m

0

0.03

0.3

1

1

1.3

23

(Sv)

Incidence rates (10 5/year)

0.3

149

j ^ $ (10~5/
Tomonaga, M et al : RERF TR-9-91, RERF, Hiroshima (1993)
Leukemia incidence rates given are average rates during 6 - 1 0 years after the atomic
bombings.

6.

• y%&

3)

370kBq/m 2 T
m$,

15 M
1994

\$ Table 6 (DX O tSL

1986

Table6

± 1.94) x 10" 5 ^(4.45 ± 2.09)xl0~5 T

s 13
^, &&Lffi%fiim$ 1 9 8 6

-
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Table 6 Annual childhood leukemia incidence rates for boys aged <15 years in Gomel,
Belarus plotted against calendar years a)

Calendar year

Incidence (10- 5/year)

1982 83 84 85 86

4.5

5

5

1.4

6.8

87

88

89

6

3.4

3

90

91

92

93

94

6.4

3.5

7.3

1

5

a) Ivanov, EP et al: Radiat Environ Biophys 35: 75-80 (1996)
b) The average of leukemia incidence rates for the period before and after the year of
Chernobyl accident (1986) is (3.98 ± 1.94) x 10" 5 and (4.45 ± 2.09)xl0~ 5 , respectively.
Gomel was polluted with radioactive Cs-137 at ca. 370 kBq/m2 (= 4 mSv/year)
Cs-137 ^ M S = 37 7? Bq/m2 (= 4 mS

n:&mZ$fc. Belarus
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3.5 Recent Advances In Research on Radiation Adaptive Responses
Kazuo SAKAI
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The radiation adaptive responses have been typically demonstrated as an acquired resistance
induced by a low dose of radiation to a large (challenge) dose administered after some interval. The
responses have been demonstrated in various types of cultured cells; the endpoints include
micronucleus formation, sister chromatid exchange, mutation induction, In vitro transformation, and
cell death. The adaptive response has been also demonstrated in the whole body system; mice
irradiated with a small dose developed a resistance against a lethal irradiation. The response was also
demonstrated in terms of radiation and carcinogen induced tumors.
The adaptive responses seem to work in a protective way against radiation damage and
contradicts what is assumed in the current radiation protection system: radiation is harmful, no matter
how low the dose is.

2.

Challenge
Dose

Priming Dose
Adapting Dose
Conditioning Dose

Analysis for
Endpoints

HS

^C priming dose „ adapting dose >, fc
conditioning dose f£}?.k£*&o HfL

4te: challenge dose
Fig. 1 : Typical protocol to demonstrate radiation
adaptive responses
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Fig3 : Adaptive response in terms of
micronucleus formation.

Fig2 : What is a micronucleus ?
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Fig.4 : Radiation adaptive response in terms of
radiosensitivity of mice
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3.6 Concerns on the health effects of low-dose Ionizing radiations
from naturally occurring radioactive materials
Mary N. Mohankumar
Radiological Safety Division, Indira Gandhi Centre for Atomic Research,
Kalpakkam 603102, India

Abstract
It is a widely known fact that man evolved in a naturally radioactive environment. Even today life
exists in an atmosphere of cosmic and terrestrial radiation. Radionuclides are found naturally in air,
water and soil. They are even found in us, we being the products of our environment. Every day, we
ingest and inhale radionuclides in our air and food and the water. Natural radioactivity is common in
the rocks and soil that makes up our planet, in water and oceans, and in our building materials and
homes. There is nowhere on earth that one cannot find natural radioactivity. Radioactive materials
which occur naturally and expose people to radiation occur widely, and are known by the acronym
'NORM' (Naturally Occurring Radioactive Materials). Besides, around the globe there are some areas
with an elevated background radiation. These areas include parts of Brazil, Iran, India and China. The
sources of radiation in these areas include monazite containing beach sands and radium from hot
springs. On the southwest coast of India, there are large deposits of thorium bearing monazite sands
that contribute to an external radiation dose of about 5 - 6 mGy/yr, but in some parts doses up to 32.6
mGy/yr have been reported. Nevertheless, most general public associate ionising radiations only with
the nuclear industry. Antinuclear activists often fail to accept the fact that coal-fired power stations
and the oil and gas exploration operations may emit more radioactivity than an operating nuclear
reactor. Another NORM issue relates to radon exposure in homes, particularly those built on granite
grounds. The solid airborne Rn-222 progeny, particularly Po-218, Pb-214 and Bi-214 are of health
importance because they can be inspired and retained in the lung causing cancer. Man-made
operations like oil and gas production and processing operations result in technologically enhanced
naturally occurring radioactive materials (TENORM) to accumulate at elevated concentrations in byproduct waste streams. The concern arises because of the very large amounts of TENORM needing
recycling or disposal from many sources. The largest TENORM waste stream is coal ash. In India and
Australia mining of beach minerals is a profitable industry. The beach sands along the south Indian
coast are rich sources of minerals such as ilmenite, rutile, zircon, silimanite and garnet. The tailings
obtained after the extraction of the above minerals get enriched with monazite, a thorium bearing
mineral that is radioactive. Recent studies show that the activities in the tailings are somewhat more
than the natural background levels in some parts of south India. Studies on health effects (cancer)
from doses arising from these levels of natural radiation exposure are contradictory, some reporting
adverse effects, others null and a few others beneficial hormetic effects. Systematic and large-scale
epidemiological studies and laboratory investigations are called for in order to resolve this issue.
Concerns on biological effects of radiations from NORM are growing and efforts are on to implement
radiation protection standards in TENORM industries in the same way as in the nuclear industry.
Introduction
Radiation is ubiquitous. It is naturally present in our environment and has been since the birth
of this planet. In fact life has evolved in an environment which had significant levels of ionizing
radiation. It comes from outer space (cosmic), the ground (terrestrial), and even from within our own
bodies. It is present in the air we breathe, the food we eat, the water we drink, and in the construction
materials used to build our homes. Foodstuffs like bananas and ice-creams contain significant amounts
of radioactive potassium.
The major radionuclides contributing to NORM are uranium, thorium, and potassium. These
radioactive elements are found in granite, sandstone, cement, limestone concrete, sandstone
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concrete, dry wallboard, and gypsum by-product. Another source of radiation exposure in dwelling
places is radon gas, which may be present in the soil beneath the dwelling. This gas can diffuse into a
building and together with its radioactive decay products (polonium-214 and polonium-218), cause
large radiation doses to the lungs of the occupants. This is especially true in closed or poorly
ventilated indoor areas. Radon has been identified by the EPA as the second leading cause of lung
cancer. (1) Radon in domestic water supplies can be released into the air within a home. Water
obtained from wells and other groundwater sources can contain high radon concentrations. Besides,
due to the presence of large deposits of thorium bearing sands, people residing in some parts of India,
Brazil and China are exposed to more natural radiation than those living in other parts of the globe.
Improper ventilation in homes and mines and more recently the radioactive mineral content in tailings
of beach sand mining has raised concerns on elevating natural background radiation levels.
Technologically E n h a n c e d n a t u r a l l y O c c u r r i n g Radioactive M a t e r i a l s ( T E N O R M )
Uranium-238, radium-226, and other members of the uranium decay series are present in
varying amounts in nearly all rocks, soils, and water. Sometimes human activities, such as mining and
milling of ores, extraction of petroleum and natural gas resources, use of groundwater for domestic
purposes may alter the natural background radiation environment, either by moving NORMs from
inaccessible locations to places where humans are present or by concentrating them. Situations due to
anthropogenic activities causing an enhancement of NORM result in TENORM.
Mining and processing of phosphate for fertilizer is another major source of TENORM. The
currently used process generates large piles of phosphogypsum, in which naturally occurring radium is
concentrated. NORM is also technologically enhanced in the course of producing and processing oil
and gas. Although in the early '70s there were concerns about radioactive material associated with oil
and gas operations, a series of investigations resulted in a conclusion that radioactivity was not a
serious health threat thus, any concern about it dissipated until the 1980s. In the early 1980s, it was
discovered that large production facilities in the North Sea were generating concentrated quantities of
NORM wastes that required special management techniques. In 1986, NORM was identified in tubing
in a Mississippi well by Chevron during routine maintanance (2). Ra-226, an alpha emitter, is a
potential internal hazard to workers from the inhalation and ingestion of the dust produced during
descaling or pipe cleaning operations. The largest TENORM waste stream is coal ash, with 280
million tonnes arising globally each year, and carrying uranium-238 and all its non-gaseous decay
products, as well as thorium-232 and its progeny. Most coal contains uranium and thorium, as well as
potassium-40, lead-210, and radium-226.
Radon exposures from NORM also include visit to caves and spas. In a recent study, the
annual exposure of cave tour guides was estimated to fall between 3 and 10 mSv, which is the range
of action levels recommended by the ICRP (3).
In India and Australia mining of beach minerals is a profitable industry. The south Indian
coast beach sands are rich sources of minerals such as ilmenite, rutile, zircon, silimanite and garnet.
The tailing obtained after the extraction of the above minerals get enriched with monozite, a thorium
bearing mineral that is radioactive. Recent studies show that the activities in the tailings are somewhat
more than the natural background levels (4).
Regulations and Regulatory Issues:
Due to strict measures, radiation exposures to workers are stringently measured and kept far
below the permissible limits in the nuclear industry. However, as a result of TENORM industries and
certain tourism related activities a new group of radiation workers in the non-nuclear industry now
emerge. These include maintenance workers in the oil and gas industry, miners, cave tour guides and
spa workers. Americans living near coal-fired power plants are exposed to higher radiation doses,
particularly bone doses, than those living near nuclear power plants that meet government regulations
(5). The Marina 11 study revealed that as a result of the activities discharged and the higher
biological effectiveness of alpha radiation, phosphate and oil production currently are the major
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contributors to collective dose to the population of the European Union from industrial activities (6).
Nevertheless, in many European countries double standards operate for radiation doses emitted from
non-nuclear operations compared to those from nuclear industries. In these countries 0.3 to 1.0 mSv/yr
individual dose constraint is applied to oil and gas recyclables, and 0.01 mSv/yr for release of
materials with the same kind of radiation from the nuclear industry. Decommissioning experts are
increasingly concerned about these double standards (7).
It is now being strongly felt among radiation protectionists that radionuclides must be
regulated in a uniform and consistent manner on the basis of the following:
"If a radionuclide is a hazard at a given concentration, it is a hazard regardless of the
regulatory environment;
• If an atom of uranium poses a hazard at a licensed site, then the atom of uranium poses the same
hazard at an alumina or rare earth production site"(8).
Following radiation measurements in TENORM industries, radiation protection agencies
worldwide are now implementing similar guidelines to workers in the TENORM industries . Table 1
is an example of the type of control measures proposed to be implemented in the European Union.
Table 1. Control Bands for Radiation Protection (9)

Control
Band

14

iLevel of Control

Lower level regulation

1 mSv/y

6 mSv/y

Higher level regulation

6 mSv/y

20 mSv/y50mSv/y

|Process not permitted
Sunless dose can be
i reduced

> 20 mSv/y

> 50 mSv/y

In India, the Atomic Energy Regulatory Board's (AERB) recommendations are based on ICRP for
both occupational and public exposure categories. A stringent watch is also maintained on the beach
sand mineral industry and control bands are currently being worked out.
Health effects of low-dose ionising radiations
A typical breakdown between natural background radiation and artificial sources of radiation
is shown in the pie chart below. It shows natural radiation contributes about 82% of the annual dose to
the population while medical procedures contribute most of the remaining 18%. Both natural and
artificial radiations affect us in the same way.
Although mutations are the basis for cancer initiation, the association between radiation
exposure and the development of cancer has been well established only with high dose exposures (>
0.5 Gy). Cancers associated with such high dose exposure include leukemia, breast, bladder, colon,
liver, lung, esophagus, ovarian, multiple myeloma, and stomach cancers (10). Reports on the health
effects of low dose ionising radiations are contradictory. The EPA has identified radon as the major
cause of lung cancer among non-smokers and based on current exposure and risk estimates, radon
exposure in single-family houses may be a cause of as many as 20,000 lung cancer fatalities each year
(1). Besides, a dose-response relationship between chromosome aberrations and increased levels of
radon has been reported among miners (11). Although the presence of chromosomal aberrations is a
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biomarker of effect, the potential range of chemicals which could cause this effect is so great that it
would not necessarily be considered radon-specific.

Sources of Radiation Exposure
PacfM- - S5S

Fig.l. Sources of Radiation Exposures (NCRP 93)

For low levels of radiation exposure, the biological effects are so small they may not be
detected. The body has repair mechanisms against damage induced by radiation as well as by
chemical carcinogens. Consequently, injured or damaged cells can repair themselves, resulting in no
residual damage, some may die, much like millions of body cells do every day, being replaced through
normal biological processes. Sometimes, cells incorrectly repair themselves resulting in mutations.
Extensive studies have been undertaken on populations residing in areas with high natural
background radiation and among nuclear employees. While there are a few reports that relate cancer
incidence and mortality to background radiation and occupational exposures (12, 13), most surveys
have frequently indicated decreased rates in cancer mortality (14,15,16,17). Others show no adverse
biological effects (18,19).
Reports from our laboratory (20,21) and elsewhere (22,23,24) show that DNA repair
capacities are enhanced when human lymphocytes are exposed to low doses of gamma radiations and
this phenomenon popularly termed as radio adaptive response (RAR) is though to occur via error-free
repair mechanism. However, compared to gamma rays, the penetrating power of alpha particles is low
and if alpha emitters are inhaled, ingested or absorbed into the blood stream, sensitive living tissue can
be exposed to alpha radiation. Also, due to the high linear energy transfer (LET), alpha radiation may
have a adverse biological effect at low doses.
Taking into considerations these controversies, the radiation protection community
conservatively assumes that any amount of radiation may pose some risk for causing cancer and
hereditary effect, and that the risk is higher for higher radiation exposures. A linear, no-threshold
(LNT) dose response relationship is used to describe the relationship between radiation dose and the
occurrence of cancer. This dose-response model suggests that any increase in dose, no matter how
small, results in an incremental increase in risk. However, contenders to the LNT hypothesis are those
supporting hormesis and adaptive responses on one hand and those who support an inverse dose/rate
effect claiming disproportionately higher risks at lower doses on the other (Fig 2).
The studies conducted so far on the Indian population residing in HNBRA for over 1000 years
indicate that high level natural radiation has no discernible impact on the health of population and in
fact may provide valuable input to understand the biological mechanism of response to radiation at
low dose rates. Cytogenetic studies were done using cord blood samples from nearly 23,000 newborns.
Rate of constitutional anomaly was around 0.5% which is comparable to the international value.
Cytogenetic preparations from over 10,000 children were also screened for detection of chromosomal
aberration. Frequency of aberration was 1.87/10,000 cells for dicentrics, 3.42/10,000 cells
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for stable aberrations and 7.72/10,000 cells for total chromosomal type aberrations (25). These figures
are comparable to those in published literature from other parts of the world.

Dose
a. Linear model

c. Disproportionately lower risks

b. Threshold effect

d. Disproportionately higher risks

Fig 2. The low dose controversy
In summary, none of these approaches has provided unambiguous evidence of cancer
induction at low dose levels, and the issue remains highly controversial. Moreover, the complexity of
the biological effects induced by alpha emitting radionuclides poses a problem in estimating risks due
to low dose radiation.
Long-term systematic studies on occupationally exposed personnel and epidemiological
surveys of areas with high natural background radiation together with laboratory investigations are
therefore required before meaningful conclusions could be drawn and influence current radiation
protection standards. The existence of inter-individual differences in radiation sensitivity governed by
genetic factors making some individuals more sensitive to radiation-induced damage remains a
confounding factor in relaxing radiation protection norms (26). Although it may be not too early to
accept the beneficial or null biological effects of low doses of ionising radiation, it is certainly so to
set standards and threshold doses for purposes of cancer risk estimates and radiation protection.
If low levels of radiation turn out to have a threshold below where there really is no risk to speak of,
then laws may be loosened. However, if low levels of radiation actually are proven to be carcinogenic,
or have mutagenic, teratogenic, or some other detrimental effects, then current regulatory efforts may
fall short of protecting the public and workers. Until then it may be prudent to follow the LNT model
for purposes of radiation protection for those engaged in both nuclear and non-nuclear industries.
Regarding NORM and TENORM we are in the enviable position, given that a potential health
concern is being identified ahead of any visible problem among workers. By recognizing a potential
problem, it is now possible for industries with some level of risk to protect their workers using fairly
simple, low-cost methods.
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3.7 Ramsar Hot Springs: How Safe Is to Live In an Environment
with High Level of Natural Radiation
S. M. J. Mortazavi
Medical Physics Department, Rafsanjan University of Medical Sciences,
Rafsanjan, Iran
Abstract
Ramsar in northern Iran is among the world's well-known areas with highest levels of
natural radiation. Annual exposure levels in areas with elevated levels of natural
radiation in Ramsar are up to 260 mGy y"1 and average exposure rates are about 10
mGy y"1 for a population of about 2000 residents. Due to the local geology, which
includes high levels of radium in rocks, soils, and groundwater, Ramsar residents are
also exposed to high levels of alpha activity in the form of ingested radium and radium
decay progeny as well as very high radon levels (over 1000 MBq m"3) in their dwellings.
In some cases, the inhabitants of these areas receive doses much higher than the current
ICRP-60 dose limit of 20 mSv y"1. As the biological effects of low doses of radiation
are not fully understood, the current radiation protection recommendations are based on
the predictions of an assumption on the linear, no-threshold (LNT) relationship between
radiation dose and the carcinogenic effects. Considering LNT, areas having such levels
of natural radiation must be evacuated or at least require immediate remedial actions.
Inhabitants of the high level natural radiation areas (HLNRAs) of Ramsar are largely
unaware of natural radiation, radon, or its possible health effects, and the inhabitants
have not encountered any harmful effects due to living in their paternal houses. In this
regard, it is often difficult to ask the inhabitants of HLNRAs of Ramsar to carry out
remedial actions. Despite the fact that considering LNT and ALARA, public health in
HLNRAs like Ramsar is best served by relocating the inhabitants, the residents' health
seems unaffected and relocation is upsetting to the residents. Based on the findings
obtained by studies on the health effect of high levels of natural radiation in Ramsar, as
well as other HLNRAs, no consistent detrimental effect has been detected so far.
However, more research is needed to clarify if the regulatory authorities should set
limiting regulations to protect the inhabitants against elevated levels of natural radiation.
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1. Introduction
Humans, animals and plants have been exposed to cosmic radiation since the beginning
of life. The level of cosmic radiation varies in different parts of the world due to
differences in elevation and the geomagnetic latitude, and of terrestrial radiation due to
geochemical diversity. About 4 billion years ago, when the living organisms appeared
on the Earth, the level of natural radiation was about 3-5 times higher than its current
level (Jaworowski 1997, Karam 1999, Karam 2001). The annual level of radiation from
internal potassium-40 has decreased to 1/8 while the external radiation from geologic
materials has decreased from about 1.6 mGy to 0.66 mGy since the beginning of life.
Thus, the annual background radiation exposure from these two sources has decreased
from about 7.0 to 1.35 mGy (Karam and Leslie 1999). The annual per caput effective
dose from natural and man-made sources for the world's population is currently about
2.8 mSv. Nearly 85% of this dose (2.4 mSv) comes from natural background radiation
(UNSCEAR 2000). People who live in high-altitude areas such as Tibet in China, Andes
in South America, or cities like Denver, Colorado, are exposed to higher levels of
cosmic radiation due to a thinner atmosphere than people living in areas at sea level.
Also astronauts, pilots and cabin crew are exposed to higher than normal levels of
cosmic radiation. The study of these population groups may reveal information on
adaptive responses (AR) induced by exposure to higher than normal levels of natural
radiation.
When living organisms are exposed to a variety of DNA damaging stresses such as UV,
alkylating or oxidizing agents and heat, adaptive responses (AR) are induced which
cause resistance to the agent (Samson and Cairns 1977). The early investigations of
Olivieri and his colleagues (1984) showed that cultured human lymphocytes, which
were exposed to a low dose of ionizing radiation had fewer chromatid aberrations
induced by a subsequent high dose as compared to the lymphocytes that have not been
exposed to a low dose. Since 1984, many investigators have demonstrated AR in plant
cells (Cortes et al. 1990), insects (Fritz-Niggli and Schaeppi-Buechi 1991), Chinese
hamster V79 cells (Ikushima 1987), cultured human lymphocytes (Wiencke et al. 1986,
Shadley and Wolff 1987, Wolff et al. 1988, Shadley and Wiencke 1989,
Sankaranarayanan et al. 1989), human embryonic and HeLa cells (Ishii and Watanabe
1996), occupationally exposed persons (Barquinero et al. 1995, Gourabi and Mozdarani
1998), cultured animal lymphocytes (Flores et al. 1996), and in vivo studies on
laboratory animals (Wojcik and Tuschl 1990, Cai and Liu 1990, Liu et al. 1992, Farooqi
and Kesavan 1993). Mortazavi et al. (2003c) have recently reported that the interindividual variability of adaptive response in humans is much greater than what is
usually expected. Recent data on different aspects of adaptive response, obligate us to
reevaluate the current conservative radiation protection regulations (Pollycove and
Feinendegen 2001, Mortazavi et al. 2002, Mortazavi 2002). In this paper, studies on
adaptive responses related to natural radiation levels are shortly reviewed.
2. Adaptation after Exposure to Cosmic and Terrestrial Radiation
2.1. Underground Studies
Early experiments carried out on single cell organisms shielded against background
radiation showed that at the levels of natural radiation lower than normal, the
proliferation of these organisms can be inhibited. Interestingly, this inhibitory effect
disappeared when shielded cells were exposed to very low doses of gamma radiation
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close to background levels (Planel et al. 1987). Later it was shown that yeast cells
cultured in a low background environment were less protected from mutational damage
induced by methyl methane sulfonate than the cells grown in a normal background
radiation environment (Satta et al. 1995). The results of a recent study on mammalian
cells showed an increase in both the basal hprt mutation frequency and sensitivity to the
mutagenic effects of gamma rays in cells grown in an underground laboratory, compared
to the cells grown in a laboratory with natural radiation environment (Satta et al. 2002).
2.2. High Altitude Areas
The people who live in Tibet, "the roof of the world", are exposed to high levels of
cosmic radiation. At the mean elevation of about 4000 meters above the sea level, the
atmosphere is less thick, and the residents are exposed to external annual radiation doses
up to 2.12 mSv (Shouzhi 2000). This dose is 3.5 times higher than that at the sea level.
Recently the Glycophorin A-based somatic mutation assay was carried out on the
residents of high-altitude areas and on those who lived at low-altitude. The life time
cumulative doses for the high-altitude and low-altitude areas were 111 mSv and 27 mSv
respectively. This study showed no significant difference between the Glycophorin Abased somatic mutation frequencies in these two populations (Jensen et al. 1997). An
epidemiological study on mortality due to cancer (Xin 1983) showed that the
standardized mortality of cancer (56.26 x 10"5) in the high-altitude area of Tibet was
lower than those of the whole country (66.92 x 10"5). The mean annual dose equivalent
for high altitude area was 1.8 mSv that is a few times higher than that of areas at sea
level. The mortality from leukemia in the high-altitude area was lower than those of the
whole country either.
In an old paper, Frigerio and Stowe (1976) reported that in the United States they found
a consistent and continuous inverse relationship between levels of natural background
radiation and cancer mortality-rates in 50 states. Again in the Unites States a negative
correlation of normal background radiation with overall cancer death was observed in a
more recent study. In Rocky Mountain States, where the level of natural radiation is 3.2
times higher than that in Gulf States, the age adjusted overall cancer death was 79% of
that in Gulf States (Jagger 1998).
2.3. Flights and Space Journeys
Zwingmann et al (1998) recently measured the DNA damages in 23 flight engineers.
Despite that oxidative DNA damage in flight engineers was higher than the control
ground personnel, it was observed that DNA damage in flight engineers who had a
relatively longer flight time (>7,500 hr) and a higher cumulative radiation dose (53.6
mSv) was less than that of the flight engineers with a shorter flight history (<7,500 hr)
and a lower cumulative radiation dose (30.7 mSv). They also observed that frequencies
of hprt mutations and micronuclei also tend to be higher in flight engineers with a
shorter flight history. These findings are in keeping with the results of another study that
was performed on flight crew using the chromosomal aberrations as the end point
(Zwingmann et al. 1998). It was indicated that pilots and stewardesses with a flight
history of only 1-6 years had more chromosome aberrations compared to crew with
more than 20 years of intercontinental flights. The frequency of chromosome aberrations
in the pilots and stewardesses who were exposed to cosmic radiation for a long-term, i.e.
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more than 20 years of intercontinental flights, and those who had been flying only 1-6
years were 1.4 * 10'3 and 3.2 x 10'3, respectively.
In a recent study on the frequency of chromosome aberrations in eighteen supersonic
Concorde pilots (Heimers 2000), it was indicated that the dicentric yield in pilots who
were employed over 28 years was about 50% of that observed in pilots with 16-26 years
of occupation (1.3±0.5 x 10"3 and 2.9±0.5 x 10"3 respectively). Also the frequency of
cells with translocations in pilots with 28-34 years of flight occupation was 78% of that
in pilots with 16-26 years of flight occupation (2.8±0.7 x 10"3 and 3.6±0.6 x 10"3
respectively). Despite the fact that there are statistical uncertainties in these data, this
kind of adaptive response has been well documented in eukaryotes such as yeast.
Deorukhakar and Rao (1995) investigated the radiation induced genetic damage in yeast
by culturing the cells continuously at a radiation level of 0.383 - 1.275 u-Sv h"1 by
selecting appropriate concentrations of tritiated water in the growth medium. It was
shown that cells which were incubated at higher radiation levels and for longer duration
had a higher conversion frequency. However, when subculturing continued beyond 900h,
the gene conversion frequency reverted back to normal value. Such a response could not
be detected when the cells were exposed to an acute high dose. The authors concluded
that chronic exposure of yeast to low dose radiation might induce an AR.
In a recent study on 6061 male cockpit personnel which yielded 105,037 person-years
of observation it was shown that cockpit crew had a low overall and cancer mortality
(Zeeb et al. 2002). This result is consistent with the results obtained from previous
studies on Canadian (Band et al. 1996) and British Air Ways pilots (Irwin et al. 1999).
That this is not a healthy worker effect, suggests mortality from all cancers, which in
cabin crew who received 5-14.99 mSv cumulative radiation dose, was lower than in
those who received either 0-4.99 or 15-29.99 mSv (Zeeb et al. 2002).
Results of a cytogenetic study on 22 cosmonauts who stayed on average 4-6 months in
MIR station shows that the after mission percentage of chromosomal aberrations in 6
cosmonauts is less than that of the scored frequency before the mission (Fedorenko et al.
2001). Also the after mission frequency of the cells with dicentrics and centric rings in
four cosmonauts was less than that of before mission. Interestingly, in one case, the after
mission frequency of chromosomal aberrations was about 1/3 of the before mission
value.
2,4o Very High Levels of Natural Terrestrial Radiation
People in some areas around the world live in dwellings with radiation and radon levels
as much as 100 times the global average. Inhabited areas with high levels of natural
radiation are found in different areas around the world including Yangjiang, China;
Kerala, India; Guarapari, Brazil and Ramsar, Iran. (Figure. 1).
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Figure 1. Ramsar hot springs. White-colored sediments at the streams' bed have high
concentrations of Radium-226. In some cases, residents of these hot areas have used the
residue of the hot springs as building materials to construct their houses.

Ramsar in northern Iran is among the world's well-known areas with highest levels of
natural radiation. Annual exposure levels in areas with elevated levels of natural
radiation in Ramsar are up to 260 mGy y"1 and average exposure rates are about 10 mGy
y"1 for a population of about 2000 residents.
Biological Findings on HLNRAs of Ramsar
• Chromosome Aberrations. Preliminary results showed no significant
difference even in the case of the inhabitants who lived in houses with
extraordinarily elevated levels of natural radiation.
• Dose-Effect Relationship. There is a great controversy about the dose-effect
relationship in published reports on the frequency of chromosome aberrations
induced by chronic exposure to elevated environmental levels of radiation. This
controversy exists in studies of residents in areas with elevated levels of natural
radiation as well as the residents of areas contaminated by nuclear accidents.
Using chromosomal aberrations as the main endpoint, an experiment to assess
the dose-effect relationship in the residents of high level natural radiation areas
of Ramsar was carried out. A cytogenetical study was performed on 21 healthy
inhabitants of the high level natural radiation areas and 14 residents of a nearby
control area. Preliminary results showed no positive correlation between the
frequency of chromosome aberrations and the cumulative dose of the
inhabitants.
• Hematological Alterations. It has been reported that in mice and rats total body
exposure to moderate doses decreases the number of circulating erythrocytes,
platelets, granulocytes, lymphocytes etc. However, data on hematopoieses as a
result of exposure to very low doses of ionizing radiation are scarce.
Hematological parameters such as counts of leukocytes (WBC), lymphocytes,
monocytes, granulocytes, red blood cells (RBC), hemoglobin (Hb), hematocrit
(Ht), MCV, MCH, MCHC, RDW, PLT, and MPV were studied in all of the
individuals. The results of this study indicated that there was no any statistically
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significant alteration in hematological parameters of the inhabitants of HLNRAs
of Ramsar compared to those of the neighboring control area.
Immunological Changes. It is well known that high doses of ionizing radiation
suppress the activity of the -immune system. On the other hand, the low-level
whole body irradiation (WBI) can enhance the immunological response. To
assess whether relatively high doses of natural radiation can alter humoral
immune parameters, an experiment was conducted on the inhabitants of
HLNRAs of Ramsar, permanently living in houses with elevated levels of
natural radiation. Immunological factors such as the concentration of serum
immunoglobulins of IgA, IgG, IgM and C3, C4 components of the complement
system in healthy donors from HLNRAs and a neighboring NBRA were studied.
Preliminary findings indicate that there is a slight increase in IgA and IgG levels
of the inhabitants of HLNRAs compared to those of matched controls. IgM, C3,
and C4 complements were in the normal range. In spite of the fact that the
increase in IgA and IgG were not so marked to show probable enhanced
immunological capability, it can be concluded that relatively high doses of
natural radiation are not immunosuppressive. More research is needed to clarify
the immunological alterations induced by different levels of natural radiation.
Radloadaptive Response It has been shown that in high level natural radiation
areas (HLNRAs) of Ramsar, the blood cells of inhabitants whose cumulative
radiation doses were 170 times higher than of those living in a nearby control
area (2,550 mSv and 15 mSv respectively) were significantly more radioresistant
to chromosomal damage when subjected to 1.5 Gy challenge dose (Ghiassi-nejad
et al. 2002, Mortazavi et al. 2002, Mortazavi 2002). The relationship between
the degree of AR (as indicated by the k-value ) and cumulative lifetime dose is
an important finding. The AR of the residents of Iranian HLNRAs is more
pronounced at higher cumulative doses, except for 2 residents, whose
cumulative doses are much higher than those of the others (Mortazavi et al.
2002).

The results of the adaptive responses observed in the residents of high level natural
radiation areas of Ramsar are summarized here:
•

Individuals whose cumulative radiation doses were up to 950 mGy, showed a
significant AR after exposure of their cultured lymphocytes to 1.5 Gy gamma
radiation . These doses are much higher than those received by astronauts during
a six-month space mission that has been reported to be 90 mGy absorbed dose
and 180 mSv equivalent dose. The radiation dose of these astronauts ranged 95455 mGy (Testard et al. 1996).

2

The k-value is the coefficient of induced adaptive response (k) that shows the
magnitude of the adaptive response and can be calculated as the ratio of the observed
frequency to the expected frequency of chromosome aberrations.

-

199

-

JAERI-Conf

2005-001

•

There is a controversy over the induction of AR in resting cells (Cai and Liu
1990, Shadley et al. 1987, Azzam et al. 1992). Ramsar results showed that high
levels of natural radiation might enhance radiation-resistance in non-cycling
lymphocytes. Since the majority of the lymphocytes in the body are in the
resting phase of the cell cycle (Go), any implication of A'R strongly depends on
the possibility of induction of AR in Go stage.
• ARs have been usually observed in experiments by exposing the cells to a low
dose radiation in the range of 10-100 mGy. These doses are considerably lower
than the lifetime doses that induced AR in the inhabitants of HLNRAs of
Ramsar.
• It was suggested that aging could cancel the AR (Gadhia 1998). This is contrary
to findings in Ramsar population which show that aging does not influence the
induction of AR.
The cumulative doses and the magnitudes of the induced adaptive response in cultured
lymphocytes of residents of Ramsar HLNRAs are shown in Figure 2.
2,5. Potential Implications of Radloadaptation in Radiation Protection
It was generally believed that the presence of AR does not mean that the low dose
radiation is beneficial to living organisms (Sagan 1989, Wolff 1989). Even in its 1994
report on adaptive responses to radiation in cells and organisms (UNSCEAR 1994),
after reviewing experimental and epidemiological studies showing increased longevity
and lower-than-expected incidence of tumors, UNSCEAR stated that "it would be
premature to conclude that cellular adaptive response could convey possible beneficial
effects to the organism that would outweigh the detrimental effects of exposure to low
doses of low-LET radiation". However, more recent worldwide studies on the different
aspects of AR, have lead to recognition of its positive health effects, and to a more
realistic assessment of the risk of radiation. The preliminary studies of the Ramsar
residents (Mortazavi et al. 2001), suggest that the induced AR might have considerable
implications for radiation protection, and that the chronic low dose radiation may be
protective against accidental high dose radiation (Pollycove and Feinendegen 2001).

2.6. Radioadaptation and Deep Space Manned Missions
Based on Ramsar findings, it has been recently reported that adaptive response studies
may have implications in radiation protection. It was proposed that individuals who
failed to show an adaptive response would not be good candidates for space travel
(Mortazavi et al. 2003a, Mortazavi et al. 2003b). These authors suggested that all
potential crew members for a deep space mission had their adaptive response measured.
The space crew should show a high magnitude of adaptive response. The chronic
exposure to elevated levels of space radiation during a long-term mission can
considerably decrease their radiation susceptibility and protect them against the
unpredictable exposure to sudden and dramatic increase in flux due to solar flares and
coronal mass ejections.
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41 Radioactivity of and exposure by the consumer's goods
containing NORM
M.Yoshida, T. Ohhata, S. Sato, R. Ohyama and H. Furuya
Nuclear Safety Technology Center, Hakusan 5-1-3, Bunkyo-ku, Tokyo
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1.

Introduction
There exist naturally a number of long-lived radioactive nuclides in the earth. The
material containing these radioactive nuclides is called "naturally occurring radioactive
materials (NORM)", and several kinds of consumer's goods including NORM are circulated in
the usual daily life environment.
Based on how to utilize NORM, these consumer's goods are classified into two types. In
the first type of consumer's goods, low level of radiation emitted from NORM is important. As
a typical good, the health-enhancing product is famous. Many peoples who believe "hormesis"
use several kinds of consumer's goods containing uranium and/or thorium such as underwear,
bedclothes, body accessories, small size of hot spring source and so on in their daily life.. In
addition, the paint containing NORM is coated on the bottom of ship in order to protect the
shell from adhering to it.
In another type of consumer's good, the property characteristic of uranium or thorium is
important. Uranium or thorium compounds have clearly beautiful color, depending the atomic
valence, because there are vacancies of electron in the 5f shell of inner orbital in the atomic
core. Thus, NORM containing uranium and/or thorium are utilized as glazers on the pottery or
additions to uranium glass. [1] In addition the chemical stabilities and consequently the melting
points of thorium dioxide are very high, and then they are utilized as one kind of refractory and
an additive to tungsten electrode for the arc welding..
It is so important from the view of point of regulation to know the radioactive
concentration or radioactivity in the consumer's goods containing NORM and the radiation
exposure when they are used in the daily living life. In this study, 20 consumer's goods
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containing NORM were collected. After chemically processing them, the radioactive
concentrations in them were measured by an inductively coupled plasma attached with mass
spectrometer (ICP-MS) and a y -ray spectrometer of Ge(li). In addition, the radiation
exposures were calculated in four typical cases where the consumer' goods are generally used
in the daily living life.
2.

Experimental procedures

2.1 Collection of specimens
20 consumer's goods containing NORM were collected, based on various information

Table 1 list of cosumer's goods containing NORM collected
Specimen

Existing state

upper bedcloth

fabric, cotton

Analysis(*1)

r

fabric, cotton

ICP-MS

fabric

ICP-MS
ICP-MS

j hot spring source
14
15

f

hot spring source-B
wall paper
wall sheet paint

minus ion sheet

fabric

wall sheet paint

paste

Th added W electrode

metal

ship bottom paint

powder

muffler catalyst

alloy

abbrasive

powder

16
17
18

industrial products

19

20

(*1) ICP-MS:measurement of 238U and 232Th contents
212
r : r --ray
r a y spectrometry of 208TI, 212
Pb,
Pt 214Pb, 214Bi and228Ac
*2): ceramic botton attached on the fabric
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sources such as the commercial catalogues, the inspection on the internet by using key words
"hormesis", "minus ion" and others.
The consumer's goods containing NORM similar to each other were sold from different
companies. Table 1 shows the list of consumer's goods containing NORM collected. These
goods can be divided into 8 kinds of goods used in the daily living life and 4 kinds of goods
used in the industry. The bedclothes are shown as a typical example in the Photo 1.

Photo 1 Bedclothes
2.2 Measurement of radioactivity
A part of each collected consumer's good was pulverized or burned in air and then
was chemically treated. The standard method was applied to the chemical treatment,
which has been already established and used for the analysis of environmental
specimen in a number of institutes or companies in Japan.[2,3]
Radioactivity in the consumer's good was measured by two methods. First, the
concentration of uranium and thorium were analyzed by an inductively coupled
plasma attached to mass spectrometer (ICP-MS) and were converted to theie
radioactivities by using the value of specific radioactivity. Next, the radioactivities of
daughter nuclides of uranium or thorium were measured by a GE-Li semiconductor
detector.
2.3 Calculation of exposure
From the results obtained in the measurement of radioactivity, the exposures were
calculated when four kinds of consumer's were utilized in the daily living life. A famous
computer code "MCNP-4C" was applied to the calculation by using a relatively
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conservative boundary as shown in Table 2. A schematic diagram of calculation system
is shown in Fig.l. Table 2 shows the boundary conditions of calculation

MCNP-4C

Using
conditions

Calculation system
Source conditon
(Modeling)

Materials compositions

• Nuclide data
- Others

Transport calculation

Photon, electron fluence
Effective exposure,
At an evaluation point

Radiation
weighting
factor

Exposure! \x Sv)/year

Fig.l A schematic diagram of calculation sysytem

Table 2 Boundary conditions used the calculation of exposure
NORM
goods

Radiation
source

Exposure
Scenario

a

Bedclothes

O:210xl50cm
U:210x100cm

8h/d

b

Underwear

26.6cm 0
65cm h

24h/d

c

Hot spring
source

1 1 x2 1 cm
plane

30m/d
At 10cm

d

Wall sheet

270x450cm
plane

8h/d
At 30cm

NO

3. Results and discussion
3.1 Radioactive concentration of uranium, thorium and their daughter nuclides
Table 3 shows the concentrations of uranium and thorium in the consumer's goods, which were
analyzed by an ICP-MS, together with the radioactive concentrations derived from the
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measured results. Table 4 shows the radioactive concentrations of daughter nuclides measured
by the Ge(Li) semiconductor detector.
Table 3 Radioactive concentration of uranium and thorium in the consumer's goods

I

ICP - M S

!

No. i

Specimen

|

Concentration (mg/g)

1

1

bedclothes-no

j

Ffedoactive concentration (Bq/g)
232

Th

U
0.0035

±0.00005

0.0025

±0.00004

0.043

±0.0007

0.26

±0.004

2 ibeddothes-u

i

0.02

±0.0003

0.58

±0.033

3

underwear

i

0.082

±0.0008

22

±0.04

1

4

belly-warmer-A

0.076

±0.0005

21

±0.03

0.94

0.43

±0003

8.4

±0.06

0.023

±0.0003

5 ;be!ly-v«Tr«~-B

0.01

Th

±0.0002

^ 23

±0.01

±0.01

8.8

±0.16

±0.006

8.5

±0.12

5.4

±0.04

34

±0.2

0.011

±0.0002

0.093

±0.0014

6 vwistband

|

0.00093 ±0.00002

socks

i

0057

±0.0007

1.5

±0.03

0.7

±0.009

6.2

±0.14

\

0.025

±0.0004

0.66

±0005

0.31

±0.004

27

±0.02

0.OO89

±0.00012

0.16

±0.003

0.085

±0.0015

0.63

±0.012

0.034

±0.0006

0.68

±0.009

0.42

±0.008

28

±0.04

0.14

±0.002

3

±0.04

1.7

±0.03

12

±0.2

0.71

±0.003

18

±0.1

8.8

±0.04

71

±0.4

13 | hot spring sowce-A

28

±0.02

67

±0.8

34

±0.2

270

14 j hot spring source-B |

0.83

±0.014

20

±0.4

Hio

±0.2

81

±1.7

15 iwall papar

0.054

±0.0003

1.3

0.047

±0.0005

7

8 Ishoessheet-A
9

shoes sheet-B

10 shoes sheet-C

j

11 brace!et-A
12 |bracelet-B

16j minus ion paint

|

j

±3

±0.02

0.67

±0.003

5.4

±0.1

0.77

±0.011

0.58

±0.006

3.1

±0.05

17 |Th added W electrode i

0.00096 ±000008

21

±0.3

0.012

±0.001

86

±1.3

18 j ship bottom oaint

0.97

±0.014

20

±01

12

±02

81

±06

J

19 ! muffler catalyst

0.27

±0.004

52

±0.5

20 abbrasive

0.016

±0.0002

0.17

±0.002

3.3
^0.2

±0.05

210

±0.003

0.7

±2
±0.007

Table 4 Radioactive concentration of daughter nuclide in the consumer's goods

specirren

1 ! bedddhes
3 jinden/\ear
4 jbdty-TAaTrg-tie
| 13 | hct spring scuoe-A
| 14 | net spring sonce-B
j 15 rrinus icn sheet
17 ilhaddsdWdectrocfe
18 isfipbettempant
19 j mifler cat^yst
2Q [ahbasive

As shown in table 3, the concentrations of uranium and thorium varies in several orders. That is,
the concentrations of uranium ranges from 0.00093 to 2.8 mg/g, which correspond to the range from
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0.011 to 34 Bq/g. On the other hand, the concentrations of thorium scatters in the range from 0.0025
to 67 mg/g, which correspond to the variation from 0.01 to270 Bq/g. It should be noted that the
concentration of thorium is larger than the one of uranium. This reason likely comes from the fact
the monazite including thorium is frequently used in the consumer's goods and the Clark number is
larger in thorium than in uranium.
It can be seen in table 4 that the radioactive concentration of daughter nuclides is approximately
equal to the ones of uranium and thorium except the result of TI-208. This agreement suggests that
the secular equilibrium holds between the uranium or thorium and daughter nuclide.
In Japanese regulation on the raw nuclear materials, the upper limits of radioactive
concentration of uranium and thorium approved in solid and liquid are 370 and 37 Bq/g, respectively.
Then, the results on the radioactive concentrations of uranium and thorium satisfy the regulation of
raw nuclear materials in Japan. However, the present data are larger than the value, 1 Bq/g, cited in
the Basic Safety Standard (BSS), which has been recommended as a basis of clearance level by
International Atomic Energy Agency (IAEA)[4]. Thus, it is important to evaluate the exposure when
the consumer's goods are italicized in the daily living life.
3.2

Evaluation of exposure

When the exposure is theoretically calculated during the utilization of consumer's good, it is
necessary to certify the reliability of calculated value.

Then, both experimentally measured and

calculated values were compared with each other in the water bath shown in.fig.2. The exposure
rates were measured at the distance of 16, 32, 64,85 and 90 cm from the radiation source, and then

: measuring point

Fig.2

A schematic diagram of water bath for the comparison between the measured and
calculated values

-
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were compared with the calculated values. Fig.3 shows the comparison between both measured
and calculated results. As shown in this figure, both data agree with each other, and it can be
found that the calculation of exposure by "MCNP-4C" code was reliable.

Xj

,<f r

Q
u

O Calculated value

10"

eg

0
1ff2^

a

O

Measured value

iffJk

O
10"

20

40

60

100

80

Distance from source (cm)
Fig.3 Comparison between the measured and calculated values
After certifying the reliability of calculation, the annual exposures were calculated when
the bedclothes, underwear, hot spring source used at home and wall sheet are used under the
conditions described in table 2. the results obtained are shown table 5.
Table 5 Calculated results of annual exposures
NO

Results
(juSv/y)

NORM
goods

Radiation
source

Exposure
Scenario

a

Bedclothes

O:210xl50cm
U:210xl00cm

8h/d

110

b

Underwear

26.6cm 0
65cm h

24h/d

220

c

Hot spring
source

11x21 cm
plane

30m/d
At 10cm

110

d

Wall sheet

270x450c
plane

8h/d
At 30cm

10
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In the connection with the radiation protection in environment, there are some kinds of
guidelines. In Japan, the exposure of people living around the nuclear facility is limited to be below
1 mSv/y except the exposure due to natural radiation, based on the ICRP recommendation [5].
Recently, EU radiation protection committee has recommended a value of 300 ii Sv/y as the
exposure limit due to NORM goods [6].
As can be seen in table 5, the annual exposures in four cases are in the range from 10 to 220
\x Sv/y. These values are larger than 10 \x Sv/y, which has been recommended as a guideline of
clearance level by IAEA, but are smaller than the 1 mSv/y and 300 n Sv/y described above.
4. Conclusion
Twenty kinds of consumer's goods containing NORM were collected, based on various
information sources. The radioactive concentration were measured by ICP-MS and Ge(Li)
semiconductor detector, and the annual exposure were evaluated in four cases of daily living life
based on the measured results by a computer code, MCNP-4C. The radioactive concentrations of
uranium ranged from 0.011 to 34 Bq/g. On the other hand, the radioactive concentrations of
thorium scatters in the range from 0.01 to270 Bq/g. The annual exposure due to the utilization of
NORM goods in the daily living life ranged from 10 to 220 n Sv/y. They wee smaller than 300 \i
Sv/y, which has been recommended as the exposure limit due to NORM goods by EU radiation
protection committee.
Reference
1) K. Tomabechi I" Uranium GlassJ Iwanami book service center (1995)
2) A Japanese standard on radioactivity measurement, series 13 r Specimen preparation method
for instrumental analysis including Ge(Li) semiconductor detectorj (in Japanese), (1982)
ibid series 16 I"Sampling method of environmental specimenJ (in Japanese), (1983)
3) "RSIC COMPUTER CODE SELECTION, MCNP4, Monte Carlo Neutron and
Photon Transport Code System," CCC-200A/B(l99l)
4) International Basic Safety Standards for Protection against Ionizing Radiation and
for the Safety of Radiation Sources
Safety Series No. 115(1996)
5) Japanese Law [ Law on raw nuclear material, nuclear materials, nuclear reactor]
6) European Commission, Practical Use of the Concept of Clearance and Exemption Part II, Radiation protection 122(2001)

- 212 -

JAERI-Conf

2005-001

4.2 Hot Spring and Radioactivity
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43 Natural Radioactivity Distribution Images
and Their Practical Uses

Chizuo MORI

Aichi Institute of Technology

T 470-0392
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T g 10-19 Tel: 052-223-6615

The general publics do not well know that natural radioactive substances are
contained in all natural materials including foods. We obtained the images of natural
radioactivity distributions in vegetables, meat, stones, or ornaments by exposing them
on the Imaging Plate developed by Fuji Photo Film Co. Ltd. in a lead shielding box for
about one month. We made brochures named "Natural Radiations through Eyes" or
"Environmental Radiations through Figures", etc. which include the images mentioned
above. We sometimes give lectures and experiments on radiations or energy to the
middle or high school students using the brochures. After the lectures, most of the
students say that the images are effective to realize the presence of natural
radioactivity even in our bodies.
1.

tit,

-

218

-

JAERI-Conf 2005-001

2.
2.1
(IP) te, X

Fig.l

o K-40
K-40

M ,

ffl

\

89%

j3

0.02-0.1Bq/g

K-40
dpm/mm2)x60 ^ X 18 B#^ =

C-14

Fig.l (7D IP <D
2

/mm T*fe^)o C-U<D
^

50keV T*
3.0

X

lQ3keV/mm2

2.0

1.0 ^

155keV X\ Z
Ufe IP ^i?^J^

100 Mm
103

\ IP ^ @ j ^

10'

ID5

(dpm/mrrr)

150 M
Fig.l Comparison between the radiation sensitivity

m

of Imaging Plate (IP) and that of X-ray film

l 0.17g/cm2N

K-40

(0.26-1.3) X 10 " 2 keV/mm 2 s

150/zm

10%eV/mm2/ (0.26-1.3) X 10 " 2keV/mm2s=7.2 P - 3 6 0
2.2 ig
4.6) x i o ' 12
m lmGy T'

3.2X 10

-

219 -

JAERI-Conf

2005-001

U

10cm

mm
^ 1/20

2.3
IP

Fig.2

4
15

10

0

PSL(t)/PSL(5)=0.48exp(-0.32t)

20

25

Uday)

+0.52exp(-0.0385t)=R(t)

Fig.2 Fading characteristic of the latent image
stored in Imaging Plate

•f R(t)dt = b- 1 —

1-a
l
l—
c JL cT + \

= 0.03, T : H#fU1 ( h ) X

15

Lfc

1

1

n

1

(15-1.5) Xexp(-0.32xO-13.51 Xexp(-0.0385XO

30 0(7)

3.

J

0

10

20

30

40

L.

50

Fig.3 Effective intensity of the image
read out after long time exposure

-

220

-

60

JAERI-Conf

2005-001

Fig.4
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Fig.4 Natural radioactivity distribution images of pork, banana, ginger
(left side) and leaves (right side)

Fig.5

Fig.5 Left: ornaments, glass ware, pottery ware. Right: glasses
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Fig.6
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Fig.6 Left: photograph of a piece of granite. Right: Radioactivity distribution
image of the granite.
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Fig. 7 Brochures containing natural radioactivity images. Left" "Natural
radiations looking through eyes".
Right- "Environmental natural
radiations understanding through figures"
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44 Radon variations in an active landslide zone from Himalaya: A
preliminary study
V.M. Cfioubey, S.K. Bartarya and R.C.RamoIa1
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33 General Mahadeo Singh Road, Dehradun- 249001, India
Email: vchoubeyl@rediffmail.com
Physics Department, HNB Garhwal University, Badshahi Thaul Campus, Tehri
Garhwal- 249199, India

Abstract
The radon concentration was measured in soil and water samples from an active
landslide zone in the Garhwal Himalaya. The landslide is compound in nature i.e. slump
in the crown portion and debris slide in the lower part. The measured radon
concentration varies from 3.1 to 18.3 Bq/1 in water whereas in soil/debris samples it
varies from 2.3 to 12.2 kBq/m3. The crown portion (upper portion) show higher radon
values in comparison to distal portion. The higher radon concentration in crown portion
may be because of the failure plane of landslide associated with high fracturing and
crushing whereas, increased porosity of debris of slide does not allow radon to
accumulate in soil and water in the lower portion.

Introduction:
Radon is omnipresent radioactive gas and used as a natural tracer in hydrology,
geology and geophysics. Dynamic phenomena occurring in the rock mass due to
earthquake, volcanic activities, tremors, rock blasting and landslide may be related to
outbursts of gas and changing radon concentration (Trique 1999; Wysocka 1999; Kies
et al., 2002). Schmid and Wiegand, 1998 have suggested that due to traffic vibration the
topmost soil layers lose radon to the atmosphere and as a result the upward migration
increased. High radon concentration is generally considered with uranium deposits or
with highly sheared fault/thrust zone (Choubey and Ramola, 1997; Purtscheller et al.,
1995;Steeleetal., 1982).
The investigations in Himalayan region shows that the concentrations of radon
in soil and groundwater are largely controlled by the tectonic processes, types of rocks
and geohydrological characteristics of the rock mass (Choubey et.al, 1999, 2001). The
Himalayan area is prone to landslides due to geodynamic processes, which have been
considered as a source of radon (Partscheller et. al., 1995). The indoor measurement in
Koefels landslide (Tyrol, Austria) shows high concentration of radon in houses located
on old landslide deposits (Ennemoser et.al., 1994). However, more study is needed to
find out the relationship between radon emanation in soil and water with landslide
activities. The use of radon as a precursor of landslides is also yet to be investigated in
details.
The aim of this study is to analyze the radon characteristics of soil and water in
an active landslide zone in relation to its applicability in the study of geological
disasters. Keeping in view this, radon was measured in the soil and spring water in and
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around an active landslide zone located along Pindar River between Hirmani and Mathera
villages in the Chamoli District of Uttaranchal, India. The relationship between landslide
activity and observed radon concentration in soil and spring water is reported in this paper.
Radon Measurement Technique:
The radon was measured in water (spring and seepage) and soil/ debris in an active
landslide zone. About 750 ml of water sample was taken in radon-tight reagent bottle of 1
litre capacity connected in a close circuit with a ZnS coated detection chamber through a
hand operated rubber pump and a glass bulb containing CaCb to absorb the moisture (Fig.
lb).
Soil gas
probe

B

Air pump

U

c

LT^^

Detector
. Electronic
(scintillation Unit 1
counter

(a)
Power supply

Pump

(b)

Counting system

Fig. 1 (a) Block diagram of close circuit technique for radon measurements in soil, (b)
Apparatus for the measurement of radon in water.
Air was then circulated in close circuit for a period often minutes till the radon forms
a uniform mixture with the air and the resulting alpha activity was recorded. The detector
was then isolated by clamping both the ends and observations were taken after four hours. A
time gap of four hours is necessary to allow alpha emitting daughters of radon, RaA and RaC,
to come in equilibrium with their own daughters. Resulting counts were then converted in
Bq/1 by using an appropriate calibration factor (Choubey et al., 2000).
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For soil gas radon measurement, auger holes each 50
diameter were left covered for 24 hours so that the amount of
stable. The soil-gas probe was fixed in the auger hole
compartment (Ghosh and Bhalla, 1981). The rubber pump,
detector were connected in a close circuit (Fig. la).

cm in depth and 6 cm in
radon and thoron became
and formed an airtight
soil-gas probe and alpha

Air was circulated through a ZnS coated chamber for a period often minutes till
the radon formed a uniform mixture with the air. The detector ends are clamped and
counts are recorded after a time gap of four hours. The resulting number of the alpha
counts is then converted into Bq/m3 by using the calibration factor 1 count/min = 66.30
Bq/m3, determined by Choubey et al. (2000) under similar conditions.
Gneissic rock samples close to the landslide zone were also analyzed for their
trace elements, including uranium using the sequential X-ray spectrometer (Siemens
SRS-3000).
Results and Discussion
The landslide is located on the left bank of the Pindar river in Chamoli district of
Garhwal Himalaya. The slide is compound one i.e. slump in the upper portion and slide
in middle part of the slide. The slide consists of three parts: crown portion (slide scar
area consist of fractured and jointed freshly exposed rock mass), the middle slide mass
and toe portion having accumulated slide debris (Fig. 2). The radon concentration was
measured in waters of spring and seepages and from soil of the crown, middle portion
and toe portion of the slide. The main rock mass consist predominantly of schist and
alternating bands of gneiss of the Saryu formation of Almora Group of Precambrian age
(Valdiya, 1980). The rocks exposed in the scar area are highly fractured, jointed and
sheared. The intensity of fracturing in landslide zone differs from place to place but
was high in upper portion of the slide.
The observed radon concentrations in soil and groundwater of the land slide
zone are given in Table 1. Soil gas and groundwater radon concentrations were found to
vary from 2.3 Bq/m3 to 12.2 Bq/m3 and 3.1 Bq/1 to 18.3 Bq/1, respectively (Table 1). It
was observed that for both the cases radon concentration is higher in crown area and
lower in the toe area of the landslide.
The most important pre-requisite for high radon concentrations in soil air and
water are uranium and radium contents, permeability of the soil or rock and the
possibility for high emanation rates, determined by certain moisture content as one of
the most important factors (Gundersen et al., 1992). Nearly all these factors are closely
related with deformations. Since landslide are localized phenomenon and no fault has
been recorded with in the landslide zone other possible sources for the enhanced radon
in crown area are need to consider. Surbeck (1992) related radon distribution in rock
slides to permeabilties but not as source. The other landslides which have shown high
radon concentration are those of Langtang Himal of Nepal and Koefal slide of Tyrol
(Austria). The present slide show somewhat similarity to the above slides. Though,
radon concentrations are far below the values reported in these slide but the present
slide show enhanced radon towards crown portion. The high degree of fracturing in
the crown portion near the base of the slide scar where possibilities of emanation and
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circulation pathways are best exist result in relatively high radon towards slide scar in
crown portion. According to Putscheller (1995) the material of the landslide meet all
the prerequisites for an elevated emanating power and diffusion coefficient by their
heavy fracturing and crushing down to grain and sub grain size, resulting in an increase
of active surface porosity.

1 ^ /

Oeorts slide ^ - / , (
^
:/
\
Seepage'/
')

Q—•»—Gwaldam-Rud/aprayag
'-'•' '

Pmder R

Figure 2. Map of the landslide zone showing geomorphic features and location of the
samples for radon measurement, (open circle=water, solid circle= soil samples)
Table 1. Radon concentration in soil and water in the land slide area
Sample No.
Soil samples
SLl,2,3.4,4a,5,
SL6,7,8,9,10,ll,12
Water samples
SW7, 8
SW 4,5,6
SW1,2

Location of sample in
slide area

Radon

Crown area
(upper portion of slide)
Toe area (lower portion
of slide)
Crown area
(upper portion of slide)
Middle portion of slide
Toe area (lower portion
of slide

-
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kBq/m3
10.3,9.1,12.2,
11.7,4.7,12.1
2.8,2.3,6.3,
5.7,10.5
Bq/1
15.3, 18.3
8.1,9.8,8.4
18.3,3.1
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The recorded high value of radon in crown area (slide scar) of the present slide
is mainly because of the steeply dipping crosscutting and partly open joints which
provide good permeabilities and circulation pathways for soil air.
Therefore, the
highest radon emanations in the landslide zone occur within landslide scar area where
strongly fractured gneisses and schist are exposed. The contribution of radon due to
presence of uranium/radium in the debris material is almost negligible. This is reflected
in the geochemical analysis of gneisses rocks which are present close to the landslide
zone. The uranium concentration varied from 1.8 to maximum of 3.9 ppm. The
minimum, maximum and average values of trace elements are given in Table 2.
The low concentration of radon both in soil and water in the toe portion of the
landslide may be due to the high porosity and permeability of the debris material, which
does not allow radon to accumulate in the soil and water. Wu et al., 2003 observed that
the permeability/porosity of the subsurface material and fracture network plays an
important role in escape of radon to the atmosphere.
Table 2. Trace element data of rock samples (all values in ppm)
Elements

Minimum

Maximum

Average

Co
Ni
Cu
Zn
Ga
Pb
Th
Rb
U
Sr
Y
Zr
Nb

9.0
18.0
16.0
59.0
7.0
17.3
7.9
78.0
1.8
33.0
18.4
99.0
4.8

21.0
65.0
39.0
89.0
16.8
34.7
22.1
219.0
3.9
104.0
42.1
351.0
16.3

13.9
34.6
28.8
74.7
12.7
24.5
14.2
133.0
2.9
71.6
33.3
218.9
11.5

The preliminary results of the radon measurement in an active landslide zone
from the Lesser Himalayan region suggests that the enhance radon concentration in the
landslide zone may be indicative of instability of the slope. Possibly the landslide scar
and failure plane of an active landslide may be the source of enhanced emanation of
radon in an active landslide zone (Figure 2). The enhanced radon emanation is because
of the high active surface area and circulation pathways due to fracturing and crushing
of rocks near the landslide scar. However in the toe portion increased porosity of the
colluvial debris increased the diffusion of radon in the atmosphere and thus resulting in
low radon concentration. However, more measurements from other active landslide
would confirm the above inference.
The continuous monitoring of radon in the landslide prone area may also be
helpful to predict the occurrence of landslides in the area. Keeping in view the active
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nature of Garhwal Himalayas, the measurement of radon in soil and groundwater will be
helpful to locate the landslide prone areas and thus to minimize the risk to the local
habitants.
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Cosmic rays in space

Kazunobu FUJITAKA

National Institute of Radiological Sciences
Project Leader, Space Radiation Protection

ABSTRACT
Cosmos is a mysterious space by which many researchers are fascinated for many years. But,
going into space means that we will receive extra exposure due to existence of cosmic rays. Cosmic
rays are mainly composed of highly energetic protons. It was bom in the last stage of stellar life.
Understanding of cosmos will certainly bring right understanding of radiation energy, or energy
itself As no one could see the very early stage of cosmic rays, there is only a speculation. But it is
better to speculate something based on certain side evidences, than to give up the whole. Such
attitude shall be welcomed in the space researches.
Anyway, cosmic rays were bom in the last explosion of a star, which is called as Super Nova After
cosmic rays are emitted from the Super Nova, it will reach to the human surroundings. To indicate
its intensity, special unit of "dose rate" is used. When a man climbs a mountain, cosmic ray
intensity surely increases. It doubles as he goes up every 1500m elevation. It was ascertained by our
own measurements. Then what happens when he goes up more? At aviation altitude, where
airplanes fly, the dose rate will be increased up to lOOtimes the high mountain cases. And what is
expected when he goes up further more, up to space orbit altitude? In this case, the dose rate
increases up to lOtimes the airplane cases.
Geomagnetism affects the dose rate very much. As primary cosmic ray particles are charged
particles, they cannot do well with existence of the magnetic field. In effect, cosmic rays can
penetrate into the polar atmosphere along geomagnetic lines of forces which stand almost vertical,
but penetration of low energy cosmic rays will be banned when they intend to penetrate crossing
the geomagnetic lines of forces in equatorial region. Therefore, exposure due to cosmic rays will
become large in polar region, while it remains small in equatorial region. In effect, airplanes which
fly over the pole will receive larger dose than to fly over the equator.

-

231

-

JAERI-Conf

2005-001

Only, we have to know that the cosmos has its own lifetime. In other words, lifetime of cosmos is
finite. After all, at least human beings are concerned, we cannot ignore this.
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4.6 Utilization of Technology Relevant to Radiation and Isotope
in the Archaeological Research

Nobuaki Matsuoka and Hidehisa Kawamura
Kyushu Environmental Evaluation Association

Abstract
Many kinds of scientific technology have been used in the archaeological research. Especially
the methodologies relevant to radiation and isotope have contributed to archaeology, giving a lot of
scientific information. Among these methodologies, the radiocarbon dating, proposed by Willard
Libby, has the greatest contribution since 1950. In Japan some scientists introduced this dating
method immediately after Libby's proposal. As the result, the start of the Jomon period, in which
the rope pattern was applied for decoration of earthenware, was reconsidered to be about 10,000
years ago. Yoshimasa Takashima mastered this technique and did the dendrochronological study at
University of Washington, Seattle, from 1960 to 1961. After that he started the radiocarbon dating
in Kyushu University, Fukuoka. First he employed the proportional gas counter to measure

]

C,

requiring the complicated and time-consuming preparation of sample. When he restarted the radiocarbon dating with the authors in 1994 at Kyushu Environmental Evaluation Association (KEEA),
he adopted the liquid scintillation counting method combined with the benzene synthesis from
sample. Because this method is so convenient, many laboratories have adopted it as the conventional method in Japan. Since 1994, almost 100 samples have been treated every year in KEEA by
this method. However this requires considerably much amount of sample, for example 20g in the
case of wood. So that, in case of only small amount of sample can be obtained or a valuable sample
is subjected to measurement, this method cannot be applicable. To resolve this problem, the accelerator mass spectrometer (AMS) has been used widely. In this method the atoms of ' C are counted
directly, getting the high sensitivity and requiring very small amount of sample (order of mg). Recently, in KEEA, the radiocarbon dating using AMS was started under the cooperation with Center
for Applied Isotope Studies (CAIS), University of Georgia.
Another work of KEEA is the measurement of lead isotope ratios in the archaeological and environmental research. The lead isotope ratios,

7

Pb/2 6 Pb and

208

Pb/ 2 Pb, give useful information

to understand the place or age in which an archaeological relic was produced. For example, as the
lead isotope ratios are changeable depending on the difference of lead mine, it becomes possible to
estimate the origin of relic containing lead as a component. Especially the origin of ancient bronze
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mirror can be estimated by this method. The lead isotope ratios are measured by ICP-MS easily. In
addition, the source estimation of lead pollution in the environment can be done in the same manner.
1. Introduction
Table 1 Scientific technologies applied in archaeology

Although archaeology is classified into

Purpose

the category of cultural or social science,
many scientific technologies are applied
_

.

.

Radiocarbon dating
Thermoluminescence dating
Electron spin resonance dating

Dating

_

for investigation in thlS field. Especially
.

.

.

.

Estimation of relic Measurement of lead isotope
producing center

in recent years, new technologies have
been introduced into the archaeological
research one after another, and participa-

nique and material
Appraisal of red

of scientists has been increasingly
requested. In Table 1, Scientific technolo-

pigment

gies, which have been introduced into the
in Japan, are listed. As
Exploration of

shown in Table 1, many technologies
relevant to radiation and isotope, i.e. ra..

i

diocarbon

I ,•

dating,

,,

,

Relation with
radiation and isotope
related
related
related
related

Chemical analysis
X-ray fluorescence analysis
Neutron activation analysis

related
related

X-ray transmission

related

y-ray transmission
Chemical analysis
X-ray fluorescence analysis
Electron probed micro analysis

related
related
related

Investigation of life Pollen analysis
and occupation

archaeology

Scientific technologies

remains
conservation of
relic and remains

Plant opal analysis
Fatty acid analysis
Measurement of carbon and
nitrogen isotope ratios

related

Geophysical exploration
Aerial photograph
Conservation science

thermoluminescence

dating, electron spin resonance dating, activation analysis, X-ray fluorescence spectroscopy and
others, have been applied in the archaeology.
Especially the radiocarbon dating, proposed by Willard Libby (1), has the greatest contribution all
over the world. For example, it was revealed by the radiocarbon dating that the monuments such as
Stonehenge were earlier than the Mycenae civilization. Also in Japan, the start of Jomon age (rope
sentence age, 10000 — 400 BC), when the rope pattern was applied for decoration of earthenware,
was reconsidered to be about 12,000 years ago through the radiocarbon dating. This is several
thousands years earlier than previously believed. On the early stage of investigation, the gas
counting method was mainly used to measure radiocarbon. In the next stage, since the gas counting
method is so complicated, the liquid scintillation counting method (LSC) has been introduced and
widely used in the world due to its convenient property. In recent years, however, the very high
precision is required to evaluate the accurate chronological age, and it is also required to use the
very small amount of sample for the test. For these reasons, now the accelerator mass spectroscopy
(AMS) is commonly used to measure radiocarbon l~~\204
207
206
The naturally occurring lead has the four isotopes, 204Pb, 206
Pb, 207
Pb and

208
208

Pb. The lead isotope

ratios provide the information regarding to the producing center and age of ancient bronze relics
excavated in Japan, in particular bronze mirrors. That is, the bronze relics contain a trace amount of
lead and the lead isotope ratios are changeable depending on the difference of lead mine. Considering this property it becomes possible to estimate the producing center and age of relics. Commonly the lead isotope ratios are measured by the thermal ionization mass spectrometry (TI-MS) to
achieve high precision. On the other hand, the inductively coupled plasma mass spectrometry

-

241

-

JAERI-Conf

2005-001

(ICP-MS) has come into wide use for trace analysis in the environmental research and can be used
also to measure isotope ratios with the sufficient precision. This technique also can be applied to
source estimation of environmental pollution. The lead, existing in the environment as the pollutant,
has the same isotope ratios as those of source materials.

And generally the lead isotope ratios of

surrounding environmental materials are different from those of pollutants.

So the source estima-

tion of lead pollution can be done easily by comparing the isotope ratios of surrounding materials,
pollutants and source materials.
Kyushu Environmental Evaluation Association (KEEA) is the research institution that has been
doing the analysis of environmental pollutants, radioactivity, isotope ratios and so on. In its activity,
there are many opportunities in which the analyses of archaeological samples are done. In this paper, some examples regarding to the radiocarbon dating and the lead isotope ratios of ancient
bronze mirrors are presented.

2. Radiocarbon Dating in KEEA
2.1 Principle
Carbon has the three naturally occurring isotopes, that is, I2 C, I3C and
12

13

12

14

C. It consists of 99% of

14

C and 1% of C, but about one part in a 10 of modern carbon is C. Unlike 12C and

unstable and therefore radioactive, emitting j3 -ray with the energy of 186 keV.

13

C, 14C is

As shown in

Fig. 1, the earth is always exposed to the primary
cosmic rays. In the upper atmosphere the primary
cosmic rays react with the atmospheric materials,
producing the secondary cosmic rays. Neutron is
one of the secondary cosmic rays and produces
the radiocarbon (14C) through the nuclear reaction of

14

N(n, p) 14 C. Carbon-14 is oxidized into

carbon dioxide (14CO2) and distributed uniformly
on the earth through circulation and mixing of
atmosphere. Furthermore

14

C would be distrib-

uted in hydrosphere through dissolution of carbon dioxide into fresh and ocean water, and in

Fig. 1 14C cycle in the environment

biosphere as the results of photosynthesis. Thus a
slight amount of

14

C exists in our surrounding

environment.
14

While

C decays with the half-life of 5730 y, it is newly produced in the upper atmosphere as

shown above. So the equilibrium between decay and production of 14C has been established in the
environment. In the radiocarbon dating, it is the principal condition that the atmospheric concentration of

14

C (Bq/g-C) has been constant through the earth history, while actually slight variations

due to some reasons, that is, fluctuations of earth's magnetic field strength, variations in sunspot
activity and so on, have been confirmed. In principle, there is a constant
phere and all living organisms.
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Before 1950, the equilibrium concentration above mentioned was 226mBq/g-C in the atmosphere. However, artificial 14C was produced and provided into the environment through the nuclear
weapons testing since 1945. Therefore the concentration of

14

C in the environment increased

abruptly after 1950. In 1963, the year of Partial Test Ban Treaty, the atmospheric concentration of
C reached the peak of 450mBq/g-C. After 1963 the concentration level has been gradually decreased due to nuclear weapon test ban and mixing of the excess I4C through the carbon exchange
cycle. Nevertheless, the present concentration still remains in 260mBq/g-C in the atmosphere. The
phenomenon above mentioned is called "Bomb Effect".
On the other hand, the burning of large quantities of fossil fuel such as coal, oil and natural gas
started in the 19th century. The fossil fuel laid down so long ago that its 14C has totally decayed
away, resulting in "Dead Carbon" that contains no

14

C. Accordingly carbon dioxide released

through the burning of fossil fuel dilutes the atmospheric 14C relative to 13C and 12C. This phenomenon is called "Suess Effect". It is sure that Suess Effect affects the atmospheric 14C since the
Industrial Revolution.
While it becomes rather comprehensive to evaluate the atmospheric 14C concentration due to
Bomb and Suess Effects, the radiocarbon dating is based on the principle that the equilibrium concentration of 14C is attained in the environment through the earth's history. However, when a plant
or an animal dies, it ceases to participate in carbon exchange with the biosphere and atmosphere,
and no longer take up C. Therefore, if a tree would be cut off, the initial 14C concentration of Ao
would be decreased according to the half-life (Ti/2). The 14C concentration of the tree after time t, A,
could be related with Ao by the following equation.
t = \/X • ln(Ao/A)
X = ln2/T 1 / 2

(1)
(2)

The best estimate of Ti/2 is 5730y. For the historical reason, however, the Libby half-life (5568y) is
conventionally used as T]/2. Using the Libby half-life, the equation (1) could be rewritten as follows.
t = - 8033-ln(A/A 0 )

(3)

This t is the radiocarbon age. The reference material, oxalic acid produced in 1950, is used to determine Ao, so that the radiocarbon age is presented in the form of years BP, meaning how many
years old than 1950. In recent years, the calibration curves such as INTCAL98, are developed to
convert the radiocarbon age to the calendar age.
As is understandable from the principle, the datable materials are organic. That is, the materials,
which once formed part of the biosphere, are datable.
2.2 Measurement Method of 14C
There are two methods of measurement of 14C. The conventional method detects the activity of
sample, that is, j3 -ray emitted by the decay of 14C. In the early stage of radiocarbon dating, gas
counting method was well used to measure j3 -ray from 14C. In this method, carbon of the sample is
finally converted to gases such as carbon dioxide, acetylene and methane. These gases are introduced into a proportional counter as counting gases. Recently liquid scintillation counting method
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14

C in stead of gas counting method. In LSC, carbon of

the sample is finally converted to benzene or methanol. These are added with small amounts of
scintillator and subjected to LSC. Gas counting method is relatively complicate rather than LSC.
Furthermore, benzene could contain relatively much more carbon as a component compared to
other organic materials, so that LSC could attain the high sensitivity of measurement of
now LSC is commonly used to measure j3 -ray from

14

14

C. So

C in the radiocarbon dating. As compared

with the conventional method, accelerator mass
.

Sample

spectroscopy (AMS) is a very much more recent

—s—

14

technique and directly detects the number of C
atoms in the samples relative to I 3 C and 12 C atoms.

.

.

J

I

Combustion or acid dropping

^
I

synthesis of lithium carbide
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I
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—

lithium metal at the temperature of 700°C, produc-

Fjg

ing lithium carbide. If elemental carbon remains, it

2 Schematic

djagram

of

LSC

for

the radiocarbon dating

reacts also with lithium metal to produce lithium carbide. After cooling down the reaction vessel,
water is added to lithium carbide to produce acetylene. Finally acetylene is trimerized to obtain
benzene using the chrornium(IH)-alurnina pellet as a catalyst. Approximately 5ml of benzene is
obtained by processing several lOg of sample material. The above chemical procedure is done using the apparatus, TASK Benzene Synthesizer, developed by J.E.Noakes

\ After adding the scin-

I4

tillator to the benzene sample at a constant ratio, the |3 -activity of C is measured using the liquid
scintillation counter, Packard TRI-CARB 1050/LL. The radiocarbon age is calculated according to
the equation (3).
In recent years, AMS has been adopted in KEEA. In this case, the gas of carbon dioxide corresponding to 5mg of carbon is produced from a sample and sealed into a glass ampoule. The glass
ampoule containing carbon dioxide is send to Center for Applied Isotope Studies, University of
Georgia (CAIS). In CAIS, carbon dioxide is converted to graphite and subjected to AMS.
2.3 Examples of Dating in KEEA
2.3.1 Dating of Charcoal
The remains of Shobaru is located in Fukuoka prefecture, northern part of Kyushu Island. In
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those remains, the place, where an old furnace for melting a metal once stood, was discovered in
1995. The charcoal excavated from this place was sorted out by floatation and subjected to the radiocarbon dating in KEEA. The radiocarbon age was estimated by LSC to be 2220± 170years BP,
the early stage of Yayoi age. Yayoi age (400 BC —300 AD) is the age after the rope sentence age
(Jomon age) and prior to the ancient tomb age. However, there is a suggestion that the iron artifacts
were produced in Shobaru remains. If so, this result is very epoch-making, because so far it has
been accepted in Japan that the iron manufacture was started in the later stage of Yayoi age.
2.3.2 Dating of Unearthed Fallen Tree
The remains of Isouda-D is located near the Fukuoka City. Here the fallen trees were unearthed
from 5m below ground. These trees had the marks of stoneax cutting and were dated to be
4800years BP. From these results, it was revealed that a logging field for pit dwellings was situated
here in Jomon age.
2.3.3 Dating of Carbonized Tree
The tephra is the general term of the pyroclastic material, which was emitted from the crater on
the occasion of an eruption and deposited on surface of the earth. In Japan many tephra layers are
distributed. The Aira tephra layer was formed by the eruption of Aira volcano, which was located in
the southern part of Kyushu Island, and distributed all over Japan, especially in Kyushu Island. The
carbonized tree was unearthed from the Aira tephra layer at Kagoshima prefecture, the southern
part of Kyushu Island, and dated to be 23500±700years BP. This result well agrees with that introduced from the geological study.
2.3.4 Dating of Wooden Block
Kourokan was the guesthouse for greeting the guest from a foreign country for about 400years
from 7th century to 1 lth century. It was situated at the center of Fukuoka City. From these remains
many kinds of relic such as wooden blocks, pieces of charcoal, potteries and others were excavated.
These wooden blocks and pieces of charcoal were dated by LSC, and the calendar ages of 480 —
680 AD were obtained. These results seem to be contradictory to the fact of history. Taking the
wood problem into account, however, there is no contradiction. That is, generally a wooden relic
shows an earlier age than that in which it was used.
2.3.5 Dating of Underwater Remains
Imari Bay is located in the northern part of Kyushu. In 1281 AD, the Mongolian army attacked
Imari Bay. At that time many Mongolian's naval fleets were sunk to the seabed of the bay. The
main part of the anchor of a naval fleet was made of wood, and the big stones were fastened to it
with the bamboo. Recently some anchors were pulled up from the seabed, and wooden and bamboo
parts were subjected to the radiocarbon dating. In this case, the results of LSC were compared with
those of AMS, resulting in good agreement with each other (Fig.3). These results were also in good
agreement with the fact of history. So it can be concluded that not only AMS but also LSC are ap-
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plicable for dating the medieval relics. In Fi.3, the data without dendrochronological calibration are
shown. In recent years the data calibrated by the calibration curve such as the INTCAL98

(4)

are

requested generally. In this case, the calendar age accompanied with certain probability is given.
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Fig. 3 Comparison between LSC and AMS in radiocarbon dating
Sample : Anchor materials pulled up from the seabed
of Imari Bay
KEEA
: Results of LSC c a r i e d on a t KEEA
NUTA
: Results of AMS c a r r i e d on a t Nagoya Univ.
*Each column of KEEA and NUTA shows the r e s u l t s f o r
the same sample as each other.

3. Source Estimation of Lead Using Lead Isotope Ratios
3.1 Principle
In nature, there are 4 stable isotopes of lead,
isotopes except

204

204

Pb, 206 Pb, 207Pb and

208

Pb. Among these, three

Pb are the final products of natural radioactive decay chains of

235

U,

238

U and

Th. So, if uranium and thorium coexist with lead in a material, three isotopes of lead increase in
quantity with time, resulting in the change of lead isotope ratios such as
Pb/

206

Pb/ 204 Pb, 207 Pb/ 206 Pb,

Pb. The lead isotope ratios are changing with time in a material containing lead, uranium

and thorium at once. That is, lead isotope ratios of a certain lead ore are different from those of
others depending on the geological and geochemical histories of individual materials. This can be
said not only on ore samples, but also on other archaeological and environmental materials. Gumming and Richard studied the lead isotope ratios of earth materials, and proposed the theory of
growth curve of isotope ratios

(5)

. On the basis of their theory, geo-chronological information of

rock samples can be obtained by measuring lead isotope ratios. According to the theory of Gumming and Richard, materials having relatively low isotope ratios of 207Pb/206Pb and

20S

Pb/206Pb are

defined as "more radiogenic", whereas materials with relatively high isotope ratios are defined as
"less radiogenic".
So far, lead isotope ratios have been used for dating of ore and rock samples. However, lead that
we encounter in our environment has peculiar isotope ratios, and we can obtain some environmental or archaeological information by measuring lead isotope ratios. Mukai et al. characterized
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the sources of lead in the urban air of Asia using lead isotope ratios, and revealed that the exhaust
gas of automobile affects the urban airs of Bangkok and Jakarta seriously

. They also revealed

that the airs of Korean and Chinese cities have been affected from coal combustion power plants,
and the air of Japanese city has been affected from refuse incineration factories. Sturges and
Harrison investigated the cross-border air pollution between USA and Canada using lead isotope
ratios

. They measured the lead isotope ratios of gasoline in Canada and USA, and of materials

emitted from smelters in Canada.
2.20

As to archaeology, in Japan the measurement of lead isotope ratios has been applied
_Q

to estimate the producing center of an an-

/ Z )

2.15

cient bronze mirror. That is, an ancient
2.10

bronze mirror contains copper, tin and lead
as the major component. So it becomes pos-

2.05

sible to estimate the producing center of
mirror through measuring the lead isotope
0. 8

ratios. Mabuchi and Tominaga reviewed the
methodology and scientific base

(8)

. The

0. 82

0. 84
0. 86
207p b / 206 p b

0.

0.9

Fig.4 Lead isotope ratio range of the
ancient bronze mirror excavated
in Japan

bronze mirrors excavated from Japanese
ruins were produced mainly in China of
West Han dynasty, China of East Han dy-

A : Galene produced in Japan
B : Mirror produced in Chine of Eastern Han dynasty
C : Mirror produced in China of Western Han dynasty

nasty and Japan. Plotting the data on the
lead isotope ratio diagram, it would be estimated where the samples were produced (Fig.4).
3.2 Measurement Method of Lead Isotope Ratios

As the archaeological sample material, a few lOmg of rust was taken from an ancient bronze
mirror. As the sample for the environmental research, fifty mg of coal, lOOmg of bottom ash,
lOOmg of soil, 300mg of dried agricultural product and a filter accompanied with SPM were subjected to analysis, respectively. Each sample was taken into a Teflon vessel specially designed for
microwave decomposition (9), followed by addition of appropriate amount of deionized water and 3
to 4ml of nitric acid. In addition, a few ml of hydrofluoric acid, perchloric acid or hydrogen peroxide was added depending on the compositional situation of sample. The important point is to make
a blank sample, to which same kinds and same amounts of reagents are added as well as a true
sample. After addition of reagents, the tightly sealed Teflon vessel was placed in a microwave oven
for kitchen use and the sample material was heated intermittently(5min X 3times) at the power
corresponding to almost 50W/sample. After microwave decomposition, the sample was filtered
with the filter paper (ADVANTEC 5C). The filtrate was taken into a volumetric flask and was
adjusted to 25 or 50ml with deionized water. This solution was introduced into ICP/MS for
measurement of lead isotope ratios. In ICP/MS measurement, true and blank samples were
measured simultaneously, and the net ion-counts of individual isotopes were calculated by
subtracting the counts of blank sample from those of true sample. From the net counts of individual
-
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sample from those of true sample. From the net counts of individual isotopes,
208

Pb/

206

207

Pb/

206

Pb and

Pb ratios were calculated, and these data were normalized to SRM-PB-981 by measuring

the reference material simultaneously.
3.3 Application to the Archaeological and Environmental Studies in KEEA
3.3.1 Producing Center Estimation of Ancient Bronze Mirrors
In Japan there are many old tombs built in the ancient tomb age, and sometimes the ancient bronze
mirrors are excavated from these tombs. The archaeologists have the great interest in the producing center

Q_

of these, because it is much important for archaeological considering where the mirrors were produced.
The Maebaru City is located in the west of the Fui

kuoka City. In this city there are many ancient tombs

I

i

0.84

built in the ancient tomb age. Two ancient bronze
mirrors excavated from this city were subjected to the
analysis of lead isotope ratios (Fig.5). From the analytical results, the raw materials of two ancient mirrors
were considered to have originated either in China of

I

i

I

i

0. 85
0. 86
207pb/206pb

I

0.87

0.

Fig.5 Lead isotope ratios of the ancient
bronze mirrors excavated from the
Maebaru City, Fukuoka Prefecture
An error bar shows the la region.
O: mirror from Higashi-Hakata No. 1 mound tomb
# : mirror from Tateishi No. 1 mound tomb

Eastern Han dynasty, or the Korean peninsula.

3.3.2 Source Estimation of Environmental Pollution
Coal combustion power plants release pollutants, such as sulfur oxide (SOX), nitrogen oxide
(NO X ), suspended particulate matter (SPM) and gaseous materials, into the environment. Therefore,
it is necessary to monitor these pollutants in the surrounding environment of plant. In Japan, many
monitoring stations are arranged around a power plant to monitor SO X , NO X and SPM continuously,
and furthermore metal elements in air, soil and plants are measured periodically. However, many
artificial and natural sources of pollution, such as incineration factories and volcanoes, exist in the
surrounding

environment

of

power

plant. In this situation, it is very diffi2.20

less radiogenic

cult to estimate the influence of power
plant exactly using

2.15

Q

inform-ation only on concentrations of
2.10

pollutants.

OCoal
• Bottom ash

Lead is the useful and important in-

O
2.05

• SPM

dicator for the environmental monitor-

• Agricultural product

ing of coal combustion power plant,

more radiogenic

2.00
0.80

and fortunately has four stable isotopes.
Therefore, it enables us to do the envi-
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Fig.6 Lead isotope ratios of coal, bottom ash ,
soil, SPM and agricultural products

ronmental evaluation using isotope ra-

-

248

-

JAERI-Conf

2005-001

tios. So this technique was applied to evaluate the environmental impact of Reihoku coal combustion power station, located in the middle part of Kyushu Island. That is, the samples of coal, bottom
ash, soil, suspended particulate matter (SPM) and agricultural product were collected in the surrounding area of station, and were subjected to the analysis of lead isotope ratios

\ From the re-

sults shown in Fig.6, it was revealed that there is no environmental influence of the power station
as far as lead pollution is concerned.

4. Conclusions
At the present, many techniques and equipments, relevant to radiation and isotope, are essential
for the human life. These have contributed to the developments of industry, agriculture, medicine
and others since the end of 19th century. Especially the nuclear power became the main energy
source in the later half of 20th century, and is thought to be essential for the sustainable development of the mankind in future. In addition, the nuclear power generation is needed to some extent
to prevent the increase of carbon dioxide in the atmosphere.
Considering the fact above mentioned, people should have the correct knowledge about radiation,
radioactivity, isotope and nuclear. So it would become more important to educate people, especially
young people, in these fields. In the archaeological and environmental science, many techniques,
which are relevant to radiation, radioactivity and nuclear, have been used. From the viewpoint of
radiation education, it would be very effective to teach about these theories, methodologies and
results.
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4.7 Charms of Radiation Research
Mitio Inokuti

Argonne National Laboratory, Argonne, Illinois 60439, U. S. A.
e-mail: Inokuti@anl.gov

Abstract
Most of my professional efforts over nearly five decades have been devoted to radiation
research, that is, studies of the physical, chemical, and biological actions of high-energy
radiation on matter. (By the term "high-energy radiation" I mean here x rays, y rays,
neutrons, and charged particles of high enough energies to produce ionization in matter. I
exclude visible light, infrared waves, microwaves, and sound waves.) Charms of radiation
research lie in its interdisciplinary character; although my training was in basic physics, the
scope of my interest has gradually increased to cover many other areas, to my deep
satisfaction. High-energy radiation is an important component of the universe, and of our
environment. It often provides an effective avenue for characterizing matter and
understanding its behavior. Near Earth's surface this radiation is normally present in
exceptionally low quantity, and yet it plays a significant role in some atmospheric
phenomena such as auroras, and also in the evolution of life. The recent advent of various
devices for producing high-energy radiation has opened up the possibility of many
applications, including medical and industrial uses. I have worked on some aspects of
those uses. At every opportunity to address a broad audience I try to convey a sense of
intellectual fun, together with some of the elements of the basic science involved. A goal
of radiation education might be to make the word "radiation" as common and familiar as
words such as "fire" and "electricity" through increased usage.

© Work supported by the U. S. Department of Energy, Office of Nuclear Physics,
under Contract No. W-31-109-Eng-38.

-

250

-

JAERI-Conf

2005-001

1. Prologue
In August 1945, when World War II ended with the defeat of Japan, I was a sixth
grader of a Tokyo elementary school but was living safely in Nikko, a mountain resort 120
km north, owing to the "student evacuation" as a precaution against air raids. A few days
earlier the atomic bombs had been dropped at Hiroshima and Nagasaki, and shortly
thereafter a science teacher told us students about the science and technology related to
the atomic bomb. The lecture, shorter than an hour, made a profound impression and gave
me lasting stimulation; I wanted to learn much more about the topic. I am still studying a
part of this topic.
The first technical book I ever read through in English, in 1948, was the Smyth Report
[1]. It was the first official document published about the atomic bombs, and thus was
translated into many languages, and indeed was excellently written. In this book I first saw
the name of Argonne Laboratory, without a hunch that later I would work in the
successor laboratory for longer than forty years, until today.
My specific interest in radiation and its interactions with matter was aroused by the
Fukuryumaru (Lucky Dragon) incident, which occurred after the test of a thermonuclear
device (named Bravo) in 1954 at the Bikini Atoll. The crew of a Japanese fishing boat was
exposed to considerable radiation, and a member died shortly after returning to Japan. At
the same time I began to learn about the beneficial use of x rays in medical diagnosis and
therapy and was even more intrigued by this. Since then I have maintained a desire to learn
about radiation interactions with matter and to contribute something to the increase of
knowledge about them.
The charms of radiation science lie in its variety and diversity. High-energy radiation
and its actions on matter are related to studies of elementary particles, nuclei, atoms,
molecules, plasmas, and condensed matter, as well as accelerators, other radiation sources,
and related instrumentation, within the discipline of physics. Some aspects of high-energy
radiation belong to various branches of chemistry: physical, organic, inorganic, synthetic,
and analytical chemistry. Other aspects fit into biology, medicine, environmental sciences,
and some branches of engineering. Therefore, radiation science is a good area of study for
someone, like me, whose range of interest is broad. Radiation science is a potpourri of
different fields, and yet it represents an intellectual synthesis of encyclopedic knowledge.
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Some areas of science originated in physics and eventually settled as a branch of
engineering, as exemplified by mechanical engineering and electrical engineering. The
twenty-first century may see radiation engineering as a similarly established discipline.
Let me discuss some topics selected to illustrate various aspects of radiation science.
2. Effects of radiation on synthetic polymers
As a graduate student at the University of Tokyo I studied the topic in title. The
practical importance of this field does not seem to be as widely appreciated, as it should be
in my view. Let me discuss an example that shows the importance.
A commonly available sample of polyethylene consists of large molecules (technically
called polymers), each of which is a linear string and consists of many units (technically
called monomers) of chemical structure -CH2-. Irradiation of polyethylene with highenergy radiation such as x rays or y rays produces a new chemical bond between
neighboring molecules. A chemical bond thus produced is technically called a cross-link,
and the process of its formation cross-linking. The cross-linking process accounts for a
substantial fraction of the total energy absorbed from radiation, and in this sense it is a
main result of radiation action.
After sufficient exposure to radiation, enough cross-links are formed to connect
polyethylene molecules into a three-dimensional network (technically called a gel). Then,
the sample becomes extremely strong and resistant both mechanically and chemically. This
phenomenon led to many industrial applications. One application has to do with the
cooling of the engine of an automobile with water. Till the late 1960s I often witnessed the
loss of cooling water, leading to overheating of the engine and eventually to disabling of
the automobile. This occurred as a result of degradation of rubber tubes and pipes because
of oxidation, which is inevitable after repeated changes of temperature and in constant
contact with oxygen in air. Young people probably do not know this kind of automobile
failure, because it has been completely eliminated by the use of irradiated, cross-linked
polyethylene in the water-cooling system.
Interestingly this eminently practical application began in Japan, years after its scientific
basis had been discovered by Arthur Charlesby [2, 3] in the U. K. and by Malcolm Dole
[4] in the U. S., independently of each other. This history is similar to that of the transistor
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and its application to radios and other common devices, and it illustrates different kinds of
strengths of different countries.
Effects of radiation on polymers in general depend on the molecular species, their
configuration, and other characteristics, and therefore these effects offer a rich field of
research still to be pursued [5, 6]. Wishing to learn more about the topic, I became an
associate of Dole at Northwestern University in 1962, and thus began my life in the U. S.
Gradually my scientific interest went deeper and deeper.

3. Electronic excitation and ionization of molecules
Gases such as air, liquids such as water or gasoline, and solids such as synthetic
polymers or biological cells are made of molecules and therefore are technically called
molecular substances. Most of them are electrical insulators. The action of high-energy
radiation on these substances begins with disturbances of the motion of electrons, which
are the main agents of chemical binding between atoms and hence are crucial to molecular
structure. Most of the energy of radiation is expended in changing the motion of electrons,
because they are the lightest constituents of matter, indeed much lighter than atomic nuclei.
As a consequence, electrons may be raised to an orbit of higher energy but still be bound
in an atom or molecule; technically we call this event electronic excitation. Alternatively,
electrons may be pushed out of an atom or molecule and thus liberated to move far away;
technically we call this event ionization, because what remains behind will be a positive ion.
An ion is a charged atom or molecule. The radiation that causes ions to form is called
ionizing radiation.
As a novice in science I wanted to understand fully all the microscopic processes
sketched above, but I had no appreciation of the vastness and depth of the subject area. It
encompasses electronic structures of atoms, molecules, and their assembly into liquids and
solids, as well as collision phenomena. After nearly five decades I continue my study with
no prospect of an end.
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4. Two teachers I had in Chicago
I was fortune to become associated with two masters of physics and chemistry related
to radiation, U. Fano and R. L. Platzman. One of the benefits of studying any field of
science is to be acquainted with persons of high intellectual ability and devotion.
Fano came from Italy and was trained in Rome by Enrico Fermi, one of the greatest
physicists of the twentieth century. Fano contributed much to various areas of theoretical
physics [7, 8]. I learned from him the basics of radiation's interactions with matter, first
from his papers during my student days in Tokyo and later from numerous conversations
in Chicago. He taught me many things. However, I remain most impressed with his
statement to the following effect: "When we do something in an applied field like radiation
science, we must still maintain intellectual standards high enough to command respect by a
basic scientist." The truth of this idea has been becoming clearer and clearer to me, as I
see more and more of mediocre work in applied sciences.
Platzman was an American, trained first at Chicago by James Franck, one of the
greatest chemists of the twentieth century, and later in Copenhagen by Niels Bohr, and
grew to be a pioneer in theoretical radiation chemistry [9]. Platzman invented several
notions seminal to later developments. In 1963 he hired me as co-worker at Argonne. He
taught me much, including several ways to study electronic excitation of molecules,
including the use of synchrotron radiation, which is now realized in numerous institutions
throughout the world.
The best known of Platzman's accomplishments is the 1952 prediction of the hydrated
electron. In liquid water under irradiation, ionization occurs abundantly; in other words,
many electrons are liberated and move into the water medium, leaving positive ions behind.
To discuss what happens to these electrons, we need to recall a property of the water
molecule: the outermost electrons in the molecule tend to be closer to the oxygen atom
than to either of the two hydrogen atoms. Therefore, when seen from far out, the
molecule looks like a dipole, namely, a line segment with one end positively charged and
trie other end negatively charged. We express the strength of the dipole by the electric
dipole moment, defined as the product of the line length and the magnitude of the charge
at either end. Thus, we say that the water molecule has an electric dipole moment. Indeed,
many characteristics of water are attributable to the large dipole moment. Molecules in
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water at room temperature are moving around, are vibrating internally, and most
importantly, are rotating or changing the orientation of their dipoies, all as a consequence
of thermal motion. If several neighboring dipoies happen to be directed to a central region,
then, to an approaching electron, this region appears like a fixed positive charge. Thus, the
electron is drawn and might be attached to this region if it loses some of its excess energy.
Once the electron stays in the region for a while, then the arrangements of molecular
orientations and hence diploes become more favorable for trapping the electron. Platzman
called an electron thus trapped in water the hydrated electron and reasoned that it ought
to survive long enough to permit spectroscopic detection and also to act as a readily
identifiable species in chemical reactions.
In 1962, Hart and Boag [10, 11] observed the absorption spectrum of the hydrated
electron. Shortly thereafter I witnessed a conversation among Platzman, Boag, and Hart,
sharing the jubilation of the great discovery. Indeed, this discovery is perhaps the most
important contribution of radiation chemistry to chemistry in general. Similar states of
electrons occurring in many dielectric liquids, such as ammonia and alcohols, are called
solvated electrons. They act as a reducing species.

5. Effects of radiation on water
Chemical reactions initiated ionizing radiation are important subjects of study in two
respects. First, many nuclear reactors use water as coolant. Second, water is the major
constituent of the biological cell.
Pioneers in nuclear engineering such as Eugene Wigner were justifiably concerned
about the effects of radiation on materials they considered using in reactors. Water is
certainly one of such materials, because it is available at low cost, and it contains hydrogen
atoms, which are most efficient as a neutron moderator. One may naively imagine that
hydrogen molecules (H2) and oxygen molecules (O2) would be produced from water
(H2O) under irradiation, leading to the production of hydrogen and oxygen gases. If this
occurred, then gas bubbles would emerge from the water coolant in a running reactor and
give rise to high gas pressure in the reactor containment, posing a nasty engineering
problem, as well as a potential for explosion.
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Naturally, studies on chemical changes of water and other materials caused by radiation
began early in the Manhattan Project. These studies were soon established as a field of
research called radiation chemistry, and continue today. It was quickly found that only
small amounts of gas come out of water under irradiation. More strikingly, irradiated
water rebuilds itself almost completely after a period that is short but long enough to
permit numerous collisions between molecules. During this period, diverse chemical
reactions occur among hydrated electrons, hydroxyl radicals (OH), and other intermediate
species produced by irradiation. Full explanation of all this [12] is highly technical, but it is
noteworthy that common molecular substances are usually incapable of reforming
themselves after irradiation. For example, irradiation of oil or gasoline leads to very
appreciable production of hydrogen, methane, and other gases. As an exception, carbon
dioxide CO2 in gas or liquid is effective in reforming itself after irradiation, and is
radiation-resistant.
As for radiation effects on the biological cell, it is important to appreciate that water
dominates in the absorption of energy from radiation. Moreover, the atomic composition
(more importantly, the electron density) of proteins and other constituent molecules in a
cell differs only slightly from that of water; therefore, it is not a bad approximation to
consider pure water in place of a cell, as far as energy absorption is concerned. Thus, a
part of radiation effects on a cell must stem from energy absorption by water; in other
words, hydroxyl radicals and other chemical species are produced from water and react
with biomolecules, leading to some radiation effects. These are called indirect effects.
Alternatively, some of radiation effects are attributable to energy absorption by proteins,
histones, DNA, and other molecules in a cell. These are called direct effects. Most of
experts in radiation biology believe that no consideration based on either indirect or direct
effects alone can be complete; in other words, these two pathways are comparable in
importance. We will return to radiation biology in Section 8.

6. Radiation effects on metals
One of the charms of radiation research lies in the great differences in radiation effects
on different kinds of matter. Metals behave radically differently from molecular substances
such as water and polymers, for example, for reasons to be sketched below.
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Most of the electrons in a piece of metal are tightly bound to an atomic nucleus. These
electrons move around in the immediate vicinity of the nucleus (technically called inner
shells) and play little role in determining atomic structure and material properties. Only a
modest number of electrons moving far from any atomic nuclei are decisive for atomic
structure and material properties related to electricity, magnetism, and optics. These are
called conduction electrons because they cause electric conduction. Ionizing radiation
gives some energy to all of the electrons in matter, and roughly speaking similarly to each
of them. Most of the energy given to the electrons degrades rapidly into a large number of
quanta of atomic vibration (technically called phonons) and then to thermal energy,
without causing irreversible displacements of atoms from their normal positions in the
crystalline structure; thus, radiation heats the metal to some extent but causes little
changes in material properties.
To observe effects of radiation on metal, one must do something special. One way is to
cause a huge amount of x rays or y rays to be absorbed. Another way is to use protons, a
particles, or heavier ions of low speeds, comparable to the speeds of conduction electrons
or lower; such slow particles hardly excite electrons, but they give energy to atoms to set
them in motion, leading to an appreciable probability of irreversible displacements of
atoms and hence to appreciable changes in material properties. Finally, neutrons cause
atomic displacements directly, or indirectly through the generation of moving ions.
Consequently, considerations of radiation effects on reactor materials usually focus on
neutrons, heavy ions, and particles resulting from recoil of them [13].
In a personal conversation near the end of his life, I asked Charlesby, one of the
discoverers of the cross-linking of polyethylene I mentioned in Section 2, how he made the
discovery. His reply was in effect the following. Inl949, when he was new at Atomic
Energy Research Establishment at Harwell, his assignment was to study effects of
radiation on major materials used in nuclear reactors, especially, structurally important
metals. Earlier studies had shown that metals are not highly sensitive to radiation, but his
task was to determine the extent of radiation effects-quantitatively. For months he tried to
measure changes in properties such as electrical conductivity, heat conductivity, and
elastic modulus, but in vain. The changes resulting from a moderate period of irradiation in
a Harwell reactor were so minute that measuring devices conventional at that time gave no
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reliable results; thus, he felt that the task was both boring and frustrating. Then, on a walk
in the city of Oxford, near Harwell, an idea struck him; he saw cheap wristwatches on sale
at a store and bought many of them. The wristwatches then, unlike electronic ones today,
ran with the unwinding of steel springs. He wound all of the watches fully, set them at the
correct time, and put them in the Harwell reactor. He took them out successively after
fixed periods of time, and read the time; he found changes of the time readings,
appreciable enough to be observed at good precision and also closely proportional to the
period of irradiation. He was able to convert the observed results to changes in elastic
modulus and other mechanical properties of steel, and he managed to write a report. This
anecdote shows his mastery of experimental physics in perceiving a huge enhancement of
the sensitivity of measurements by the use of wristwatches.
This experience drove Charlesby to look for a material that would show effects of
radiation more easily. Having irradiated many kinds of materials at hand, he was fortunate
to hit upon polyethylene, that is, a novel material at that time.

7. Measurement of radiation
In telling the story of wristwatch irradiation by Charlesby (Section 6), I mentioned an
effect (changes of the time reading) occurring in proportion to the time of irradiation. Let
us consider this point at some depth. For simplicity, let us assume that the power of a
reactor stays the same. This means that the energy produced per unit time interval is
constant, as is the number of nuclear-fission processes per unit time interval and also the
number of secondary charged particles produced per unit time interval. We are tempted to
say that a wristwatch in the reactor receives a constant "amount of radiation" per unit time
interval. What does the "amount of radiation" mean? The wristwatch in the reactor is
bombarded by particles of different kinds and different kinetic energies. We may choose to
observe some quantity as an indicator of radiation action on matter. Which quantity is the
most suitable? Pioneers of radiation science a century ago stumbled over this problem.
We now use as an index the energy of radiation absorbed by matter of unit mass, called
absorbed dose. The unit of this quantity is the gray or joule/kilogram. With abbreviations,
we write 1 Gy = 1 J/kg. We apply the idea of absorbed dose to any kind of radiation and
to any kind of matter. This notion certainly reflects some empirical knowledge. According

-

258

-

JAERI-Conf

2005-001

to measurements, cross-links in polyethylene, atomic displacements in a metal, charge
carriers in a semiconductor, and ions in a gas are all produced in numbers closely
proportional to the absorbed dose, under certain conditions. It is not simple to describe the
conditions completely, but they always include an upper limit for the absorbed dose and
hence for the number of product species. Typically, the number of product species departs
from the proportionality to the absorbed dose when the latter is very high.
Can we derive from theory the proportionality of the number of product species to the
absorbed dose? I have tried to solve this question. However, my answer is not very simple,
and it certainly is too technical to explain here [14]. All I can say here is that the
proportionality is only approximate and is subject to several rather restrictive assumptions
about microscopic processes involved. Consequently, we see that the use of the absorbed
dose is not unequivocally dictated by science but is in essence a stipulation adopted for
convenience.
Despite the above qualification, experimental and theoretical studies on the absorption
of radiation energy by matter form a branch of radiation science called dosimetry, which is
important in many practical contexts in medicine, industry, and law, and therefore is
pursued by many workers. Current studies in dosimetry concern ever more kinds of
available radiation and also quantities far more detailed than the absorbed dose [14].
The goal of the International Commission on Radiation Units and Measurements
(ICRU) is to provide, starting with the absorbed dose, international standards concerning
quantities related to radiation, techniques for their measurement and calculation, data
necessary for such tasks, reporting of results, and applications to medicine, industry, and
research in other fields. The ICRU was formed in 1925 to address needs of medical
radiologists. I have been a member since 1985. The main job of the ICRU is to select from
the broad topical area of radiation measurements a timely theme suitable for a report, to
find standards of knowledge and judgment reflecting an international consensus, and to
publish a report describing the standards. For this purpose, scientists best qualified to
prepare a manuscript are appointed to form a report committee. After work for several
years, the report committee submits a manuscript to the Commission. Most often the
manuscript is revised after the Commission's deliberations and is eventually adopted for
issue as a report. So far 71 reports have been produced and made available to the public.
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Since 2001 I have been serving as the Scientific Editor, and have worked on the final
stages for Report Nos. 65-71. For a full account of the ICRU activities, I recommend the
web site at www.icru.org. which includes an electronic journal entitled ICRU News.

8. Biological effects of radiation
Following up Section 5,1 now briefly discuss biology. The cell of soft tissue consists of
many kinds of molecules and has a hierarchical structure of many levels. According to
most experts, biological effects stem from changes in molecular bonds and structure in
DNA (deoxyribonucleic acid) in the cell nucleus, leading to perturbations of normal
functions. Biological effects include the cell death, mutation or transformation of genes,
and malfunctions or diseases of organs. Carcinogenesis, the most notable of the effects, is
attributable to a failure of healthy cell replication and programmed cell death (technically
called apoptosis). However, the cell contains many components other than DNA such as
histones, other proteins, and molecules forming cell membranes. Radiation must cause a
great deal of physical and chemical change in those components; consequences of these
changes remain little studied, as far as I know.
In contrast, radiation-induced changes in DNA have been studied extensively.
Molecules of DNA in a cell are present as the well-known double-helix structure, which is
different from many synthetic polymers. Thus, scientists working on this topic distinguish
between single-strand breaks and double-strand breaks and tell us that the latter kind of
breaks should lead to more severe consequences than the former kind. It has been also
well established that a majority of the breaks or damages of DNA are detected by enzymes
and immunity agents and are repaired; no similar provision is present in inanimate matter.
Another remarkable aspect is that the amount of a biological effect is usually not
proportional to the absorbed dose, even when the absorbed dose is small. Often the
amount of an effect appears to consist of two parts, one of which is proportional to the
absorbed dose and the other to the square of the absorbed dose. What does this mean?
First, one reason for the departure of the amount of some effect from proportionality is
physical and is related to the no n-uniformity of energy absorption over a scale (about a
micrometer or less) that happens to be comparable to the scale of microscopic structures
of constituents of the cell. Second, a biological effect we observe is often not a response
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of a single molecule or even a single cell, but is a coordinated response of a system of cells,
as has recently been recognized increasingly clearly [15].
Even the first (that is, physical) reason alone points to notable consequences. One is
that the amount of an effect for a given absorbed dose depends on kinds and kinetic
energies of particles of radiation, because we know from physics that the spatial
distribution of energy absorption in matter is different for different kinds and kinetic
energies of particles. Another consequence is that the relation between the absorbed dose
and its effect depends on how the intensity of radiation varies with time.
To kill half of the cells in a specific culture might require an absorbed dose of 2.0 Gy
when we use x rays, but only 0.8 Gy when we use neutrons. It is customary to consider x
rays as standard and to express the above finding by saying that the relative biological
effectiveness for neutrons is 2.0/0.8 = 2.5.
In medicine and legal regulations, one uses operational quantities called dose equivalent
or equivalent dose, that is, the product of the absorbed dose and a modifying factor. The
value of this dimensionless modifying factor is determined through analysis of data starting
with the relative biological effectiveness and the kind and kinetic energy of every particle
making up the radiation under consideration. The unit for the operational quantities can be
J/kg, but a special name sievert (abbreviated as Sv) is recommended to emphasize the
distinction from gray. The limit of exposure of a person of the general population isl mSv
/y. The limit of exposure of a radiation worker is 20 mSv/y, on the average, over five
years.
Examples of some larger values are as follows. A member of a crew on an international
space station normally receives about 1 mSv/d, chiefly due to energetic protons from the
Sun and cosmic rays. A large explosion on the surface of the Sun, called a solar flare,
increases the exposure by nearly a factor of 10. A standard goal for killing cancer cells in
therapy is 60 Sv. Exposure of 100 Sv over the whole body is fatal. (Note that thermal
energy of 100 J/kg delivered to a human body will raise the temperature by 0.024 °C
only.)
It is important to set standards for exposures of humans and the environment.
Considerations necessary for this purpose, called radiation protection, extend far beyond
natural science and include elements of economics, law, and decision-making strategy.
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One issue often discussed in this connection is whether the risk of an adverse effect
increases in proportion to the absorbed dose when it is very small or whether it is
negligible up to some value (called a threshold) of the absorbed dose. Questions of this
kind are difficult to answer when considered from the point of view of pure science;
indeed, they are not precise enough to permit a clear-cut scientific answer. An answer to a
question of this kind cannot be inconsistent with the scientific knowledge within its current
limitations, but usually involves a decision or a policy related to the management in a
broad sense.
The International Commission on Radiological Protection (ICRP) is responsible for
issuing recommendations related to radiation protection. The ICRP and the ICRU
maintain cooperative relations; often the ICRP raises issues to be considered, and the
ICRU provides a scientific basis for considerations necessary to resolve the issues.

9. Role of physics in radiation research and applications
The greatest contribution to human well-being among applications of radiation is
medical diagnosis by x rays. Initiated by Rontgen over a century ago, x-ray medical
imaging has now developed into the computerized tomography (CT), which represents a
feat in imaging technology. It is often said that the CT machine has saved more human
lives than any other machine. The imaging technology with ionizing radiation or with other
agents (such as ultrasonic or low-frequency electromagnetic waves) has many applications
also in materials science, mechanical and structural engineering, geosciences, astronomy,
and military technology.
In connection with diagnosis, I like to point out a wonderful advance I witnessed. The
largest contributor to the total exposure of the general public in the 1960s was x rays used
for medical diagnosis. Now the largest contributor is natural radioactivity. An appreciable
reduction in human exposure was achieved by improvements in machines and detectors
such as photographic films.
A reason for the success of the imaging by radiation is that this technology is based on
firm knowledge of largely established physics. To clarify the foregoing statement and to
show the role of physics, let me present a general observation. I find it appropriate to
separate radiation-physics problems into two classes. Problems of Class I concern the fate
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of radiation after interaction with matter. Problems of Class II concern the fate of matter
after interaction with radiation. A typical problem of Class I is the degree of attenuation of
high-energy photons (that is, x rays or y rays) penetrating matter and its dependence on
the particular kind of matter. Unless the photon energy is extremely low or high, and
unless the atomic number of the matter is very high, we have reliable answers to this
problem from theory and experiment, which serve as a basis for the imaging technology.
Problems of Class I are easy to study experimentally, because one needs merely to analyze
radiation after transmission through matter. Indeed, most of the problems of Class I have
been solved in principle, apart from exceptional cases. (An example is when numerical
results of extremely high precision are required. Another is when matter is highly
inhomogeneous.)
Any problem of Class II is difficult to study, because a complete solution would require
in principle analysis of all the major product species present in irradiated matter.
Techniques available to us now do not meet this requirement. In other words, any
irradiated matter represents a new material in the sense that we do not know all the
component species, and a complete solution would mean full characterization of all these
species. In addition, any irradiated matter is not in thermal equilibrium, and therefore its
properties should be varying with time. Consequently, no complete solution of a Class II
problem has been obtained.
I have personally devoted several years to a simple-looking problem: to characterize
theoretically all the major pathways by which radiation energy is absorbed by pure
hydrogen gas and to evaluate the probability of each pathway. The solution I obtained
with the help of several co-workers turned out to be useful for some astronomers, because
pure hydrogen gas serves as a basis for some considerations about cool regions of
interstellar clouds and about the atmosphere of Jupiter.
Another Class II problem is old, well known, and much more complicated. This is to
ask in effect what happens in a Geiger counter. It contains a gas and a pair of electrodes,
and the passage of an ionizing particle causes a minute discharge that is amplified into a
current that is measurable externally. According to empirical work, it is good to use a gas
mainly made of argon, with a small amount of an alcohol, an ether, or a halogencontaining molecule. I cannot explain why and how this gas composition is optimal.
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Finally, I wish to add an observation about the role of physics in radiation research. It is
clear from an analysis [14] that contributions of physics have been substantial and decisive
in the development of instrumentation in a broad sense, including radiation sources,
dosimetry, and methods for detecting and analyzing some particular kinds of product
species. However, contributions of physics to the elucidation of mechanisms of radiation
action on matter remain limited and tentative. This trend is likely to continue.

10. Epilogue
I hope that the foregoing discussion conveys a sense of the research I have been
participating in. Limitations of my ability and allotted space prevented me from treating a
broader range of related topics. Some of them concern radiation and radioactivity as
ubiquitous components of the environment and of the universe, as excellently surveyed by
Draganic, Draganic, and Adloff [16]. Other topics are related to nuclear power and
nuclear weapons. A recent book by Garwin and Charpak [17] presents a masterly survey
of the topics.
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Abstract
Skin cancer is increasing faster than any other form of cancer in the USA. There is a
general lack of knowledge regarding the consequences of over-exposure to UV
radiation. Thirty-percent of those living below latitude 37 degrees, will develop skin
cancer during their lives. Peer pressure to be tan causes increasing numbers of young
people to play solar roulette. This is just one of many topics that must be addressed in
science programs. To set the stage for understanding the significance of this problem,
the paper first discusses the current status of radiation education and nuclear energy
education in the USA as well as specific radiation misconceptions held by both students
and their teachers. The paper then describes; how cultural norms are increasing the risks,
the science behind skin cancer, unavoidable and avoidable risk factors, and the factors
that are increasing the incidence of skin cancer including the thinning of the ozone layer.
The paper then reviews the current educational materials being developed and used to
inform and influence our youth to the risks of sun exposure and the philosophy behind
many of these endeavors. The paper concludes that the future is bright, if educational
leaders recognize the opportunity to employ problem based learning experiences and
address the National Science Education Standards by utilizing critical thinking skill
development through such teaching approaches as the jurisprudential model and real
world experiences. Radiation education is presented as a topic rich with personal and
society issues and not just a scientific set of facts for our students to learn. The paper
concludes with a case of tanning as a context for learning and a backdrop for teaching
important educational concepts.

A vision of radiation education from tie American perspective
Current status of radiation education and unclear energy education in the USA
To create a more scientifically literate society, the National Science Education
Standards were developed and adopted in 1996 (NRC, 1996a). These standards not only
provided a description of what students should know about the major science fields,
including the concepts of radiation and nuclear energy, they also defined for the first
time the need for other components of science required of a scientific person, including
an understanding of: 1. Unifying concepts and processes, 2. Science as inquiry, 3. An
understanding of the history and nature of science, 4. Science and technology, and 5.
Science in personal and' social perspectives. In addition, these science education
components were further broken down into three age appropriate levels, thus creating
for the first time an image of what content is appropriate for different cognitive levels.
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Table One provides an overview of what science content, for the three broad areas of
science (physical science, life science, and earth and space science) should be taught.
Table One: Physical Science Standards
Grade Levels K-4
Grade Levels 5 - 8
Grade Level 9-12
Properties of objects and
Properties and changes of Structure of atoms
materials
properties in matter
Structure and properties of
Position and motion of
Motions and forces
matter
objects
Transfer of energy
Chemical reactions
Light, heat, electricity, and
magnetism
Motions and forces
Conservation of energy and
increase in disorder
Interactions of energy and
matter
Notice how concepts are revisited from the early grades through high school, with
greater specificity as the expectations of student's cognitive development increase. Thus
the national standards provide increased emphasis on abstract and conceptual
understandings as student's progress from kindergarten to grade 12.
While radiation and nuclear energy are not specifically mentioned in these broad
concept headings of Table One, certainly the bolded statements provide opportunities to
explore these topics. It is also important to note the lack of emphasis at the lower grade
levels. Radiation and Nuclear energy are very abstract concepts and should not be
taught at points in a child's development when such teachings could result in more
conceptual misunderstandings then accurate foundational development.
But the greatest contribution of the National Science Standards was not the defining of
the three traditional science content areas of life, physical, and earth and space science,
but the expansion of what the science content must include. These newly defined
content themes embrace five additional areas of emphasis: (1) Unifying concepts and
processes, (2) Science as inquiry, (3) An understanding of the history and nature of
science, (4) Science and technology, and (5) Science in personal and social perspectives.
It is these five content areas that give radiation and nuclear energy topics their greatest
opportunities for teaching. Tables Two through Four offer insights into how all eight
areas are to be addressed in science curriculum, as a student moves from early schooling
to high school graduation.
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Table Two: Grades K-4 Content Standards
Life Science
Science as Inquiry Physical Science

Systems, order &
organization

Abilities necessary to
do scientific inquiry

Properties of objects &
materials

Characteristics of
organisms

Evidence, models, &
explanation

Understandings about
scientific inquiry

Position and motion of
objects

Life cycles of
organisms

Light, heat, electricity,
& magnetism

Organisms &
environments

Change, constancy, &
measurement
Evolution &
equilibrium
Form and function

Earth & Space
Science

Science &
Technology

Science in
Personal & Social
Perspectives

History & Nature
of Science

Properties of earth
materials

Abilities of
technological design

Personal health

Science as a human
endeavor

Objects in the sky

Understandings about
science and technology

Changes in earth and
sky

Characteristics &
changes in populations
Types of resources

Abilities to distinguish
between natural objects
and objects made by
humans

Changes in
environments
Science and technology
in local challenges

Unifying Concepts

Table Three: Grades 5 - 8 Content Standards
Life Science
Science as Inquiry Physical Science

Systems, order, &
organization

Abilities necessary to
do scientific inquiry

Properties and changes
of properties in matter

Structure and function
in living systems

Evidence, models, &
explanation

Understandings about
scientific inquiry

Motion and forces

Reproduction &
heredity

Transfer of energy
Changes, constancy, &
measurement

Regulation & behavior
Populations &
Ecosystems

Evolution &
equilibrium

Diversity and
adaptations of
organisms

Form and function

Earth & Space
Science

Science &
Technology

Science in
Personal & Social
Perspectives

History & Nature
of Science

Structure of the earth
system

Abilities to
technological design

Personal health

Science as a human
endeavor

Earth's history

Understandings about
science & technology

-

Populations, resources,
& environments
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Natural hazards

Earth in the solar
system

History of science

Risks & benefits
Science & technology
in society

Unifying Concepts

Table Four: Grades 9 - 12 Content Standards
Life Science
Science as Inquiry Physical Science

Systems, order, &
organization

Abilities necessary to
do scientific inquiry

Evidence, models, &
explanation

Understandings about
scientific inquiry

Structure of atoms

The cell

Structure & properties
of matter

Molecular basis of
heredity

Chemical reactions

Biological evolution

Changes, constancy, &
measurement

Motions & forces

Interdependence of
organisms

Evolution &
equilibrium

Conservation of energy
& increase in disorder

Form and function

Interactions of energy &
matter

Matter, energy, and
organization in living
systems
Behavior of organisms

Earth & Space
Science

Science &
Technology

Science in
Personal & Social
Perspectives

History & Nature
of Science

Energy in the earth
system

Abilities to
technological design

Personal & community
health

Science as a human
endeavor

Geochemical cycles

Understandings about
science & technology

Populations growth

Nature of the science

Natural resources

Historical perspectives

Origin & evolution of
the earth system

Environmental quality
Origin & evolution of
the universe

Natural and humaninduced hazards
Science & technology
in local, national, &
global challenges

Unifying Concepts and Processes
If any one of the eight content standards could be considered more important than the
others, I believe it would be unifying concepts and processes. There is an expectation
that this first standard be a part of every other component taught in a K-12 science
classroom. Therefore, it is important to understand this standard and it's implications.
The tables two through four provide an insight into the unifying concepts to be
addressed at various grade levels, but the processes of science are unfortunately
assumed. The following list of process skills is required to be present throughout the
student's science training and these skills are to be addressed at progressively higher
cognitive levels, as they moves through their schooling.
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Basic Science Process Skills: an overview
Observing - using the senses to gather information about an object or event. Example:
Describing the color of an apple.
Inferring - making an "educated guess" about an object or event based on previously
gathered data or information. Example: Saying that a person is having trouble writing a
paper because his waste paper basket is full of wadded up paper.
Measuring - using both standard and nonstandard measures or estimates to describe the
dimensions of an object or event. Example: Using a stop watch to measure how many
seconds it takes as object to fall two meters.
Communicating - using words or graphic symbols to describe an action, object or event.
Example: Describing the change in daily average temperature for your city during the
course of a year in writing or through a graph.
Classifying - grouping or ordering objects or events into categories based on properties
or criteria. Example: Placing all shoes having shoe-laces into one group.
Predicting - stating the outcome of a future event based on a pattern of evidence.
Example: Predicting how long in seconds it will take an object to fall three meters,
based on data from one and two meter readings.
Integrated Science Process Skills
Controlling variables - being able to identify variables that can affect an experimental
outcome, keeping most constant while manipulating only the independent variable.
Example: Shooting a water rocket with various amounts of water in a two-liter bottle
while maintaining the same angle of launch, the same launch pressure and by using the
same rocket as controls.
Defining operationally - stating how to measure a variable in an experiment. Example:
Stating that the water added to the rocket will be measured in milliliters.
Formulating hypotheses - stating the expected outcome of an experiment. Example:
Hypothesizing that the more water added to the rocket, the greater the launch height.
Interpreting data - organizing data and drawing conclusions from it. Example:
Recording data from the experiment on rocket height verse amount of water and
predicting an amount of water that would result in the highest launch height.
Experimenting - being able to conduct an experiment, including asking an appropriate
question, stating a hypothesis, identifying and controlling variables, operationally
defining those variables, designing a "fair" experiment, conducting the experiment, and
interpreting the results of the experiment. Example: The entire process of conducting
the water rocket experiment.
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Formulating models - creating a mental or physical model of a process or event.
Examples: The model of the amount of water verse air in a 2-liter water rocket and how
these changes affect launch height.
Both basic and integrated process skills are crucial to the understanding of science and
the rules that must be followed by scientists. These skills must be present as we develop
radiation education lessons, or as we address any other science concept.
Opportunities to employ problem based learning and critical thinking skill
development
As previously stated, the implementation of the national standards created a new
emphasis that went well beyond the traditional view of K-12 science education. The
new focus called for teachers to address, inquiry, science related issues, science as a
world-view, and to put science topics into an historical context.
It is these arenas that provide the greatest opportunities to expand our future generations
understanding of radiation education and nuclear energy. For without these tools, these
topics are just another body of knowledge to be memorized and regurgitated back on
some exam. But by using the five additional National Standards themes, these topics
can come alive with personal insights and life long connections.
As Robert Delisle, 1997, stated, "Education involves either problem solving or
preparation for problem solving... When teachers and schools skip the problemformulating stage handing facts and procedures to students without giving them a
chance to develop their own questions and investigate by themselves students may
memorize material but will not fully understand or be able to use it. Problem-based
learning (PBL) provides a structure for discovery that helps students internalize learning
and leads to greater comprehension."
Maybe the most exciting current development in science education is the renewed and
expanded focus on personalizing education. There are several pedagogical tools
described in the literature, but they all have the same basic central theme, "making
science relevant to each and every student". So please recognize the similarities when
confronted with such movements as: problem-based learning, project-based learning,
constructivist approaches, science-technology-society (STS), student-centered learning,
inquiry-based learning, process-based learning, critical thinking development, brainbased learning, experiential education and so many others. Each of these educational
movements recognizes that learning requires that students make connections to their
lived lives. Not connections to YOUR life as the teacher, but to THEIR lives. It is this
challenge that teachers face each and every day. And it is this understanding that can
provide opportunities to teach all of science in a more exciting and relevant manner.
As this radiation education conference takes place, a draft possession statement by the
National Science Teachers Association (NSTA, 2004) reinforces these ideas.
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Regarding the use of scientific inquiry as a teaching approach, NSTA recommends
that science teachers
*
Plan an inquiry-based science program for their students by developing both
short- and long-term goals that incorporate appropriate content knowledge.
*
Implement approaches to teaching science that begin with explorations and use
those experiences to raise and answer questions about the natural world. The learning
cycle approach is one of many effective strategies for bringing explorations and
questioning into the classroom.
*
Guide and facilitate learning using inquiry by selecting teaching strategies that
nurture and assess student's developing understandings and abilities.
*
Design and manage learning environments that provide students with the time,
space, and resources needed for learning science through inquiry.
*
Receive adequate administrative support for the pursuit of science as inquiry in
the classroom. Support can take the form of professional development on how to teach
scientific inquiry, content, and the nature of science; the allocation of time to do
scientific inquiry effectively; and the availability of necessary materials and equipment.
*
Experience science as inquiry as a part of their teacher preparation program.
Preparation should include learning how to develop questioning strategies, writing
lesson plans that promote abilities and understanding of scientific inquiry, and analyzing
instructional materials to determine whether they promote scientific inquiry.
Regarding students' abilities to do scientific inquiry, NSTA recommends that
teachers help students
*
Learn how to identify and ask appropriate questions that can be answered
through scientific investigations.
*
Design and conduct investigations to collect the evidence needed to answer a
variety of questions.
*
Become aware that there is no fixed method of approaching science inquiry, and
that students can be creative in designing and conducting investigations and in
analyzing data.
*
Use appropriate equipment and tools to interpret and analyze data.
*
Learn how to draw conclusions and think critically and logically to create
explanations based on their evidence.
*
Communicate and defend their results to their peers and others.
Regarding students' understanding about scientific inquiry9 NSTA recommends
that teachers help students understand
*
That science involves asking questions about the world and then developing
scientific investigations to answer their questions.
*
That there is no fixed sequence of steps that all scientific investigations follow.
Different kinds of questions suggest different kinds of scientific investigations.
*
That scientific inquiry is central to the learning of science and reflects how
science is done.
*
The importance of gathering empirical data using appropriate tools and
instruments.
*
That the evidence they collect can change their perceptions about the world and
increase their scientific knowledge.
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*
The importance of being skeptical when they assess their own work and the
work of others.
*
That the scientific community, in the end, seeks explanations that are
empirically based and logically consistent.
Making the Transition
But how do teachers and their students move from the paradigm of
"teacher as teller" to "teacher as facilitator"? What does our classroom activities look
like when students become vested in their own learning?
Several years ago I posed this question to a group of teachers in Anchorage, Alaska.
After spending considerable time examining the literature, they developed the following
model for inquiry-based learning. They titled the model "an evolutionary process",
because they recognized that neither the teacher nor the students could move from the
traditional roles to student-centered learning, without an evolutionary progression over
time. I would like to share this evolving model in hopes that you might also help
teachers see the connections to their present practice and in doing so, establish personal
goals to move the teaching of science along what you will soon see as an inquiry
teaching continuum.
Table 5: Inquiry as an Evolutionary Process

Traditional
Structured
Hands-on

Student
Research
Teacher/
Student

Guided j Student Directed

Topic

Teacher

Teacher

Teacher

Teacher

Question

Teacher

Teacher

Teacher
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Materials
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Teacher

Teacher

JToeher^J
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Student

Teacher

Teacher

Teacher/
Student

Student

Student

Teacher/
o, j *
Student
Student

1 «. , ,
I Student
[_
[_ Student

Student

Student

Student

L Student

Teacher
Teacher

|

It is important to know where we have been before we can clearly see a path to the next
level of understanding. Therefore, let us examine a vision of each classroom teacher and
student roles as we attempt to move from a traditional teacher-centered classroom
toward a student directed environment.

Traditional Hands-on Science Experiences
We are all familiar with these "cookbook" experiences where the teacher directs the
decision-making from topic to conclusion. In other words, when an activity or
laboratory is included in the curriculum, the teacher decides the topic, the questions to
be addressed, the materials that can be used, as well as the experiment's design,
expected results, and the correct conclusion. We also know that for some teachers this
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step would be a major improvement over their 45-minute daily lecture, where students
are not only not physically engaged, but probably not mentally attentive either. So
traditional hands-on science is not bad science, it simply is not inquiry science.
Structured Science Experiences
During a structured laboratory experience, students are required to reach their own
conclusions based on supportive evidence. On the inquiry continuum providing a
structured experience is a major step for both the teacher and their students. I mention
students, because we must not forget that our students must go through the same basic
developmental process as teachers. The number one failure of educational reform has
been the expectation that teachers and students will move from some present practice to
some ideal, without moving slowly through several intermediate steps or phases. For
many teachers and students, moving to a structured science experience will take
considerable time and effort.
Guided Inquiry
Guided inquiry still has the teacher selecting the topic, the question, and providing the
material, but students are required to design the investigation, analyze the results, and
reach supportable conclusions. A recent teacher workshop suggested that both the
teacher and the student be listed under the procedures and design section. They pointed
out that many times we must fluctuate between teacher and student directed at these
interface components. It is this level of involvement that is being suggested by the
National Science standards. This does not suggest that every science experience must be
at the guided level, but that each student must at some point have the opportunity to
experience science as a process and not a set of facts.
Student Directed Inquiry
At this point the student is responsible for everything beyond the general topic and
guidance with question development. The National Standards, which came out in 1996,
do not specifically specify the level of inquiry requested or the roles of students or
teachers. Personal experience with the Standard since 1996 has demonstrated just how
difficult this evolutionary process is and how difficult it is to move students to selfdirected learning. With the present climate in USA education, I believe that at most,
25% of our students should or could meet this level of inquiry.
Student Research
This is the inquiry ultimate goal. At this point the student simply needs support and
guidance from the teacher. I do not believe that this is a goal to be met by all or even
most of our students, but our teachers must understand how to help students who have
both the interest, drive and ability to pursue true research. I must add that unless we
alter our teacher preparation programs to include these kinds of experiences, we can
never expect our future teachers to have the necessary skills to direct their students to
become engaged in research.
Table 6 provides a model of what changes take place as well as move from one end of
the educational spectrum to the other. Each of the changes stated represent huge
paradigm shifts for the USA educational system.
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Table 6: Inquiry Evolution: a Means to an End
Traditional Hands-on

Guided Student Directed

Structured

Teacher Controlled
Exogenous >
Focus on Teaching

Controlled
> Cognitive Development >
>

Student
Research
> Student

> Endogenous
> Focus on Learning

This process of moving from traditional to at least guided inquiry creates several very
exciting end results. It alters the role of the teacher, the intellectual development of the
students and even the classroom-learning climate. The graph above shows how we can
use inquiry to move toward more student centered classrooms and create a classroom
where the focus is clearly on learning and not on the teacher teaching.
The cognitive growth may need a brief clarification. An exogenous cognitive change is
externally driven, in this case by the teacher, and is measured by how well a student can
reproduce what they have been told. An endogenous change, on the other hand, results
in the internal reconstruction of new information and is measured by creativity and ones
problem solving ability in new situations. All of these changes clearly align with many
other aspects of our current educational reform efforts.
In many ways the last continuum shift may be the hardest of all. As educators we have
spent a life time thinking about "what to teach" and "how to teach". We simply
assumed that the outcome would be student learning. But how would we function as
teachers if every pedagogical decision we made was dominated by a focus on student
learning? Putting the student first is so alien to most teachers, that this shift alone may
be the biggest stumbling block to educational reform.

One example of how these current educational understandings are being employed can
be seen in the Uranium and Radiation Education Outreach project that uses the
following format for PBL curriculum development.
Problem-Based Learning Structure
This PBL format, described below, models the desired structure for addressing science
related issues in the educators' classrooms.
1.
Connection: The teacher, or a guest speaker, will present an introduction to the
issues, to provide a personal connection to establish the importance of the problem(s) in
the students' daily lives.
2.
Ideas: By asking a series of questions, the teacher will lead discussion during
which questions for investigation are formulated and plans of action are suggested.
3.
Facts: Working as a group, students then supply all the facts that they know
about the issues. The teacher will be careful to distinguish between facts and opinions.
4.
Learning Issues: The group establishes questions that need additional research,
elaboration, or definition. Some of this research may take the format of learning or lab
activities, in addition to more traditional research techniques.
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5.
Action Plan: The group then makes plans for how it will find the information
needed. Included in this plan is a list of resources that may assist in the investigations.
6.
Revisiting the Problem: Once the independent work is completed, participants
reassemble to report on their work.
7.
Product or Performance: Each problem concludes with a product or performance
by the group, or by subsets of the group. These may include plans for further action.
8.
Evaluation: The participants evaluate their own performance, their group's
performance, and the quality of the problem itself.
model and real world experiences
When confronted with a science concept that has built-in opposing view-points,
such as the development and use of nuclear energy, the Jurisprudential Inquiry Model
(JIM) is perfect for the task (Bonnstetter & Pederson 1994). The JIM is designed to
help students think systematically about a contemporary issue, to create an atmosphere
of personal involvement and to allow different learning styles to emerge through roleplaying. The only caution is to remember that JIM is only a tool, a means to an end,
not the primary focus or purpose of the lesson. Many times students, teachers and
parents need to be reminded what the goal of the lesson is. In the case of nuclear
education, the lesson focus might be pros and cons of nuclear reactors for generating
electricity. The process used to engage students could be JIM.
The jurisprudential Inquiry model suggested here has six phases*
Phase I: Orientation to the Issue
Phase II: Identifying and Defining the Issue
Phase III: Synthesizing the Research Information into Arguments
Phase IV: The Public Meeting
Phase V: Clarification and Consensus
Phase VI: Application
Each of these phases is described in detail by downloading the pdf article found at:
http://nerds.unl.edu/pjyjgs/preser/sec/articles/iuris.pdf
Radiation misconceptions held by both students and their teachers
It is a common misconception that exposure to radiation of any kind is a possible cause
of cancer. The resulting fear factor that comes from this belief is in itself the major
misconception concern. What is needed is greater understanding of both radiation and
related risks.
While it is true in cases of populations exposed to high levels of ionizing radiation, such
as the Japanese atomic bomb survivors; it actually depends on the amount of radiation
exposure. A search of the literature yields numerous examples of opposing views and
contradictions concerning exposure to radiation. In other words, education is the
missing link to many of the issues central to radiation. Let us examine one topic that
could be used in an educational setting to help students both better understand radiation
and a related personal issue. By applying the Jurisprudential Model, one can see how
students could find information on both sides of several related issues, including the use
of sun tanning booths, the cultural norms associating a tanned body and health, the
reduction of the earth's ozone layer, and cancer increases.
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Case Study: Effects of UV Radiation on YOH
UV radiation was chosen as a teachable example for a number of reasons. First of all,
the risks from UV can be greatly reduced by education and personal action. Secondly,
80% of damaging sun exposure occurs during the first 18 years of a young persons life
Ahearn, M. (2002). Therefore, it is crucial that our youth understand both the science
and the personal risks associated with UV radiation.
Skin cancer is the most common form of cancer in the United States. In addition, it is
increasing faster than any other form of cancer. One in five Americans will develop skin
cancer during their lifetime (Rigel, 2004). This number is even higher in the "Sunbelt".
The USA Sunbelt includes 15 States and is defined as those areas below 37% Latitude.
(See Table 7.) According to International Cancer News (1988), thirty percent of those
presently living in the sunbelt will develop skin cancer during their lives.

Table 7
Below the dark line under the word "States" represents 37 degrees North Latitude.
Although data for Japan has not been found, one can assume from Table 8 that a similar
risk is faced by a large portion of the Japanese population.
A teachable moment
Educators should recognize the potential this topic represents. It represents an important
science concept and it has personal interest appeal for students.
Applying the Jurisprudential model, students might first identify both positive and
negative aspects of the issue.
Positive Effects
Ultraviolet rays have their place in our ecosystem, (and it isn't merely to provide
manufacturers an opportunity to sell their sunscreens). UV rays5 for example, are
necessary for our body to produce vitamin D, a substance that helps strengthen bones
and safeguards against diseases such as Rickets. Some scientists have shown that
Vitamin D lowers the risk of getting some kinds of internal cancer, like colon cancer.
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Table 8
Below the dark 37 degrees North line represents Japan's "sunbelt".

UV light is also used as a therapy for psoriasis, a condition in which the skin sheds its
cells too quickly, resulting in itchy, scaly patches on various parts of the body. When
exposed to ultraviolet rays, the growth of the skin cells is slowed, relieving the
symptoms.
UV rays are also used in various commercial functions, such as disinfecting fish tanks
and sterilizing medical equipment. Animal life makes their own use of these
wavelengths too—certain animals can actually see ultraviolet light, and use it to their
advantage. Bees use the reflection of UV off of flower petals to guide their pollen
collecting.
Negative Effects
Though ultraviolet rays do have a purpose, one must not use this information as a
validation for sunbathing habits. The dangers of UV exposure are real5 and public
ignorance concerning these matters could lead to increased health problems in the future.
The intended end result of such an activity would be to have students: understand the
science behind skin cancer, define the unavoidable and avoidable UV risks, and
ultimately, make life decisions that align with this new found knowledge.
Conclusion
My greatest fear is that we are preparing our students for a present that no longer exist
and future that is unknown. The only solution is to prepare our students with the ability
to be life long learners. Our educational goals must move beyond current
understandings and prepare our students to learn each and every day of their life. We
should admit that what we offer is a path to a learners permit, not a diploma. We must
provide them with the tools to continue learning and questioning.
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Therefore, students not only need current information related to these topics, but they
need opportunities to debate and confront the issues surrounding radiation and nuclear
energy. Only then will they understand the science behind these issues and learn the
process of data gathering and analysis for crucial life long learning. There are hundreds
of present and future scientific and technological decisions facing humanity. Armed
with present knowledge and the tools to develop future understandings, I am confident
that our future will be bright and healthy.
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5o2 Nucleonics across the Curriculum
Rich Marrano
Crystal Lake South High School
1200 S. Mchenry, Crystal Lake, Illinois, 60014 USA
Abstract
Many within the "nuclear" community are interested in attracting young people to careers
in nuclear related fields while they are at the age when they are considering career
choices. High school is a good time to introduce students to ideas that may lead them to
investigate careers in nuclear science. However, they may not even be exposed to those
ideas for various reasons. For example, many teachers may not see the connection
between nuclear issues and other areas of instruction. In addition, most teachers already
have a full curriculum, and adding another topic is unlikely. As a result many students
will not see some of the practical applications of nuclear science in other fields of study
unless they take a class where nuclear science is a specified topic of study. A good
alternative is to incorporate nuclear examples across the curriculum to illustrate concepts
already included in other classes. This would be a simple step that teachers may find
interesting and would expose a variety of students to nuclear issues.
Background
Many people within the nuclear community are concerned about the growing gap between the number
of vacancies within the nuclear related professions and the number of new applicants for those
vacancies. Many attempts to attract young people to nuclear fields often target college students who
have already been exposed to some nuclear related issues while majoring in disciplines closely related
to nuclear medicine or nuclear power. This is beneficial for those involved both as employers and
employees. However, it fails to attract the number of individuals needed in both nuclear medicine and
nuclear power if both fields continue to grow as projected. As a result of this shortage, many within
those fields would like to see more students exposed to nuclear careers and concepts while in high
school in order to increase the number of students pursuing the necessary majors while undergraduates.
Some have suggested that a Nuclear Science class at the high school level would be a good way to
accomplish that goal. After teaching such a course at the high school level for 24 years I have
observed that many students are interested in nuclear topics and do express the desire to pursue
various nuclear careers after high school as a result of the information received while in such a class.
It would be profitable for more high schools to offer nuclear science classes or at least units about
nuclear radiation in chemistry or physics courses. However, both options are unlikely for several
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reasons. First, many teachers do not feel qualified to teach such a course or even such a unit within
another course. Also, many teachers have already had to deal with content being added to their
curriculum and find it difficult to cover the required curriculum in the allotted time. Further, with the
push for accountability for state and national standards comes the reticence to try anything new
beyond what is already expected and evaluated.

An alternative to adding a separate course or as units within another course would be to
incorporate nuclear examples to illustrate concepts already included in other classes
offered at the high school level. Nuclear issues used across the curriculum such as those
presented in this paper would help accomplish a number of goals that have already been
outlined in a variety a state and national educational standards. It would also assist the
general public by allowing them to become more familiar with nuclear concepts that
could reduce some of the blind fears that many people experience about anything related
to nuclear radiation.
Following are some examples that could be incorporated into various classes along with
the concepts they could be used to illustrate.
Math
Concept: Graphing in three dimensions using x, y, and z coordinates
Example: Locating tumors and surgical instruments in 3 planes on various medical
images.
Explanation: In order to use radiation on patients with cancerous tumors it is necessary
to determine the exact shape and location of the tumor so a beam of radiation can target
only the tumor without exposing the good tissue surrounding the tumor to excessive
doses of radiation that could lead to other problems. This could be accomplished using a
CT series of images so that the 3-dimensional location and shape of the tumor is
determined.
Earth Science
Concept: Base line mapmaking using triangulation from fixed points of reference.
Example: Stereotactic brain surgery dose planning to target a brain tumor for gamma knife surgery
using Ct images with the mounting frame in the image.
Explanation: In order to orientate the patient with a brain tumor correctly in a gamma knife apparatus
the tumor must be located relative to the frame that is attached to both the patient's head and the
gamma knife apparatus. The frame is like the base line used in map making. A CT scan is done of
the patient after the frame has been attached to the patient's head. The tumor's location can then be
determined relative to the frame (base line) by triangulation.
Earth science
Concept: Understanding the interior of the earth from P and S wave data
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Example: Various internal image techniques used on a the patient to get a visual image of the interior
of the patient's body without actually doing surgery to "look" inside the patient
Explanation: Most students are familiar with X-rays and realize that they are used to "see" inside the
body. There are basically three parts to the system that produce an x-ray. The first part is a source of
energy waves like x-rays. The second part is something that either absorbs or interferes with those xrays, like the patients various body tissue such as bone, soft tissue, fluids or contrast agents. The third
part is something that records where the x-rays have passed through, like the film. In the case of the
interior of the earth, the P and S waves from an earthquake are the energy waves, like the x-rays. The
Lithosphere, Asthenosphere, and core of the Earth either absorbs or interferes with those energy
waves, like the person's body being x-rayed. The seismographs around the world act as a receiver and
recorders of the energy that passes through the Earth, like the x-ray film.
Economics and Business
Concept: Cost effectiveness and the principle of diminishing rate of return
Example: Inverse Square Law as it relates to reduction of radiation exposure and also reduction of
cost effectiveness when using distance to reduce exposure from radiation sources.
Explanation: As one moves further and further from a radiation source, the amount of energy
received is reduced, but not at a uniform and constant rate of reduction. The amount of radiation
received at any distance can be determined if the amount of radiation at a reference distance is know
along with how any new distance compares to the reference distance. Simply put, when the distance
between a source and a receiver doubles, the amount of radiation received at twice the original
distance will be reduced by seventy five percent of what it was at the original distance. If the distance
between a source and a receiver is tripled, the amount of radiation received will only be reduced by an
additional fourteen percent. Moving the receiver still further to four times the original distance
between the source and the receiver would yield a reduction of the amount of energy received by only
an additional five percent. If each increase in distance between the source and the receiver costs the
same amount of money, the return on that investment is, therefore, steadily decreasing.

Environmental Science
Concept: Risk/benefit analysis
Example: Various energy sources (coal vs. nuclear)
Explanation: This is a useful comparison between the two major sources of heat for steam generators.
Comparison should be done for all aspects of what it takes to obtain the raw source from the ground
through the disposal of any waste produced when each source is used.
Biology
Concept: Fossil reconstruction and brain case analysis
Example: Using CT to examine NanoTyranus skull
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Explanation: While investigating a skull that was completely encased in a rock matrix, a CT scan
was used to produce a three-dimensional image of the actual skull without the rock matrix. This was
possible because of how the material that replaced the skull interacted with the x-rays differently than
the material that filled the skull. Due to that difference it was possible to actually "remove" that
material from the image without having to do that work on the actual fossil mass.
Statistics
Concept: Error Bars and Range of Error
Example: Targeting of Tumors with error bars that may encompass critical structures that should not
receive radiation.
Explanation: When targeting cancerous tumors with radiation it is important to not expose other noncancerous material to doses of radiation that may be harmful. If the range of error is incorporated on
three dimensional graphs depicting the tumor, other sensitive tissue, and the proposed path of the
radiation beam along with it range of error, it is possible to determine if the beam may expose some
other sensitive tissue to damaging doses of radiation.
Food Science
Concept: E-coli and sanitation of food preparation equipment
Example: Use of radiation to eliminate threat of food contamination by bacteria
Explanation: While food sterilization with radiation has been used in various ways world wide, it has
been slow to become widely accepted. This is partially due to the stigma of radiation and also to the
erroneous belief that anything that is exposed to radiation becomes radioactive. As a result, many
people are still unnecessarily exposed to food contaminants that could have been rendered harmless
had the food they consumed been sterilized using radiation.

While this list of examples above is not meant to be exhaustive, it is presented as a starting point to
include nuclear concepts in a much broader portion of the general high school curriculum. For further
discussion or suggestions, please contact the author at the address below.
Rich Marrano - contact at rmarrano@dl55.org

About the Author:

The author has taught a course about nuclear energy at the high school level for 24 years
at Crystal Lake South High School in Crystal Lake Illinois, USA. He also assisted in
rewriting the text/labs used in the course. In addition he has developed a unit about
nuclear medicine within the course using information gathered from various medical
facilities. He has also assisted the Radiological Society Of North America with a program
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to attract high school students to careers in nuclear medicine by presenting sessions for
students at the annual RSNA convention in Chicago, Illinois. These sessions introduce
the students to the basics of nuclear radiation in medicine and allow them to them see
some of the latest medical technologies on display at the convention. The author has also
visited various nuclear facilities and has participated in workshops and professional
meetings within the nuclear community in order to gain a fuller understanding of the
practical applications of nuclear science.
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2.
3.
4.

This unfamiliar word, "NUCPAL"is new coined word, which is
combined TNUCLEARJ and TpALj ,means the fellows who have common
information source for School Education in the field of Nuclear Radiation and Energy.
This is very actively serving Japanese Web-Site
for internet systems since 2002 .
Under the sponsorship of Ministry of Education, Culture, Sports, Science and
Technology the editorial and maintaining service of JAERO is supervised by the
steering committee consisted of 9 experts from the related several field and also get
more practical support of their sub- committee for editorial job and for teaching
guidance in classroom.
The main subject of this web site is to supply basic knowledge and information as
IT materials for education about energy and environment in essential education, i.e., in
elementary school, in junior high school and in high school. Former two are obligated
to all Japanese children and the last is also accepted by peoples by higher than 95%.
The performance of teaching in the classroom for radiation and nuclear energy
has particular difficulties in handling on experimental
instruments and in visiting real facilities. Therefore such IT way
supports are very useful to promote the education in those field.
We openly collect practical cases for class and the distinguished model examples
selected among a lot of applicants are distributed through web site connection services.
In addition to supplying the educational basic information, the current news in very
wide range are available by the easy link service. The connections are included with
governmental organization activities in both administration and research &
development, also the activities of the universities and academic societies, of various
-
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association and even industrial activities. Teachers may give very quick responses to
questions from attendants in classroom by showing referred material by electronic
projector through link service.
Following the general tendency of introducing IT tool in educational field, the
kids corner have opened since 2003. For example, student call the term of" Trip to
Seek where electricity comes from, " the sequential game starts from the home electric
tool to arrive the power line through terminal spots, and after several steps finally
arrive the generator.
Such original power sources of electric supply may be alternative in
several way, Hydrodynamic, Oil Burning, Nuclear Energy and Solar Battery, etc. Of
course, they may join the game not only from their class and also from their home by
own internet address. To assist the kids having homework in summer vacation, extra
class room may serve to present the hints to such annoying jobs.
In the future, JAERO hopes to promote the information exchange with teachers
and students as utilities by bilateral way. However it needs a lot of preparation and
consideration on management, and may ask both sides of distinguished enforcement of
human power and of working times before the starting. At present situation, we regret
not to be able to announce the starting date.
JAERO has very wide supporting activities in the school education in the field of
nuclear radiation and energy. In addition to NUCPL service, the following activities
are performed actively.
1.
2.
3.
4.

Arrangement of lecturers for school education on energy, radiation, and
environment.
Free charge releasing of Video Tape and DVD for education.
Issuing the text based on latest information (free charge pamphlets)
Introducing of typical example of practical cases for class.
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Awareness and Attitude Survey of Filipino Teachers
And Students in the Secondary School Toward
Nuclear Energy and its Related Issues
Judeza S. PUSE, Takaaki AWATA and Kozo ATOBE
Department of Physics, Naruto University of Education
748 Nakajima Takashima Naruto-cho Naruto Tokushima 772-8502, Japan

The Philippines which is a member of Asia the Pacific Economic Cooperation (APEC),
reflects the educational needs in its newly implemented Basic Education Curriculum of 2002, that is
to develop a strong skills foundation in literacy and numeracy especially in line with science and
technology which is also the call of the civilized society to elevate science and radiation literacy
throughout the world. Research identified that there is a need to upgrade and implement effectively
nuclear science in the Philippines especially in the high school level. To address this problem, the
researcher decided to undergo this study in order to welcome the development that should be made
that is relying on the power of education where the dissemination of nuclear knowledge should be
taught with wisdom and unbiased mass media without hesitation and delay. The findings of the study
have been presented as regard the awareness and trend of attitude of teachers and students towards
nuclear energy in general and its related issues in particular in Philippines, Region-V, Division of
Camarines Norte from the perspective of promoting nuclear science and teacher competence.
Objectives, significance, methodology, results and discussion, conclusions and recommendations are
then presented.
1. INTRODUCTION:
The Philippines is one country that has attempted to venture into using nuclear energy for electric
power generation. Its government has created various instrumentalities for the development of nuclear
energy in the country. These include the Philippine Atomic Energy Commission (PAEC) that is known as
the Philippine Nuclear Research Institute (PNRI) and more recently the National Power Steering
Committee (NPSC). The Philippines has even put its own nuclear power plant located in its province of
Bataan, however, because of some technical considerations and political factors including the strong
public opinion against using nuclear energy and operating the nuclear power plant which resulted from
nuclear accidents abroad such as the Three Mile Island Incident of 1979 and the Chernobyl Accident of
1986, the country was never able to harness the potential of nuclear energy for electric generation. Due to
the tremendous electric power outages the country experienced in the late 1980's and early 1990's which
resulted from the lack of new power plants to supply the needed electricity, the government, in particular
the Ramos Administration has once again renewed the government's interest to reconsider once more the
use of nuclear energy in the country to support the Philippines's effort to industrialize by creating the
(NPSC) that was tasked to examine once more the viability of using nuclear energy [1].
It has been the notion that nuclear technology holds great promise for achieving education. It also is
a major factor in boosting productivity in the classroom. However, for such to happen, public education
must have the support of the academic community. The schools cannot expect quality education to
happen in a vacuum, but it requires a more meaningful use of nuclear technology that must be tied up
with the refined programs to serve the need of the school and the clients.
1.1 Background of the Study
In the last 15 years, the importance of teachers and students awareness and understanding of
science based nuclear energy and some issues has become realized for many years that the growth of
teachers and students knowledge and understanding science is closely tied up to the personal
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experiences that they have. Their reactions to the importance of nuclear energy may also be related to
their world view depending upon the kind of environment in which they grow up [2]. According to
Cobem (1983) [3], science educators must first try to understand the world as students understand it if
they are to be successful at instructing all students in science.
There are three major sources and levels of obtaining radiation or nuclear education in the
Philippines; the secondary schools, colleges and universities and training courses in nuclear science
and radiation protection offered by government agencies such as the (PNRI) of the Department of
science and Technology (DOST) which is the Regulatory Authority for all matters concerning nuclear
energy, regulating radioactive materials and related applications of ionizing radiation and the
Radiation Health Service (RHS) of the Department of Health which is responsible for regulating x-ray
facilities and radiation which is generated electronically, including non-ionizing radiation [4] .
The main problem of radiation education in the secondary level is that many high school
teachers omit teaching radiation and nuclear topics since they are found in the last chapter of the
textbook and taken up towards the end of the school year [4]. Now, that the Philippine Educational
System has been changed from the restructuring of the 1983 High School Curriculum to 2002 Basic
Education Curriculum (BEC), these topics were shifted into the first chapter of the curriculum guide
for teachers [5]. A lot of teachers confessed that they fail to discuss these topics with their students
and oftentimes it boils down to lack of training of educators in the field of nuclear science and
technology [6]. In addition, vast majority of science teachers do not have the necessary qualifications,
competence and training to teach these topics. In general, the situation in the Philippines is that only
around 20% or even less, depending on the field of science, of high school science teachers are
qualified to teach these subjects. Teachers who are actually teaching Physics are not Physics majors
[4].
1.2 Objectives of the Study
Given the foregoing scenario, the following objectives are then formulated;
a.
b.
c.
d.

Determine the awareness of Filipino teachers and students about nuclear energy and its
related issues.
Investigate the trend in respondents' attitude towards nuclear energy and its related issues.
Investigate the relationship between the gender of the respondents and their level of support
as to the future of the nuclear power plant.
Give Filipino educators a gauge for measuring what might be included in the future
curriculum to enhance teachers' competence and upgrade nuclear science in the secondary
level.
1.3 Significance of the Study

The results of this study will serve as a starting point to clear out the negative perception about
anything associated with the word "nuclear" or "radiation" which was previously caused by the
potential catastrophe that could result from nuclear technology as has been demonstrated by the
devastating effects of nuclear radiation resulting from the explosion of nuclear bombs in Hiroshima
and Nagasaki in 1945. Ultimately, the findings will give light and information to the following people;
a. Parents- The fact that more parents have deflected view about nuclear energy and most afraid of
radiation could hardly guide and assist their children in educational development. Thus, the inclusion
of community linkages in the curriculum and the findings of this study may help them reassess their
perceptions and attitude towards nuclear energy.
b. Students- As they are made aware of the importance of the research, the results of this study may
give them a sense of justice that learning the 3 R's is not sufficient but thinking scientifically to
understand nuclear phenomena is more meaningful and worth telling.
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c. Teachers-The findings of this study can help them revise, enrich, modify and teach the content with
wisdom to effect improve students attitude and facilitate the acquisition of nuclear knowledge and
development of skills for them to feel the importance of nuclear science in their daily life.
d. School Administrators- Being aware of the positive results of this study, administrators can gain
an insight as to the kind of program that will promote open line communication with the public
permitting a free flow of information about nuclear science and encourage them to take an active
involvement in their decision making process.
e. Curriculum Planners- Science education would be considered as a vital recognition route for the
word nuclear energy and spelling out plans for reforms intended for teacher education component. The
findings may bring hope and inspiration for them since watching the curriculum will develop courses
of action which will be applicable to the areas they are serving thus, elevating the present status of
nuclear science education in the secondary level.
f. Future Researchers- This study would serve as a reference to other researchers to undergo MetaAnalysis where ideas must emanate out of the actual needs borne out of the previous research results
and on the basis of these ideas, experimenting, packaging and marketing of results will be made
possible to strengthen research development.
2. METHODOLOGY
2.1 Questionnaire Design
Conceptual models of the study were made to arrive at the determination of the questionnaire
design. It consisted of three divisions, the Socio-Dernographics, Awareness and Attitude Constructs.
Questions under these sections were then formulated to attain the objectives of the study. Some
revisions were made to questions to achieve greater clarity. In total, respondents were asked 15
questions as regard the topics.
2.2 Sources of Data
As reflected in table 1, the study made use of 65 teachers (science and non-science majors)
teaching at Jose Panganiban National High School, Camarines Norte National High School and D.Q.
Liwag High School respectively. There were 243 student respondents (first year to fourth year)
enrolled during the school year 2003-2004. A total of 308 respondents were the sources of data
comprised in this study.
Table 1
Respondents that comprised the study
Name of School

Teachers

Students

Total

Jose Panganiban
National High School

25

83

108

Camarines Norte
National High School

20

80

100

D.Q. Liwag
High School

20

80

100

Total

65

243

308
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2.3 Survey Analysis
At the completion of the survey administration, all the data were input into Statistical Package
for Social Sciences (SPSS) data file. A series of computer checks were made to ensure that the data
were consistent and suitable for statistical analysis. Questions were cleaned, coded, and summarized
as appropriate as possible. The frequency distribution results of all questions were computed including
the use of Cross tabulation. The reliability of the questionnaire and mean awareness scores of the
respondents were calculated as well. Refining of the coded data was made to arrive at certain
assumptions and testing of hypotheses using Chi-square of independence as statistical tool employed
3. RESULTS AND DISCUSSION
This section contains the graphical and tabular presentations, analysis and interpretation of
data based on the data gathered and simple statistical results.
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Fig. 1: Comparative analysis between teachers' and students' data for
question: "From what source have you heard nuclear energy and
its related issues?"
It can be noted in Fig. 1 that television was the first choice of both respondents in hearing
information about nuclear energy and its related issues with a large margin equal to 83% and 75%
respectively. Teacher respondents have chosen among "Others" which comprised of Interpersonal
Communication, Videos and Seminar by 9% and the same choice was made by students as 16%
comprising of Interpersonal Communication, Conference and Lessons from science teachers. For
never heard teacher and student respondents 5% were depicted. Radio ranked the last among the
sources for both respondents. Similar phenomena were shown by both respondents for choosing
Television as a source of broadcast that might be accounted for the existence of educational and
regularly broadcast TV program like " Sineskwela" for science intended for elementary and high
school students where it coincides with school hours so as for teachers and principals to prepare class
schedule that matches the airing schedule [7], special channels like Discovery and People's channel
(Channel 13) associated with science links and science activity like live holding of (DOST)
Technology Fair which coincides with the National Technology Month Celebration once a year
provides the public with the necessary information on nuclear developments [8]. Added into it the
highlighting of Atomic Energy Week to make radiation known to many Filipinos giving rise to food
irradiation [9].

-

297 -

JAERI-Conf

2005-001

100

a i eacliers

80
60

c

®

n

40

o

a
0.

20

Newspaper

Magazines

Others

Wo

Sources of Information (Printed)
Fig.2: Comparative analysis between teachers' and students' data as
to the question: "From what source have you read nuclear energy
and its related issues?"
It can be gleaned from Fig.2 that using printed materials as sources of reading information about
nuclear energy and its related issues, Newspaper ranked the first among other categories by 45% for teachers.
Student respondents preferred "Others" like Primer, Brochures, Textbooks, Encyclopedia and Internet by
40% as their prime considerations and the same category was chosen by teacher respondents by 23%. Thirty
one (31%) of the students rated Newspaper as their second priority. Both respondents selected Magazines,
the third priorities among the given categories by 22% and 18% respectively. A difference of 1% was shown
by the respondents for replying "No". It can be deduced from the results that teachers can easily subscribe
and read Newspaper at home and in the school library during their vacant periods as their first preference.
Students relied more on reading their Textbooks, Encyclopedia and can easily access to Internet for their
home works, projects and as a sort of recreational activities since computer lessons are included in the school
curriculum [5].
As regard to education, third question under awareness construct was raised as to "When did you learn
nuclear energy and its related issues?" A remarkable result was manifested by the student respondents in
studying nuclear energy and its related issues in the High School for 92% which was not shown in the graph
for practical reason. Small portion studied the topics in their elementary years. These results can be best
explained by the entry points of nuclear topics from first year to fourth year under the newly implemented
curriculum [4] [10] [5].
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Fig.3: Teachers' data as to the question: "When did you
learn nuclear energy and its related issues?"
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Figure 3 shows a wide range of 55% teacher respondents for not studying nuclear energy. About
31% responded that they had studied these topics in College and around 9% in their High School years. A
more pronounced result for not studying these topics is just an indication that in the Philippines, not all
curricula for a Bachelor of Science College or University degree incorporates nuclear science technology
as one semester course (consisting of 3 units). Although recommended by the Technical Panel of the
Commission on Higher Education (CHED), it is not a requirement but the option of the particular school
to include nuclear science and technology topics as one semester course in some Bachelor of Science
curricula and to cite the University of Sto. Tomas, Manila, a private university offering nuclear science
education [11].
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Fig.4: Comparative analysis between teachers' and students' data
for question: "Do you know what radiation is?"
As shown in Fig. 4 almost 90% of the samples were able to manifest that they know radiation and a
small portion replied "No" as 11% for teachers and 8% for student respondents. The positive responses
made by the respondents suggest that in the Philippines the inclusion of nuclear topics in the curriculum
coupled with some teaching strategies which include the use of CONSTEL (Continuing Science Education
for Teachers via Television) video tapes donated by the University of the Philippines in cooperation with
foundation for Upgrading of Standard in Education (FUSE), Science Education Institute (SEI)- (DOST),
University of the Philippines National Institute for Science and Mathematics Education (UP NISMED)
and Department of Education (DepEd) to Science Oriented High Schools [7] and Computer Aided
Instruction (CAI) using video tapes from (DOST) where the objectives are both to strengthen teaching
energy concepts in high school like expensive and dangerous experiments were simulated as in the motion
of charged particles, nuclear reactions and the like were fruitfully carried out [12].
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Fig.5: Comparative analysis between teachers' and students' data as
to the question: "Do you know what radioactivity is?"
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Figure 5 presents an affirmative response from student respondents with a difference of 8% over that
of the teacher respondents. Both respondents acknowledged a negative response of 32% and 24%
respectively. Affirmation of the respondents as to the concept of radioactivity can be attributed to the
implementation of 2002 (BEC) where topics on nuclear energy were shifted into the first chapter of the
curriculum guide for teachers so as to give more emphasis on these topics that before could not be taught
thoroughly by some teachers due to insufficient knowledge to dig on the topics and teaching materials to
be utilized for hands on activities [5]. More focused were provided for mental and visual exercises rather
than psychomotor (actual experiments).

' • Yes
i

: H No

Teachers

Students

Fig.6: Comparative analysis between teachers' and students'
data as to the question: "How about the difference
between the two?

As can be noted in Fig. 6 both respondents indicated a response less than 50% "Yes" over their
negative responses made. An affirmative response given by the respondents can be best interpreted
theoretically as to their operational definitions and some other related concepts that could easily be
recalled and remembered due to intense conduct of drills and review lessons prior to the presentation of
new lessons.
Follow-up questions were asked from both respondents as to "write anything that radiation and
radioactivity reminds you o f and "illustrate freely your image about nuclear energy if you are familiar
with nuclear power generation". For radiation, more answers were provided by both respondents as to
"emission and transmission of energy through matter and empty space in a form of electromagnetic
waves" and for radioactivity, as to "spontaneous breakdown of uranium and other elements to provide
invisible radiation in which two separating powers fission and fusion are involved." Some other concepts
associated with the study of radiation and radioactivity such as x-ray, thermonuclear, heat, alpha, gamma
rays and power generation were also given by the respondents.
First two illustrations as represented by Fig.7 were samples drawn by teacher respondents as to their
image about nuclear energy, simply show the splitting of a massive nucleus into two less massive
fragments which is known as nuclear fission and the different mechanisms that comprised the nuclear
reactor in which energy is generated by a controlled fission reaction [13].
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Fig.7: Sample illustrations drawn by the teacher respondents as to their "image
about nuclear energy."

Fig.8: Sample illustrations drawn by the student respondents as to their "image
about nuclear energy."
Figure 8 presents the sample illustrations made by the student respondents. The first picture shows a
thermonuclear reaction which occurs in stars like the sun where energy that is radiated comes from deep
within its core where temperature is high enough to initiate the fusion process. The second diagram
represents the transformation of energy to generate electricity [13].
It can be viewed that both sample respondents have clear perceptions and understanding of nuclear
energy. Although 40% of the total respondents replied that they were familiar with the nuclear power plant
generation, 60% responded oppositely but then, these 122 (40%) respondents have good image about this
topic as shown by the positive results of the illustrations provided.
An in-depth study of the illustrations made by the respondents based from their positive responses
can be used as a representation that the opportunity for nuclear power as a component of the Philippine's
energy mix can make them believe as economically viable, safe and clean technology [14]
As reflected in Fig. 9, when respondents were asked to answer five questions as to x-ray, natural
radioactivity, greenhouse effect, waste disposal and petition filed by the residents of Bataan against the
construction and operation of power plant, 52% got a score of 4, a score of 5 (perfect score) was reflected
by 25% and combined, 23% got a score at or below 3 for teacher respondents. For student respondents,
17% got a score of 5, a score of 4 was indicated by 39% and combined, and 44% obtained a score at or
below 3. A difference of 8% was demonstrated by teachers over that of the students who received a perfect
score. Respondents who got a score of 4 performed well in the test since a score of 4 is a true score and a
standard deviation equal to the mean (3.7), [15]. Awareness as to the topics might be accounted for their

-

301

-

JAERI-Conf

60
50
40

2005-001

• Teachers
H Students

E 20

SSI

i

0

1

2

3

4

Awareness Scores
Fig. 9: Comparative analysis between teachers' and students'
data as to "True or False" test results.
high interest in seeing and hearing information from television just like watching the aggressive mass
media campaign, which resulted in 35 radio interviews, 39 television coverage/interviews and 4 press
conferences spearheaded by (PNRI) and the dissemination of nuclear information packages to 27,580
clients as one of their intensive programs in promoting beneficial uses of nuclear technology. From the
results of the survey conducted, some teacher respondents were able to use the modules written by the
selected PNRI staff associated with slides and transparencies in teaching were also tested and distributed
all over the country for the purpose of strengthening nuclear science in the Philippines [8].
Figures 10-12 shows the attitude of the respondents as to their level of interest, confidence and
support towards nuclear energy and its related issues.
1OO
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Fig. 10: Comparative analysis between teachers' and students' data as to
the question: Are you interested in nuclear energy problem such
as nuclear power?"
As depicted in Fig. 10 more than 80% of the respondents showed that they were interested in nuclear
energy problem and less than 20% answered contradictory as to the issue. This might be the effect of the
awareness that both the respondents obtained from studying nuclear energy associated with their exposure
to mass information that might be brought about by the implementation of the Philippine Nuclear
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Development Program (PNDP) where each of the member agency such as the Philippine Nuclear
Screening Committee (PNSC), (DOST), and (PNRI) as in one way or another has formulated projects and
activities to support the big task in setting the climate for public acceptance of nuclear option [8].
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Fig.ll: Comparative analysis between teachers' and students' data as
to the question: "In general, how confident are you that the
authorities responsible for nuclear waste have good system
to deal with it?"
It can be gleaned in Fig.l 1 that more than 50% of the teacher respondents indicated a negative level
of confidence over those who responded confident as to the matter. In the case of the student respondents,
a difference of 4% was demonstrated by those who rated negatively from those who answered positively.
The negative response given by some teachers might be brought about by a fear deeply rooted due to some
accidents/incidents that happened abroad and to cite, the Chernobyl, Three Mile Island and Nagasaki and
Hiroshima bombings [1].
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Fig. 12: Comparative analysis between teachers' and students' data as to
the question: "Do you believe that it is inevitable that nuclear
power will be a part of generating mix in the Philippines for the
next few decades?"

A difference of 24% was manifested by the teacher respondents who gave a rating of not support
from those who rated a level of support for the future of nuclear power as presented in Fig. 12. In the case
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of the student respondents, 72% behaves positively and 28% negative as to the question. This behavior is
just a manifestation that regardless of the controversy and resistance to nuclear power plant and the less
confidence demonstrated by some teacher respondents; still they believed that nuclear energy has
nevertheless been harnessed in the Philippines in improving food products and other agricultural resources
and in line with diagnosis and treatment of diseases [8].
Further statistical analysis by cross tabulating one attitudinal question as to the level of support with
demographic variable such as gender of teachers and students showed interesting results.
Using Chi-Square test (Continuity Correction), applied for 2 x 2 table for teachers' data, the
corrected value is 2.47 with an associated significance level of 0.12 with 1 as a degree of freedom, is
larger than the alpha value of 0.05 (5% significance level). The result showed that the gender does not
make any statistical significant difference as to their level of support for the future of nuclear power plant
[16].

Table 2
Chi- Square tests of independence on the relationship between
teachers' gender and attitudinal level of support for the future
of nuclear power plant.

Continuity
Correction

Value

Degree
of
Freedom

Asymp.
Sig.(2-sided)

2.47

1

0.12

The percentage of male supporters was given by 81% and female supporters by 55%. In total, 38%
of the total sample was non supporters and 62% was indicated by supporters as calculated in GenderLevel of support Cross tabulation.
Using the same test as applied for students' data, the corrected value is 0.00 with an associated
significance level of 0.99 with a degree of freedom equal to 1 is larger than the alpha value of 0.05 (5%
significance level). The result indicates that the attitude as to the level of support does not depend on
gender for 243 student respondents [16].
Table 3
Chi- Square tests of independence on the relationship between
students' gender and attitudinal level of support for the future
of nuclear power plant.

Continuity
Corrections

Value

Degree
of
Freedom

0.00

1

Asymp.
Sig. (2-sided)

0.99

Male respondents who showed a level of non support was given by 33% and 67% as supporters.
Female supporters were indicated by 66% and 34% for non supporters. In total, 66% of the sample
demonstrated positive behavior and the remaining 34% showed negatively as to the issue as computed
using Cross tabulation.
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4. CONCLUSIONS
Based from the foregoing findings the following conclusions were drawn;
1. Television as a form of broadcast and newspaper as printed media were able to help raise the
awareness of Filipino teachers and students as regard the topics as can be attributed to the
existence of educational TV program/channel associated with the linkages being conducted by
PNR1 with the assistance of Science and Technology Institute (STI), in keeping mass media
abreast with nuclear developments through press conferences, TV interviews, dialogue with the
media and press releases of PNRI technical staffs and officials in promoting beneficial uses of
nuclear energy.
2. Reading Textbook and Encyclopedia and accessing to Internet helped develop students'
awareness as shown by high mean scores. The inclusion of computer subject in the curriculum
made them possible to search for issues and can browse related researches even theses and
dissertations without much effort and report the results in class as a form of home work or project.
3. Lot of teachers was not able to study nuclear energy for some considerable reasons, but media's
role in keeping them informed is of utmost a help added into it the use of slides and multi-media
presentations provided by PNRI.
4. Both respondents showed good performance in the test as indicated by high mean awareness
scores.
5. As to the different levels of attitude, both samples were able to behave positively except for the
low level of confidence demonstrated by the teacher respondents that might be accounted for
insufficient technical preparedness of men...natural catastrophe and man made disasters (e.g.
teiTorism, economic sabotage) would sound a great danger for them.
6. Awareness as to the topics would mean an indication of positive attitude.
7. Gender of both respondents did not show any statistical significant difference on their attitudinal
level of support as to the future of nuclear power plant.

5. RECOMMENDATIONS
On the basis of the conclusions drawn from the study, the following are recommended;
1. As shown by the positive results of this study, media's role should continue to keep diverse
publics intelligently informed and updated by spreading as many articles as relate to nuclear
issues objectively.
2. Administrators should look into the possibility of having contacts with the technical staffs and
officials of PNRI in coordination with DOST about the different training courses which are
credited for M.S degree program and seminar for high school science teachers on nuclear science
topics and hands on experiments in teaching of Physics, Chemistry and Biology accredited
towards a Master degree, being offered so as to give their subordinates a chance of becoming
confident and competent in teaching nuclear science. Radiation protection training should be
affirmed, reinforced and supported financially by the employer.
3. Curriculum planners should continue to watch the curriculum by conducting Meta cognition
(Planning, Monitoring, and Evaluating) of outputs in line with nuclear science to probe whether or
not the acquired knowledge and skills were put in good use in improving teachers' teaching
efficiency.
4. People from the higher ups should screen the things to be changed carefully, control them
seriously and implement them constructively.
5. Once equipped with the necessary skills and knowledge about nuclear energy, educators are urged
and encouraged to teach to students not only experimental techniques of radiation but also the
wide implications between science and society at an early age.
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6. Educational tours to PNRI facility should be included in the school program as much as possible.
7. The results of this study can be replicated and validated by conducting a similar research.
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55 Radiation Education in School

Teruko Shishido, Emiko Higashijima and Michihiro Hisajima
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Tokyo Medical University, 6-1-1 Shinnjuku, Shinnjuku-ku, Tokyo, T160-8402,
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Tel:03-3351-6141, Fax:03-3351-6110, E-mail: shishido@tokyo-med. ac. jp
Abstract
Part of goals of general education of physics is to provide students for basic knowledge on radiation.
This includes understanding of both its risks and benefits. Students should know how to protect and
defense from radiation but they should not overwhelm the risk of radiation. Sometimes, students
think that atomic power is so terrible and frightening that they keep away from use of atomic power.
Basic knowledge about risks of radiation will reduce the excessive reaction or anxiety coming from
radiation. It also makes people understand other possible risks and benefits of radiation accompanied
by modem scientific technologies such as nuclear technologies. We believe that the radiation
education is an essential requisite for the peaceful usage of nuclear energy and radiation technology
for the future.
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Table 1. 'Disintegaration'or'decay' in general education books for students
Chemistry Book
Author

Book Title

Publisher

Year

Word (limitted)

1

Iso.ef al

General Education Chemistry

Kyougakusha

1987

disintegration

2

Inamoto

Bunneido

1986

disintegration

3

Uchiyama

Foundamental Chemistry

Kyouritu- shuppan

1991

4

Sano.ef al

Life Science Chemistry

Gakkaishuppancenter

1990

disintegration

5

Asano,e£ al

Chemistry

Gakujutsutosho

2002

disintegration

6

Kawaguchi,e£ al

Chemistry

Ishiyakushuppan

1991

New Chemistry

decay

transition,
decay
disintegration
7

Shiomi.ef al

University Chemistry

8

Nomura, et al

9
10

Hirokawashoten

1991

decay

Fundamental Chemistry

Maruzen

2003

(nothing)

Ohno

Student Chemistry

Sannkyoushuppan

2001

(nothing)

Kojima

Foundational

Kagakudojin

2002

(nothing)

II

Chemistry

Pysics Book
Author

Book Title

Publisher

Year

Word (limitted)

1

Ohtsuki

General Education Physics

Gakujutsutosho

1988

decay

2

Hujishiro

New Physics

Tokyokyogakusha

2002

decay,
disintegration

3

Koide

Physics

Tokyokyogakusha

2003

decay

4

Hara

Detailed Physics

Tokyokyogakusha

2002

decay

5

Hashimoto,et al

General EducationPhysics

Hirokawashoten

1989

decay

6

Hayashi, et al

Medical course Physics

Maruzen

2002

decay

7

Ishii(Stemheim,e£ ab

Life Science Physics

Hirokawashoten

1991

decay

9

Sunagawa

Feynnman-Physics

Iwanamishoten

1979

(nothing)

Sawada

Foundational

Kagakudojin

2002

(nothing)

10

Physics
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5.

Considered from the earth evolution
Shin-ichi Ohno and Saburo Shimizu

Theoretical Radiation Research Laboratory
Shiratori-dai 12-5, Aoba-ku, Yokohama-shi 227-0054
Tel: 045-981-8752

Fax:045-981-7950

E-mail: ohno-trlra)Q1.246.ne.jp

Abstract

J, {YPfr^^—

6X1024 J

1. Introduction
The amount of energy resources contained in Earth and that we mankind can use in future
can be estimated on the basis of the information given by astrophysical and geochemical
considerations. The kind of resources includes geothermal, nuclear, solar, and fossil energy. We
believe that the results of these considerations, especially the method of thinking, may be taken
into curriculum in high schools or introductory courses of university education. In school
education relating to energy and environmental problems we think that it is more important for the
students to learn how to think or estimate and how to solve the problems than to be given any
established knowledge itself from the teachers and reference books or journals. Students are easily
discouraged by teachers who are talking that petroleum will be exhausted in 40 years or that
uranium-235 will be also exhausted unless we develop the nuclear fuel system utilizing
uranium-238 breading. They seem afraid of insufficient energy left when they grow old. In this
report we

call the readers attention that the amount of energy resources contained in Earth is

such that the mankind can never exhaust them and that they are waiting to be exploited or for the
time to come when the technology for their utilization is developed. We also pay attention that too
much consumption of energy surely affect the earth environment (heat pollution) - the limit will
be the consumption rate of about 0.1 W/irf of the earth surface which equals to the heat emission
rate from the earth surface toward the space.
2. Geothermal energy contained in the earth
Geothermal energy contained in the earth can be estimated from the temperature distribution
among the crust, the mantle, and the core each situated at different depth from the surface of the
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earth. (See Fig. 1) Since the formation of Earth at 4.6 G years ago, Earth has experienced
differentiation processes—bombardment of meteorites and comets during 4.6 - 4.0 G years ago
caused the earth surface melted (magma ocean) from which the atmosphere (and also ocean) by
degassing of included gas components was differentiated and simultaneously the core composed of
heavy metals such as iron or nickel was precipitated. The remaining part was further separated
according to the density to form the mantle and the crust. The energy the earth has acquired since
its formation is the thought as:2)

Bombardment of
meteorites and
comets at 4.6 — 4.0
G years ago

MantleW V 5.2 x 1018kg

\

Atmosphere,
Ocean
/

\

/'silicates,
\
^metal oxidesj'
Melted

J

Fig. 1

1.4xi0 2 1 kg
Crust
0.028 x 1024 kg

Crust: eg. granites SiO2, AI2O3, K2O
Containing K, Th, U
Mantle: eg. olivines
FeG, Fe2O3, MgO, CaO
Core Fe, Ni
Formation and structure of the earth

(1) Gravitational energy released at formation of Earth (2.8 X 10J~ J)
(2) Radiation energy liberated on disintegration of radioactive nuclides ( ~ 1 X 103' J)
(3) Released energy of gravitational contraction ( ~ I X I031 J)
(4) Phase transition/ chemical reaction of Core material ( ~ 1 X 1031 J)
It is thought that of these energies about 10% each is still stored in Earth. The other energy was
emitted to the space through transport by mantle convection or discontinuous conduction rather
than static thermal conduction. If we assume that thermal emission rate presently being observed
(~0.1 W/rrT) has been continued for 4.0 G years long, we have as total energy emission 0.1 J/s m2
X3X10 7 (s/y)X46X10 8 (y) X5 X 10M m2=7 X 1030 J.
We can make another estimate using the masses and temperatures of the earth components.
The core (2 X 1024 kg, 4000 K) is assumed to be composed of 2 X 1Q49 iron ions and electron (= 2 X
1024 kg/0.056 kg) X 6 X 1023). The thermal energy the core has is thus 2 X (3/2)kBT X 2 X 1049 = 1.4
X10 " 2 3 X4000X3X2X10 4 9 = 3.4X10 30 J

Similarly the mantle has the energy of 3.6X10 27 J,

assuming the mantle (4 X 1024 kg) being described as Fe2O3+SiO2 at 2000 K.
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3. Carbon dioxide concentration change In the earth atmosphere
The earth atmospheric components at 4.6 G years ago are thought to be mainly CO2, H2O,
and N 2 . With times went on for cooling, H2O condensed to form ocean which absorbed CO?.
Attention may be paid here to the fact that rain and river water dissolving some metallic ions
contained in the rocks and flowing into ocean caused to absorb the more CO 2 . CO? concentration
diminished thus to the present value 0.03%. In the course of diminishing, photosynthesis reaction
began to occur about 2.7 G years ago.

CO 2 + H2O + photon —> CH2O (organic molecules) + O2
The oxygen molecule evolved in the ocean first oxidized the iron ion (Fe"+) to precipitate as Fe?O3
and, after the exhaustion of the iron ions, accumulated as oxygen existing in the atmosphere. But
the oxygen could have been accumulated in the atmosphere only when the organic molecules went
under the ground to become fossil. Therefore, we may conclude that the number of fossil organic
molecules equals to the number of oxygen molecules in the atmosphere plus the number of iron
ores in the crust. Here, we may think that roughly speaking the earth has almost equal amount of
iron and magnesium, as seen from Table 1. The solubilities of iron chloride and magnesium
chloride toward water at 20°C are nearly the same, 38.5 and 35.5 respectively. Thus, the
concentration of magnesium (1.3 g/kg see water) in the present ocean (1.4 X 1021 kg) gives the iron
amount in the iron ores in the crust. The oxygen mol number exhausted in this process is 1.3 X 1.4

Table 1 Some elemental abundance in solar system
(Si =

10

6

) (Anders and Crevesse, 1989)

Volatile elements listed in the left column went to outer planets while refractory elements in the
right column went to inner planets including the earth. A part of oxygen, however, remained as
metal oxides in inner planets (right column).

Volatile elements

Refractory elements

• H 2.79 x 10 10
• He 2.72 x 10 9
. o 238 x 10 7
• ( - 3 . 8 X 1 0 6 ) —1•

. c

1.01 x
• Ne 3,44 x
. N 3.13 x
• Ar 1.01 x
• Xe 4,7

• Mg
• SI
• Fe

10 7
10 6
10 6
10 5

•

NI

•
'
•

AI
Ca
K
Th

. u
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X 1021/56 and the oxygen mol number in the atmosphere is (= 20% of 5 X 1018 kg/0.032) 3 X 1019.
Thus, the organic molecule (fossil fuels) under the ground is 6X 1019 mol or 0.2 X 10 9 kg. This
gives 6 X 1024 J, as the enthalpy change of reaction being 100 kJ/mol.
4. Estimation of uranium and thorium resources from earth formation process 3)
Elemental abundance of solar system is obtained from the analysis of emission spectrum of
solar flares and chemical analysis of meteorites.2) (See Table 1) Of the elements, refractory
elements made the inner planets, such as Venus, Earth, and Mars, while volatile elements flew away
from the sun, thus forming outer planets. Of the mass of Earth 6X10" kg, 32 % is made from Fe,
32 % from O, 15 % from Mg, 15 % from Si, and 1.13 X 10"6% (= 6.78 X 1016 kg) from U, and 2.4
X 1017 kg from Th. Of the uranium, 0.7 % is U235 which will give 200 MeV (= 3.3 X 10'" J) of
energy/U235 atom. Likewise, Th232 on reacting with neutron to give U233 is regarded as energy
resource just like U235. Thus, nuclear energy resources in the earth is as follows:
U238: 1.7X10 41 X3.3X10" n J = 5.5X10 30 J
U235: 5.5 X 1030 J X 0.7 % = 4X 1028 J
Th232:2X10 31 J
One should note that in this consideration was not included the nuclear fusion reaction. When
this technology is completed, then the amount of nuclear energy would be tremendous.
5. Solar energy
The photon energy emission rate from the sun is well known as to be 1.4 kW/m" incident
onto the earth surface. As the crust consists of insulators, the energy falling onto Earth is eventually
reflected to the space as infrared radiation. Meanwhile, the energy is absorbed by pertinent
molecules or plants at the surface, adopted to promote biological reactions and to vaporize the see
water, to cause an ocean current or atmospheric winds, and finally is exhausted as thermal energy.
Solar energy, though it is not convenient to use at present because of its low-energy condensed
form, can be used and it is needless to mention that mankind already has started to use it.

6. Energy resources mankind will consume
Biologically mankind consumes energy of 2,000 kcal/day = 8,000 kJ/day while in
modernized society as in USA or Japan mankind consumes hundred times more. If we assume the
world population of 1010 (the present population: 6.3 X 109), total consumption rate is 8 X 108X 1010
J/day. This rate continuing for 1,000 years, we have as the total mankind consumption 3X10" J.
7. Energy consumption rate of mankind and its evolutionary effect on the earth
Table 2 summarizes the amount of several energy resources hitherto discussed together with
the predicted amount of energy mankind will needs and geothermal energy flowing out though
thermal conduction for the convenience of comparison. As we see easily, predicted amount of
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mankind energy consumption is only negligible compared to the energy resources the earth
contains. Of course, different kind of resources has a different degree of easiness or difficulty of
consuming energy. Moreover, the difficulty depends on each country, its economical situation, and
the technical development stage. We do not discuss these problems here.

Table 2

Energy resources contained In the earth and others

Present results together with predicted amount of energy mankind will needs
and geothermal energy flowing away though thermal conduction
Geothermal energy

~10

J

Fossil energy

6X10 J

Solar energy (of 1,000 years)

7 X 1030 J

Nuclear energy (fission only)-

10 J

Mankind consumption energy for 1,000 years

~ 3 X 1024 J

Thermal energy emission rate from the earth

~ 0 . 1 W/m

We discuss next what will be the effect of mankind consumption of energy on the earth
evolution as follows:
(1) Energy resources: Predicted energy consumption of mankind ( ~ 3 X 1 0 2 4 J ) is so small
compared to the total amount of energy contained in the earth (~10

J ) that we need not

consider the effect.
(2) .Thermal energy emission: Mankind energy consumption rate 8 X 10 X 100(J/person) X
1010(person) = 8X 1018 J/day divided by the total earth surface gives 1.6 X 104 J/day m2 = 0.2
W/m2 which comparable or even more than thermal energy emission rate 0.1 W/m . This
would result in great influence on the earth environment.
(3) Fossil energy: Mankind would consume fossil energy resource in thousand years if they solely
rely on fossil energy as their energy source.
(4) Carbon dioxide and water: Both are known to be a greenhouse effect gas. Water will go to the
ocean, we may worry about carbon dioxide. But the oxygen shortage might be more serious
influence, if we continue to rely on fossil energy.
(5) Radioactive wastes: We draw attention first that nuclear fuel U235 itself is radioactive. Nuclear
power plant consuming one U235 atom produces 1.5 fission fragments and 0.3 Pu . So,
operation of totally 1,000 plants of 1 GW for 1,000 years would consume 3.9 X 108 kg of U235
(half-life 7.5 X 108 y) and 3.9 X 108 kg of U238 (half-life 45 X 108 y) and produce 2 X 108 kg of
Pu (halfe-life 2 X 104 y) and 6 X 108 kg of MA + fission fragments (halfe-life less than 2 X 106 y)
where MA denotes minor actinides such as Np, Am, or Cm. The crust (3 X 10

kg) itself

contains U235, U238, Th232, and K40 nearly homogeneously, causing the radiation exposure
of 0.6 mSv/year at the earth surface. Present examination teaches us that operation of nuclear
plants will transform only about 1/108 of U in the crust into radioactive material with short
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life-time. Thus, we can say that radioactive wastes can not influence the earth environment
8. Conclusion
In the curriculum we propose here, students are supposed to learn first about the formation
process of the solar system and the earth and life evolution through attending the class of geology
and biology and then to learn how to estimate the amount of energy resources, including thermal,
nuclear and fossil energy, from investigation of the earth history. (1) Geothermal energy from the
energy release on mass accretion at the earth formation 46 billion years ago followed by thermal
transport and energy emission from the earth surface. (2) Fossil energy buried in the ground from
the amount of iron ions oxidized in the ocean and the oxygen in the atmosphere. (3) Uranium and
thorium concentration in the crust estimated from elemental abundance of solar system in addition
to elemental distribution inside the earth. (4) Measurement of the solar energy incident to the earth
surface.
When the estimate from these investigations greatly differs from those reference books and
journals give, the students should consult with the class of sociology to study as technical or
economical or international political problems. Furthermore, estimates of the total amount of
energy that the mankind will consume can be done. Assuming that the world population of 101
each expending 100 times of the energy necessary to live as living things in modernized society for
1,000 years is one such examples. Next to do for the student is to study what effect the
consumption rate of energy will give to the earth environment. Students will learn by themselves
through mutual discussion and from the suggestion the teacher gives that the amount of energy
resources remaining in the earth is large enough so as not to worry about their exhaustion and that,
however, we should pay attention to great influence toward earth environment, as heat emission
accompanied with energy consumption becomes possibly as large as intrinsic thermal emission rate
of the geothermal energy inside the earth.

References
1) Matsui T: Uchuujin tositeno Ikikata, Iwanami Shinsho 839 (2003)
2) Matsui T, et al: Introduction to Earth, Solar System Science I, Iwnami Pub. (1996)
3) Ohno S, Yagi K, Arai H: Radiat. Educat. 5, 41 (2001)
4) Ohno S, Yagi K, Arai H: J. Soc. Atomic Ene Autumn meeting, (Shizuoka) Abstract p.2 (2003)
5) Rikanennpyou, Maruzen (2003)

-

318

-

JP0550187
JAERI-Conf

2005-001

5.7 Trends Concerning Description of Radiation and Nuclear-Related
Matters In Current Textbooks
Used at Junior and Senior High Schools in Japan

Tatsuo MATSUURA, Junko SEKIMOTO, Shinji TAKAGI, and Yuichi IIRI

Radiation Education Forum
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Abstract
Descriptions on topics concerning radiation and nuclear energy in textbooks
currently used in junior and senior high schools in Japan have been examined and
summarized. As for the textbooks used in junior high schools, both in science studies
and in social (geography/society) studies, the description is unsatisfactory for the
reviewers in the following points: the space describing the radiation and nuclear-related
problems has become considerably reduced than before, and as a general tendency the
demerits of nuclear-related matters are stressed than the merits, while the renewable
energies are much more favorably treated than the actual role.
As for the textbooks
of senior high schools on science studies written based on the new education guidelines,
the present reviewers acknowledge the description has considerably been improved than
before. However, as for those in the fields of social studies, geography/history, etc.,
the situation is similar to the cases of junior high schools described above.
That is,
the description on radiation and nuclear-related matters are generally not sufficient, and
incorrect or unfair views on the value of nuclear energy are sometimes seen, in such a
manner that the demerits of nuclear energy production or anxiety for
radiation/radioactivity and for waste disposal are treated in much space than the merits,
in special reference to the cases of nuclear accidents.
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Radiation Education In Medical and Co-medical Schools
Sukehiko KOGA

Professor Emeritus, Fujita Health University School of Medicine
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^t'r? 4-14-14, skkoga@msa.biglobe.ne.jp
Abstract
In the medical field, ionizing radiation is very widely in diagnostic and therapeutic procedures.
Around 60% of environmental radiation, including natural background and man-made sources of
radiation, is caused from medical exposure in Japan. Education of radiation in medical and co-medical
schools are mainly aimed to how effectively use the radiation, and the time shared to fundamental
physics, biology and safety or protection of radiation is not so much.

^flf n i l pfjl %
:

Lancet IJH^

^-1979-2003

J: o tz

Ltz. 500

35 ^ ,

45 £(56%),^# 99

66-68%

-

329

-

JAERI-Conf

2005-001

D

0%

20% 40% 60% 80%

100%

2. f

mi

0%

20% 40% 60% 80%

-r

\jfa

/—

A/-,

E3X «BR ) J -

100%

n

fe (13)

-

330

-

JAERI-Conf

2005-001

[—r
HS:ffi(35)f
#tsef(4i)

E6W144)

y~
20%

" ,y ~ ~.7 —
~,y
40%
60%
80% 100%

3.

2.
5.

[El 3

LT,

z. (16)

(@7)

331

-

JAERI-Conf

2005-001

100%
80%
60%
40%

£ J)]2

20%
E65f(144)

101(41))

Z
JJ I X J K 5 0 )

2.
3.

m6

2.
4 ijfa

3.
5.

7

I

6.

n
I960

tzo

1960

,CT,MRI

-

332

-

2000

JAERI-Conf

2005-001

IVR

HI 8

1981 ^ ^ 2000^l£^J:bKf S
1992

-

333 -

JAERI-Conf

18.3

2005-001

1.1

16
15.1

0.9

13.4

2.1
1.5

12.4

2)

14

18

10
4)

ICRPPubl.34

-

334

-

JAERI-Conf

2005-001

2.
3.
4.

1) A.B. de Gonzalez and S.Darby Lancet 2004; 363,354-351
2) Lee,C.I et al. Radiology 2004,231:393-398
3) /hMJiH^fiil #MMM 1988,13,65-73
4) ICRP publication 34 X £ j | ! » i : m t - 5 / i # c 0 l M (|R)
1983

-

335

V

JP0550189
JAERI-Conf

2005-001

5.9 A coiaborative effort of medical and educational facilities
for radiation safety training of nurses

N aoki Matsuda1, Masahiro Yoshida1, Hideaki Takao1, Manioru Kaneko1, Yukiko Yamaguchi1,
Miwa Horikawa1, Hatsuko Kobayashi2, Shin-ichi Goto3, Makoto Ochi4, Yutaka Okumura1

tenter for Frontier Life Sciences, Nagasaki University
Department of Nursing, Nagasaki University Hospital
Department of Radiology, Nagasaki University Hospital
4

Nagasaki Kita Hospital
- T4 y y

Abstract
The proper understanding of radiation safety by nursing staffs in hospitals are essential
not only for radiation protection of themselves against occupational radiation exposure but for
quality nursing for patients who receive medical radiation exposure. The education program on
radiation in nursing schools in Japan is, however, rather limited, and is insufficient for nurses to
acquire basic knowledge of radiation safety and protection.
training of working nurses is quite important.

Therefore, the radiation safety

A hospital-based training needs assignment of

radiation technologists and radiologists as instructors, which may result in temporary shortage of
these staffs for patients' services. Additionally,.the equipments and facilities for radiation training
in a hospital might not be satisfactory.
In order to provide an effective education regarding radiation for working nurses, the
radiation safety training course has been conducted for nurses of the university hospital by the
collaboration of medical and educational staffs in Nagasaki University.

This course was given for

6 hours in Radioisotope Research Center, a research and education facility for radiation workers
using radioisotopes.

The curriculum of this course included basics of radiation, effects of

radiation on human health, procedures in clinical settings for radiation protection and practical
training by using survey meters, which were mainly based on the radiation safety training for
beginners according to the Japanese law concerning radiation safety with a modification to focus
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on medical radiation exposure. This course has been given to approximately 25 nurses in a time,
and held 13 times in May 2000 through October 2003 for 317 nurses overall.
The pre-instruction questionnaire revealed that 60% of nurses felt fears about radiation
when they care patients for radiation diagnosis or therapy, which reduced to less than 15% in the
post-instruction surveillance. The course also motivated nurses to give an answer to patients'
questions about radiation safety as well as to ask radiologists or technologists when they felt any
fears about radiation. In contrast, more than 30% of nurses were aware of neither their exposed
dose obtained from a personal dosimeter nor the maximum dose limit of radiation exposure even
after the course. These results suggested that medical-educational collaborative training for nurses
were effective on reducing nurses' fears about radiation by educating proper knowledge of
radiation.

In addition, repeated and continuous education would be necessary to establish their

practice for radiation protection.

1. ffB"

2.

Table 1. Curriculum of the training course for nurses.
Basics of radiation and radioisotopes
Effect of radiation on human body
Medical and occupational exposure
Safety handling of radioisotopes in medical facilities
Basics of radiation protection
Legal regulations
Short exam
Practical training*

30 min
30min
45 min
25 min
35 min
50 min
30 min
120 min

* To examine the Effect of" shielding" and "distance" on reduction of
radiation dose by using GM survey meter.
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Fig.l Background of the respondents.
(A) Ages. (B) Experience of radiation work. (C) Experience of radiation education.
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Fig.2 Background of the respondents.
(A) Images from 'radiation'.
(B) Awareness of naturally occurring radiation.
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Fig.3 Fears of nurses for radiation.
(A) Fears by X-ray diagnosis.
(B) Fears for sterility by patients care.
(C) Fears for malformation by patients care.
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Rg.5 Effect of education on reduction of nurses' fears for radiation.
(A) Anxiety for radiation effect in patients care.
(B) Consulting experience with other medical staffs.
(C) Ability to answer patients' questions.
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Fig.6 Effect of education on radiation safety management.
(A) Attention to exposed doses measured by personal dosimeters.
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Rg.7 Effect of education on radiation safety management, as evaluated by the memory for
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at a College of Medical Technology

Takeyoshi Asano

Former Osaka P r e f e c t u r e U n i v e r s i t y
3-11-18, Onoharanishi, Mino, Osaka, 562-0032 Japan

T562-0032

gM7fJ/M?IO.3-11-18

Abstract:
The present report aims at introducing my creative textbook on the subject. The contents start
from the history of the 20th century on "discovery and use of radiation and radioisotope". In the
study of the history the students can aware of their position in a future profession as a medical
radiation worker. In addition, own originality for the textbook was shown in the descriptions of 1)
Auger effect of EC decay nuclide used remarkably in nuclear medicine, 2) the relation between
isotope, isotone and isobar and the kind of nuclear reactions, 3) the distinction of the use of isotope
dilution method in substoichiometry and radioimmunoassay, 4) nuclear reactor chemistry (nuclear
fuel cycle and disposal of high level radioactive waste), 5) fundamental constants used in
radioisotope techniques and 6) the exposure dose in taking a side view of the radiation chemistry.
A questionnaire survey after the closing the lesson showed that the students took an interest in
60 % of the contents in the textbook of radiochemistry and radiation chemistry.
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Kazuaki YANAGISAWA1 and Ryuichi TANAKA2

'Office of Planning, Japan Atomic Energy Research Institute

1233 Watanuki-cho, Takasaki-shi, Gunma 370-1292
T370-1292 ^ i W r f ^ M P T 1233

Radiation Education Forum

3-3-1 Kasumigaseki, Chiyoda-ku, Tokyo 100-0013

T 100-0013 MM^ixm&m^m

3-3-1

Abstract
Ionizing radiation has been widely applied in the fields of industry, agriculture, and medicine. Now, radiation
application offers great benefit to people in various ways to improve quality of life, such as sterilization of
disposable medical equipment, semiconductors, radiographic testing and radial tire in industry, food irradiation,
sterile insect technique (SIT), mutation breeding (rice etc.) and radioisotope utilization in agriculture, diagnostic
imaging, prostate cancer, FDG-PET, medical equipment, radioisotopes, radio pharmacy and contrast media in
medicine. However, the benefit has not been so far estimated economically in Japan. In the present study, the
concept of'economic scale' was introduced as an economic measure indicating the magnitude of the market
created by products manufactured by the utilization of radiation. The total economic scale of radiation application in
Japan was evaluated 71 b$ (billion dollars, 1 $=121 yen) for the fiscal year of 1997. This quantification of the benefit
of radiation applications will greatly contribute to radiation education and risk communication for general public.
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Introduction

In highly industrial countries, most people are exposed to unreliable information about radiation risk and nuclear
energy mainly from electronic and printed media. They have a public sentiment of fear, antipathy and rejection
against radiation and nuclear energy. Excessive information about the risk of radiation may cause public to have
fears and doubts about the utilization of radiation that is the benefit of radiation. To improve the risk and benefit
relation, we should emphasize quantification of the benefit to make risk communication more reliable and
informative. Basically, the application of nuclear energy and indiation is so composed of variety of complicated
components governed by different engineering mechanisms that it keeps the majority of people at a distance. To
overcome this situation, the authors try to tell many teachers and specialists how radiation is useful and beneficial to
people's lives. Hence, an economic scale of radiation application in the field of industry, agriculture and medicine is
described here. All statistical data used are derived from the year of 1997. Obtained insults are also comparable with
those of nuclear energy.

1.

Method and Concept

Economic scale is defined here as economic index indicating the magnitude of the market created by products
manufactured by the utilization of radiation or nuclear energy. Regarding the former, an amount of Market Creation
Product (MCP) such as radial tire (industry), food irradiation (agriculture) and medical equipment (medicine) in
Japan was studied by defining the factory production cost of each article as economic scale. It is usually referred to
as the direct economic effect Regarding the latter, the retail revenue from electricity generated from nuclear power
stations was defined as the economic scale. It also has a direct economic effect. The sum of aforementioned two
parameters was defined as the economic scale for the application of nuclear energy and radiation.

I.

Results and Discussion
•-rf

•

1. Economic Scale of Radiation and
Nuclear Energy in Japan
-

A lot of Japanese may be considering that radiation is

f

like a forty-years-old shanty, hence that the economic

-•

scale of radiation is fairly small in magnitude than
that of nuclear energy. The result of quantitative

1 130 b$
- —.

Total amounts was corresponded to
3.2% of GDP(4,080b$)

study made by the authors is very interesting .
Hence, as shown in Fig. 1, the total of 130b$ is

Fig. 1 Economic scale of radiation and nuclear energy

composed of 71 b$ (54%) radiation with a further

in Japan for 1977.1 $=121 yen

60b$ (46%) on nuclear energy. It points out that the
use of radiation and nuclear energy in modern times
are inseparable and the two exists like two wheels of
a car.
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Radiation Application Contributing to Welfare

Generally, the nuclear energy is recognized as one of important infrastructure in the nation, while radiation
application is recognized as important tools for contributing the welfare of people's lives.

2.1 Industry
Regarding industry, the following seven areas are studied. In those, essential goods are produced by the whole or
the partial utilization of radiation.
(1) Radiation Sterilization of Disposable Medical Equipment
Gamma radiation has the function of sterilizing microbes in and on medical equipments by inactivating the critical
biomolecules in the cell, where the gamma source is usually the isotope Co-60. Revenuefromsterilization of
disposable medical equipments in Japan (12 major and 2,000 small companies) was 2.3b$ with the assumption of
ashareas T: EB: EtO: autoclaving=0.59:0.04:0.27:0.1, where T means the gamma radiation process, EB the
electron beam process, EtO the ethylene oxide gas process and autoclaving the steam autoclaving process,
respectively. Photo. 1 shows examples of radiation sterilization of medical equipments; dialyzer, syringe, injection
needle, tubes and scalpel.

(Gamma 56%
EB 4%)

Needle
Photo. 1 Sterilized disposable medical equipments, where the occupational ratio of radiation ( y and EB) is about
60%
(2) Fabrication of Semiconductors
Microscopic fabrication in semiconductors consists mainly of elemental techniques such as lithography, etching,
impurity doping and so on, where EB, X-ray, laser, ion team and thermal neutrons are used as a variety of tools.
This is shown in Fig. 2. The economic scale of semiconductor production (memory, system LSI, and other
semiconductors) in Japan was revealed to be about 443b$. Revenue from 11 major Japanese companies such as
NEC, Toshiba, Hitachi, Fujitsu and so on was accumulated From a viewpoint of normal sense, about 44b$ is too
bigtoimagine. People's suspicious of this big money should not run because of fact A market of fabricating
machines prepared for semiconductors (1 lb$) is excluded here. The semiconductor market in the world was about
147b$, of which about 45% was shared by the U. S. A. and Japan.
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EB, X-ray, laser, ion beam and thermal neutrons are using in semiconductor fabrication.

(3) Accelerators
Electron accelerators are useful and powerful tools if the are applied to an industrial irradiation process such as the
production of cross-linked wire, heat shrinkable film and tubing, sterilization and so on. Apart from the economic
scale, the clarification of installed numbers of accelerators was shown in Table 1 with data of North America
involving the U. S. A., Canada and Mexico.

Table 1

Accelerators installed in Japan and North America during 1970-1998 (29 years)
Category (1)Low

^ ^ ^ - - ^ ^

^"""""---^Energy tevel

(2) Medium

-3GQkeV

\J\J\Ji\\3 V

3MeV

Sum(1)+(2)+{3)

(3) High
3Me\/M0MeV

Japan '

m

Japan

NA

Japan

NA

Elate Wire & Cables

1

5

50

49

0

0

51

54

Polyefriytene Foam

2

0

12

7

0

0

14

7

Heat Shrinkabte Tubes & Film

10

24

17

202

1

1

28

227

Radial Tires

3

1

20

35

0

0

23

36

Curing (Coating, Laminating, etc.)

44

150

2

7

0

0

157

Exhaust Gas & Waste Water Tnsatment

0

0

4

5

0

0

46
4

Sterifefon

3

8

2

1

6

5

11

14

Contract (Food irradiation, etc.)

3

18

10

18

3

10

16

44

Research & Development

112

100

2

2

1

2

115

104

Sum

178

306

119

324

11

18

308

648

Field in Industry

^ ~ " ^ \ ^

Japan * Uk

NA: North America consisted of the U. S. A., Canada and Mexico

The total number of electron accelerators installed was 308 for Japan and 648 for North America. The latter was
large in magnitude by a factor of about 2. The use of those accelerators in the field of curing (coating, lamination)
as well as heat shrinkable tubes and film, has advanced significantly in the U. S. A.
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(4) Radiographic Testing
Theretailrevenueof 310
companies related to

'

non-destructive testing was about
1.1 b$. The market share of
radiographic testing (RT) of these
was 24.6%; the revenue

"'"

regarding RT was

..

.

! Radiographic testing for a large pipe

l.lx0.246=0.26b$.Photo2

j b} X-ra\ inspection

shows a testing of soundness of

['l"!'!i-'l\'ll["lL:H!'sl'\':'l["J:''l>- . .

large diameter pipe by using

Photo.2

Radiographic testing of the large pipe by X-ray

X-ray inspection.
(5) Radioisotope (RI) Applications and Radiation Protectionfor Facilities and Instruments
Due to wide and variety usage of RI in our country, the economic scale of it is very difficult to be evaluated. A
preliminary study ra reveals that it was roughly 540MS for radiation protection related ID facilities and instruments.
This was obtainedfromquestionnaires sentto56 companies related. As for Japan, the Law Concerning Prevention
from Radiation Hazards duetoRadioisotopes, etc. (Law No. 167, June 10,1957) exists, where the establishments
which have been permitted by the authority (MEXT)touse radioisotopes and/or radiation generators, and the
establishments that have been reported to and have been accepted by the authority to use only sealed radioisotopes
of less then 3.7MBq (100 /i Ci) in all are listed in the statistical date. The readers should be understood how Rl is
useful and provided for our environment Fig, 3 shows a typical example of RI usage in our environment of life.

Use of RI for People's Lives
05MS

—

/T

•

B Paper thickness gauge (930)

:

• Plastic film gauge (583)

;

• Thickness of rolled iron plate (825)

:

O Level gauge (1,408)
"s

• Gas chromatograph (PCB analysis etc (5,355)

|

E3 Density measurement of jet plane fuel (1,034)

{

.

. , lM

;

H Tobacco weight control (738)
'.

•

_ .-•

• Surfer analysis in petroleum industry (277)
•

•

:

B Moisture analysis in iron industry (146)
B Interlock apparatus etc. (756)
a Dust monitor in air (1,900)

•"'
^ ^

!

:

' l l U ; J"li liyi-1', (i I ' W l

_ .

. . : , ' . . . - , ,

•..•:.(, L - : >

Fig.3 RI used for thickness gpuge, level gauge, densitometer and dust monitoring etc.
Unconditioned means RJ level below 3.7MBq
(6) Radiation Processing represented by the Cross-linking of Radial Tires
From an economical point of view, EB radiation is certainly competitive in the rubber industry. Basically, radiation
processing of rubber appears good because partial curing of calendared fabric, reduction of rubber coating gauge,
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prevention of ply movement during final curing, reduction of operating costs and increase in production rates can
occur. As for Japan, tire sales for 5 big companies (Bridgestone Corp., Yokohama Rubber Co, Ltd., Sumitomo
Rubber Industries, Ltd., Toyo Tire & Rubber Co., Ltd., Ohtsu Tire & Rubber Co., Ltd.) were 9.2b$, where the
share of radial tires made by EB vulcanization of tire components was 91%. Namely, the economic scale of radial
tires in Japan was 8.4b$. It is worth mentioning that, according to an estimation by W. R. Scheerer p \ the liner cost
for non-irradiation was 2.15$ a tire but the liner cost for irradiation was 1.80$ a tire, which gave a net savings of
16% by EB vulcanization. Hence, EB vulcanization saves about 1.3b$ a year. Fig. 4 shows radial tires with those
fabrication merits and economic scales.

•Annual tire sales in Japan
9.2b$
^Share of radial tire produced
by radiation
91%
^Economic scale of
radial tires
9.2xO.91=8.4b$
Characteristics of radiation usage for radial tire production:
(1) Partial curing of calendared fabric, (2) Reduction of rubber coating gauge,
(3) Prevention of ply movement during final curing, (4) Reduction of operating costs
and (5) Increase in production rates

Fig.4

Fabrication of radial tires by radiation processing

Except for radial tires, radiation processing includes; 1) the cross-linking represented by wire and cabled (0.4b$),
foam (0.15b$), heat shrink tube/film (0.14b$)5 2) the degradation represented by PTFE (4M$), 3) the curing
represented by coating and converting (25M$), and the graft represented by cell separator and so on (8M$),
respectively. A total sum of those except radial tires is 0.7b$. Fig. 5 shows the cell separator fabricated by the graft
technique.

t ? Pole Cap
Packing

t / Zinc

Silver dioxide
Bottom can

_-"""J!;'l'_ "

.

—

Agfi Button Battery

Conductive polyethylene film having thickness by 10 \L m fabricated by radiation graft technique
Fig.5

Cell separator (polyethylene thin film) fabricated by graft technique
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(7) Purchase of Irradiation Facilities
Purchase of facilities, for example, cobalt 60 usage in industry as well as X-ray apparatus for diagnosis in medicine
was studied. Obtained sales related to the former items was 0.48b$ and those relatedtothe latter items was 3.0b$.
Details with respecttostudied items are described elsewhere[4].

Summary in Industry:
Obtained economic scales of aforementioned items are summarized in Table 2. The share of representative
industrial fields is shown in Fig. 6. The largest is semiconductor (71 %), followed by radiation processing (15%).

Table 2

Economic scale of radiation applications in industry in Japan (1997) 1 $=121yen

Items in Industry
(1) Sterilization of Disposal Medical Equipments
(2) Fabrication of Semi-conductors
(3) Accelerators
(4) Radiographic Testing
(5) Radiation ProtectionforFacilities and Insfruments
(8) Fabrication Process, Radial Tlres(8.4b$) and Otters (0.7b$)
(7) Purchase of Irradiation Facilities
Sum
Note: Economic scale of accelerators is omitted here

*<*! 1hciFP1 r\~f QtiIHIP^H PIP*!/"! i n

Tnrliid"f\/

»3IIdJtC OI o lllillCU. JL ICIil I I I IlllJ.IJ.oLiy

Instruments & Protection (2%)

Sterilization (4%)

Radiographic Testing
(0.4%)

facility (6%) I
Radiation
Processing
(15%)
Radial tires
Eiectric Wire & Cables
Polyethylene Foam

Semiconductor

Heat Shrinkabte Tubes

(73%)

Surface Processing
Get! Separator

Fig.6

2.2

Share of industrial fields studied

Agriculture

Regarding agriculture, the following three main fields are studied.
(I) Radiation processing
(i) Food irradiation
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For the food irradiation in our country, only permitted by the government was the inhibition of sprouting in potatoes
with run since 1974. Economic scale of potato irradiation was calculated to be 16M$ using the amount of 15,000
ton/y[5] with an associated cost of 128 yen/kg. The market share of irradiated potato is only 0.6% (15,G00t /
2,440,000t). Irradiation is carrying out at Shihoro, Hokkaido as shown in Fig. 7 for more than 25 years.

- - .

79Gv
60-150Gy at Shihoro Potato
Irradiation Plant

.

.

--.'•

•ijii HI i

&.L..

Sprout Inhibition of potato by irradiation,
Storage 6 months at room temp.

Share in production of irradiated potato: 15,000 tons for Shihoro vs 2,440,000 tons for all
countries.Hence, irradiated potato has a share by 0.6%. Share in sales of irradiated potato:
16M$ for Shihoro vs 2,579M$ for all countries, leading to 0.6% share
Fig. 7

Overview of the Shihoro potato irradiation facility located in Hokkaido[5]

(ii) SIT (Sterile Insect Technique)
SIT is an extremely useful technique for eradicating thefruitfly. In old days the islands of Okinawa have teen
infested with melon fly and local people were damaged and further prohibited the transport of agricultural products
to the main islands of Japan. The SIT Project on the Okinawa islands was initiated in 1977 as shown in Fig. 8, and
succeeded in eradicating the melon flyfromthe entire Okinawa region in 1993. The economic scale of the entire
Okinawa region and Amami Islands (Kagoshima Prefecture) benefited by SIT is 69 M$. This increase resulted
from an increase in the amount of agricultural products transported to the mainland of Japan as well as an increase
in crop production within the islands.
Sterile of melon flies caused 1) increased crop production inside islands, 2)
cost saving in analysis andfumigation, 3) increase of crop transport to outside
Okinawa etc. Radiation benefits in total is 69M$, where 63M$for Okinawa
and 6M$ for Amami islands.

Fig. 8 A photograph of melon fly (about 8mm long)[6] and facilities for melon fly eradication belonged to
the Office of Okinawa Prefecture Fruit Fly Eradication Project located in Naha.
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(iii) Sterilization
Radiation sterilization relating to laboratory animal feed and food packaging materials is 50M$ consisting of
2M$ for the former and 48M$ for the latter. The bag in box (BIB) is the largest in the latter.
(2) Mutation breeding
(i)Rice
After thefindingof induced mutation in Drosophila fly and maize plants, radiation induced plant mutation breeding
has been a key topic investigated in many countries. In Japan, cytogenetic studies on a more fundamental level have
been performed using X-rays. Using gamma-irradiation, thefirstpractical and successful application to the case of
rice was registered and opened to the public in 1961 more thantenyears priortoa comparable variety in the U.S.
rice variety, 'Calrose 76'. The veryfirstmutant variety was named 'Reimei', which attained lodging resistance by
induced semi-dwarmess as the mutant character.
(ii) Crop
Following this variety, 128 varieties
have been developed in various crop
species in Japan as of 1999. Among
them, 55 varieties (including crossed
offspring varieties derived from
'Reimei') were inrice,ten in barley,
two in wheat,fivemutant cultivars in
soybean etc. as shown in Table 3. The
induced mutation technique was also
very effective for changing the
flowering colors in Chrysanthemums
andtotalof 19 varieties have been
produced.

Table 3 Mutation breeding in Japan (1999)

Category
Cereals

Common Name
(1)Direct (2)lndirect*
Rice (Reimei,efc )
8
47
Barley
6
4
Wheat
2
Beans
Soybean
9
1
Others
2
Fruits
Apple
1
Pear
3
Peach
1
Grasses
Lawn
4
Flowers Chrysanthemum, etc
39
Vegetables
Tomato, etc
6
Subtotal
88
56
* Mutant in its> pedigree
Sum:(1)+(2)=128

(iii) Fruit
Infruittrees, the most effective case was a disease resistant mutant in a Japanese pear, 'Nijisseiki' (meaning
'twentieth century' in Japanese). The variety is highly evaluated in the market by its juicy high quality and
dominated the domestic market for most of the twentieth century, as the name indicates. The variety, however, had
a very significant weakness of being susceptible to black spot disease. Farmers tried to protect the high quality fruits
from the disease by spraying fungicides almost every week. A disease resistant mutant of this product had been
awaited for a longtime.As shown in Fig. 9, chronic irradiation in the gamma-field (Institute of Radiation Breeding,
the National Institute of Agrobiological Resources, Ibaraki) could induce a promising disease resistant twig, and
after grafting of the mutant twigtoseparate it as a clone. Various tests were performed on it andfinallythe mutant
clone was registered and released as 'Gold-Nijisseiki' in 1991 [7l Revenue of thisfruitis estimated to be about
25M$ayear.
As for the economic impact, the most effective crop group in Japan isrice.Rice with its 17 active mutant varieties
was by far the largest, amounting to 774 M$ (96.3 %) followed by 25M$ (3.1 %) of pear, 4M$ (0.5%) of various
beans and 1 M$ (0.1 %) of others including peach and Chrysanthemum.
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Chronic irradiation in the gamma-field, (Institute of Radiation Breeding, the National
Institute of Agrobiological Resources) could induce a promising disease resistant twig, and
after grafting of the mutant twig to separate it as a clone. Various tests were performed on it
andfinally the mutant clone was registered and released as 'Gold-Nijisseiki' in 1991

Gold Nijisseiks (mutant)

Nijisseiki

Fig.9 Mutation Breeding, Japanese pear mutant cultivarresistantto black spot disease induced by
chronic irradiation; 25M$ a year
(3) Research andDevelopment by RIUtilization
(i) Laboratory work for RI provision in agricultural as well as biological studies, and RI waste disposal.
The total economic scale for this was about 4M$.
Isotopes of hi

14

35

C, S and

| '

125

I are important for

agricultural and biological studies, while

I37

Cs is

useful for studying fell out Economic scales of the
first three are 0.5M$ 0.6M$ and 0.2M$, respectively.
The latter two contribute a further 0.3M$ each. As

"

.•

32

shown in Fig. 10, the use of P as a tracer is the ,
largest and has increased in the area of gene

• • "'
;

~

"~

engineering having a total retail cost of 1.6M$ per
year. Japan Radioisotope Association treated RI
.,
• • • , ™«h
wastes with a commission by 2M$.

•

;

32p as a tracer has increased its usage
in the area of gene engineering having
a total retail cost of 1.6M$ a year.
Fig. 10 Use of P as a tracer in gene engineering

(ii) Environmental protection of air pollution analysis The work is mainly addressed to-chemical environmental
analysis against materials released from air pollutant Governmental sectors are mainly doing this job with
economic scale by 17M$ as atotalretailrevenue.
(iii) Chronology for geology and archeology using 14C
As shown in Fig, 11,14C usage for archeology is widely practiced In Japan, atotalof 9 private universities and
agencies perform about 150 measurements a year with an average cost of about 500$. The total economic scale is
500$ x 150x9 or 0.68M1
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By using Tandetron (left), carbide (carbon-14) adhered on an earthenware vessel is
analyzed to know its fabrication year. This case the stone (right) was estimated to be
fabricated around years Of 15,320-16,540 Cal BP. (Ref: brochure issued by Nagoya
University Center for Chronological Research)
14

Fig. 11

C usage for archeology

Summary in Agriculture:
Table 4 summarizes all components entering the economic scale [8l TTie total cost of 964M$ consisted of
136M$ (14%) for N a t i o n processing, 804M$ (83%) formutation breeding and 24M$ (3%) for RI utilization. The
share of studied threefieldsin agriculture is shown in Fig. 12. The largest is mutant breeding (83%).

Table 4

Annual economic scale for radiation applications in agriculture for Japan (1997)
Item

Revenue

Potatoes
Fruit flies
Bag-in-box
Feed for laboratory animals

16
69
50
2

Rice (17 varieties)
Pear (Gold Nijisseiki and others)
Beans (4 varieties)
Others (Peach, Chrysanthemum etc.)

774
25
4
1

RI provision in Agro-Biological studies
RI depositions (solid, liquid etc.)
Air pollution analysis
Geology & Archeology by C-14 isotopes efc.

4
2
17
1

Field
1 . Radiation Processsing
( 1 ) Food irradiation
(2) SIT
( 3 ) Sterilization
2 . Mutation Breeding

Field Sum
136M$

804M$

3. Research & Development by RI Utilization
( 1 ) Laboratory work
(2) Environmental protection
(3) Chronology
Total Sum

24M$

964M$

/•'.grid'I Iu rs

' . I .

1

: • • ! . • • •

'
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rig. 12
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Mrficme

Regarding medicine, the economic scale was decided by reimbursed receipts issued by hospitals and so on.
(1) National Health Expenditure to GDP
In Japan, national health expenditures were increased with every years and in 1997 it reached to 240b$. The figure
is corresponding to 0.24% of Gross Domestic Products (GDP) and 1,903$ for personal expenditures of Japanese
people[9].
(2) Radiological Usage in Medicine to National
Healthcare Expenditures
A radiological use in medicine at the national healthcare expenditures (240b$) in Japan was about 4%, that is,
aboutl 0 b$ m The breakdown of 10b$ is listed in Table 5. It consists of 9b$ for medical care and 0.9b$ for dental
care and very small amounts from charged particle therapy and boron neutron capture therapy (BNCT). Former
two items were reimbursed but latter one was not In medical and dental cares, radiological uses are, for example,
diagnosis consisting of the X-ray diagnosis, the computed tomography (CT) and the nuclear medicine.

Table 5 Economic scale of medicine in studiedfieldsin 1997

(Unit: M$)
Item
Reimbursement Field Sum
1 Medicine
8,982
1.1 Diagnosis (excluding MRI)
1) X-ray Inspection
4,192
2) Nuclear medicine
1,035
3) Computed Tomograph
3,287
1.2 Radiation Treatment
466
1.3 Inspection
2
2 Dentistry
853
2.1 Diagnosis
849
2.2 Radiation Treatment
4
3 Sum of Medicine and Dentistry
9,835
Note:FDG-PET, proton treatment and boron neutron capture therapy (BNCT) are not reimbursed t
public insurance. Cost of them known to date was 3M$ for proton treatment and 0.4M$ for BNCT.
Cost for FDG-PET was not decided in the present study.
The share of individual items in medicine part (about 9b$ as mentioned in the above table) is shown in Fig. 13.
X-ray diagnosis and computed tomography (CT) is large to the magnitude of 47% and 37%.

Followings are topics obtainedfrom comparison
between Japan and the U.SA. ^ .
(Al) Radiation Imaging
When one goes to a hospital as a patient, his first
encounter may be a diagnostic imaging using
radiation. According to our definition, magnetic
resonance imaging (MRI) and ultrasonography
were omitted because they are non-radiological
modalities for imaging. The radiation imaging
used here is X-ray diagnosis, CT and nuclear

Fig. 13
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medicine. Radiation imaging in the U. S. A. is 5
times that in Japan.
(42) Cancer and Radiotherapy (RT)
RT is known as the one of the most useful
treatments for various types of cancers. In

Table 6 Application rate of radiotherapy (RT)forpatients with career
U.S.A.

Rate of

old days, American patients rather than

Year

New patients

Patents treated by RT

RT(%)

Japanese used RT aggressively to cure their

1994

1,150,000

560,262

49

diseases. The facts revealed are summarized

1995

1,252,000

in Table 6= Once Americans had any

Japan

cancers (1.1 Smillion patients in 1994), 49%
(560,262 patients) of those received RT. For
Japanese, of the 440,001 new patients in

Rate of

Year

New patients

Patents treated by RT

RT(%)

440,001

71,696

15

1994
1995

1995, only 15% (71,696 patients) received
RT. Japanese patients are willing to have surgical operations than RT. This can be explained in various ways. With
respect to cancer treatments, different attitudes exist between Americans and Japanese.
(A3) Prostate Cancer
Prostate cancer is known to be a typical disease of males. This was the top malignant neoplasm among Americans
in 1997. The rate of prostate cancer in the U. S. A. is 7 times higher than in Japan, implying that Americans have a
constitutional predisposition to prostate cancer. Application of RT is 30% for Americans and only 5% for the
Japanese. For the latter, hormone therapy is applied frequently.
(44) Medical Equipment
During diagnostic imaging, a Japanese doctor uses X-rays, RT, nuclear medicine and CT. Additionally, an
American doctor uses MRI and ultrasound having a respective share of 12% and 23% in the U. S. A. markets.

3*

Economic scale comparison between industry, agriculture and medicine[11]

Results of the present study were summarized in Fig. 14. It revealed that the scale of utilization of radiation in that
fiscal year stood at 71 b$ corresponding to about 1.7% of the gross domestic products (GDP). It consisted of 60
b$ for industry, 1 b$ for agricultural and 10 b$ for medicine, respectively.

Economic Scale of Utilization of Radiation in Japan
(1997)
Medicine
(10b$),14%

Industry
(60b$),85%

Fig. 14

Share of radiation in industry,

agriculture and medicine. Total is 71 b$.
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Conclusion

Scientific literacy in nuclear may be fostered by the correct understanding of radiation, especially in an age of
compulsory education. Quantitative study revealed that the economic scale of radiation and nuclear energy in Japan
is the total of 130b$, composing of 71 b$ (54%) for the radiation with a further 60b$ (46%) on nuclear energy
generated by 52 commercial nuclear power plants. The radiation is made of 60b$ for industry, 1 b$ for agriculture
and 10b$ for medicine. It should be emphasized that these are contributing to welfare of the nation in forms of
sterilization of disposable medical equipments, semiconductors, radiographic testing and radial tire in industry, food
irradiation, sterile insect technique (SIT), mutation breeding (rice etc.) and radioisotope utilization in agriculture,
medicine and dentistry in radiological medicine. The fact shown by the present study should be used as a milestone
of correct dissemination in the radiation education.
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6.2 Women's viewpoints on radiation and Its applications

Tamiko IWASAKI

National Institute of Radiological Sciences
263-8555
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4-9-1

E-mail : tiwa@fml.nirs.go.jp
Abstract
The discoveries of X-ray by W. C. Roentgen and of radium by M. Curie were immediately
followed by application of them to medical field. After the World War II,

nuclear energy has

been used as an energy source on the one hand, and radiations have been also applied to various
familiar fields in daily life on the other hand. These are now being developed into essential
technologies in our present life.
However, many people in general still fear nuclear power and radiation. There are numerous
cases clearly indicating a widespread rejection of anything
People in

"radiation"

" nuclear"

in the society

as a whole.

community have made great efforts to remove these unfortunate

misunderstandings and negative images regarding the use of radiation, but these have not been
satisfied. In this paper, I would like to reexamine possible factors that have been led to the
dissatisfaction and do so from a different perspective from the standpoint of women.
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Oft 9 ill)

(Various radiation application fields)

Industry

Medicine

Agriculture

(items of questionnaire)
(Industry) :
(Manifacturing industry)
(Smicontacter processing)
(Radiation sterilization)
(Laggage check in air port)
(Medicine) :
M

(Cancer therapy)

f^Uff

(Diagnosis)

(Agriculture) :
(Food irradiation)
(Sterile insect technique)
(improvement of breed)
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(Percentages of already known items on the various radiation applications in the different groups)

Study group

Public
(industry)
i i a l i (Manufacture)

11.2

40.4

(It (Sterilization)

53.7

84.8

97.0

97.0

^ p ^ (Therapy)

100

97.0

i^Kft (Diagnosis)

91.0

93.9

& i M £ t ( F o o d irradiat.)

65.7

97.0

^&ll*l& (insect steril)

36.0

84.8

nnlin&ii: (improve.breed)

21.9

60.6

^F (Culture)
JCitM (Cultural asset)
(Dating)

86.6

90.9

61.2

87.9

(Medicine)

(Agriculture)

(Food irradiation in Japan)
Wkfh—
Public

H M (Staff)

~7°(Study group) (%)
^ ^ (Study)

65.7

90.0

100

20.9

30.0

82.6

Poteto
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(2003)
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^1990 Recomendations of the International Commission on Radiological
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63 RISK COMMUNICATION
- THE KEY OF THE POLICY SUCCESS
Valentina COVALSCHI
S.N. Nuclearelectrica S.A.
Bucharest, Romania

Abstract
Today, in a democratic society, nuclear power development is subject to public acceptance. The
acceptance of the nuclear activities development implies both the approval by the government's proper
authorities and also the standpoints of the civil society, expressed in forms more or less institutionalized.
The public has an important role to play in addressing issues of health, safety and environment.
Therefore, all activities of a nuclear organization need to be both transparent and should provide for the
public's appropriate involvement, with input not only from the nuclear community, but also from
members of the public, interested groups, media, as well as public representatives in local and national
councils and groups. How to communicate clearly with the public is a very challenging job that requires
special attention.
Risk communication is the art or practice of talking about scientific information and principles to a non expert audience. Its goal is to convey accurate and trustworthy information about safety to decision makers, the public, or anyone else with an interest in the safety of the public or themselves. The science
of communication, public education for a proper perception of risks are the key for attaining social
acceptance of any technology that is about to become part of the sustainable development process and
hence, of nuclear energy.
The paper describes the way our nuclear organization is acting and the results in risk communication
activity it achieves.

The Cemavoda Nuclear Power Plant Unit 1, the first nuclear reactor of 706 MWe
CANDU 6 in Romania, has been operating since December 1996 as a result of the
works carried out for the implementation and upgrading of the national nuclear
programme.
Having as main mission the generation of electricity and heat as well as CANDU 6
nuclear fuel, our state-own company "Nuclearelectrica" has an active participation in
the power development programme in Romania.
Today, in a democratic society, nuclear power development is subject to public
acceptance. The acceptance of the nuclear activities development implies both the
approval by the government's proper authorities and also the standpoints of the civil
society, expressed in forms more or less institutionalized.
The public has an important role to play in addressing issues of health, safety and
environment. Therefore, all activities of a nuclear organization need to be both
transparent and should provide for the public's appropriate involvement, with input not
only from the nuclear community, but also from members of the public, interest groups,
media, as well as public representatives in local and national councils and groups. To be
sure the public is informed, information needs to be technically coherent, clear,
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accurate, reliable and comprehensible to the public. If a communication gap between the
nuclear organization and the public will manifest, this gap could be filled up with
speculations, rumors or misinformation, leading to undesirable impact on the
programme. How to communicate clearly with the public is a very challenging job that
requires special attention.
Risk communication is the art or practice of talking about scientific information and
principles to a non-expert audience. Its goal is to convey accurate and trustworthy
information about safety to decision-makers, the public, or anyone else with an interest
in the safety of the public or themselves.
Risk communication can be considered as a subset of the overall field of risk analysis.
As NRC stated, there are three stages of risk analysis: risk assessment, risk management
and risk communication.
We have set up a complex information programme on safety radiation, radioactive
wastes and other issues on nuclear energy. The programme comprises a set of structured
and systematic activities aiming at establishing or improving communications between
the nuclear organization and target audiences.
Within the communication strategy, we have provided the opportunity for the members
of the public to express their opinions and to provide information and comments to
nuclear organization for major nuclear implementations. Various formats are used to
invite public to make comments, such as informational public meetings, roundtable
discussions and formal public hearings. The education and training integration will
mitigate the barriers, which may inhibit the interaction and communication process. An
effective way to avoid negative reactions consists of the extensive consultation to
identify the public's concerns and needs, the access to suggestive and attractive
programmes for education and training.
We have received a significant support in the communication activity from the
worldwide scientific development. One of the most dramatic changes in the
dissemination of scientific information has been the prolific use of the World Wide
Web. Widespread distribution of scientific information has opened up unprecedent
direct avenues of communication between the scientific community and the interested
public, using this the most dynamic medium.
The Romanian experts in nuclear power, organized in associations like AREN
(Romanian Association for Nuclear Energy) and ROMATOM (Romanian Atomic
Forum - active FORATOM's member) pay permanent attention to the communication
with the public. Thus, they add their competence, objectivity and credibility to the
actions undertaken by the economic agents, institutes and organizations acting in the
nuclear sector.
"The Days of Nuclear Energy" event is already traditional. This event is organized by
AREN and it addresses to everybody taking interest in the domain, but mostly to the
young people. The event has a great section dedicated to drawings and pictures on
nuclear items made by children between 6 and 17 years old, on themes like: "What do
we know about energy?", "The atom - our friend", "The energy of the new millenium".
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It is very interesting to see their perception on the atom and the nuclear energy as life
generating. We consider this event a very good way to educate the young people to
understand the benefit of nuclear energy and application to mankind. They are
encouraged by the awards offered by the "Alexandra Ene" Foundation, a foundation
created to support the actions in favour of nuclear energy.
The "Ionel Purica" Foundation offers annualy the award "lonel Purica" to a personality
with special contribution in promoting the Romanian nuclear energy.
On an annual basis, these associations organize nuclear events as SEEN (International
Symposium on Nuclear Energy), gathering Romanian and foreign specialists in the
nuclear field, who present papers on items like: the functioning NPP in safety
conditions, nuclear engineering, young generation - nuclear knowledge management,
public acceptance.
The magazines "Energetica" and "Nuclear Energy" are other steps towards the dialog
with the Romanian civil society. The papers on different items of nuclear energy can be
considered an initiative of an effective campaign for the correct information of mass
media and public opinion regarding the nuclear energy.
The magazines together with the Politechnica University - Bucharest, the Romanian
National Committee of the World Energy Council are boosting round tables dedicated
to nuclear power issues debates. These events are attended, besides specialists
pertaining to kindred domains, by various representatives of civil society: people in the
education area, members of non-governmental entities, persons working in central and
local administration, ecologists etc.
Daily central magazines like "Economical True" or "The Economist" objectively
present multiple aspects related to nuclear energy. The article "Nuclear Energy: Pros
and Cons" published in "The Economist" magazine brings to the chief editor the prize
for the most active journalist in the objective promotion and support of the nuclear
energy, offered by ROMATOM. Starting with 1994, the Romanian national television
broadcasted talk shows on nuclear energy.
Exhibitions are organized on a regular basis on nuclear energy addressing both to the
specialists and to the general public, where informative materials, video records,
computer modelling of nuclear themes, as well as panels showing Romanian and
foreign companies involved in the nuclear energy are displayed. The public debates
carried out last year at Constantza, Medgidia, Cernavoda and Bucharest concerning the
results of the impact study of Cemavoda NPP's Unit 2 on the environment are typical
for our transparency and openness towards civil society and for accepting democracy
rules. In our country, this kind of debates becomes a mandatory stage, provided in the
present Romanian legislation and applied in the completion of the works performed on
the project.
Some actions are developing towards mass media and population to promote the use of
nuclear energy by explaining the economic and environmental benefits, the positive
contribution in avoiding the climate change, in the context of the sustainable
development concept. Coming to better understand the benefits of nuclear science and
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technology may occur through more awareness of how nuclear activities contribute to
our everyday life: how it helps us improve our activities, how it provides safe
electricity, heating or potable water to our houses.
For Cemavoda community there are direct and indirect support •programmes, including
income increase activities, public works, educational activities such as scholarships for
local students and local information program. Indirect support activities include
employment of local population to work at the nuclear organization. The local
community support provided through improving the living conditions in the town of
Cemavoda started in 1991, including a number of 21 objectives related to the project of
the Cemavoda NPP: urbanistic, social, cultural buildings, as well as dwellings for the
operation and executive staff of the nuclear power plant. Two important objectives were
completed and inaugurated in 2002: Cemavoda Town Hospital and "Saint Maria"
bridge over the Danube - Black Sea Channel. There are other social and economic
benefits for the regional public that should be underlined: provides over 1,300 jobs,
provides activities for 15 contractor companies having over 350 jobs, provides
accomodation for over 500 plant employees, provides heating for more than 60% of
Cemavoda inhabitants at the lowest price in the country. The perception of the
contribution of nuclear energy to regional prosperity is a very important indicator of a
good communication activity.
The Cemavoda NPP has in its organizational chart an Information Centre having the
supporting role of bringing to the public's attention the factual information and more
awareness of how nuclear activities contribute to everyday life. A couple of thousands
of visitors have visited the Unit 1 within the "Open doors" programme initiated by the
plant. Students visits are often organized in Cemavoda for attracting the younger
generation to join and keep the nuclear option alive. Special information seminars and
workshops have been organized for the representatives of mass-media, followed by the
plant tour.
A considerable amount of printed materials such as brochures, leaflets, information
documents have been elaborated and distributed to public, policymakers, opinion
leaders, media and non-governmental organizations. Information about events in the
company are provided to the media within press releases, press conferences, interviews
and by internet on the company's website www.nuclearelectrica.ro.
The science of communication, public education for a proper perception of risks are the
key for attaining social acceptance of any technology that is about to become part of the
sustainable development process and hence, of nuclear energy. At present, this science
is an remarkable stage of development and progress. We have to assimilate it, including
all new achievements. We must understand public points of view and address it using its
own language. What we need is not only a unidirectional flow of information towards
the public, but also an effective and steady dialog with representatives of the general
public. It shows the change of culture from information to communication.
Public confidence, built on open, credible communication, patience and perseverance,
will make a safe ground for social acceptance of nuclear energy.
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6.4 Radiation Risks5 Nuclear Power, and the Media
Klaus Becker
Radiation Science & Health
RSH, Boothstr. 27, D-12207 Berlin, Germany
e-mail: prof.dr.klaus.becker@t-online.de
In Western Europe as well as in some other highly industrialized parts of the world,
most electronic and print media play a central role in creating an antinuclear public
sentiment, largely without considering the actual technical and scientific facts. Even
more than large-scale nuclear accidents, proliferation, and politically delayed waste
disposal projects, fear-mongering about the risks of low-dose radiation exposures
became a central acceptance issue. A typical example is the Chernobyl accident, for
which German media regularly claim 10,000 to 100,000 radiation casualties, despite
the well-established fact that their number is (and probably will remain, including the
five child thyroid cases and long-term effects) below 40.
On media policies, the following opinions are generally acceptable:
(1) "The newspaper's role as the public educator has been diminishing. Its role is
coming more that of entertainer like television. Education belongs to the schools and
colleges." (J. W. Anderson, former Editor of Washington Post (IAEA Bull. 46/1, 32,
2004))
(2) "We are not a charitable trust. We print what people want to read and to buy."
(H. Nannen, ex-Publisher of STERN Magazine (personal communication to the author)
(3) "Journalists create public fears because of greed, lack of correct information, or
ideological bias — frequently in combination." ( Kramer and G. Mackenthun, "The
Panic Makers", Piper 2003)
Main reasons for this situation (excepting relatively few serious journalists) are:
1. Widespread lack of relevant technical or scientific education among the
responsible editors and journalists, forcing them, frequently under substantial
time pressure, to accept unreliable information. Sensationalistic doomsday
stories are more in demand and sell better than carefully researched, wellbalanced reports.
2. Immediate comments and explanations, e.g. after a nuclear accident or incident,
is much easier to obtain from self-appointed antinuclear activists with no
reputation to loose, than from serious technical and scientific experts or
organisations, who require more time to analyze the facts and consequences,
and are used to more carefully worded and less spectacular statements.
3. Ideologically prejudiced green environmentalists from the 1968 student
movement dominate many key positions in the media. They are inclined not to
publish material which disagrees with their old paradigms.
4. In some countries, e.g. Germany, official governmental antinuclear policies
suppress on various levels factual information about radiation risks and nuclear
energy, and promote instead expensive "alternative and/or sustainable" energy
sources.

-

380

-

JAERI-Conf

5.

2005-001

Widespread "Political Correctness" among so-called progressive intellectuals
supports everything that appears to be natural and small, and distrusts deeply
large and complex technologies, because they are not instantly comprehensible
to them as well as to other technically less educated people.

The opinions can be summarized as : "Infotainment", just bridging gaps between
commercial efforts, is unlikely to contribute much valuable public education. They say
that media reports are often distorted, and the reasons for distorted media report may be
concluded as due to the following two problems.
One is the probelms with regulations. They are:
(1) Interpretation of very low dose and activity limits as threshold of serious
health hazard.
(2) Estimates based on LNT and Collective Dose Hypothesis (multiplication of
extremely low theoretical risks with high population numbers)
(3) Ignorance of recent research and results by regulators, based on outdated
international recommendations (ICRP, IAEA, EU, etc.)
The other is journalistic/editorial problems. They are:
(4) Increasing commercial competition in TV and print media resulting in
"infotainment" instead of seriously investigated information and education.
(5) Lack of journalists with sufficient technical and scientific background.
(6) Audience psychology: bad, frightening news get more attention, and are
easier to sell than positive news.
(7) Instant comments are easier to get from anti-nuclear activists than from
serious experts.
It may not be easy to alter this situation. However, increasing energy costs and
economic problems on many of the countries concerned may provide a change in public
opinion sooner than most producers of published opinions would nowadays expect.

Remark: This is a note for a presentation, and not a carefully polished scientific paper.

-

381 ~~

JP0550195
JAERI-Conf

2005-001

695 Information Treatment of Mass Media
on Radiation-Related Issues

Junichiro Tada

Safety Office of SPring-8/JASRI, tada@spring8.or.jp

Radiation is nothing but a component of existences in nature. It is a kind of energy transportation.
In the beginning of the universe, only radiation existed there. Thus it is necessary to understand
radiation as a subject of natural science just like as heat and electricity.
The necessity of promoting natural science education has been claimed in Japan for years.
Relevant curricula for teaching ionising radiation as a subject of natural science in compulsory
education system, however, have not yet been made.
In the course of social science, on the other hand, Japanese pupils are taught repeatedly the
occurrences, related to ionising radiation or radioactivity, in which people lost lives, suffered from
severe injury or serious illness, or deprived their wealth; i.e. atomic bombings at Hiroshima and
Nagasaki, nuclear test at Marshall Islands that involved Japanese fishing boat, Chernobyl nuclear
power plant accident, criticality accident of nuclear fuel plant at Tokaimura, and so on. To study
these events, as subjects of social science, must be important though, pupils are seldom taught how
such damages were caused by ionising radiation.
Consequently, most Japanese launch out into life with much information on the danger of
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ionising radiation, and with significantly poor scientific knowledge about radiation itself. So, it is
not surprising that many Japanese keep away from ionising radiation as if it caused evil, and
abominate radioactive material as if it were defilement.
Having very little chance to attend natural science education after the graduation from school,
most Japanese obtain information about ionising radiation and radioactivity primary through mass
media in their daily lives. Thus, the mass media have strong influence on the public perception of
the Japanese on ionising radiation and radioactivity.
Upon this background, Radiation Education Forum (NPO) formed a taskforce to investigate the
output of mass media relating to radiation and radioactivity. The taskforce has examined the status
quo and studied whether any problems existed there.
More than a decade before, not a few news articles contained trivial mistakes from scientific
viewpoint, for example, misuse of the word radioactivity instead of radiation and vice versa.
However, such kinds of mistakes have decreased recently. This improvement must be a
consequence of the efforts of mass media themselves, which we would like to appreciate.
Comments of the experts may have much contributed in reducing scientifically erroneous
expression. However, mass media must take precautions in choosing the expert, for some of them
may have biased opinions or the interests. Such "experts" often make inadequate comments into
news articles, though their statements usually radical which mass media would feel the urge to hake
comments.
For example, when a newspaper reported the issue of depleted uranium residue in Iraq, a
professor of physics, who were treated as an "expert" of the issue in the article, commented the
cases of pneumonia and skin complaint prevailing over American troops staying Iraq are strongly
suspected as acute radiation injuries. These symptoms cannot be acute radiation effects, since even
the contact skin dose from depleted uranium penetrator is as low as 2.3 mSv/hr or so (IAEA's
estimation). It takes more than 2,000 hours for skin injury to appear with this dose rate.
Mass media should recognise that not all professors of physics are well acquainted with radiation
physics and dosimetry, to say nothing of radiation biology and radiation protection. Desirable way
of choosing commentator on scientific matter is to consult neutral public institutions or academic
bodies, though their responses to inquiries are made usually not promptly.
Although mistakes in science in the news articles have decreased, expressions or context, which
may lead misunderstanding or one-sided view about events related to radiation and radioactivity, is
still frequently seen. It should be noted that such misleading would bring the readers miserable
effects on some occasion.
For a typical example, mass media used a statement, "the dose limit for members of the public is
1 milli sievert per year" repeatedly in reporting the criticality accident at Tokaimura. Although the
phrase "dose limit for members of the public" was introduced by ICRP with special meaning as the
guideline of designing radiation facilities or planning procedures utilising radiation, mass media
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used it without proper explanation. Though it was not mass media but the government that has
primary responsibility to provide the information, mass media should confirm it before writing or
broadcasting news articles.
Being ignorant with ICRP terminology, most of the public would interpret the sentence literally.
As the result, they misunderstood that dose more than 1 mSv is dangerous and actually harmful for
the public.
Miserable consequences followed. Many inhabitants suffered from severe post-traumatic disease
syndrome. Most of them were informed their estimated dose exceeding 1 milli sievert, but
surprisingly, those informed the dose was less than 1 milli sievert were also included. Moreover, it
is whispered that not a small numbers of medically unnecessary (but maybe psychologically
necessary) abortion were executed. Official report on this subject does not exist, since abnormality
in fetus is not legally allowable reason of abortion in Japan.
They say, "The pen is mightier than the sword." Indeed, mass media should remember that a pen
(keyboard?) could hurt much more people than a fine blade.
Another issue observed in the output of mass media is the tendency of regarding danger of
radiation is something special. To exaggerate hazardous effects of radiation in the articles is said
the sequela of the propaganda during the cold war, when both the East and the West want to display
the power of their own/enemy's nuclear weapons more terrifying. Such tendency would inundate
articles in which effects of radiation are more or less exaggerated.
Inundation of media reports that attract vigilance of public to danger of radiation excessively
would distort the balance in people's perception among various health risk factors. Because
ionising radiation is one of the risk factors to human health.
Not necessary to refer World Health Report of WHO, our world is filled with various kinds of
health risk factors; chemical pollutions, infectious diseases, drag addiction, etc. Governments are
responsible for tackling these risk factors through their public health programs. Having limited
social resources for the public health measures, i.e. financial, material and human resources,
governments have to allocate them by the degree of imminence. The order of urgency among
measures for various health risk sources varies country to country, as well as era to era.
If the public possesses excessive concern to the risk of radiation and radioactivity, governments
could not take sufficient measures more urgent issues. Exaggeration of the danger of ionising
radiation causes such an irrationality.
The article entitled "Risk of cancer from diagnostic X-rays: estimates for the UK and 14 other
countries" published in the Lancet on 31 st January of this year attracted strong concerns of mass
media. Yomiuri, one of the major newspapers in Japan, respond ten days after the publication. It
reported about the article with a banner headline, "Diagnostic x-ray exposure is responsible for
3.2 % of cancer," causing nation wide anxiety for medical exposure.
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There were many inquiry to the website of Japan Association on Radiological Protection in
Medicine and to other relating academic bodies'; whether the questioner itself or its relative should
receive the recommended x-ray examination irrespective of the health condition, the amount of
dose received from the examination and its foreseeable health effects, and various relating anxiety.
Of cause, the Lancet is the most responsible for the trouble, since it published such disputable
article. However, had not used such sensational title in big type on the top page of a major
newspaper, the news would not make so many patients and their families to worry about receiving
indispensable x-ray examinations.
A senior journalist once told the author "News is an article of trade, too!" Another journalist
complained, "Even we write manuscripts as accurate scientifically as possible, the desk may
modify sentences later, which sometimes induce changes in impression of the story drastically."
If the statement "News is an article of trade" is true, market mechanisms act on mass media to
create news values. Being unusual, dangerous or anxious raise news values, market mechanisms
push mass media to emphasise these characters of the events. Unfortunately, we often encounter
news articles that contain expressions or contexts emphasising news values.
For example, Yomiuri On Line on 12th June 2004 reported the project of Ministry of Education,
Culture, Sports, Science and Technology of Japan (MEXT), of investigating aircrew members'
exposure to cosmic rays. It wrote a sentence which was not included in the article appeared on the
newspaper: "For female aircrew members, who may continue her work without noticing pregnancy,
influences to their fetus is a matter of anxiety." Insertion of this sentence, as rhetoric, may be very
effective to attract readers' concern. However, the effect of the sentence to the public perception is
nothing but a spray of unnecessary fear. Unfortunately, insertion of such decorative sentences is not
very rare.
A public broadcasting in our country has an incomprehensible habit to connect leakage of
radioactive material with troubles of radiation facility. The television was obsessive to leakage of
radioactivity in the report of the criticality accident at Tokaimura, while other news media soon
changed the report that there is only leakage of radiation. The obsession enhanced anxiety of
nearby habitants. It also announced in the news of the steam pipe rupture accident in nuclear power
plant on 9th of this August that radioactive materials weren't contained in the steam that leaked out
because the water in the steam turbines does not come into contact with water used as a coolant for
the nuclear reactor, and added immediately that however vigilance is necessary.
We afraid such dramatisations in the news would drive the public into panic.
It is the mission of mass media to offer adequate information of the events or phenomena of
interest happened or appeared in our society. The information consists of two parts; correct
description

of the fact and proper explanation and/or comment. Choice of materials and

commentators are left to discretion of the desk, so depends on the desk's judgment of values. If the
judgments were made only upon the value of merchandise, there would be danger that the mission
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of mass media be spoiled. The value of news as an article of trade is not necessarily proportional to
the measure of academic accuracy.
The taskforce hopes to the mass media in publishing or broadcasting reports related to radiation
and radioactivity as follows:
Aware the social responsibility and the danger of mass media's power of misleading the public,
Boost scientific quality to make reports on news, and
Consult with neutral and reliable, real expert(s) of the field.
These are common requests for any reports of mass media and not restricted to those relating to
radiation and radioactivity. However, special remarks are necessary for this category according to
the observation of status quo, to say nothing of necessity to learn much more of radiation including
variation in quality of effects with quantity.
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Abstract
The cooperative medical projects between Nagasaki University and countries of the
former USSR have had being performed in mainly two regions: Chernobyl and
Semipalatinsk since 1990 and 1995, respectively. The 21 s t Center of Excellence (COE)
program of "International Consortium for Medical Care of Hibakusha and Radiation Life
Science" recently established in Nagasaki University can now serve our knowledge and
experience

much more directly.

Its activity

can

be further

extended

to the

radiocontaminated areas around the world, and based on the lessons of the past, it can
indeed contribute to the future planning of the Network of Excellence (NOE) for
Radiation Education Program as well as Radiation Emergency Medical Preparedness and
Assistance under the auspices of the WHO-REMPAN.
Within the frame of International Consortium of Radiation Research, a
molecular epidemiology of thyroid diseases are now conducted in our departments in
addition to international medical assistance. The clue of radiation-associated thyroid
carcinogenesis may give us a new concept on experimental and epidemiological
approaches to low dose radiation effects on human health, including those of internal
radiation exposure. Concerning the role and responsibility of our work to the public, to
avoid unnecessary radiophobia and to correctly understand radiation hazard and safety,
we must build a bridge between basic research

and widely open public education.

Therefore, it is of high necessity to continuously work on clarification of the effects of
ionizing radiation on human beings worldwide and to contribute the development of
general guideline of radiation safety and radiation hazard, and to strive for the creation of
substantiated radiation protection programs.

Introduction
Immediate acute manifestation of the atomic bomb diseases are well described in
Hiroshima and Nagasaki victims and categorized into three entities; burns, external
injuries and severe radiation-induced injuries. Late effects of the atomic bombings and
those of emergency radiation medicine have been carefully analyzed and the risk of lateonset malignancies has been demonstrated in various organs (I). Such a tremendous
amount of data (knowledge and experience) has been very useful for the treatment of
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radiation victims of Chernobyl and Semipalatinsk. However, the type and dose rate of
radiation exposure are completely different

between Nagasaki, Chernobyl and

Semipalatinsk. Therefore, molecular epidemiology investigations are essentially needed
to be established in the field of Radiation Life Sciences to clarify the real carcinogenic
effect of ionizing radiation on various cells, tissues and organs (2). Such studies will
undoubtedly contribute to establishment of correct diagnosis and appropriate therapy for
radiation-associated diseases in humans in future.
During the past ten years, the counterparts of advanced medical institutes in the
former USSR made mutual agreements for the exchange in the area of medical science
and of specialists with our university. We have also been inviting visiting professors,
medical researchers, and postgraduate students from these establishments every year to
the Atomic Bomb Disease Institute at Nagasaki University School of Medicine. Such
international cooperation at the level of doctors/scientists is expected to contribute on the
radiation education program to the public.

Medical Cooperative Projects from Nagasaki to Chernobyl
An overwhelming amount of various radionuclides has been released to the
environment after the Chernobyl nuclear plant accident, which happened on April 26,
1986 in Ukraine. From Japan, different lines of medical assistance had been engaged, but
specific medical aid based on a scientific approach was not started until 1991. One of the
most comprehensive projects has been the Chernobyl Sasakawa Medical Cooperation
Project. Direct linkages between Japan and Chernobyl ware established following the
donation of modern equipment and various consumables from Sasakawa Memorial
Health Foundation to the three affected countries making it possible to standardize our
protocols of health screening that remained in effect even after USSR collapse. The first
5-year project launched in May 1991 had been completed in 1996 resulting in data
collection on more than 120,000 children (3). Characteristic achievements of this project
were the followings. Children at the highest risk to radiation health effects were identified
(age at the time of accident from 0 to 10 year-old), and the screening mainly focused on
elucidation of possible late effects of radiation was performed using common procedures
of thyroid examination, hematological tests and whole body Cs-137 measurement in all

-

389

-

JAERI-Conf

2005-001

the inhabitants to determine the current radiocontaminated levels and to relieve their
anxiety.
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Figure 1. Incidence of Thyroid Cancers in Belarus
after the Chernobyl Accident
Results of this large-scale screening demonstrated that nearly 3% of examined
children had thyroid abnormalities other than goiter, for which we could perform an
echo-guided fine needle aspiration biopsy and cytological diagnosis. Importantly among
thyroid nodules exceeding 0.5 cm in size with abnormal echo findings, there were
about 7% of malignancies suggestive of high incidence of thyroid cancer, especially
papillary adenocarcinomas in children of Chernobyl areas. Further investigations
revealed that more than 30% of such patients had local or distant metastases. According
to the reports from Belarus, there has been specific timeline trends of operated thyroid
cancers (i.e. thyroid cancer morbidity) sub-classified into three categories, (i) childhood
(patients less than 15 year-old), (ii) adolescent (age 15 to 18 year-old), and (iii) young
adult (19 to 30 year-old) cases. Figure 1 clearly demonstrates a rapid increase and
declination of the incidence of childhood thyroid cancer in Belarus but the peak is now
shifting from adolescence to young adults, indicative of high risk of thyroid cancer in
individuals whose age at the time of accident did not exceed 15 year-old. It is very
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difficult to accurately evaluate radiation dose on the thyroid from ingested short-lived
radioactive iodines, and several attempts employing different approaches were
undertaken just after the accident within the framework of international cooperation.
Recently, the joint international project involving a case-control study has been
completed establishing a positive relationship between childhood thyroid cancer risk and
thyroid radiation dose (Figure 2).
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Figure 2. Risk of Childhood Thyroid Cancer around Chernobyl
Previously, we had also compared two groups of individuals born in the
Chernobyl areas before and after the accidents and found that only in those children who
had been born before the accident, especially whose age at the time of accident was 0 to 3
year-old, there has been high incidence of thyroid cancers (4). Thus, firstly the radiosensitivity of neonates, infants and secondly a conclusion on the high probability of
casual association between dramatic increase of childhood thyroid cancer and short-lived
radionucletids (radiation fallout) from Chernobyl has been drawn.
Radiation doses due to direct residential external exposure after the accident were
low and therefore there has been no evidence of childhood leukemia rate to increase.
However, acute internal exposure might be high in children because of extensive
incorporation of the fallout-derived short-lived radioactive nuclides into their thyroids
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through air and/or food chains. Also, chronic low dose rate exposure from the
radiocontaminated soil and environment could not be neglected.
From May 1997 to April 2001, the second Chernobyl Sasakawa projects have
been conducted in Belarus and Russia (5). Simultaneously, together with other
international bodies such as EU, WHO and NCI, we have been participating in the
international cooperative program of the Chernobyl Thyroid Tissue Bank project
(http//www.chernobyltissuebank.com/). Nowadays, using this Chernobyl Tissue Bank,
results of several studies have been published among which the genetic analysis of BRAF
mutation revealed its low frequency in childhood papillary thyroid cancers compared to
adult cases (6). In contrast, ret/PTC rearrangement rate is much more higher in childhood
cases but this genetic alteration is not restricted to radiation-induced thyroid cancers and
occurs in sporadic cancers as well. So far, there are no specific molecular genetic markers
of radiation-induced or associated thyroid cancers despite of extensive efforts of a
number of laboratories (7). Strongly desired is a follow-up study of the high-risk group of
individuals who have already been diagnosed for thyroid diseases, especially nodules,
and still live in the radiocontaminated areas around Chernobyl. Such long-term follow-up
project along with well-designed epidemiological studies can contribute to the radiation
education programs to the public as well as to improve welfare and direct medical care in
the target population. Concerning the radiophobia, around Chernobyl, the mental and
psychological care is essentially needed for the people who not only experienced the
accident themselves but also for those still residing the radio-contaminated areas (8).

Conclusions
We are all "Hibakushsas", which means that during our life we are suffering not
only from radiation but also from various kinds of environmental factors from the very
birth. Understanding the impact of the environment on mental and physical health of a
man gives us a chance to elucidate the importance of a cross-talk between the human
body and multitude of environmental traits at the different levels and duration of
exposure. In fact, radiation exposure problem is not a standalone entity in a line of other
environmental factors although it is often regarded in the nuclear weapon, peace
threatening and industrial context. Beside of health problems, socio-political aspects
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should be always taken into consideration, such as e.g. complicated compensation issues,
when radiation effects on human health are being discussed. Clearly, these problems
cannot expected to be solved at once and therefore we should continue our efforts from
Nagasaki to contribute to International Hibakusha Medical Care through the international
networks and education of young physicians and students, especially from the former
USSR, to work together in serried ranks and adhering to the policy of global medical care
standardization and universal radiation life sciences with wider perspectives. There may
be a selection of opportunities from Nagasaki as shown in Table 1 to communicate within
a frame of a proposed to be establishment of Network of Excellence (NOE). To overcome
burden of limited epiphenomenal observations, such as uncertainty of radiation dose
evaluation, we need to develop new methods that allow monitoring and determination of
cause

and

effect

relationship

including

molecular

signature

of

radiation-

induced/associated diseases. The transparency of research and understandability of
research information to the public may improve radiation education programs
performance and surmount obstacles of science scantiness and obscurity.

Table 1. Network of Excellence (NOE) on
Education and Research for Radiation and
Human Health from Nagasaki, Japan
1.

International Consortium for Radiation Life Science
Research including Molecular Cancer Epidemiology
(http://www.nagasaM-u.acj p/index_en.html)

2.

Standardized Approaches and Common Protocol of
Emergency Radiation Medicine within the WHQREMPAN Framework
(http://www.who.int/ionizing_radiation/a_e/rempan/eii/)

. 3e

NOE for Training and Education in Radiation
Medicine in cooperation with NGOs, such as NASHIM
(http://www.nashiin.org/)
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6.7 Lessons from Nuclear Disasters
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Abstract
The most severe and worst of all nuclear disasters is, needless to say, the explosion of
an atomic bomb. The WHO committee on the effects of nuclear war, established in
1982, concluded that the only approach to the treatment of the health effects of nuclear
warfare is primary prevention, that is, the prevention of nuclear war. Nuclear
disasters have also occurred in nuclear power plants and nuclear facilities, causing
various damage and acute anxiety among the workers and general public, but thus far
the related health effects have not always been correctly evaluated. Such problems as
exposed population, individual exposed dose and health risks which are associated
with these evaluation efforts are discussed here.
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2.
Fig. 1 a, b, c

Fig.ia A Chronology of the Nuclear Age (1)
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Fig.1b A Chronology of the Nuclear Age (2)
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Fig.ic A Chronology of the Nuclear Age (3)
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Table 1

Table 1 Examples of Nuclear Disasters
A-bomb
Hiroshima-Nagasaki; Marshal! Islands (USA); Nevada
(USA); Semipalatinsk (USSR); Mururoa Atoll (France)
etc.

mm

Nuclear Accidents
Southern Ural (USSR); Three Mile Island (USA);
Chernobyl (USSR): Goiania (Brazil); Criticality
Accidents with Fatalities (USSR 6, USA 4, Argentina 1,
Yugoslavia 1, Japan 1) etc.

1999 ^ 9 ft JfC»tT£3
3.

1981
WHO

34

m£ (WHA)
, 1982 ^ H =

"WHA
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1984

Table 2a

Scenario A1
A Large City
(e.g. London)

1 Mt (Megaton) Bomb

(A 1 - 3 ) (D
a, h, c H T F I T C

Injured

Dead
Low Altitude 1,800,000

3 h > (Mt)

1,700,000

(580m)
High Altitude 1,600,000

1,600,000

(2,500m)
A2
A3

Table 2b

Scenario A2
1987
W, (Bl-4)

"Limited" Nuclear War
Total 20 Mt

Smaller Tactical Nuclear Weapons
—• Military Targets
•fe "

Dead and Severely Injured: 9,000,000 *
Injured

: 9,000,000*
* More than 90% are Civilians

Table 2c

Scenario A3
All-out Nuclear War

10,000 Mt Nuclear Bombs
(Half of Total Nucl. Weapons)

All over the World
90%: Europe, Asia,
N. America
10%: Africa, Latin Am.,
Oceania

Dead: 1,150 Million
Injured: 1,100 Million
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mm ( u x ^ A
Fig. 2 Setting of ABCC-RERF Cohort
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""*

population at risk b.

Estimating the risk
of late effects

First Census
after the war
, *•
Population

A-bomb
survivors

Cohort for LSS
Survivors Control
Total

Hiroshima 330,000 - - > 159,000
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250,000 - - - • 1 2 5 , 0 0 0
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7,000

34,000
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580,000 - - - • 284,000
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Table 3 Individual Exposure Dose
Hiroshima - Nagasaki
Initial Stage: Distance from hypocenter/
Acute radiation symptoms

1970
T65D

1957: T57D (Tentative 1957 Dose)
1965 : T65D (Tentative 1965 Dose)
1986: DS86 (Dosimetry system 1986)

z.ffi$k,

^

(DS86) tf&

2002 : DS02 (Dosimetry System 2002)

^

1986

DS86
2002 ¥ « l * ^ ^ (DS02)

DS02 « , DS86

3)

Fig. 3

3Sv

( y -

56.14, 1?
^ ^ 98.2%

Fig. 3 RR, AbR (upper) and AtR (lower) of leukemia mortality
by radiation dose, 1950-90 (both sexes and under 10 years)
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6*8 Probability of Cancer Risk in Medical Exposure
ic X-rays—

SHIMO Michikuni

T

M

School of Health Sciences, Fujita Health University

(15

3.2%

^
l 00

, (1) mWa<D&tfc<:T-?\Z£<D&O\ZMlsbt>nt£'t)\ (2)
^'JX^ ( ^ f l U X ^ i ^ - ^ U X ^ ) (?)&l^, (3) JA^, (4) ^ ^

It has already turned out that radiation has a certain influence on a human body
immediately after discovering radiation by W. K. Roentgen in 1895. The medical

-

403

-

JAERI-Conf

2005-001

treatment started just after discovery of radiation, and in the present time the medical
treatment, diagnosis and inspection are greatly used and have become an indispensable
means in the medical field. On the other hand, the injury has already appeared
immediately after discovery of radiation and it has been reported that the doctor who
treated X-rays died by the radiation injury at the beginning of 1900s. Thus, benefits
and risks exist simultaneously as for use of radiation and it can be called the light and
the shadow of radiation.
In this paper, probability of cancer by radiation in use is described in the use in
diagnosis and inspection except medical treatment, attendance, and for the purpose of
medicine research. First, it is shown in Table 1 that there is actually how much
frequency exposed by diagnostic X-ray and inspection in Japan. Now, on 10 February
2004, two famous newspapers in Japan, The Yomiuri -shinbun and The Asahi-shinbun,
reported about the probability of cancer risk in medical exposure by quoting a paper
published in Lancet. The outline of presumption of cancer frequency was as follows.
As the first step, exposure was calculated from statistics of inspection and diagnostic
number of cases. First, the dose of each internal organs (internal organs besides the
purpose) by a certain X ray inspection was presumed. Next, the frequency of the X-ray
Table 1 Medical Table 1 exposure in unit of mSv per examination in Japan
(From "Atomic power" illustration 1997)
Site examined

Effective dose

Radiography
0.05
0.06

Head
Chest
Stomach
Abdomen

2.7
3.0

Tomography
Head
Chest
Upper Abdomen

0.5
6.9

Male 3.7

Female 3.8

Mass health screening
Chest
Stomach

0.05
0.60

Lower Abdomen

Male 3.6

Female 7.1

inspection in a certain age was estimated, and the annual dose of the age was computed
based on it. Furthermore, similarly, the dose of all X-ray inspection was investigated
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and those sums were taken. Finally, the total dose (virtual accumulation dose) of the
whole life until it dies from 0 years old was calculated. As the second step, the
accumulation cancer risk is called for using the "risk coefficient" obtained from the
investigation of atomic bomb victims. It is assumed in that case that the cancer and
the dose have the relation of direct proportion. Moreover, it was assumed that the
influence by single exposure by A-bomb was equal to the influence by accumulation
exposure by inspection whose quantity was far smaller than from the A-bomb. In the
third step, the rate of the cancer considered to originate in radiation was calculated.
The investigated country was 15 nations of the UK, Japan, the USA., European
countries, Australia, Canada, and Kuwait. These countries had not had complete set
of data of all, and the portion for which data was insufficient was presumed using the
data of other country.
The result is shown in Table 2. In the analyzed 15 countries, the number of cases
of annual X-ray inspection and diagnosis of Japan was almost 1500 times per 1000
persons. It was consequently evaluated that cancer based on diagnostic X-ray was
equivalent to 3.2% of all cancers and the estimation was maximum among 15 countries.
The countries with much number of cases to the next of Japan were Croatia and
Table 2 Frequency of diagnostic X-rays per 1000 populations and percentage of
cumulative cancer risk to age 75 years attributable to diagnostic X-rays for 15 countries
(From Berrington, A. and Darby, S)
Country

Annual
X-rays

Attributable
risk (%)

Country

Annual
X-rays

Attributable
risk (%)

Australia

565

1.3

Netherlands

600

0.7

Canada

892

1.1

Norway

708

1.2

Croatia

903

1.8

Poland

641

0.6

Czech Republic

883

1.1

Sweden

568

0.9

Finland

704

0.7

Switzerland

750

1.0

Germany

1254

1.5

UK

489

0.6

Japan

1477

3.2

USA

962

0.9

896

0.7

Kuwait

Germany in the X-ray inspection and diagnosis. In Germany, the number of cases of
annual X-ray inspection and diagnosis per 1000 persons was 1250 affairs, and in spite of
being fewer than our country about 250 affairs, cancer occurrence probability was the
half of Japan. The number of annual X-ray inspection and diagnosis of the UK per
1000 persons was 500 affairs and this was the lowest in 15 nations. Thus, the annual
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number of cases and annual cancer occurrence probability of X-ray inspection and
diagnosis per 1000 persons do not necessarily become fair relation ship. It was
thought that the complement (presumption) in the defect of the data of each country
and calculation had influenced greatly as this reason.
The authors describe their opinions about the paper. First, it is necessary to
notice that this paper about the collective cancer risk was presumed by probability
theory based on the statistics data of X-ray inspection, and that an individual cancer
risk was not presumed. Moreover, cancer cannot actually occur hardly with a quantity
of this amount, and a cancer risk was not reasoned based on the survey of the cancer
itself. In the process of reasoning, being calculated under assumption described in the
2nd step disregards the question over assumption that the linear-non-threshold (LNT)
hypothesis, and the influence from accumulated dose being equal to that from extensive
dose exposed at once. Then, that is not right if it says whether the paper is not only
valuable but also useful. It can see as follows from the position of radiation
management. That is, the circumstance of radiation risk by X-ray diagnosis became
clear by using cancer risk as one hazardous index which was systematically compared
between the exposed data obtained in each country. It can also be compared with other
factors about the cancer risk. In the radiation protection, furthermore, the radiation
management is performed from the position standing at a safe side in case where it does
not understand well or in case it is doubtful. The figure is therefore able to use for a
setting concrete target in order to reasonably mitigate exposure at diagnostic X-ray and
inspection.
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7.1 Periodic Table as a Powerful Tool for
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Abstract
The periodic tables ordinarily start with an element of atomic number 1, hydrogen. Hydrogen atoms,
however, are derived from neutrons by way of (3 decay. Consequently, neutron should be located at a
zero position of atomic number, which corresponds to the left side and above helium. A periodic table,
especially with the zero position for neutron, is essential from present view of matter and serves as a
powerful tool for radiation education.

(BIT)

t
JCO

Introduction
Neutral particles in a nucleus have long remained unknown until Chadwick discovered a neutron
(1932), although J.J. Thomson and Aston had suggested existence of anything neutral (1912) through
recognizing light neon and heavy one by means of anode ray analysis, Rutherford and other scientists

-

407

-

JAERI-Conf

2005-001

independently predicted that anything neutral (1920) should exist in the nucleus. What was a cause of the
difficulty in the history of discovery of neutron ?
A neutron criticality accident happened at the Tokai facilities of JCO, a nuclear fuel maker, on Sept.
30, 1999, and was discussed in various contexts domestically, and in a severe tone, especially at abroad
/I/. A background survey of the environmental neutrons has not been performed at any nuclear facilities
concerning fission in the country. Neutron monitor which detected and recorded the neutrons from the
JCO criticality accident was what had been equipped for fusion research facilities fairly distant from the
JCO, but not for

facilities of nuclear fuel treatment. Radiation education on neutron has not been made

in both school and social education. In this country, textbooks of this field have been entirely unchanged
these 100 years, "We have three kinds of radiations, a ,

j3 and 7 rays". That is all. It is meant that

description on neutron was not seen in the textbooks. From this reason, scientists in basic fields and
science educationists also must be said to have been responsible

* Present address: Rokkasho Culture Society, 1-8, Nozukt, Obuchi, Rokkasho-mura, Aomori, Japan
039-3212
for the neutron criticality accident through making light of fundamental aspects of radiation education
and nuclear technology without revision of the old textbooks during 100 years.

Experimental (Social practice as Public Acceptance, hereafter PA, activities)
Just after the JCO accident, some lectures on properties of neutron were requested from the public
in the vicinity of Rokkasho nuclear site in order to they may be become familiar with neutron and be free
from anxiety on it. We, on demand, made lectures with a clear educational intention that an entire
ignorance of neutron should be conquered for the public in the Peninsula Shimokita (Mutsu and
Rokkasho), Chiba and Aomori. Focus is introduction of some explanation for understanding occurrence
and properties of neutron. The explanation on properties of neutron was made as follows:
1) Neutrons come to the earth from the sun and stars, and are falling on us as rain or shower both day
and night. This radiation which comes from the sky was called cosmic ray.
2) Secondary neutrons are derived from spallation (crashing into smaller parts) of nitrogen and oxygen
atoms in the atmosphere due to the cosmic rays, spontaneous and induced fissions of uranium and
transuranium elements, and neutron-producing nuclear reactions of light elements.
3) Neutron is beta-emitting nuclide with half-life of 10.6 min to decay into hydrogen, atomic number of
which is one.
4) Neutron is a source matter of hydrogen in the universe.
5) Neutron should be regarded as an element with atomic number of zero.
6) Neutron is located before hydrogen in the table of isotopes as well as in the chart of nuclides.
7) Neutron should be listed up on the periodic table, and location of it should be before hydrogen, that is,
left side of hydrogen, and above helium. The upper part of the left side of this newly arranged
periodic table 111 will serve for understanding as 'fusion corner'.
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8) Neutron gives its kinetic energy to hydrogen in the maximum efficiency. From this reason,
hydrogen-containing materials (as well as human body) serve as effective shields of neutron.
9) Neutron is neutral in charge, and is not affected by both positive and negative charges of atom, so
easily goes into matter without resistance. In other words, it has a great penetrating power against
matter.
10) Slow neutron easily gets close to nucleus and is caught by it. The nucleus which has caught it will act
as beta-emitting nucleus in most cases. So neutron will make radioactive matter, that is, activate
other matter.
11) We are not able to detect or count particles without charge such as neutron using electric or electronic
devices.
12) We must convert neutron without charge to any charged particle for detecting and counting.
13) Neutron reacts with boron to give alpha particle with the highest probability. This nuclear reaction is
employed for detecting and counting neutrons.
14) This same nuclear reaction is made use of protecting human body against neutrons with the highest
probability as well. Boron converts neutron (with the longest range of naturally occurred radiations)
into alpha particle (with the shortest range of them).

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

Results
In Mutsu City, the meeting was organized by the Peninsula Shimokita Activation Society /3/. There
are some fireman and head of fire department among the audience. In the accident of Tokai, the members
of fire brigade were carelessly exposed to the neutrons in th criticality. So, they might have attended the
meting of their own will for the purpose of understanding a radiation of neutron. The audiences in most
cases understood the above-mentioned explanations, especially protection for human bodies using
nuclear reaction with boron.
In Rokkasho Village, the Conference of Health Collaborators organized the meeting for
understanding a shield against neutrons. They are responsible for helping medical doctors, nurses, and
health nurses against the safety of the public. They wanted to understand how to protect human body
against neutrons. Accordingly we proceeded to the last explanation in this case, and they learned about
neutron enough. In the course of meeting, they showed a deep sympathy to the villagers of Tokai who
were greatly disturbed by the accident.
In Chiba City, the members of the Society of Japanese Women Scientists organized the meeting at
the NatiOnal Institute for Radiological Sciences. The targets were pupils of elementary schools, those of
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junior and senior high schools, and citizens containing house wives. This meeting was accompanied by a
science experiment class for radiation measurements by audience themselves. Counters of alpha, beta and
gamma rays were ready for measuring samples, and a course of self-made cloud chambers and
measurements of environmental radiations using them were recommended. We, for the first time,
mentioned the new periodic table containing zero position of atomic number for neutron. After finishing
of the course of measurements, one of the middle-aged house wives came to us and told that the periodic
table with zero position of atomic number for neutron was very nice for her to make clear the meaning of
periodic table itself and to know relation between atoms and neutrons, and remembered her of the school
days. This comment by a citizen was the most encouraging for us to employ it for explanation of
understanding neutron.
In Aomori City, members of the Rotary Club organized the meetings, and members of Aoimori
Science BBLIAI organized meetings periodically twelve times during these two years. As a theme of the
learning, topics of cosmic science were rather preferred to nuclear science. Universal occurrence of
neutrons in the cosmos, their change into hydrogen and reverse change under gravitation in neutron stars
and supernovae are reasonably understand using the periodic table containing neutron.

Discussion
1) Historical phase of the periodic table in relation with the discovery of radioactivity /Appendices 1/.
J.L. Meyer of Germany tried to classify elements using atomic weights obtained by S. Cannizzaro
(1862, 1868). D.I. Mendelejeff announced his first periodic table of elements (1869). The next periodic
table Mendelejeff proposed (1906) was a short period table similar as well as nowadays in use. On the
other hand, Werner- Pfeiffer preferred along period table. There were some vacant positions for
eka-elements that had not been discovered at that time. The word, eka, is a numeral of Sanskrit, one, and
means an element that should contact in vertical direction in the table, or in a more concrete sense, an
element that should locate just below in the table, because lighter elements were already known in most
cases. In the case of neutron, it, however, was of a lighter case, or of the lightest case of unknown
substances.
2) Possible effectivity for searching for any light particle.
When radioactive substances were discovered, they were recognized also to emit some light
particles in addition to electromagnetic wave similar with X-ray, and first of all, a beta ray was
recognized by Becqurel to be an electron with high velocity (1900), and an alpha ray by Rutherford to be
positively charged helium with high velocity (1909). During This period /5-8/ , if any lighter material
particles (apart from charge) than helium were supposed to be emitted in a phenomenon of the
radioactivity and were searched consciously, a situation in relation to the discovery of neutron might have
been so much different from the history. Before the discovery of neutron, a framework of human beings
for observing and thinking natural phenomena was so deeply affected from negativity/positivity dualism
/Appendices 2/ as a general principle that it seemed to be very difficult for human beings to think of a
neutral particle, and it took much longer than thirty years for them to discover neutron after discovery
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electron. It may be possible for us to call a lighter particle (than helium) emitted from decay of
radioactive substances or nuclear reactions as eka-helium /Appendices 3/, because it ought to exist in an
atom and to compose atoms as well as helium nucleus (alpha particle).
3) Effectivity for understanding relation between neutron and matter.
In some stage of classifying various kinds of atoms, there was clear step where hydrogen was
regarded as a component of atoms, because of atomic weight of each atom seemed to be integer times of
that of hydrogen. This hunch was not to be entirely a mistake when neutron was not yet discovered, and
was thought to rather contain implicitly possible existence of a particle with nearly equal atomic 'weight'.
At this stage, the position with atomic weight of one and atomic number of one may regarded to be in
degeneracy with atomic number of zero. The discovery of neutron splits the degeneracy into the different
two states, neutron and proton, and the latter is written in atomic expression as hydrogen, but the former
itself is neutral to be located at the zero position of atomic number.
The house wife among the audience of the meeting at Chiba City told that, though she learned
atoms in the ordinary periodic table and neutron in her high school days, she was able to understand a
total image of substance and relation between neutron and matter under a sweep of eyes by our
explanation using the periodic table with zero position. This testimony given in the meeting for the public
seemed to be very important as that from non-specialist of science, and gave us the first chance inspiring
us so much that we employed with confidence the periodic table with zero position of atomic number.
4) Effectivity for understanding nuclear fusion reaction.
The upper part of the left side of the periodic table

is effective for explanation of nuclear fusion

reaction, which takes place from four hydrogen atoms to give one atom of helium (and two neutrinos) in
the sun and stars, and from one deuterium atom and one tritium atom to gives one helium atom (and two
neutrinos) and one neutron in a fusion reactor on the earth.
5) The periodic table with zero position in relation to TABLE OF ISOTOPES and CHART OF
NUCLIDES.
We have various kinds of TABLE OF ISOTOPES 191, in which the zero position of atomic number,
of course, has been established for neutron. Isotopes are one-dimensionally arranged versus atomic
number with internal order in mass number. If we make isotopes degenerate in mass number in the table
of isotopes, and make element degenerate periodicity in the periodic table with zero position for neutron,
resulting two one-dimensional series are entirely in agreement with each other. On the other hand, in
various kinds of CHART OF NUCLIDES /10/ published, the zero position of atomic number for neutron
is reasonably reserved rather as a starting point. Nuclides are expanded two-dimensionally versus atomic
number and neutron number with equal mass line with 90 degree against a line on which atomic number
is equal to neutron number. If we make the chart degenerate in neutron number, a resulting
one-dimensional series as well become the same as above mentioned two one-dimensional series. The
periodic table with zero position of atomic number for neutron, the table of isotopes, and the chart of
nuclides, irrespective of difference in appearance, are entirely equivalent from viewpoint of a scientific
recognition on matter.
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Conclusions
It has been made clear through our practice in the public acceptance activities that the periodic
table with zero position for neutron functions effective for radiation education to the public, especially to
beginners. It promotes understanding of dynamical aspect of atoms, namely, change of radioactive
elements with atomic number N (containing zero) emitting beta ray (electron) into elements adjacent to
the rightside with atomic number N+l, relation between neutron and matter, for example, neutron capture
(activation of matter by neutron), following decomposition (nuclear fission), and nuclear fusion reaction.
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Appendix

Appendices 1.

From atom to nucleus.

The word, atom, was originally introduced by ancient materialists as an ultimate particle of
which the universe is composed. The word, atom means not to be divided into any parts. At
beginning of the 19th century this philosophical concept, however, has been changed by
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Avogadro into a scientific concept that shows what is actually countable one by one. At the
very short time from the end of the 19th century to the beginning of 20th century, it came to
be thought that atom should have any internal structure according to a series of discoveries
of X-ray, electron, radiations from uranium minerals, and polonium and radium as the first
group of radioactive elements. At this stage, the definition that atom is what is not to be
divided was no longer valid. Although atom has become something to be divided, it has
remained yet unknown how atom should be divided. In other words, nucleus was not yet
known, and consequently was not defined. It was in those days that the short period periodic
table of elements was introduced by Medelejeff. Discovery of nucleus could not be earlier
than recognition of alpha ray to be helium without electron (1909) by Rutherford group.
And, nucleus, was ultimately discovered (1911) through experiment of alpha ray scattering
with gold plate by Rutherford. Accordingly, about 10 years or more after J.J. Thomson
discovered electron (1897) may be said to be a creative twilight through which the scientists
roamed about a concept of nucleus /5-8/. At this stage, negativity/positivity

dualism

functioned still effective. At the next stage, however, the dualism did not work well, and
twenty years passed till discovery of neutron (1932). Discovery of neutron may be said to
liberation from the old framework of thinking like the negativity/poitivity dualism common
to human beings irrespective east or west.

Appendices 2. The theory of negativity/positivity five elements (yin-yang wu xing theory) in ancient
China.
Ancient Chinese philosophers developed the theory of negativity/positivity five elements. The
theory is regarded to originate fro a shade/shine dualism. The terminology suggests that this theory of
southern origin, because it may be possible only in the subtropical region that a shade protects living
things from sunshine, and make them feel comfortable under shade of trees. In an early stage, theory of
shade and shine, and theory of five elements were independently proposed, and the former was developed
to more concrete negativity/positivity dualism, which combined with the latter to form one theory.
Here, five elements mean wood, fire, soil, metal, and water. The order of the five elements should
be written in this way, because it has a meaning or an interpretation. Each of elements was composed
from rarest gaseous material, qi. It seems to be similar to ether that was thought by ancient Greek
philosophers to be the rarest and noblest element prevailing only in the universe above the moon and
named the fifth elements in addition to four elements (fire, air, water, and soil) in the universe below the
moon, namely on the earth. Both the qi and the ether were neutral in nature. The qi, however, later split
into twi phases, negativity (y.in) and positivity (yang). At this stage, wood was thought to be composed of
less negativity and more positivity, fire was of positivity only (this is similar to phlogiston in alchemy),
soil was of half negativity and half positivity, metal was of more negativity and less positivity, and water
was of negativity only. This was a main pont of the theoiy of negativity/positivity five elements.
By the way, what does this order of the five elements mean? It seems to us curious logically. An
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ecological or historical viewpoint, however, leads us to an idea that order may be the sequence of
materials or phenomena necessary for muman beings or recognized or encountered by them at early stage
on the earth:
1) they lived in woods, or strictly speaking, they evolved from a higher kind of monkey in woods, found
themselves to be in woods,
2) they learned or found making fire from wood,
3) they learned or found making ash as a kind of soil by burning wood,
4) they learned or found metal by digging soil, and
5) they learned or found water (lake, river, and sea) by going out of woods.
The stage 1) to 3) correspond to times of earthenware, the stage 4) corresponds to times of metalware,
and the stage 5) corresponds to recognition of total environment as life-sphere.
The negativity/positivity five elements theory was applied widely for understanding and explaining
the nature and the human phenomenon, and during a very long time functioned a framework of thinking.
This theory was introduced to ancient Japan, and had a great influence on thinking, especially about
human phenomenon here, which would be said to continue even nowadays, because you would find or
the system to be alive in various kinds of antique style calendars, for example, the author is classified to
be as wood in element and to be as green in color according to the year of the birth. It should be
emphasized that negativity or positivity is a continuum in nature, but not a particle as well as an atom.
They related to only quality of element, but not to quantity or size. From this reason the theory has not
lead us to any internal structure of matter.

Appendices 3. Atomic science (scientist) and nuclear science (scientist).
The category of nuclear scientist is very new. A well-known nuclear physicist, Prof. Shin'ichiro
Tomonaga, for example, told himself to be an atomic scientist, and his field of science was called atomic
physics even at the times after the a world war II. At an early stage of research of this field, the word,
radioactivity, was exclusively used among new sciences at the beginning of the 20 n century. Nuclear
science and scientists that come into existence in the latter half of the 20th century for the first time and
reveal themselves suddenly in the presence of the public from the secret world of military research for
development of atomic bombs in the desert of Los Alamos. Even nowadays, the word, atom, is used to
the extent unreasonably expanded. Atomic bomb is a nuclear bomb in nature, and atomic energy is
nuclear energy in nature. Nowadays, atomic physics or atomic science, however, is no longer nuclear
physics or nuclear science. This kind of terminology might have any mental origin or basis. Apart from
specialists, this kind of terminology will lead the public to ambiguity between atom and nucleus, and
obscurity of scientific topics in general.
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12 The reality of radioactive contamination in construction of
Taiwan and the treatment concerned

Chin-Wang Huang

Chung -yuan Christian University
Department of Chemistry
Chung Li City, Taiwan
Abstract
It has been more than 50 years since Taiwan started the research on the peace application of radioactivity.
During the first 20-30 years, it was found that the radioactive contaminated waste steel from atomic
power plants was recycled together with general waste steel and was used to make other products
including reinforcing bars. It was because the radiation resources ware not carefully controlled and
managed.

Since 1982, the radioactive contaminated reinforcing bars and buildings were gradually

found, as the radiation dose rates were 5 [iSv/h and 0.5 u.Sv/h, respectively. The radioactive nuclide was
all Co-60. By August 2003, 1,626 households, 7,824 people's houses were founded to be radioactive
contaminated. Furthermore, radiation dose rates higher than 5 uSv/h were measured from 264 of those
householders. The government has stared to ameliorate this situation and 94.7% of the cases have
become normal. The cancer death rate of these people is found to be 0.49% (89 patients in 7,824 people,
39 was dead), and it is 4 times higher than that for general people. In order to solute this pollution
problem, the government has made the law to check the radioactivity of all reinforcing bars and to control
and manage those radiation resources more carefully. Additionally, there are tax exemption, subsidy, and
expropriation with compensation for the polluted buildings.
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73 Teaching material for radiation education using zircon sand

Masahiro KAMATA and Miho OKAMOTO

Department of Science Education, Faculty of Education, Tokyo Gakugei University
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Nukuikita-machi, Koganei-shi, Tokyo, Japan
Abstract
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1. Introduction
Many kinds of natural radioactivity exist in our environment and most of them can be found
underground in soil and water. A small amount of natural radioactivity also exists in our daily
necessaries such as potassic foods, and therefore in our body, too. Some of these types of
radioactivity are used in dating techniques for academic research and some are used for industries
such as nuclear power generation. This means that understanding radioactivity is becoming
increasingly important today.
However, many people have an emotional attitude towards the usage of radioactivity and
radiation, and they often say, "Although I do not understand it so well, it must be dangerous and
must be refused". This is partly because they have obtained very negative impressions from the
A-bombs in Hiroshima and Nagasaki, the Chernobyl nuclear power plant disaster, and recently, the
criticality accident of JCO. Furthermore, they have had almost no opportunity for
practical study of radioactivity and radiation in their school classes because the
handling of radioactive isotopes is restricted by law and radiation measurement
equipment is too expensive for school budgets.
However, the very small amount of natural radioactivity existing in our
environment is not regulated by law and this radioactivity can be quantitatively
measured by a beta (/gamma) ray detector called "Hakarukun2" (Fig. 1-1), which
Fig. 1-1 Hakarukun2
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is lent to schools for free by the Ministry of Education, Culture, Sports, Science and Technology
through the Institute of Radiation Measurements (IRM). In this paper, we introduce safe and
inexpensive student experiments using zircon sand containing a uranium series, as well as a similar
experiment using several chemicals and foods containing potassium 40. .
2. Experiments using zircon sand for students
2-1

Zircon sand •

Zircon is a zirconium silicate mineral with the composition of ZrSiO4. It has high resistance to
weathering because it is chemically and physically stable. Usually, several hundreds (or several
thousands) ppm of uranium are contained in zircon as Zr4+ can be easily replaced with U4+ in the
crystal structure

. Although zircon is contained in rocks, such as igneous rocks

, it is not easy

to collect a sufficient quantity for students' experiments from these sources because considerable
time and complicated techniques are needed. Therefore, commercially
available zircon sand was used in this work.
Two kinds of zircon sand were used in this research. One was the
"Sand of Oceania" (Fig. 2-1), which is sold as a craft material at the Tokyu
Hands craft materials store in Shibuya. The other one was zircon sand

Fie^-l Sand of Oceania

normally used to prevent the vibration of components of audio systems
(Fig. 2-2). The former came from Bunbury in Australia and the latter from
South Africa. As far as the results of XRD are concerned, these two kinds
of zircon sand do not contain a high ratio of impurities because obtained
peaks were in good coincidence with those of zircon and no other peaks
were detected in either sample. The "Sand of Oceania" was subjected to
radioactivation analysis to clarify the concentration of

238

U and their

daughters it contained.
Fi

- Gamma spectroscopic analysis

S- 2 " 2 Z i r c o n

Sand of S o u t h A f r i c a

87.2g of the sample was put into a film case, and gamma rays from it were measured for
72000s with the Ge semiconductor detector. The result indicated that the uranium in the "Sand of
Oceania" was 1.66 Bq/g.
- Activation analysis
lOmg of the sample was irradiated for one minute in thermal neutron flux (2.57xl0ljcm"2s"')
coming from PN-2 in Kyoto University Research Reactor Institute. After being irradiated for 43
minutes, the gamma rays emitted from
detector, and

238

239

U were measured for 3760s with the Ge semiconductor

U contained in the "Sand of Oceania" was calculated to be 1.25 Bq/g.

Although the concentrations of 238U in the "Sand of Oceania" were not rigorously coincident
between the two analyzing methods, the difference itself was not so large and was unavoidable
because the quantity of"

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

natural substances. In any case, the content radioactivity of the "Sand of Oceania" is between 1 and
2 Bq/g, which is far below the legal limit (74 Bq/g) in Japan. Therefore, it can be said that the
"Sand of Oceania" is a suitable material for students' experiments at school.
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Experimental procedures

Exp.l: Measurement of the radioactivity in ores
Since the radioactive content of the "Sand of Oceania" was identified as mentioned above,
radioactivity of any sample can be determined by comparing it with the "Sand of Oceania" and
considering the count rate of beta rays emitted from the same weight of samples. However, the
sample must contain a uranium series and no other radioactivity, because the "Hakarukun2" cannot
distinguish between beta rays emitted from a uranium series and those from other types of
radioactivity.

1
\

The value of the radioactivity in the "Sand of

•

,

Oceania" was treated as 1.5Bq/g based on the result of
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Fig.2-3 How to fold a plastic bag

Two kinds of zircon sand (from Oceania and South Africa)

O Sand of Oceania(Standard sample)
120 jC3 soil of Ningyoutoue
(
. Zircon sand in South Africa
',

and soil of Ningyoutouge (20g each), a beta survey meter
"Hakarukun2", polyethylene bags (85mm X 60mm X
0.04mm)
-Methods and typical results
® Measurement of background (B.G). Put an empty bag
under the measuring window of Hakarukun2 and keep

0.5

measuring for 3 minutes. Then, take an average of count
rates during these three minutes and assume the

Content radoactivHy /

and C o u n t rate

the net count rate from the measured one in (2).

140

©Measurement of beta rays emitted from the standard
\

Oceania" (20g) into a polyethylene bag and fold the bag

CD
CO

in half as shown in Fig.2-3. Then, set this bag just under
of Hakarukun2

and

Bq/g

keep

measuring for 3 minutes to take an average. The net rate
of the standard sample was 88.2cpm.
Make a calibration curve using this value as

of beta-rays

DKCI

120
E
a 100

count

sample (Sand of Oceania). First put the "Sand of

measuring window

1.5

Fig.2-4 Radioactivity content of uranium series

average to be B.G, which will be used to calculate

the

1

r

A potassium alum

80

/

/

60

/

40
20
0
C

20
40
weight ratio/
%

—-~
60

Fig.2-5 Weight rate of potassium
and Count rate of beta-rays

shown in Fig.2-4, where the X-axis presents the
radioactivity per lg of the sample and the Y-axis presents the count rate of the sample.
©Measurement of beta rays emitted from zircon sand of South Africa and soil sample of
Ningyoutouge. After measuring these samples in the same way as the standard sample, the
concentration of radioactivity in each sample can be obtained from Fig.2-4. Since the value of
the beta rays emitted from the South African sand and the Ningyoutouge soil was 57.6cpm and
72.6cpm, respectively, the radioactivity of the uranium series included in the zircon sand of
South Africa was 0.98Bq/g, and that in the soil of Ningyoutouge was 1.23Bq/g.
- Applied Experiment
Measurement of radioactivity contained in granite.
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series is also contained in granite, radioactivity other than a uranium series, such as potassium, is
also contained. If the weight ratio of potassium is known from some database etc., the radioactivity
of a uranium series can be estimated by the following procedure.
(D Apply the weight ratio of potassium of granite to the calibration curve (Fig. 2-5) on which the
relation between the weight ratio of potassium and the count rate of beta rays is presented. Then
the count rate of the beta rays emitted from potassium can be estimated (Details of this calibration
curve are described in the next chapter.)
(2)Put granite just under the measuring window of Hakarukun2. Then measure the beta rays emitted
from granite for 3 minutes and take an average of the count rates.
(3) Subtract the count rate of the beta rays emitted from potassium from the count rate of granite.
This is the value of the beta rays emitted from nuclides of the uranium series in granite.
® Apply the value calculated in (3) to the calibration curve of Fig.2-4. Then, the radioactivity of
the uranium series in granite can be calculated.
- Typical result; results of granite from Naegi, Gifu
Since the weight ratio of potassium in this granite is 3 . 9 1 % ^ ' , according to the calibration
curve of Fig.2-5, the beta rays emitted from

40

K are considered to be 8.4cpm. On the other hand,

when the granite was measured, the average rate (net) was 26.1cpm. Thus, the count rate coming
from the uranium series can be calculated as;
26.1cpm — 8.4cpm= 17.7cpm

(1)

When this value is applied to Fig.2-4, the radioactivity of the uranium is considered to be 0.30Bq/g,
which is correspondent to 25ppm. Although this value is not rigorously coincident with the value
(llppm) in the database (4), rigorous coincidence cannot be expected because the samples were
natural, which means that the composition was not necessarily uniform in all samples, and other
kinds of radioactivity, such as thorium, might be contained.
Exp.2 : Experiment to encourage thought about disposal of nuclear
waste
Zircon is chemically very stable and is also resistant to weathering,
as mentioned above. In addition, it has a property to enclose uranium
Fig.2-6 Activated charcoal
with zircon sand

and its daughter nuclides in crystal structures. This means zircon can
be used as a model of a material to confine nuclear waste.
2000

- Preparation
A beta survey meter "Hakarukun2", Zircon sand, soil of

11500

Ningyoutouge, two airtight containers (about 1100ml), activated

2 1000

charcoal 2g X 2, and a tray for activated charcoal.

v

I 500

o

^x>«-

- Experiment method and example result
CD Put zircon sand in one airtight container and the soil of
Ningyoutouge in the other.

0 --•
0.00

5.00

10.00!

time/d

(2) Put activated charcoal on the tray and set it on each sample
carefully. Then, close the cap and leave it for one week.

Fig.2-7 Decay of

222

Rn collected

from soil of Ningyoutouge

(See Fig.2-6)
(3)

After one week, take out the activated charcoal and put it in the polyethylene bag. Measure
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the beta rays with Hakarukun2. In our experiment the results were 1835cpm and 6.8cpm with
respect to Ningyoutouge and zircon sand, respectively (See Table. 2-1.).
(4)

Confirm whether or not the radiation measured by (3) was emitted from

222

Rn.

A typical example of the results, the decrease of count rate, is shown in Fig. 2-7 and the
observed half-life was close to that of 222Rn (3.8 days).
Table.2-1 Results of beta-ray measurement
Sample

Beta-rays emitted from sand/soil

Beta-rays emitted from activated charcoal

Sand of Oceania

88.2 cpm

6.8 cpm

Soil of Ningyoutouge

72.6 cpm

1835 cpm

2-3

The trial lessons

2-3-1 Content of the trial lessons
We conducted trial lessons using the practical
work described in 2-2 at some private senior high
schools in Tokyo for 207 (4 classes of) twelfth grade
students from June 7-18, 2004. The name of the
subject was "Earth science 1A" and some of the
cut scenes from the class are presented in Fig.2-8.
The details are as follows:

Fig.2-8 Cut scenes from the class
Table.2-2

Students' remarks in the second period

Positive comments of students
I did not think that radiation came from seaweed.
My image of it changed when I understood that it

First Period: Basic knowledge about radiation
and radioactivity (lecture)

was also around us.
Although it is considered only as a dangerous thing,

To provide the minimum knowledge needed in

if radiation is in a very small quantity, it does not

subsequent experiments, we gave a lecture; the

seem to affect the human body.

difference

It was good to have an experience that was not easy.

between radioactivity

and radiation,

natural radioactivity in our immediate environment

It was pleasant.

( K was mentioned as the example), kinds of

I want to investigate how much radiation is needed

radiation, half-life and etc.

to have an influence on the body.

Second

Period:

Measurements

of

radiation

Negative comments of students

emitted from familiar things (experiment using

It was shocking that radiation comes from things we

potassium 40)

usually eat, such as seaweed.

Since there were many students who mentioned

It turns out that there is also radiation around us. I

atomic bombs and nuclear power generation when

feel this is somewhat frightening.

describing

Using the measuring instrument was difficult.

their

images of "radioactivity

and

radiation", an experiment was conducted to show
that radioactivity was also contained in familiar things in the form of natural radioactivity. Several
samples were prepared (potassium chloride, a potassic fertilizer, seaweed, edible brown
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algae, cut and dried Japanese radish etc.) , all of which
40

contain K.

Table.2-3

Students' remarks about

The students measured the beta rays

the third period

emitted from these samples using Hakarukun2. Since

Positive comments of students

they were able to recognize that potassium was contained in

1.

all the samples mentioned above, it was not difficult for them
to find that radiation was emitted from potassium. The

It turns out that radiation comes
from various things.

2.

I was worried about it until I

purpose of this experiment was to put emphasis on the

investigated it, since granite is used

following three points rather than just to perform simple

for the walls and doors of houses,

calculations.

but afterwards I was reassured.

® To understand that radiation is also emitted from many

3.

familiar things around us.

I

mastered

how

to

use

the

Hakarukun2 to measure.

(2)To learn how to use Hakarukun2 (especially the memory
call function etc.)

4.

I want to measure concrete etc.

Negative comments of students

(3) To understand the meaning of operational procedures,

1. Although I thought that radiation was

such as measuring a background

not related to myself and had a vague

Students' comments written on their work sheets are

image of it, I was surprised to find it

summarized in Table.2-2. It seems that for the students who

in sand. It was a little frightening.

mentioned atomic bombs and nuclear power generation as

2. The usage of calibration curves was

their images of "radiation or radioactivity", it was a great

difficult.

surprise to find that radiation also comes from familiar things
such as seaweed. There were

Results of students experiments
( zircon sand of South Africa)

Results of students experiment
(Soil of Ningyoutouge)

some students who modified

45

also a student whose comments
revealed

that

"dangerous"

the

previous

image

remained
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firmly fixed. Anyway, this was
a lesson that aroused
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Fig.2-9 Results of students experiments

Third

Period:

Measurement

of

the

radioactivity in a uranium series (experiment)
The exp.l and applied experiment in 2-2 were conducted. As for the applied experiment, the
calibration curve and the weight ratio of potassium in the granite were given beforehand, and the
students used this information to solve the problem.
The values of radioactivity which students acquired from their experiment are summarized in
Fig.2-9, and comments are summarized in table 2-3. The mark \

in Fig 2-9 shows the correct

value of the preliminary. Many students obtained the radioactivity content of each sample correctly.
Since this was the first time many students had used the calibration curves, many of them were a
little confused in the calculation in exp.l. However, they were able to calculate the radioactivity
content with no problem after some repeated explanations from the teacher.
As for the calculation problem of the application experiment, the number of students who
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solved this by themselves was very small but they seemed to understand after further explanation.
Fourth Period: Summary
The exp.2 in 2-2 was demonstrated first. The students were able to identify the radioactivity on
the activated charcoal as being radon, based on the decay rate (half-life) of the count rate. Then
they learned how various types of radioactivity, such as uranium and potassium, were confined in
granite and that heat generated by the decay of radioactive nuclides becomes a part of the
geothermal energy of the earth. We also explained that it was possible to confine radioactive
species such as fission products from nuclear power plants for a very long time if the confining
materials were chosen properly.
After some explanation on health physics was given to students, the cloud chamber was shown
to them using video teaching materials so that they could confirm visually that radiation was being
emitted from radioactive substances.
3. Students Experiments Using
3-1

K

Experiments
In the applied experiment of the exp. 1 in 2-2, the calibration curve between the weight ratio of

potassium and the count rate of beta rays was used. This curve is easy to build using Hakarukun2
and some chemicals in which potassium content was known as presented in our previous work
(Kamata, Fukagawa et al.)

.Since this building procedure is expected to be useful in senior high

school chemistry classes, we tested it in two senior high schools.
3-1-1 Preparation
Instrument: "Hakarukun2", several polyethylene bags (85mm X 60mm X 0.04mm),
Samples (chemicals): potassium chloride, potassium alum (each sample is about 10 g)
Samples (foods, commodities): seaweed, edible brown algae, instant coffee, and potassic fertilizer.
3-1-2

The experiment method

CD Measure BG as explained in the exp.l of 2-2.
(2) Fold a polyethylene bag in half with the sample (lOg of potassium chloride and/or potassium
alum) and put it just under the measuring window of Hakarukun-2. Then, measure it for 3
minutes.
(3) Subtract B.G. obtained in Q from the results of (2), plot "the count rate of the beta rays
emitted from

40

K" to the weight ratio of potassium contained in the sample, and make a

calibration curve.
® Measure food in which potassium is contained in the same way as (2).
(5) Subtract B.G. from the results of (4). Then, calculate the weight ratio of potassium in the food
using the calibration curve of (3). Compare the result with the data in the food ingredient
table7).
3-2 The trial lessons
3-2-1 Content of the trial lessons
We conducted trial lessons using the experiment described in 3-1 at the following two senior
high schools B and C for nineteen 11th grade students on June 25, 2004 in the subject of

-

425

-

JAERI-Conf

2005-001

Chemistry I, and for forty-two 12th grade students on June 9, 12 and 13, 2004 in the Chemical
Experiment Course.
Senior high school B:

A standard private senior high school in Kanagawa prefecture

Senior high school C:

Senior High school attached to Tokyo Gakugei University

We gave these students a questionnaire (pre-test) before the experiment in order to check their
ability to recognize radiation and radioactivity. After the experiment, in order to judge whether the
contents of the experiment were suitable for high school students, we gave another questionnaire
(post-test)
3-2-2.The results of the questionnaire
(J)The results of the question "which of the following are considered to emit radiation?" are
presented in Fig.3-1. Since seaweed, chemical fertilizer and alum were used in the experiment,
changes in the answers before and after the experiment were very large as expected. Furthermore
the right answers regarding "Your body" also increased after the experiment although we did not
discuss clearly anything about radioactivity in the human body. This means that there were students
who understood that 40K was also taken into the body with non- radioactive potassium contained in
food.
As for "air", the reason
for the increase in the number
of right answers might be the
background

radiation

the

students measured.
(D Figure 3-2 presents the
answers to the questions that
examined students' concepts
before

and

after

the

experiment. In all items, the
number

of

correct

answers

Fig3-1 What do you think emits radiation? (pre-test and post-test)

increased after the experiments. Especially, we can see a

Results of student experiment(Kelps)

big deference in c."Damage to health when a very small
amount of 'Radioactivity' is taken in". It was thought
that their recognition changed through the experimental
activities such as measuring the radioactivity of seaweed
'&

they usually eat.

3.0

(3) In order to investigate the accuracy of students'

4.0

5.0

6.0

7.0

•

8.0

9.0

10.0

Content rate of potassium / %

measurements, the potassium ratios in the seaweed measured by students were compared as shown
in Fig. 3-3. The value reported in a food ingredient table is 7.1% (7) , and half the students acquired
the value of 6.0 - 7.9%. From students, there were comments such as, "I did not think that a correct
result would come out in such an easy method" and "I was glad that the exact value came out."
(4)As for the contents of the experiment, 85% of students
of both schools answered, "It was very easy" and "It was
easy".
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As for the question on whether students had become interested in radioactivity through this
experiment, 87% of students of both schools answered, "I became very interested in it." and "I
became interested in it." Although the students who answered that they wanted to learn more about
radioactivity and radiation remained at 33% of the whole, many students wrote the comment
"pleasant", or "easy".

a.

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

Yes.(wrong)

• No.(correct)

• I don't know.

Post-test

«B High School))
b.

«C High School))

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

Yes, (correct) * No (wrong) ^ I don't know

«B High School))
c.

«C High School))

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

! Yes.(wrong) • No.(correct)

• I don't know.

«C High School))

«B High School))

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

4. Conclusion
This paper reported several experiments for radiation education that can be easily done by high
school students using natural radioactivity. Practice research showed that many students obtained
new knowledge and changed their understanding of radioactivity and radiation during their activity.
In practice, our experiments were confirmed to be available in classes of Chemistry and/or Earth
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Science. It should be noted here that they are also expected to be useful in many places other than
senior high school because they do not need any dangerous chemicals or special techniques, and
can make younger students more interested in radioactivity in their environment.
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7.4 THE PRINCIPLES, TERMS AND RESPONSIBILITIES CONTAINED ©
THE ROMANIAN LEGISLATION RELATED TO COVERAGE OF RISK
NUCLEAR ACTIVITIES DEVELOPED BY
SOCIETATEA NATIONALA NTJCLEARELCTKICA SA

Mariana VATAMANU
Societatea Nationala Nuclearelectrica SA
Bucuresti, Romania

Societatea Nationala "NUCLEARELECTRICA" (SNN) SA, a Romanian state
owned stock company, established in July 1998, following the restructuring of
RENEL, the former centralized Romanian Utility is the Owner of the Cernavoda
Nuclear Power Plant and has three main branches:
- "CNE Prod", operating Unit 1 Cemavoda NPP;
- "CNE Invest", including Units# 2 to 55 actually in charge with the
completion of Unit 2;
- "FCN - Pitesti", the nuclear fuel factory
Cernavoda NPP project is based on technology transfer process from Canada, Italy
and United States for CANDU 6 reactor type. The transfer of technology covers
mainly nuclear island, secondary cycle and turbo - generator
• Romania has a well developed nuclear infrastructure
• Heavy water plant (ROMAG)
• Fuel fabrication facility (FCN)
• Technically qualified CANDU experienced staff
• Nuclear R&D program
This places Romania in an excellent position to optimize their resources and nuclear
infrastructure with the construction and the operation of Cernavoda 2 and 3.
• Romania is part of Non Proliferation Treaty, Third Part Liability Convention,
Nuclear Safety Convention, etc.. The Romanian nuclear regulations are in line
with the European Community legislation
• In accordance with general international practices of Nuclear Operators and
with the International and National specific Legislation regulating the nuclear
activities in Romania, Nuclear All Risk - Material Damage and Nuclear
Liability insurance policies are placed by SOCIETATEA NATIONALA
NUCLEARELECTRICA to the international nuclear "pools" from February
1995.
• Regarding the environmental protection, each unit of Cernavoda NPP can
accommodate spent fuel for ten years of full operation. Furthermore, Romania is
developing radioactive waste management programs and adopting concepts
recognized worldwide (interim dry storage, near surface repository for low and
medium level waste). The final repository of the nuclear spent fuel is subject to
future decision.
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Based on the experience of decommissioning of older CANDU nuclear plants,
decommissioning process of Cernavoda Project have been evaluated.
Cernavoda site complies with the requirements of international standards
concerning nuclear plants
The nuclear safety standards applicable to Cemavoda NPP Units 1&2 site
construction and operation comply with all safety principles included in IAEA
guideline and regulations.

A variety of public and private insurance tools may be used to transfer risk resulting
from extreme weather events associated with climate change. The most prominent of
these regimes have developed in connection with risks from nuclear damage, oil spills,
transportation of dangerous and hazardous goods, and the pollution of watercourses
through industrial accidents.
The paper will introduce how insurance tools are used within these existing regimes to
transfer and share risk and losses and present the tiered compensation systems currently
used in these regimes to redistribute risk. This is done to allow consideration of how
similar concepts might be used to address transboundary damage resulting from climate
change.
Finally, the nuclear third party liability regime in Romania shall be described and the
way Societatea Nationala "Nuclearelectrica" S. A. - the key player and promoter of
Romanian nuclear industry development Main text:
Briefing history of the Romanian Nuclear Program
The Romanian nuclear power program starts with W E R 440 implementation study and
analysis in early '70s. The program took shape in '80s with site selection of the first
Romanian Nuclear Power Plant at Cernavoda, in Dobrogea region on the right side
of the Danube River, about 160 km east of Bucharest. Cemavoda NPP was designed
with five units of 700 MWe each.
In December 1978 the license contract with AECL was concluded, as well as other
contracts for engineering and technical assistance services, equipment and materials
procurement, for the nuclear part of the Unit 1. The services, engineering and
procurement contracts were extended for Unit 2, in 1981. In February 1981 was signed
the contract for the conventional part of the Unit 1 and 2 (turbogenerator set, electric
generator and auxiliaries) with General Electric (USA) and ANSALDO (Italy).
The construction of the Unit 1 started in 1979, under Romanian management, and in
1991 the completion was about 45%.
After 1990, this program was reconsidered and based on IAEA recommendations,
RENEL signed in 1991 a Project Management Contract (PMC) with AECL ANSALDO Consortium (AAC), stipulating that he consortium will take over the project
management activities, including the completion and commissioning of Unit 1. The
Consortium provided also the initial operation of the plant, and on-the-job training of
the Romanian personnel. A group of Romanian specialists worked in the Project
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Management Team (PMT), under the direction of the Canadian and Italian managers, in
order to acquire the necessary management skills.
The Project Management Contract (PMC) between RENEL and AAC was the first
significant co-operation action of western organizations and a utility of Central and
Eastern Europe for the completion of a Nuclear Project. Cemavoda NPP is the sole
nuclear facility in Eastern Europe effectively relying on Western technology and on
internationally recognized safety criteria.

It is a general rale of international law that States have the responsibility to ensure that
activities within their jurisdiction or control do not cause damage to the environment of
other States or to areas beyond the limits of their national jurisdiction. This rule is
reaffirmed in Principle 21 of the Stockholm Declaration, and Principle 2 of the Rio
Declaration. It is also repeated in the preamble to the UNFCCC.
It is a further principle of international law that every international wrongful act entails
international responsibility. In the context of transboundary environmental damage, this
principle has two parts: first, a State has a responsibility to take measures to prevent the
occurrence of transboundary environmental harm; and second, a State has a
responsibility to redress damage if transboundary harm occurs.
International liability and compensation regimes typically impose civil liability on third
party private and public actors responsible for the damage caused by environmental
disasters. In so doing, these civil liability regimes, which are negotiated among States,
and address State-regulated industries, further Rio principles. They deter mined
transboundary environmental harm from domestic industries, by creating cross border
financial repercussions for economic activities that may have significant cross-border
impacts.
They also serve a reparative function, by identifying or creating funding sources to
compensate for transboundary damage caused by domestic industries. In this way, civil
liability and compensation regimes implement the polluter-pays principle by shifting the
costs of transboundary environmental harm that might otherwise be bome by society at
large, through government disaster relief and collective loss, sharing mechanisms at the
first instance, directly to the person or entity most responsible for the activity causing
damage. If operator liability proves insufficient to ensure redress, these regimes fall
back upon agreed state and global collective loss sharing arrangements to address
uncompensated damage.
These civil liability regimes are instructive for addressing the role of insurance in
combating climate change-related risks, because each has considered how to allocate the
risk of transboundary damage among individuals, the private sector and governments,
and each has employed insurance and collective loss sharing strategies to minimize the
financial impact of man-made disasters, and assist in prompt response.
. Liability and compensation schemes as insurance
Liability and compensation regimes commonly channel liability for damage resulting
from a dangerous activity to the entity undertaking that activity. Liability is strict -
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meaning that liability is tied to the conduct of the dangerous activity giving rise to
damage, rather than to the actual fault of the operator. Liability is also generally limited
to a fixed amount, based on the risk posed by an operator's specific activities. In
exchange for the benefit of limited liability, operators are required to secure and
maintain insurance, or other forms of financial guarantees, corresponding to their
liability.
The existence of agreed financial limitations on what could otherwise be unlimited
liability, as well as limitations on the time within which claims may be brought, and
upon the types of damage for which recovery may be had, all serve to render the
economic risk from undertaking dangerous activities estimable, and therefore insurable.
Mandatory insurance requirements then make certain that these risks are in fact insured
by the operator. Above these limits, the structure of supplemental layers of
compensation are agreed to address excess loss.
Insurance Related Actions

International liability and compensation regimes are themselves a form of pre-disaster risk
hedging instrument, purchased by participating State governments (and their taxpayers) through
international negotiations. The State's cost is the expense of negotiating a civil liability text with
other State Parties, and the expense of constructing a domestic legal and institutional framework
to implement the agreed international framework. In developing countries, this cost is often
subsidized through financial assistance for negotiation and implementation.
With a third party liability regime in place, governments that might otherwise have been
compelled to tap their own disaster funds (or resort to donor funds) to address response costs
and damage for the transboundary impacts of a major oil spill, a major nuclear disaster, or the
toxic contamination of a major water supply, can shift post-disaster response costs directly to a
strictly liable private or public entity (or its insurer), eliminating the transactions costs involved
in proving fault and collecting damages.
n some situations, governments may also be able to shift a portion of their response costs to
other governments, through collective loss sharing arrangements. Where regimes create
mechanisms for the handling of individual claims for compensation, resource-constrained states
are relieved of a portion of this burden as well.
Participation in these regimes reduces uncertainty (risk) for States, who might otherwise be cast
in the role of unwilling insurers of their own and their citizens' losses. This can occur when
adequate compensation cannot be obtained from responsible parties, either because operator
liabilities have caused bankruptcy, causation cannot be determined, the responsible party cannot
be located, or domestic laws are inadequate to guarantee recovery. These regimes also reduce
uncertainty (risk) for potential victims, by ensuring the availability of a certain minimum level
of compensation, and elaborating procedures for the presentation of a defined category of claims.
Finally, these regimes reduce risk for investors in business operations engaged in high-risk
activities, by defining limits of liability. This in turn helps to ensure that exposure to liability
does not deter economic activities that are viewed as in the public interest, despite their
associated risks.
Potential victims and States do nonetheless retain certain risks: the cost of pursuing
compensation or reimbursement claims under the scheme (in effect, payment of a deductible);
and the risk that damage will exceed limits of liability and not be recoverable (in effect, exceed
policy coverage). However, liability and compensation regimes may further reduce these risks
through the provision of supplemental cover.
Role of insurance and collective loss approaches within compensation and liability regimes
International civil liability and compensation regimes typically require the private or public
operator of a dangerous or hazardous activity to maintain sufficient insurance or financial
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security to cover claims up to an established liability limit. This compulsory insurance
requirement ensures that a reliable amount of funding will be readily available to compensate
victims in the event of a disaster.
Over the years, tiered compensation systems have evolved to provide supplemental coverage for
those situations in which claims exceed the limits of the operator's limited liability and therefore
the operator's compulsory insurance coverage. These tiered systems have many similarities with
commercial reinsurance. They have been created where: (1) the potential damage from a
particular risk is so great that it cannot be insured by the private market alone; (2) the limits of
liability established in international treaties have proven to be too low (potential economic
losses from accidents involving hazardous mitts operator liability cannot be easily amended;
(3) a public policy decision has been made to share uncompensated losses collectively, at the
state or global level; or (4) a public policy decision has been made to direct "overflow" losses to
a class of actors other than operators, who are nonetheless causally linked to the creation of the
regulated risk.
Not surprisingly, the most elaborate tearing systems have developed around the activities that
pose the greatest threat of massive transboundary damage and consequently the spectre of the
greatest potential liability and costs of redress. In these situations, tiering has served to spread
the risks of damage beyond individual operators, to operator industries as a whole, to public
funds and/or to international solidarity funds, much in the way that reinsurance is used to
backstop insurance and in the way that governments or the World Bank backstop national
insurance systems. This evolution is most readily seen in the oil spill regime, which presently
uses a two-tiered system of compensation, and the nuclear damage regime, which uses a threetiered compensation system.
The nuclear conventions create a three-tiered system of compensation. The 1960 Paris
Convention, as amended by the 1963 Brussels Supplementary Convention, and the 1963 Vienna
Convention, which are linked by a 1988 Joint Protocol, together address risks from the peaceful
use of nuclear energy.
These regimes combine operator liability and insurance obligations in a first tier, backstopped
with installation state public funds in a second tier, further backstopped by a global collective
loss sharing mechanism in a third tier. This tiering recognizes that given the almost incalculable
extent of possible damage from nuclear incidents, it is not possible to internalize the costs of
potential damage as a risk management strategy.
At the first level, these conventions hold operators of "nuclear installations" (primarily facilities
used to generate nuclear energy) strictly liable for damage resulting from nuclear incidents.
State Parties are required to establish by national legislation a minimum operator liability of
US$5 million SDRs for damage resulting from any one nuclear incident under the Vienna
Convention, though States may allow for higher limits. The Paris Convention establishes a
maximum limit of 15 million SDRs, though States may agree to greater or lesser amounts,
though no less than US$5 million. The operator's ininimum liability is to be guaranteed by
insurance or another form of financial security (operator insurance). At the second level, if the
operator's financial security is insufficient to cover the limit of liability established by the State,
under the Vienna Convention the State must make up the difference, up to the operator's limit
of liability. Above the established operator's limit of liability, supplementary public funds are
required to be made available up to a total of 175 million SDRs by the State Party in whose
territory the nuclear installation that caused damage is located (installation State public funds).
At the third level, if damage exceeds the 175 million SDRs provided through the second level, a
further sum of 125 million SDRs (bringing the total available from all sources up to 300 million
SDRsj is to be provided from public funds contributed jointly by all Convention Parties, on the
basis of a predetermined formula, based on each Party's installed nuclear capacity and UN rate
of assessment (international collective loss sharing). Under the 1963 Brussels Supplementary
Convention, contributions are based 50% on the ratio between the GNP of each Party and the
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total of the GNPs of all Parties for the year preceding the nuclear incident, and 50% on the basis
of the ratio between the thermal power of the reactors situated in the territory of each Party and
the total thermal power of the reactors sited in all Parties (again emphasizing the polluter-pays
principle).
As with the oil spill regime, the liability imposed under the nuclear conventions has effectively
resulted in layers of insurance pools. Because the capacity for individual insurers to cover
nuclear risk is limited, national insurance pools have been organized to allow a number of
insurance companies to each contribute to cover a small part of the third party liability of an
operator. (Vanden Borre, 2002). As a result, Dutch operators are restricted to buying third party
liability insurance with the Dutch pool, Belgian operators restricted to the Belgian pool. Vanden
Borre explains that pool members (i.e. insurance companies) declare each year how much
coverage they are willing or able to provide, so that the capacity of the pool is equal to the
contributions of its members. This allows insurers to insure a greater nuclear risk, because the
amount of exposure is known. Reinsurance of nuclear risk occurs also directly among national
pools, without the intervention of third parties, which minimizes the cost of reinsurance, as only
a portion of costs are charged, rather than reinsurance commissions (7.5% on average, versus
30%, according to Vanden Borre). Above the operator insurance limit, excess claims are
covered by installation state public funds, and then by another insurance pool, assembled with
joint State funds.
It should be noted that a 1997 Protocol to Amend the Vienna Convention, which has been
adopted but not yet ratified, sets a new possible limit of the operator's liability at not less than
300 million SDRs (approx. US$400 million). The 1997 Convention on Supplementary
Compensation, which has yet to enter into force, offers the possibility of a global nuclear
regime, because it could be ratified by countries that are not presently parries to existing nuclear
treaties, including the United States. The Convention presents a new formula for contingent
retrospective joint state contributions that builds upon the 1963 Brussels Supplementary
Convention formula. Parties to the 1960 Paris Convention and 1963 Brussels Supplementary
Convention have also negotiated new limits on liability. It is expected that when they
come into force they will be the following: Operator, up to €700 million; Installation State
(public funds), up to €500 million; and Joint State contributions up to 300 million, for a total of
€1500 million (OECD NEA 2003). New shares have also been negotiated for the basis of joint
State contributions: 65% upon installed nuclear generating capacity and 35% upon an "economy
factor" based on GDP. The negotiated Protocol with new limits is expected to be ratified after
parties have enacted relevant legislation (OECD NEA 2003).

Insurance and collective loss sharing tools offered by existing Conventions
As seen above, existing civil liability and compensation schemes use both pre-disaster and postdisaster insurance-related tools to redistribute risk from disasters and ensure a means for
adequate compensation:
• strict operator liability (regardless of fault), with compulsory private insurance or financial
security
• strict State liability with self-insurance (1972 Space Convention)
Convention on Third Party Liability in the Field of Nuclear Energy, adopted 29 July 1960,
entered into force on April 1, 1968 (1960 Paris Convention), amended by the Brussels
Supplementary Convention on Third Party Liability in the Field of Nuclear Energy, adopted 31
January 1963, entered into force on 4 December 1979 (1963 Brussels Supplementary
Convention), and amended by the Protocols of 1964 and 1982.
Vienna Convention on Civil Liability for Nuclear Damage, adopted 21 May 1963, entered into
force on November 12, 1977 (1963 Vienna Convention).
1988 Joint Protocol Relating to the Application of the Vienna Convention and the Paris
Convention (Vienna); adopted 21 September 1988, entered into force April 27, 1992 (1988 Joint
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Protocol) 1997 Protocol to Amend the Vienna Convention on Civil Liability for Nuclear
Damage, adopted 12 September 1997, not yet in force.
1997 Convention on Supplementary Compensation for Nuclear Damage, adopted 12
September
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«ATIGN WITH SPECIAL
REFERENCE TO TRITIUM IN ENVIRONMENT
A.L. BHATIA
Radiation Biology Laboratory
University of Rajastfaan
Jaipur-302004; India

'

/

Radiation is invisible, but exists in various types, in the form of particles
and/or energy bundles. The effects of low-level radiation seem very
abstract since these can not be perceived by our sensory organs. The
increase in natural background radiation from various inadvertent sources
like tritium has the prospect of altering the entire scenario of billions of
years' slow and steady biogenetic evolution. Mankind, by developing
atomic technologies, is unleashing forces which it does understand but not
beyond experimental findings. There is no wise sorcerer who can undo the
damage we are causing.
Tritium is a radioactive form of hydrogen that is produced in the reactor
core. The released tritium replaces hydrogen in water. Tritium in water
when gets ingested, causes continuous internal low-level beta radiation
exposure over a long period. Proposed presentation will focus on the
possible long term damage caused by its low-level exposure is dependent
on the length of duration living tissue spends in the radiation field, not on
the relative radiation field strength. As internal radiation pulses never stop,
impact is continuous by the ambient radiation atmosphere. There is no
chance to heal at the molecular level, except small chances of DNA repair
since the organically bound tritium has greater severe influence with the
slow turnover.
Though the situation needs not be alarming with tritium, the studies on
radiation damage on various parameters have given evidence of two
compartments of radiation damage; the reparable or potentially lethal and
the irreparable or lethal. With emerging new reports on the stochastic
effects, those for which the probability, rather than the severity of an
effect from tritium occurring as a function of dose also can not be ruled
out. Biotoxicity of tritium in the form of induction of cancer, hereditary
effects, teratogenesis and life shortening really needs an exhaustive
investigation and warrants careful evaluation. However, a positive trend
of acclimatization to tritium exposure is always there along with the
presence of radiation-induced repair mechanism. But the danger is that the
low level exposure may effect in unpredictable ways not only human kind
but also its evolving process which may or may not have visible and
beneficial (?) influence, what people are calling hormesis. They will act
not only on people, but on those biological systems which support us.
Because these changes may be beyond our notice and beyond the ability of
scientists to judge, and in so many disparate ways, we will not notice the
decline in the spiritual and physical quality of our world. When finally the
effects of this process are so bad that no one can disagree, it will be too
late to put the genie back in the bottle.
In biological systems the same degree of damage has not been produced by
the same absorbed dose of different types of radiation. This difference in
the radiobiological effectiveness (RBE) needs to be taken into account if
we wish to add doses of different radiation to obtain the total biologically
effective dose. For this, the absorbed dose of each type of radiation is
required to be multiplied by a Quality Factor (QF). For the sake of
simplicity, QF for tritium has been assigned a value of unity (ICRP, 1977).
-
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Radiotoxic effects of long term tritium exposure are consistent and
apparently higher with those expected from an equivalent absorbed dose
from external X-irradiation. Hence, a possibility for a higher RBE for
tritium can not be ruled out.
Four main areas of tritium studies are proposed for the education and
careful evaluation:(1) Specific models and their validity and suitability to predict
environmental transfer of tritium released from various sources especially
from thermonuclear devices.
(2) The organically bound tritium (OBT) in the food chain and its possible
biological consequences
(3) The need for evaluation of the chemical form of tritium in
environmental samples and their fate after interaction/dissociation from
microorganisms
(4) The studies on effects at low doses and low dose rates were urgently
needed; and doubts were expressed on the validity of extrapolating not
only between species but between specific strains in one species.
(5) The need for continuing collaboration in educating low level radiation
exposure between scientists in Europe, Canada, USA and Japan. European
scientists had concentrated their efforts in ecology; the North American
scientists on large scale animal experiments; and Japanese scientists on
molecular and cellular studies.

1. Tritium, a problem for radiation protection
2o Properties
3. Behaviour In the environment
3.1. Speculation of Tritium
3.2.Factors Affecting Metabolism :
3.3. Fixation:
3.4.QBT:
3.5.Waste Management:
3.6.Modelling:
3.7.Doses:
4S Metabolism and Radiotoxicity
4.1.RBE:
4.2.Radiotoxicity:
4.3.Human studies:
4.4.CarcInogenesis:
5. Future Research Needs
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1. Tritium, a problem for radiation protection
With the introduction of nuclear energy, an additional consideration outside
the existing radiation protection framework has appeared i.e. the need to
assess the radioecological and radiobiological impact of radionuclides of long
half life existing in the environment for longer duration. Tritium, a
radioactive by-product of power reactors also, is one of the such major
radionuclides of concern. In fact, this radionuclide besides having longer life
disperse more rapidly and represents a significant risk to the population
exposed.
There is now the growing emphasis on tritium in radiation protection as the
challenge of nuclear fusion comes nearer. From many varied reports from
different laboratories, it appears that projected levels for fusion reactors may
produce deleterious and detectable effects. The degree of concern over tritium
problem is evidenced by a rapid increase in publications on the health
implications of environmental tritium during the eighties. Keeping many such
considerations in view, this monograph has been prepared which reviews the
work on the behaviour of tritium in its various forms in the environment with
an emphasis on the release from various sources, its world inventories and
present levels, its transfer in the various compartments of ecosystems. Besides
this, its metabolism in the biosystem and the possible implications of low
doses of tritium in present and future generations have also been discussed.
In this report the question of tritium releases and pathways to man have also
been covered with the view of modelling.

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

3 Behaviour in the environment
The chemical form in which tritium is released determines greatly its
radioecological behaviour. Tritiated water, becomes rapidly distributed in a
given environment and is diluted as light water. Tritium incorporated in
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organic material behaves differently and may be accumulated in biological
system.
3.1 Speciafion of Tritium: Tritium has appeared as an occupational hazard
mainly as tritiated water of high specific activity or as tritium gas. The
speciation of tritium in the environment is another focal area of interest. Most
tritium is released into the environment as HTO, elementary HT or, rarely and
as a small fraction, tritiated methane gas. Certain liquid effluents containing
tritiated compounds may constitute a peculiar risk due to their preferential
incorporation by living organisms.

Tritium can easily substitute for protium

Normal Hydrogen Gas

H.

Tritiated
Gas

HT

TIT

Normal Water

HTO

Tritiated Water

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

Tritium can form organic compounds
C H +T "Benzene"
6 12 2

C H T+HT or
6 11

T+HT
CH +T "Methane" CH
3
4
2

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

Heat

3.2 Factors affecting Metabolism : Tritium as a gas or as tritiated water can
reach the body tissues of animals and man through several routes. However,
the absorption time and passage time of tritium from various compounds in
and through various tissues to blood depend on the various factor as studied in
different animals and human, viz., basal metabolic rate of the animal, habitat,
physiological status, season etc, which are yet to be investigated fully.
Tritium can be absorbed in either form by way of the skin or the lungs, or it
can be ingested in the form of food as organically bound tritium or as drinking
water. Organically bound tritium (OBT) has the form of tritium bound to one
or more constituents of food which is consumed.
3.3 Fixation: Tritium gets fixed in skin and transmitted to body fluids when
intact skin is brought into contact with surfaces that have been exposed to
tritiated H gas (HT or T2). There have indications that the hazards associated
with the route of tritium uptake are probably small in laboratories handling
small quantities of T2 but could be significant when large quantities are being
processed, particularly during repair or maintenance of process of equipment.
The significance of T2 contaminated surfaces in terms of dose to skin and to
body tissues showed that the significant uptakes of HTO and OBT could also
occur from skin contact with T2 concentrations.
-
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3.4 Organically boned tritium: OBT is formed in microorganisms, plants or
animals; the relative contribution of these pathways to the dose to man
depends on site and food habits. Considerable information on transfer of HTO
and OBT to milk and meat and on that to the growing organism have been
obtained. A few data are available on transfer of tritium from soil organic
matter to plants showing that tritiated water as well as organic matter from
tritiated organic compost is incorporated into various parts of plants. Tritium
in liquid effluents released in aquatic environments can come from several
sources and occur in different physico-chemical forms. Certain organic
compounds may constitute a particular risk due to their preferential absorption
by aquatic microorganisms. This fraction was however small (<1%) in the
case of effluents from a radiochemical laboratory and for OBT of high specific
activity formed in purification resins in the primary loop of PWR.
OBT could exist in exchangeable and nonexchangeable forms and the
presence of minute traces of residual HTO in soil after its apparent removal
may falsify the results. The need for standardising procedures for measuring
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OBT should be stressed. Enrichment of tritium in organic material compared
with water should be viewed with suspicion if the source of the tritium
exposure and details of the exposure conditions. As an example, enrichment
could be caused by discontinuous release. Thus one must verify that
equilibrium conditions have been attained since enrichment may have been
simulated by the different metabolic behaviour of various compartments under
conditions of discontinuous exposure.
As long as OBT is exchangeable with water, its behaviour may be
unpredictable and the simulation with the way tritium will behave in different
metabolic pathways face difficulty. Although it is pointed out that in tissue
and cell preparations, all exchangeable tritium can be removed easily. It was
generally agreed that non-exchangeable tritium should be equated with OBT.
The importance of reversible reactions in living organisms should also be
underlined. Some studies are also necessary to determine whether catalytic
oxidation of HT could occur in air.

Tritium decays by emitting a weak beta
particle

Beta

Stopped
1/4 Inch of

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

The world inventory of tritium from
approximately 400 million curies
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Tritium is NOT an external radiation hazard-it is an hazard

is

through the dead layer of the
skin.

Incorporated
into ceils.

3.5 Waste Management: The waste management of tritium needed to be
addressed before undertaking a massive tritium production programme for
fusion.
Tritium containment is necessary in the first few years because of its high
mobility in the biosphere if buried. Most tritium waste could be adequately
managed but it should be kept in mind that tritium-contaminated aqueous
effluents from reprocessing plants which could not be disposed of In rivers or
the sea; and the high temperature treatment processes where tritium could be
released.
3*6 Modelling! A need for improved model development now mainly relates
to accidental releases. Improved data on environmental behaviour are needed
for the development of such models and a great with establishing a programme
of reliability testing. The data available are still too fragmentary on the
models which could predict distribution from source data. For the realistic
models are to be realistic, their parameters need to be tested experimentally
and it also demands a continuous feed-back must exist between
experimentalists and modeler. Hitherto known worked out models are
relatively Insensitive to changing activity concentrations and accidental
situations. They are more likely to overestimate dose to people, particularly if
HT was present. As per Linsley's remark* in the specific activity model, to
predict the consequences of atmospheric releases of tritium, the specific
activity of tritiated water taken in by man has been equal to that in
atmospheric water at the location of interest. However this situation is rarely
achieved In practice.
3.7 Doses: Doses to the localised critical group resulting from routine releases
of tritium are usually a very small fraction of the dose limit; in such situations,
the conservative approach of the specific activity method is acceptable. When
estimating collective doses for use in optimisation studies, a more realistic
assessment is required In principle. However, these doses are generally low
when considering tritium dispersion on a regional scale. Thus the specific
approach may be adequate at such levels. More sophisticated models are
-
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however required to predict the consequences of accidental releases, where
equilibrium conditions are not anticipated, for example after a pulsed release.
Such models are needed to analyse safety aspects at the design stage and in
planning the likely scale of events on an exposed population. Under these
circumstances, information is required about the spatial distribution of the
tritium deposit and the time dependent behaviour of the nuclide in the
environment. The model must take into account factors such as the interaction
between tritium in the atmosphere and soil, HT to HTO conversion,
evaporation and subsequent dispersion; and finally transfer through a food
chain to man and the consequences of intakes of OBT. The problem arises in
testing the validity of these models against actual environmental
measurements.

4 Metabolism and Radiotoxielty
Though tritium exposure in the form of HTO has been considering not very
toxic, yet the metabolism of tritium in mammals and man needs a careful
evaluation when all forms of tritium had to be taken into account in terms of
effects. Information on elementary tritium is limited but for the other forms
the incorporation into various molecules of the cell need to be looked into. For
long-term effects metabolic incorporation into cellular macromolecules is
most important, and prime among these is DNA and associated proteins. In
fact, the short range of the tritium beta particles label in the cell nucleus is
decisive for the biological effects. Tritium activity can also be very high in
lipids, whereas it is relatively low in carbohydrates which mostly have a rapid
turnover and thereby can release their label into tritium water.
A better information on tritium localisation inside the cell is required. The
studies performed on many proliferating and renewal tissues have given some
indications, but most of them have a relatively rapid turnover of its OBT and it
appears that large variations in turnover of OBT can occur. A better
information on turnover in different tissues and in different molecules is thus
needed. It may not be enough to study molecular species such as lipids or
proteins, to have a comprehensive picture, an information on specific
molecules would be needed. For example, the turnover of histones differs
from that of proteins in the cytoplasm and that of proteins in muscle or skin is
much slower than that in liver or intestine. All this information would be quite
useful to obtain better metabolic models.
For a one-generation study the course of tritium incorporation and its turnover
becomes of importance , however, it is of less consequences in the case of
multigenerational studies when the animals are chronically (continuously)
exposed to HTO. In such a situation the maximum activity in the organism
should remain constant. Organically bound hydrogen in an animal may arise
from an incorporation from the hydrogen of body water during the metabolic
synthesis of the compounds in tissues. Tritium content of the tissues thus
indicates the extent to which hydrogen has been derived from each of the two
available sources. The organically bound hydrogen pool consists of many
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compartments, the hydrogen of which will not usually equilibrate with each
other.
4.1 RBE: A consideration on the radiosensitivity of the tissues involved and
the RBE need to be looked into. The RBE seem to differ from 1 to 3 compared
to X-rays. This must be better defined for radiation protection purposes. The
mechanisms of action in order to judge better the RBE in different systems
needs to be studied. There has been also the question whether we can
extrapolate from animals to man. We can certainly do this for the same
defined effect such as myeloid leukaemia but one cannot in general,
extrapolate from one effect to another, for example, from the RBE of
leukaemia to that of another cancer. One cannot extrapolate quantitatively
from animals to man except on general principles (Streffer*).
4.2 Radiotoxicity: The toxic effects of tritium administered in various forms,
especially as water and labelled thymidine have been adequately demonstrated
at various levels of biological organization. The radiotoxic effects of tritium
on embryos and fetuses seem consistent and apparently higher than those
expected from an equivalent absorbed dose from external X- or
gamma-irradiation. However, there have been a few other studies where no
such difference is evident. It appears to be dependent on many factors viz. the
organ or cellular system studied, doses and dose rates etc.
4 3 Human studies: About 20 years ago Silini et al (1973) in the EUR 5033 e
report on radiotoxicity of tritium in mammals stated that 7/ze data available
are of little use for public health protection because the effects measured are
not of immediate practical application. For example systemic studies of the
lethal action of tritium in vitro and in vivo which are probably the most
significant, even on a practical level, have only been conducted fragmentarily
and without practical objectives.' Since then the situation has changed a lot
and several new studies with prime aim on the dose dependent response, on
human tissue has made and appeared in the literature. In this context the
contribution from Japanese researchers on the in vitro studies on the human
tissues and delayed effects studies by Brookhaven National Laboratory are
worth drawing attention, besides from several fragmentary but specific reports.
4.4 Careinogenesis: With emerging new reports the "stochastic effects", those
for which the probability, rather than the severity of an effect from HTO
occurring is a function of dose also can not be ruled out. Biotoxicity of tritium
in the form of induction of cancer, hereditary effects, teratogenesis and life
shortening really need an exhaustive investigation and warrant careful
evaluation. Though the situation need not be alarming with tritium, the studies
on radiation damage on various parameters have given evidence of two
compartments of radiation damage; the reparable or potentially lethal and the
irreparable or lethal. However, a positive trend of acclimatization to
HTO-exposure is always there along with the presence of radiation-induced
repair mechanism.
Several reports from the literature indicate that tritiated thymidine may be
potentially carcinogenic depending on the amounts of tritium incorporated into
-
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the cell nuclei and on the time of life at which the tritium was introduced into
the cells. In this context the effect of organically bound tritium needs yet to be
explored which may be quite different in magnitude than those of HTO.
The aspects of carcinogenic actions of tritiated water merit careful attention in
view of the data showing the incorporation of tritium from tritiated water
(HTO) into DNA and other macromolecules, and the significance of nuclear
fraction of tritiated water. The potential carcinogenic effects at low doses of
tritium remain a controversial subject. Further studies involving the effects of
tritiated water on different processes in cultured cells under controlled
laboratory conditions can provide much useful basic information.
5 Future Research Needs
Four main areas of tritium research can be envisaged for a careful evaluation.
(1) the chemical form of tritium in environmental samples and their fate after
interaction/dissociation from microorganisms
(2) the organically bound tritium (OBT) in the food chain and its possible
biological consequences
(3) Development of specific models and their the validity and suitability to
predict environmental transfer of released tritium
in an accidental situation as well in commercial use of tritium.
(4) The studies on effects at low doses and low dose rates on the validity of
extrapolating not only between species but between specific strains in one
species.
Gerber* rightly remarked that the need for continuing collaboration between
scientists in Europe, Canada, USA and Japan should be stressed. European
scientists had concentrated their efforts in ecology; the North American
scientists on large scale animal experiments; and Japanese scientists on
molecular and cellular studies.
*: Panel discussion: Workshop on Environmental and Human Risks of Tritium,
Karlsruhe, (FRG), 17-19 Feb., 1986, Radiat. Prot. Dosim., G. Gerber, C.
Myttenaere, H. Smith (eds.) vol 16, No.1-2 (1986)
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7.6 Radiation education using local environment
— Educational experiment using Misasa spring water—
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Abstract

222

1 .Introduction
Many people misunderstand radiation and radioactivity, believing them to be special and
artificial. However, many kinds of natural radioactivity exist around us. Therefore, if we use these
forms of radioactivity as teaching materials for radiation education, learners can easily understand
that radiation/radioactivity exists in nature and is part of the environment in which we live. From
this viewpoint, we developed several kinds of safe and inexpensive experiment for education using
the natural radioactivity existing in our immediate environment, and reported them to date'"4)'
Misasa hot spring is located in Tottori prefecture and is very famous in Japan as a radioactive
hot spring. Although a local festival called the "Curie Festival" is held every year in Misasa town to
praise Marie Curie's great work in physics, this does not mean that many citizens are fully
acquainted with (or even interested in) radiation and radioactivity. So we decided to develop a very
simple experiment for elementary and junior high school students to stimulate their interest in
radiation and radioactivity.
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In this paper, we will report the details of the experimental procedure to observe the
radioactive equilibrium between

222

as the decay after isolation from

22

Rn released from Misasa spring water and its daughters as well

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

held in elementary school and in an open science class conducted for children at Tottori University.
It should be noted here that our experiment does not need any hazardous chemicals or Bunsen
burners, which means we can put it into practice even in normal classrooms without any special
facilities.
2.Experiment

Half-life
222

Figure 1 shows the radioactivity in Misasa spring

Rn

Decay mode

3.82 d

a

3.11 m

a

water. Since radon is the only gas in this series as shown
in Fig.l, 222Rn can be released from spring water into air

218

when the spring water is mechanically stirred or heated.
777

After that, the released

214

Pb

27 m

Pb and

43-

Bi emit relatively high energy beta-rays, they can be

Bl

19.9 m

IS

Po

164 /is

a

charcoal and produce its daughters there. Since
214

214

Rn can be trapped on activated

measured easily using a handy survey meter, the
"Hakaru-kun II".
After radiochemical equilibrium is established on
the charcoal, it is heated in a microwave for a minute to
remove
the 222Rn it holds. Then the decay of 214Pb and
214
Bi can be observed. The details are as follows;

2-1 Apparatus to collect

Fig. 1 Radioactivity contained in
Misasa spring water

222 T

"Rn from Misasa spring water.

First, the nozzle of a washing bottle (500mL) is cut short as shown in Fig.2.

A bag with a

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

f\

Charcoal activated (0.4g)

r\
Jem

Absorbent
cotton

Partition

Fig.2 How to make the washing
Fig.3 Package of activated charcoal

bottle

to collect
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2*2 Observation of radioactive equilibrium between 222Rn and its daughters
As shown in Fig. 4, 400mL of Misasa spring water is put into the washing bottle
and the bottle is shaken 30 times with its mouth closed so that

222

Rn is released into

the air in the bottle. Then the air in the bottle is slowly sprayed on the activated charcoal in the
polyethylene bag described above as shown in photo. 1 (Two corners of the bag are cut off just
before this procedure to let the air flow through it). After repeating this procedure three times, the
polyethylene bag is put just under the measuring window of the beta survey meter "Hakaru-kun II",
as shown in photo.2, and measurement is started.
Put 400ml of spring water in Washing bottle.

Close the mouth of a washing bottle by a
palm and shake strongly 30 times.

-0-

repeat 3 times

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

Put it under HAKARU-KUN II to
measure the /3 -ray from 214Bi(+214Pb).

Fig.4 The sequence of the educational experiment

Photo. 1 How to collect 222Rn
with activated charcoal

Photo.2 How to measure activated
charcoal in the bag
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2-3 Observation of the decay of 214Pb and 214Bi.
After radioactive equilibrium is established, the activated charcoal is t a k e n out of
the polyethylene tube and put in a small Pyrex dish. Then the dish is heated in a microwave
(500W) for 20secs, three times. In this way
daughters such as

214

Pb and

214

222

Rn on the charcoal is released into the air and its

Bi remain on the charcoal. The charcoal is packed in a new

polyethylene bag and beta rays are measured with the same survey meter, the "Hakaru-kun II", for
a few hours.

3. Typical example of experimental results.
A typical example of the results is presented in Fig 5. This presents the relation between time
and the count rate of beta particles coming from

214

Pb and

214

Bi being produced on the activated

charcoal.
103

° with heating
• without heating
— theoretical
1000

2000

3000

4000

5000

6000

Time/ min

Fig.5 Typical example of experimental results
Solid symbols denote the data of the experiment without heating and the open symbols denote
those with heating in a microwave oven at t=2800.
The solid line was s(X \N\+ X2N2)

calculated from the following equations;
(1)

N 2 = { X ! / ( X 2 - X i)}N 1 0 {exp(- X !t)-exp(- X 2 t)}+( X ,/X 2 )N 1 0 exp(- X 2 t)
where E is the count efficiency of the beta particles coming from

214

(2)

Pb and 214Bi.

Equations (1) and (2) were derived from the following equations;
dN,/dt=XiN 1

(3)
(4)
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with initial conditions as;
N,=N 10
at
where X\

-K
1 _ r . 2 144 n ,

t=0

(5),

, 214
214T

and X2 denote decay constants (s' ) of ^ Pb and

Bi, respectively.

4. Practical Research
4-1 Practice study in elementary school.
The experiment to measure beta rays coming from

214

Pb and 214Bi as mentioned above was put

into practice together with another experiment using a cloud chamber at Misasa Nishi elementary
school in Misasa, Tottori Prefecture on September 19th, 2003. The experiment was conducted with
forty-nine 6th grade (11 or 12 years old) students and was 90 minutes long. Since the students were
scheduled to visit Hiroshima as their school excursion and had studied about the A-bomb, most of
them seemed to be interested in radiation/radioactivity. The sequence of the experiment is as
follows and some of the cut scenes from the class are presented in photo.3.

- Basic explanations on radiation and radioactivity. (20 minutes)
- First experiment; observation of radioactive equilibrium (cf. Fig.4). (20 minutes)
- Second experiment; observation of the tracks of alpha particles
with a hand-made cloud chamber. (40 minutes)
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Photo.3 Cut scenes from the class
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After the class, the students were asked to complete some simple questionnaires. Obtained results
are presented in Fig.6.

So-so

Borim

So-so

90%

Interesting
Fig.6 Results of questionnaires
(Left: Was the first experiment easy for you?
Right- Was the first experiment interesting for you?)
4-2 Practical study in science school at Tottori University.
An open science class is conducted 5 or 6 times a year for elementary school and junior high
school students at Tottori University. In this class, on July 1 Oth, 2004, we had students take part in
the activity presented in 4-1 and investigated the responses from participants using a simple
questionnaire paper. The participants of this class were nine students (from the 4th to 7th grade) and
some of the cut scenes from the open class are presented in photo.4.

••• i ' • • '

Photo.4 Cut scenes from the class
The result of the questionnaire is presented in Fig. 7. Although the number of samples was not
large enough, it is probably safe to say that most students enjoyed our experiment.
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Difficult
0%

So-so
22%

Easy
78%

^ ^ _ ^ > ^

78%
Interesting

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

5.Conclusion.
Since our new experiment does not need any dangerous chemicals or complicated techniques,
even elementary school students were able to conduct it without any technical difficulty.
Although there were quite a few students who experienced difficulty in understanding the
theory of this educational

experiment, most of them

seemed to be interested in

radiation/radioactivity and enjoyed measuring the radioactivity in the spring water - a substance
that was familiar to them. It can be expected that this educational experiment will also be very
useful for senior high school and university students because it covers many useful basics of
radiation/radioactivity.
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7.7 Radiation studied on the Internet
— on-line radiation teaching materials -

Hiroyoshi Inoue, Mayumi Kagoshima, and Mariko Yamasaki

Kurume University School of Medicine, Isotope Institute for Basic and clinical Medicine

Abstract
In order to facilitate scientific understanding of radiation in Japan where social understanding has
been already progressed, we developed Internet radiation teaching materials that can be utilized as
off-school teaching materials or supplementary materials. The teaching materials of "atomic
structure and radiation" and "medical treatment and radiation" were tried for 160 high school
students and 59 junior high school students, respectively. More than 70 % of the student answered
that these teaching materials were effective when they understand radiation.
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Figure 1. The scientific aspect and the social aspect of radiation education
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fc, Java Script
fco El 3 12, Java

, >T y ^ - ^

Script-C

(Sample of Video Screes)
Heart motion reconstructed from CT pictures

J$c # if, Sfi * jjj

]^^^|^^t|^^^|^iw^;

Figure 2. On-line Teaching Materials "Medical Treatment and Radiation"
This teaching materials are devised so that students cai simply study the radiations
applied in medical treatment by explaining the difficult terms including atomic
structure, the characteristics of radiation, biological action mechanism, etc. as
hanging contents. This composition enables study united with a student's skill
leveiFMrthermore§ the learning support original with the Internet study is
performed by using abiradantiy the video teaching materials produced by the
radiation medical equipments as follows.
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Kgure3. On-line Teaching IVfeterids '^Nucleus and Radiation"
Since the physics completion persore understand the atonic structure,
in the teaching materials, vie demise so that students can understand the
Mud of radiation, character, the unit of radiation, the action of radiation,
use of radiation, and the general physics tbeoremthat can be confirmed
using rad ati on through a stage.
Especially, in order toeraploy the characteristic of the study reieg the
Internet, the teaching nrateriais # i c h used Java Script \tere p^pared,
and it deMsed so that the study participation of the student codd be
carried out actively.
Fdlovang serins are trid screens of the physical half-life produced by
JavaScript
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-

459

-

JAERI-Conf

2005-001

useful __, Great

Bid not talk

Uncertain

Figure 4. The questionnaire after self-study with on-line teaching-materials
(Objects: 219 persons of junior high school and high school students)
Were these teaching materials helpfu!
when you understood radiation?
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7.8 Education Effects on Awareness of Irradiated Food in Japan

Hiroyoshi Inoue and Mayumi Kagoshima

mm,
Kurume University School of Medicine, Isotope Institute for Basic and Clinical Medicine

Mm

T830-0011 ^ m ^ g ^ i m 6
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Introduction
It has been said that food irradiation was an emerging technology with many consumer
advantages including reduction of disease caused from organisms, safe transport of produce from
insect quarantine areas, partial replacement of less safe chemical fumigants, extended food shelf
life, and potential to ease world hunger through reduction of spoilage and waste

.

One

important requirement, however, for successful adoption of this technology is consumer acceptance.
In many researches for the irradiated food, it was reported that consumers were not likely to
demand food irradiation because of the distrust of anything even remotely related to nuclear
energyj).
In Japan, the application of irradiation to food has been investigated about the nutrition,
chronic toxicology, genetic influence, etc. under supporting by Atomic Energy Commission from
1967. The irradiation only toward potato under specified conditions has been approved by the
Ministry of Agriculture, Forestry and Fisheries (MAFF).

The consumers in Japan, where has

received the atomic bombs, trend to be oversubtle and be in awe of "radiation" and the applications
thereof.

On the other hand, a lot of researchers have found a need for consumer education, which

includes the elementary information of the radiation, to arouse the concern toward food
irradiation

.

In this study, the importance of the knowledge of radiation to understand the irradiated food
was investigated in Japanese young students.
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Subjects and Methods
The response to the food irradiation for young students, which will bom new consumer
generation in future, has been studied in July to August 2003.

Students aged 20±2.7 years who

attended four colleges in Japan were included in this study.

The subjects major in the medical, the

engineering, or the environmental science in each college.

The questionnaire was administered to

total sample of 597 persons, of whom 281 were male and 316 were female (Table 1). 49.4 % of
subjects have completed both the physics and the chemistry in school and the remainders have done
the chemistry, the physics, and biology in greater order.

Taiie 1. Subject Characteristics

Ferrate

Totd

SMject: Mirrlber

281

316

597

Ags

21±Z4

20±1.4

2O±Z7

A questionnaire concerning the education of the radiation and the acceptance of irradiated
food was administered in unregistered and non-interviewed form.

The question relating to the

education of the radiation was divided into three parts and included the following inquiries: what
have you completed in science course?, Have you ever learned the radiation?, and Do you think
which the radiation is artificially produced, exists in nature, or is the two?
instituted to confirm the accuracy of the knowledge to the radiation.

The last inquiry was

The question relating to the

acceptance of irradiation food was divided into four parts and included the following inquiries:
Have you ever heard of food irradiation?,

Are irradiated foods contaminated by radionuclides?,

Do you think the irradiated food should be manifested of the treatment with the radiation in store?,
and Which will you purchase the normal food, the irradiated food, or decide either of them by
considering the food price?

In last question, irradiation benefits were previously presented.

The significance of responses was analyzed by cross tabulation (SPSS).

Values of P<0.05

were considered significant.
Results
Table 2 shows the summary of basic acquaintances with the radiation and the acceptance of
food irradiation in this study.

The responder, which could ratify that they have learned the

radiation, were relatively fewer, 41.3 %, and there was not the difference between responders in
male and those in female.

Nevertheless of such a result, 76.1 % of subjects had a correct

information for the radiation.

Young student awareness of irradiated food was 24.8 %, who

answered that they have ever heard the food treated with radiation.

This awareness for the

subjects who have learned the radiation trended to be more than that for subjects which have not
been learned or were uncertain of the education for the radiation as shown in Figure 1. With
regard to the food contaminated by radionuclides when irradiated, 85.3% of young students could
not distinguish apparently it from irradiated food.
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Table 2. Perception toward the racf rfon a i d foodliradation
Male
(n = 278)

Female
(n = 258)

Yes

41.3

45.7

36.6

No

31.3
27.3

25.9

37.2

28.4

26.2

Inquiries

1) Have you ever learned the radiation?

Lhcertain

10.6

11.2

9.9

13.3

12.4

14.3

76.1

76.4

Yes

24.8

25.7

75.9
23.7

ND

75.2

74.2

76.4

Yes

39.0

38.5

39.5

ND

14.7

22.7

6,2

Uncertain

46.3

38.8

54.3*

Yes

84.0

84.2

83.7

N>

7.5

6.5

8.5

NoGbncem

8.5

9.3

7.8

Irradiated

3.7

3.1

Norrral

62.7

4.3
61.2

64.3

Consideration
of price

33.6

34.5

32.6

Artificial
2) Bb you think which theradiationis artificial ly Natural
produced, exists in nature ,or is the two?
The two
3) Ffeve you ever heard of food irradiat ion?

4) Are irradiated foods contarrinated by
radionuclides?

5) Should it be manifested in store about that the
irradiated foods were treated with the radiation?

6) VVhich will you purchase the norrral food or
the irradiated food?

Sex(%)

Total
Responses
(%)

* P <C0.05 vs. another sex
100A"

80"

E .5

ft/

"'•."••

o c
js o

60-

8 $

40H
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v &•
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*?

20H

' ^ • .

*
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Yes

No

JL

Have you ever learned the
radiation ?

•.

"

.:.

Si':
.-^

• • ; : -
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'C-r'% •'•ft
'-•^
j.--... .
' - . • " '

•

?•'
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Have you heard of food
irradiati on ?

Kgure 1. RMe of suljecls vrfio ans ^^red that they fMnk that the Imracf ated
ftKMJshcMld be manifested of the treatment vwth the radation In store in
'Yes9, s No', or 'Lteertain' group responded to the leaning question a i d In
'Yes' CM- 4No' group res ponded to the knowlecfee question
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The manifestation, which indicates that the food sold in store was treated with the ionizing
radiation, is required by the majority of young students (84.0%).

This requirement was widely

recommended not relating to sex, learning, and knowledge of the irradiation food (Table 2 and
Figure 1).
On purchasing irradiated foods, which was introduced to be authorized for human
consumption by the government and World Health Organization, though the information of the
irradiation benefits, sterilization and conservation, was presented prior to this question, minority of
responders, 3.7%, convincely indicated they would buy irradiated produce.

The acceptors in a

broad sense, however, may involve the subjects that they would decide either the non-irradiated or
the irradiated food by considering the price in store.

Therefore, 37.3% of subjects might be

regarded as persons who understood the irradiated food.

In such a treatment, the irradiated food

could be accepted by the subjects who have ever learned the radiation and have known the
irradiated food significantly more than those who have not learned and have not known (P<0.0\),
respectively, as shown in Figure 2.
60•k*

of
ac

50"
40~

ce
pt
or

3020-

m

s
10-

Yes

No

Uncertain

J L

Yes

No

J

Have you ever learned the

Have you heard of

radiation ?

food irradiation ?

**JP<0.01 VS. 6 NO 5

or ^Uncertain9 response group

Figure 2. Rate of the acceptors in 'Yes', 6No% or ^Uncertain9
group responded to the learning question and in 4Yess or 'No'
group responded to the knowledge question.

Discussion
Consumers generally do not understand the food safety benefits of most food preservation
technologies including pasteurization, canning and freezing6).

The majority of young consumers

who attended this study were also unsure in their knowledge and understanding of the irradiation
technology.

Only 24.8 % of the subjects have ever heard about the irradiated food (Table 2).

This awareness in the present study was extremely less than that in U.S.A. (approximately 73 %) 5 )
and that in Korea (approximately 82 %) 7 ) though the subjects in other countries were general
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It is necessary in Japan to disseminate the existence of the

irradiated food before the consumer acceptance.
40

30

20

I

10
Yes

No

Uncertain

Have you ever learned the radiation ?
Figure 3. Rate of subjects who answered that they have
heard of food irradiation in 'Yes% 6No% or 'Uncertain'
group responded to the learning question

The majority of the subjects considered that the irradiated food should be plainly manifested in
store (Table 2).

In addition, in order to be acceptable, the irradiation must offer to the consumer

an advantage which could be higher quality, greater safety, longer shelf life, wide product
availability, or lower cost. As one of the successful studies in which both the manifestation and the
information of irradiated food to consumers were established, Schutz, et al have reported that it was
very important to indicate the label statement on the perception of quality, safety, and willingness to
buy8).
The consumer needs to be educated and informed.

Information may not reduce consumer

concern, but it allows choice to be based on fact, rather than suspicion.

This study confirms that

the more young students, new-aged consumers, know about the radiation, the more likely they are
to accept it for purchasing (Figure 2).

Therefore, the education is the key as being denoted in the

International Atomic Energy Agency (IAEA) report9). Proponents of food irradiation firmly believe
these food will be accepted when offered for sale.
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7,9 Research and Analysis on the Knowledge of Radiation
Possessed by Students in Upper-secondary School
t
Moriaki Tsuruoka

Hokkaido Sapporo Kiyota Upper-secondary School

T 004-0863 tim'film B ^ t i 3 ^ 4 T @ 6 # 1 %•
Investigation into the knowledge of radiation will give us information about teaching contents to be
utilized in upper-secondary schools. Furthermore these results will be explored for teaching points on
radiation education, which aims to promote the exact understanding of radiation.
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7.10 Development of Innovative Classroom Instructional Material
for Enhancing Creative Teaching and Learning
Nuclear Topics: A Proposal
Judeza S. Fuse, Takaaki Awata and Kozo Atobe
Department of Physics, Naruto University of Education
748 Nakajima Takashima Naruto-cho Naruto Tokushima 772-8502, Japan
The role of education all over the world is becoming more and more significant and
requires an in depth study since the life of the people is advanced, expanded and complicated.
Educators are once again asked to address problems which have arisen within their own society.
Thus, the search for ways to improve quality of education is global especially in line with nuclear
science and technology. One area of focus is that managing and promoting learning inside the
classroom, how teachers' utilized instructional materials were such an issue. Indeed, qualifications
and resources are not the only factors that influence teachers' effectiveness, equally important are
teachers' motivation, commitment, resourcefulness, innovativeness and creativeness in dealing with
instructional materials. Lack of these things will produce poor attendance and unprofessional
attitudes towards students. This paper aims to present a proposal on the use of innovative teaching
device from the sample photographs as a result of the experiment taken at Kyoto University
Research Reactor Institute (KURRI) where samples were treated with gamma rays from a
radioactive source 60Co and lately exposed to photographic films giving rise to understanding of
photons emitted by radioactive material in a form of electromagnetic waves and later converted into
visible light in a more authentic and simplified manners. As a consequent, this proposal was made to
enhance teaching and encourage science teachers to exert great effort to develop instructional
materials specifically in this area that requires the concretization of concepts which could not be
detected by human senses.

1. INTRODUCTION
Teachers are considered as researchers and scholars of their own classrooms. Classroom life if full of
habits and routines that often passed unnoticed. They often remain invisible until they are viewed from
different angles or landscapes. Most children come to school ready and willing to learn. How can schools
foster and strengthen this predisposition and ensure that they leave the school with the capacity to continue
learning through life? How well do school systems perform in providing young people with a solid foundation
of knowledge and skills about nuclear topics and in preparing them for life and learning beyond school [1]?
These are some of the questions in which young people who run the education system needs to know. Many
education systems monitor students learning in order to provide some answers to these questions. Science
teachers are faced with enormous challenge. A large range of students' backgrounds and abilities exists in
science classrooms. Many students are reading far below grade level. Often a significant percentage of students
with poor speaking, writing and understanding skills are present. Some students may have weak science
backgrounds especially in line with nuclear science. With many of these students, in order to make a point to
demonstrate an idea related to science process or nature of science, examples that relate to the environment
must be used (e.g., desktops, rulers, cars and candies) as a context for explaining science process. This
everyday context of concrete objects maybe necessary when introducing a scientific skill or process before
using it to learn science course subject matter [2].
However, learning nuclear concepts in school is quiet difficult to understand. One method of teaching is
trying to have the students learned by experiments. Most schools cannot afford a laboratory for a fundamental
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experiment on nature of radiation. Lacking knowledge for handling of radioactive materials and cost of nuclear
instruments made impossible in implementing such laboratory in ordinary schools [3]. Students need effective
approaches to learning both to succeed to school and to meet their learning needs later in life. In particular,
they need to regulate the learning process, taking responsibility for reaching particular goals. These types of
outcomes are not pursued as a specific part of the curriculum, yet they can be strongly influenced by students'
experiences at school and play a crucial part in their future [1].
LI Background of the Study
With the advancement of science and technology, physics plays a significant role in life and progress of
mankind. Certain developments within the field of nuclear science have encouraged man to think, work and
live differently from the past. For through the application of laws and principles of physics, man is thereby
enabled to produce and enjoy modern convenience and comforts. It is quiet evident that physics have
contributed increasingly to the progress of mankind and thus, offers greater opportunities for a life of
prosperity and fulfillment.
In the field of education, among the different subject areas offered in science has taken the lead in the
development of various curricula perhaps in many other countries, Chemistry and Physics have been given
emphasis to provide students with basic knowledge of scientific concepts and principles so as to become
scientifically literate and more effective citizens. Since Physics dominates the science curriculum, it becomes
necessary for teachers teaching nuclear science and technology to provide the students with the necessary skills,
knowledge and abilities as well as their interest in this field [6].
How to impart nuclear concepts effectively and efficiently is important to study because this will play a
vital role in providing students who will be science conscious which will provide avenues for a life- career or
profession. One can be an engineer, an architect, a mechanic, a doctor, a teacher or a scientist if he studies
nuclear science well. It is therefore, necessary to focus instructions towards awakening the students' awareness
and interest in nuclear science and to foster his appreciation on the importance of the subject. Hence, it is
imperative that teachers should look into effective means of imparting nuclear knowledge to students and this
will largely depend on the initiative of the teacher to make appropriate instructional materials that will serve as
a key components influencing and enhancing creative teaching and learning abstract concepts [4]. Ultimately,
it will be a starting point in opening the doorway to nuclear science.
1.2 Rationale of the Study
For much of the last century, the content of school science curricula has been dominated by the need to
provide the foundation for the professional training of small number of scientists, mathematicians and
engineers. Today, however, literacy in science is important for all to understand medical, economic,
environmental and other issues that shape modern societies, which rely heavily on technological and scientific
advances [1].
Science teachers emphasize that the teaching in science to be effective, must deal more with students'
activities in the classroom. Teaching strategies are becoming increasingly oriented toward students' cognitive
development [5]. The use of instructional materials in the classroom like poster becomes imperative. Many
researchers or even educators have exerted effort in developing instructional materials for several reasons to
wit;
Bacay 1984 believed that the instructional materials prepared by the teacher are much better than
those found in the textbooks since they are prepared and written for specific groups of students. Furthermore,
she stressed that the choice of structure, pattern, practical applications and skills development exercises are
definitely adapted to the needs and abilities of a particular group of students [6].
Alturas 1978 recommended that the teachers and instructors should be encouraged to develop
instructional materials specifically focusing on topics which are somewhat abstract that contain practical
application of concepts and principles [7].
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Peterson 2003 suggested that getting students to relate to scientific concepts is often difficult. Good
models, especially those used to describe processes on the atomic or astronomical levels not tangible to
students are essential. The simple and authentic the instructional materials, coupled with its everyday
occurrences in the lives of the students, make them a perfect candidate to help explain the relative sense of the
topics in various disciplines from ecosystems and species niches to gravity and motion [8].
A good theme to follow in the effort to meet needs of diverse learners in science education is
"Teaching with purpose," which was crafted by National Science Teachers Association (NSTA) President
John Penick. According to him, "Teaching with purpose means having a personal guiding framework for our
teaching practices - a framework based on what research says works best in teaching and learning science [9]."
This proposal, therefore, can be used to examine the goals of nuclear science teaching and learning with
care to identify optimal activities and experiences from all modes of instruction that will best facilitate these
goals. While relevant variables are interrelated and complex, there is a real need to pursue rigorous research on
learning through instructional materials to capitalize on the uniqueness of this mode of instruction for certain
learning outcomes. With more precise information on these deficiencies, more comprehensive teaching
materials can be designed to incorporate information about goals and the nature of nuclear topics; teachers
became more effective in facilitating student learning and development. Furthermore, this study will serve as
another attempt to develop teaching materials that will assist reduces students' deficiencies in Physics,
specifically giving stress on nuclear topics [4]. It is then towards these perspectives that this proposal was
made.
1.3 Objectives of the Study
Based from the aforementioned realities, the following objectives are then formulated;
a.
b.
c.
d.
e.

f.

Enhance creative teaching and learning nuclear topics inside the classroom giving rise to students'
cognitive development.
Help captive students' interest and appreciation to natural and nuclear phenomena through
understanding the fundamental facts, concepts, principles, laws and theories.
Provide useful experiences in sharpening students' abilities to observe, infer, design experiments,
conduct investigations and organize data.
Facilitate teaching abstract nuclear topics specifically the emission of visible light from a material
exposed to or irradiated by gamma ray in an authentic manner.
Measure student capacity to use scientific knowledge, recognize scientific questions, and identify
what is involved in the scientific investigations and to relate scientific data to arrive at certain
conclusion.
Stimulate the interest of science teachers to conduct and design scientific investigations and
communicating scientific procedures and explanations in written and oral form.

1.4 Significance of the Study
To teach effectively, science teachers need to be competent in selecting and preparing the instructional
materials and strategies in teaching, as well as motivating the interest of the students in the subject matter.
This proposal can give ideas to physics teachers on how to remedy their difficulties encountered in
teaching nuclear topics and stimulate their interests to develop more instructional materials and other necessary
measures for the improvement of science instruction.
This study can also help solve the problems confronting most public schools teachers in the different
parts of the country today, such as lack of science textbooks and other reference materials to locate nuclear
topics, insufficient teaching device to teach these concepts which could not be seen and recognized by human
senses and though equipped with gamma ray facility where irradiation of sample materials can be done and a
dark room where experiment on natural emission of light from a radioactive samples be performed but
knowledge is not sufficient enough to perform the tasks, this study can suffice the purpose.
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It can as well enhance the teaching-learning situation since the students will be exposed to this kind of
teaching device for them to learn at their own pace [4]. Moreover, it can help them acquire more science skills,
processes, knowledge and abilities in understanding nuclear topics and phenomena particularly giving rise to
radiation, excited photon, gamma ray, thermoluminescence, electromagnetic spectrum and the like with less
effort on the part of the teacher [10].
This proposal can specifically help elevate the present status of radiation or nuclear science education in
all countries in the annual evaluation of teacher and student performance and increase the rank into a
satisfactory level as has been doing by the Program for International Student Assessment (PISA) where the
objectives are to measure the three forms of literacy; reading, mathematical and scientific and focus on how
well the students apply knowledge and skills to tasks that are relevant to their future life, rather than on the
memorization of subject matter knowledge [1].
2. METHODOLOGY
2.1 Materials
The materials utilized in the conduct of the experiment were depicted in Figs. 1 to 9, except for ASA
films (400) which were not included in the line up but can be seen in Figs.lOand 12under Experimental Set Up
(2.3).
Gamma Room and Dark Room Experiments
(Artificial Source)

-i^*^* f^Srf •-*.'*•

Fig.l: Sample materials used in the study (from
top left- Sodium Chloride Crystal, middlePotassium Bromide and right belowPotassium Chloride).

Figo2: Sample material (Calcite).

FIg.3s Sample rock material (rock no. 2- second
from left bottom- Two mica-granite).

4 Sample rock material from Kochi
(Sandstone).
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Fig.5: Sample rock material from Russia
(Chert).

Fig. 6: Sample rock material from Japan
(Red granite).

ocm

24cm
32cnr—— •

Fig.7: Sample rectangular black box whose dimension
is shown. Big arrow is pointing to the hole for
the film to pass through..

Fig. 8: Three rectangular boxes combined. Holes
be made in both sides of the box to
obtain two rows of samples.

Fig.9: Kyoto University Research Reactor Institute (KURRI) Gamma Radiation Room where sample
Materials were directly exposed to 60Co before photographic film exposure.
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2.2 Experimental Procedures
This part of the study consisted of two phases; experiment conducted in Gamma Room where steps
considered were indicated below (1-6) whereas, (7-16) determine the steps taken inside the Dark Room and
from (17-20) the extension as to the result of the experiment.
A- Gamma Room Experiment
1.
2.
3.
4.
5.
6.

Gather and prepare all the materials required in the experiment.
Check the Gamma Room facility to ensure safety.
Set up the area in which the samples will be irradiated (Fig.9).
Decide for irradiation time considering the nature of materials to be irradiated.
Once the time is decided, arrange and expose the samples directly and manipulate the facility as
safety as possible all throughout the experiment as shown in (Fig. 10).
Decide for photographic exposure time of the samples and take into consideration the irradiation
time.
B- Dark Room Experiment

7.
8.

9.
10.
11.
12.

] 3.
14.
15.

16.

Prepare the black rectangular box as shown in the given set up (Figs. 11 and 12) and some other
materials needed right after samples have been exposed to radiation
Darken the room, bring the irradiated materials inside, set the film in two rows as in Fig. 10 as no
stream of light can be accommodated, place the samples one at a time on the film as carefully as
possible and cover each sample with a small piece of black cloth.
Once finished, carefully cover the box and ultimately with wide black cloth on top.
Set the timer to a decided time of exposure.
Wait until such time samples will be ready for removal from the film.
Remove the black cloth including the cover of box, remove the samples, re - rolled the films and
place them in canisters that are properly labeled as to the position of the samples in the box for
clarity of sample identification.
Switch on the light and be ready for another set of experiment by following the same procedure but
take into account the irradiation and exposure time as variations can be made.
Develop the films and make the necessary action as to the results of the photographs.
The irradiated samples that have been decided to include as components in the teaching material
will then be subjected to analysis using the Gamma Ray Digital Spectrum Analyzer System Model
DSA-1000 for measuring the peak area spectrum which entails possible spectroscopic
interpretation measurement in terms of energy and intensity of the incident radiation.
For effective manipulation of the system, follow the procedures as indicated in the Operations
Manual especially for beginners.

17. Collect the selected photographs make a tentative design and layout of an Explanatory Panel as a
teaching material which will serve the purpose of instruction.
18. Study the Sequential Model as shown by Figs. 18 and 19 to arrive at the determination of the
teaching and concept models.
19. Lesson can be changed, reinforced and enriched based from the applicability of the teaching
material and nature of learners.
20. Planning for the next lesson can be done in sequential manner without going beyond the limitation
of the teaching device.
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2.3 Experimental Set Ups
Figs. 10 and 12 show the Experimental Set Ups in Gamma and Dark Rooms respectively.
A- Gamma Room Experimental Set Up

Fig.10: Sample insulated objects were arranged and directly exposed to radiation source.
B- Dark Room Experimental Set Up

Fig. 12: The samples on the photographic
films in two rows inside the
rectangular black box.

Fig.ll: Sample materials required in the
Dark room experiment
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2.4 Experimental Photographs
Figures 13-19 were the photographs of samples developed and chosen based from the results of the
experiment.

Fig. 13: Rock from Russia [Chert].

Fig. 15: Rock from Kochi, Japan [Sandstone].

Fig. 17: Sodium Chloride Crystal [NaCl].

Fig. 14: Rock from Japan [Red Granite].

Fig. 16°. Rock [Two Mica Granite].

Fig. 18: Potassium Chloride [KC1].

JAERI-Conf

Fig. 19: Potassium Bromide [KBr].
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A- Construction of the Explanatory Panel (fixed or movable).
B- Design and layout the experimental photographs in the
constructed panel.
C- Preparation of the "Day's SMART (Specific, Measurable.
Attainable, Reliable and Time Bounded) lesson pfan" based
from one of the component areas of the applicability of the
teaching material as indicated in Fig. 19 below.
D- Execution of the day's lesson using the concept model and
teaching device (Explanatory Panel).
E- Evaluation of the day's lesson as to the congruency ol
objectives, test questions, teaching strategy giving rise on
the effectiveness of the teaching material.
F- Courses of action can be made as to the results of the
assessment conducted.

2,5 Sequential Models of t i e Stu . •
Fig.20: Teaching Device Model Determination.
The Sequential Models as shown by Figs. 20 and 21 simply present the flow of activities on how the
experimental photographs will be used as an aid (Explanatory Panel) and a sample illustration of the concepts
to be used in teaching which are presented in general form where sub tasking analysis is applied.

Fig.21: Concept Model of the Experiment
An in depth study of Fig.20 should also be given importance since how effective the teaching material is,
but the lesson was not properly planned and executed, then, the purpose will always be defeated. Time wise,
resources wise and energy wise will be meaningless and unworthy.
Figure 21 depicts the model of the basic concepts that can be taught to students during the day's lesson
as one area of the teaching material's applicability. The first diagram shows the crystalline solid with no
defects consisting of three dimensional arrays of unit cells, each containing the identical arrangement of atoms.
When this material is subjected to radiation source (60Cobalt) emitting gamma rays, some will be reflected and
some will be absorbed in crystal thereby storing radiation. The absorbed high energy photons will undergo
three dominant interaction processes, each of which produces energetic electrons; the photoelectric effect (PE),
Compton Effect (CE) and pair production (PP). An atom of the crystal that receives sufficient energy, typically
a few tens of electron volts, will permanently displaced from its lattice site. If the displaced atom (a "primary
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knock-on") has sufficient energy, it can, in turn displace other atoms ("secondary"), and so on, creating a
cascade of displaced atoms (lattice defects). Thus, there exists the presence of vacancies and interstitial atoms
in a crystal by creation of color centers. In essence, these defects are created during the recombination of
electrons as shown by the second diagram. Lastly, photo emission will follow and later converted into visible
light as shown by the third diagram.
3. SUMMARY
It has been clear and possible that problems met in teaching nuclear topics can be remedied with much care
and attention to the application of the experimental photographs converted into a classroom science teaching
device; a proposal which was conducted at Kyoto University Research Reactor Institute. Under Methodology,
materials that comprised the experimentation process were provided with simplicity and clarity. Instructions on
how to carry out the experiments were logically arranged so as to ensure systematic execution and organization
of experimental processes. The inclusion of the experimental set ups were also manifested and of the
experimental results (developed photos) presented in a manner suitably good for learners. Determination of the
sequential models of the study was reflected, highlighted and specifically simplified as appropriate as possible.
Further results and discussions were not shown but can be proposed and suggested that as to further
application of the device, peak area spectral measurement and nuclide identification of irradiated samples can
be made possible using DSA-1000 Digital Spectrum Analyzer System for countries equipped with "high
touch" apparatus and facility as spiral basis for concept development. Production and dissemination of
photographs can be realized for schools far beyond to cope and afford to buy these expensive laboratory and
experimental facility to perform the same task.
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Perception about Radiation by Students and Teachers
-—Necessity of Bringlng-«p of "Radiation Literacy"

MMt

m

Seiji KUEOKUI and others, Radiation Education Forum

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

Kouhei KUSHITA
Japan Atomic Energy Research Institute

E-mail: kushitawipopsvr.tokai.iaeri.go.jp
T3319-1195

Abstract:
We have developed a new-type handy cloud chamber to overcome shortcomings in the conv
entional handy cloud chambers. The new-type handy cloud chamber has such advantages as: n
o dangerous parts or tools are used; can be assembled quickly; has a wider observation windo
w; much less expensive, etc. We have also prepared a new text for this cloud-chamber kit to e
xplain the basic theory of radiation and radioisotopes, which is divided into two levels for child
ren and for adults. Using this new-type handy cloud chamber, we propose an example of an e
ducational experiment on radiation and radioisotopes which can be carried out within one hour.
1.
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2.
(Fig. 1)
1 cm)
^ 0.2 mm)

- j l / (|feml) ,
; ^ 3100601
Sponge- tape

Black sheet
Cap

Dry ice
Plate
Fig. 1 Set-up of a cloud chamber
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7.13 Response from Youths and Teachers
with Regard to the Encyclopedic Database
on Nuclear Power, ATQMICA
X ATOMICA \z
I. Ishikawa, M. Eto, and PA Database Group

Database Division, Research Organization for Information Science and Technology
Shirakata-Shirane 2-4, Tokai-mura, Ibaraki-ken

319-1106, Japan

319-1106
Japan Science and Technology Corporation
5-3, Yonbancho, Chiyodaku, Tokyo

102-0081, Japan

102-0081 ^u^{xm^mm®\

5 mm 3

Abstract
An encyclopedic database on nuclear power and its related fields, commonly named
ATOMICA, was first established and released on a PC communications basis in 1995.
database started to be operated on the internet in October 1996.

The

Now ATOMICA contains more

than 2,300 encyclopedic data which include tables and figures over 9,300 in total.

The fields the

database covers are categorized into 18 areas: energy and environment, nuclear power generation,
advanced reactors, fuel cycle, back end technology, safety research, basic and advanced research,
radiation application, radiation influence and protection, governmental policy, regulation and rule,
statistics of operation of nuclear facilities, international cooperation, etc.
The number of access to the database has increased steadily, reaching more than one and a
half million a year in 2003.

The influence of and protection against

radiation are most

frequently accessed being followed by energy and environment, nuclear power generation, and
nuclear fuel cycle and status of foreign countries.

People with different backgrounds are believed

to have an access to the database.
This paper gives firstly an overview of the activities on the establishment and maintenance of
ATOMICA including its historical background.
the aspects of their number and fields.
the database from various people.

Then accesses to the database are analyzed form

PA Center has also received questions and comments on

In this regard the features of questions and comments are

summarized with special reference to those from youths and teachers as well as from general public.
This is done to elucidate the requirements to the database from the viewpoint of education.

In

general youths and teachers are interested in the characteristics of radiation in the nature and from

-

496

-

JAERI-Conf

nuclear facilities.

2005-001

They are concerned about the effect of radiation on human bodies.

Besides

radiation the areas they pay keen attention to are mechanism of fission and principle of nuclear
power generation.

From these facts it is believed that the database for youths and teachers should

contain a set of systematic data which is attractive and easy to understand covering the microscopic
characteristics of matter, radiation, and principles of nuclear energy.

In this paper, structure and

contents of good database for youths and teachers are discussed and future activities will be
presented.
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7.14 Science Literacy In Local Communities

Sumiko Sasagawa

Institute for Environmental Sciences

Rokkasho, Kamikita, Aomori 039-3212, Japan, e-mail:ssgw@ies.or.jp

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 modern 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 born, resided in, or did their works. The series also
introduced 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 II, 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 5th 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 modem 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
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(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 womea 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 concerning 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 learned 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 internet, 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
Manami Imakita

tm

-

511

-

JAERI-Conf

2005-001

AP

—^ U

-

512

-

0

JAERI-Conf

2005-001

m^ti-i

— i/ 3 y

f
.0)

C_ T T N ^ P

>

y h

O 7"* -r

— h 7"* Y 7, t) v

v 3 y

•9

-

513 -

JAERI-Conf

2005-001

AJ

<

5 9 7 - 8 0 5 8 ) £tz\Z (M) Wi
Itff M J B ^ r ( 1 0 2 9 - 2 8 2 0 4 2 1)

4

^£i? •C

•?• ^/ x

^

( 1 8 9 5)
8 9 6) ^
- ^ S ( 1 8 9 8)

MO X*BM
OH*

-

514

-

(1

JAERI-Conf

2005-001

mm/s

t

D^^A£-

6

-

515

-

JAERI-Conf

2005-001

co <

t

-

516

-

JAERI-Conf

2005-001

t

m'a-ui

0 6 - 6 4 4 1 - 3 6 8 2 )

y $ -

XVN°-^

3 F

TELO 6 - 6

3 1 6 - 8

1 1 0)

TEL03-3597-8058)
><

19- 1106
TE 029-282-0421 FAX 029-283-2157
T3

http://www.irm.or.jp/

555-0004

1-8-4

-

517

-

JAERI-Conf

06-6441-3682

F A X 06-6441-3683

2005-001

http://www.kangenkon.org/

(2)
(3)

H (M)

(4)
(5)

TIMSS
t

D1995^
I

I

/J\4
—JU

,r=-;..

-z^L—i

/ ' _ ; s-, „ — • „ - . - - • •
I

01999^

-.,.—,-

-

•

. •
' " "

^

I
-.y~. •

- ^
v

s

•"' *~~— ~"~ r " ^

~

' ' ' * '•

~ •

^—=

*—'

^

1

~' '

1
~

—

3

—

*

—

'

-

—

'

•—=

1
—=ss

ti—EUI—
1
3??—^"^— a •;!-"> L",;
1

;

~—n

B * ss;
1

50

25

100

75

2 T©iif

©
1963
1972
1973
1981
1982
1993

flte

ilfei'n 2

2002

S 4 W

js^sji* 9

2003

it? A 3
it? B 4

US i

it? I 3
it? n 3

4 it? 4

ft*

lln 3
£ M

2« S 4» f f i
T3T^.t'4-=i q

9

mi
-

I A 2 ±&] I A 2
I B 4 !±$n\ I B 4
it? Q 2
it? I 3
it?n 3

518 -

W^ I 3
ift? H 3

4

1*5 i l I A 2 i t ?
#?lli I B 4 i t ?

1994

2»

5

HB

48S1»tt

Hi \

ijj]S I A 2
iii3? L B 4
iti3?n 2
iil^? I
i-Hl? JI

3
3

JP0550214
JAERI-Conf

2005-001

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

Naoki Matsuda1, Tatsuya Shimasaki2, Masahiro Yoshida1, Akihiro Kojima2, Hideaki Takao1, Mamoru
Kaneko , Yoshioki Shiraishi, Seikoh Horiuchi, Yutaka Okumura

'Center for Frontier Life Sciences, Nagasaki University
institute of Resource Development and Analysis, Kumamoto University

y h-y°v y

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 concerning 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 infprmation, 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 instruc|ipr| w§§ given to beginners

and to refreshers who have not handled radioisotopes for a lon^ ppoc^ jn a face-to-face manner 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
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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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Nagasaki

Kumamoto

1998

44

-

1999

83

28

2000

50

61

2001

63

94

2002

55

64
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Frequency of contamination = number of contamination / yearly total entries

Fig.l Reduction of contamination in molecular biology room of Nagasaki University by
pre-entry instruction started in 1998. (A) Number of contamination. (B) Frequency of
contamination.
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Fig.2 Reduction of contamination in the entire floor of the control area of
Kumamoto university by pre-entry 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 contamination.
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Fig .4 Reduction of contamination found by a hand-foot-clothes monitor of
Kumamoto university by pre-entry 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

Takahiro SUZUKI1* and Chizuo MORI2)

m
Nagoya Keizai University Takakura High School1}
Aichi Institute of Technology2)
7456-8577 ^^JtTfcff&HEIftffl 1-1-56 E-mail takakura@educet.plala.or.jp*>
E-mail cmori@sc.starcat.ne.jp2)
^^W^^Mk^
(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.
1.
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3.

3.1

Height of water pillar (mm)
Density of marcury 13.6
= Blood pressure (mmHg)

mmHg

9 - t It,
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Fig.l Schematic view of a water pillar blood
meter together with a mercury blood meter
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Fig.2 Schematic view of the
blood flow in human body
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Fig.3 Explanatory figure on maximum
and minimum blood pressures
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Fig.4 Similarity between the blood circulation in human body and
the steam circulation in a nuclear power generator

3.2

Fig.5
CO
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Fig.5 Hand made earth
magnet compass
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Fig.6 Left- earth magnet and cosmic rays into the earth surface.
Rights 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

Tomohiro WATANABE

Rikkyo Niiza Junior and Senior High School

1-2-25 Kitano, Niiza-shi, Saitama 252-8523, Japan

T352-8523 i f S f c f r M r M W 1-2-25
e-mail

twatanab@nhss.rik.kvo.ne.jp

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.
measure natural background radiation using a ventilated case as part of chemistry club activities.

We

Figures 2

and 3 to 6 show the natural background radiation in various rooms, and in the ventilated case, respectively.
I propose that there are some advantages to using ventilated meteorological station cases for the measurement
of natural background radiation.
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Radon-monitoring in the town Balatonfired, Hungary
George Vastagh
(Loczy Lajos Grammar School, Balatonfured, 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 morning 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 Loczy Lajos Gimnazium) in Balatonfilred1 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, Balatonfured.
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 Toth, RAD Labor at the beginning of autumn (Sept),
winter (Dec), and spring (March)2. The detector is small boxes (diameter 1.5 cm, height 4.7 cm),
inside the box there is the CR39 track detector of an area 1 cm2. The boxes stayed at the same
1

Balatonfured is a small town in West-Hungary at lake Balaton, with 13000 inhabitants
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.
2
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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 Tom'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 a
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 Balatonfured. (See Figure) One can see that in our town radon is not dangerous. The
yearly average radon concentration exceed the value 300 Bq/m3 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.

-j
80 -i

69

75
Balatonfured, Hungary

©

I 60
JZ

40

*£ 40
©

20

E 20

9

3
C

7
3

-|

301-350

351-400

0
<50

51-100

101-150

151-200

201-250

251-300

radon (Bq/m3)
Figure
Reference
1. George Vastagh: "Radon-monitoring in Hungarian schools" (IKIIKIWAKUWAKU,
Japanese-Hungarian Physics Teachers Meeting, 1992

-

536

-

JP0550218
JAERI-Conf

7.20

2005-001

Report on Energy-Environment Education in Physics Class

Takafumi WATAHIKI

Tsuchiura Daiichi-High-School
Email:takafumi-w@mtg.biglobe.ne.jp

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 Ionizing Radiation and Non-Ionizing Radiation
in Educational Environment

T akao Matsuzawa, Tomonobu Otsubo, Satoshi Ikke, Noriko Taguchi, Rie Takeda,
Yukako Kouriki, Ryoichi Takasaki and Hirofumi Suzuki

Ibaraki National College of Technology
866 , e-mail: matsuzaw@ge.ibaraki-ct.ac.jp

T312-8508

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.
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How to teach radiation by a cloud chamber

Ichiro TODA

Hokuriku Power Energy Science Museum
18-7, Ushizimachou, Toyama-City, 930-0858, JAPAN
E-mail : toda-ichiro(aiams.odn.ne.ip

t

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 60ml 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 X 250 X 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 1 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 5students 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, a source, jS 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
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 ) tracks of a and jS particles
( 3 ) Compton Scattering by j source
( 4 ) Deflection of jS ray in the magnetic field
( 5 ) Properties about a and (3 pass through a paper or others
( 6 ) Half life and decay series by radon gas (Rn220)
( 7 ) Tracks of a emission from the filter paper of a dust sampler
It takes two or three hours when I do this lesson.
4.

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) 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.
2) The students understand that the counts of radiation depend on the ground condition of the
location.
3) 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.
4) Even if the teacher does not have a radioactive source, background radiation is the basic and
the best radioactive source for this education.
5) 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 1 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

Yuko HOSHI, Kiyohiko SAKAMOTO, Kazuo SAKAI

Low Dose Radiat. Res. Center, Centl. Res. Inst. Electric Power Industry
7201-8511

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) assay. 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

Cs 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.
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Fig.3 The relationship between the number of tumor cells
and tumor take rate in non-irradiated mice.
The T D 5 0 value was calculated to be 10100.
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7,24 Educational Experiment for University Students Using
Natural Radioactivity
Development of an additional experiment to measure the increase
in 214 Pb and 214Bi produced from

222

Rn.

Mariko NAKAMURA1, Takao ESAKA1 and Masahiro KAMATA2

Department of Materials Science, Faculty of Engineering, Tottori University,
4-101 Koyama-cho Minami, Tottori-shi, Tottori, 680-8552, Japan
ent of Science Education, Faculty of Education, Tokyo Gakugei U
4-1-1 Nukuikita-machi, Koganei-shi, Tokyo, 184-8501, Japan

Abstract
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I.INTRODUCTION
Although several works(1"6) 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 (7-9). 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 214Pb and 2!4Bi emit beta rays,
which are easy to detect, and the half-lives of these
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Fig.1 Uranium decay series

II. EDUCATIONAL EXPERIMENT at TOTTORI UNIVERSITY
Since the details of the experiments used to date have been presented elsewhere (10\ 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
the only gas in the uranium series, as shown in Fig.l, 222Rn emitted from a soil sample that contains
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
produced from

222

214

Pb and

214

Bi is

Rn and stored on the surface of the activated charcoal.

The purpose of this practical work is to collect these

214

Pb and

214

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
(214Pb,

214

Bi) 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

]

Pb and "14Bi 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.

-5H2O,

Dissolve bismuthfSSS}
'iOOmgj in nitric acid solution
10ml+H2Qr

Activated charcoal

Add activated charcoal {1$ on which 222Rn
is adsorbed and stir the solution for five
minutes
Remove activated charcoal with a widemouthed Buehner funnel

The soil sample (2kg)
(or superphosphate
of lime)

Add 25% ammonia solution until pH exceeds
10 and bismuth hydroxide is precipitated
Gather bismuth hydroxide on Kiriyama filter
paper (21mm in diameter)
Wrap the filter paper with polyethylene fol
and put it under HAKARU-KUN II to
measure the /3 -rays from 214BI ( + ^PB}
Fig.2 The sequence of the educstional
experiment atTottori University

From such a viewpoint, we have developed another experiment which can help students
recognize that

222

understand how

214

Rn in the gas phase is adsorbed on the surface of activated charcoal and
Pb and 214Bi are produced from it there.
III. METHOD of ADDITIONAL EXPERIMENT

3-1 Preparation of 222Rn-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

22

Rn in the gas phase and the function of the desiccator are clear to the

students.
Another easier way to prepare

222

Rn-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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, Adhesive tape

Flexible tabe

The soil sample from
Mingyo-Touge

The soil sample from NtngyoTottge mountain pass
Fig.4 The collection method fey 222Rn-containing air
(a simpler metfiod)

Fig.3The collection method for222Rn-containing ar

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 chamber11) 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 222Rn based on their actual observation.
3-3 Measurement of the activity (214Pb and 214Bi) 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

Fig.5

Technology in Japan) for a couple of hours.

222

Rn 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
Because the half-life of

222

222

Rn-containing air are presented in Fig. 6.

Rn is 3.8 days, the decay of

222

Rn could not be observed in this

experiment. However, the students could easily recognize that an alpha emitter (
the air within the desiccator.
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Rn) existed in
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Fig.6 Alpha tracks observed in the cloud chamber

4-2 Measurement of the activity (214Pb and 214Bi) produced on the activated charcoal.
A couple of typical results are presented in Fig. 7, 8.
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Fig.7 Typical example of experimental results

Figure 7 presents the relation between time and the count rate of beta particles coming from
214

Pb and

214

Bi 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;

= - I RnNRn

(1)

= - 1 p b N p b + 1 RnN Rn

(2)
(3)

dN B j/dt = - X

where NR™ N Pb and NBi denote the number of atoms of 222Rn, 214Pb and 214Bi, respectively, and I
denotes the decay constant of each species mentioned above. The initial conditions to solve the
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above equations were as follows;

NR^N

0

Npb = NBi = 0

at

t=0

(4)

at

t=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 222Rn 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
222

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 ( 14Pb and
on activated charcoal. (We prepared the air containing

222

Bi)

Rn 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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This Year

Last "Sear

New additional demonstrative

13:00 — A brief instruction on the experiment
(approx. 30min.)

Using 222Rr> containing air as an

—

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

alpha-ray source in a cloud chamber
Measuring

the

activity

produced

on

activated charcoal which adsorbed 222Rn

-Clearing the apparatus

15:00

16:00

-A small lecture on radiation/
radioactivity (60min.)

Measuring time
for 80 ~ 90 minutes

Reading out data recorded
in the survey meter

Fig.9 Time table of the practical work

VI. CONCLUSION
999

It was clarified that the

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

Tadanori HARADA

Hiroshima kanon junior high school
i ^ 3-4-6
Minamikanon3-4-6 Nishiku Hiroshima 733-0035 J a p a n
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.
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7,26 PRACTICE OF ENVIRONMENTAL EDUCATION

Yoshio TAKAGI

Ishikawa Prefectural Togi Senior High School

T925-0447
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 NO2
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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Science education with the help of Media

Educating science concerning the help of current news of Media referring to it
I. Lazar1, L. Agoston2
;

Science-Math Teacher, (PhD student of biophysics) Obudai High School, Szentlelek ter 10.,
H-1033, Budapest, Hungary

2

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 st 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 masscommunication, 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 st 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

•

critical approach based on specific, self-sufficient experiences

•

communicative competence

•

improve team spirits when working in groups, collective projects

•

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&MGroups dealt with:
1. Examination of the roles of the press in connection with the nuclear power plant in
Temelin (Slovakia).
Publications:
•

Temelin es a hetlabu zsiraf (Temelin and the seven-legged giraffe)
Science & Media group, I. Lazar
Fizikai Szemle (Hungarian Physical Review) 2002. Marc. Lll. 3, pp 85.

•

Letters to the editor of some Hungarian daily newsletter (Students are for science in
Nepszabadsdg, Policy-Media-Science in Magyar Hirlap)

2. Analyses of the presented dramas in connection with science ("Incident",
"Copenhagen").
Publications:
•

Intellektualis jatekok (Intellectual games)
Science & Media group, I. 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:
•

Nem az iskolanak (Not for school)
Science & Media group, I. 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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8.1 Radiation Education for General Public

Ryuichi TANAKA ffl
Radiation Education Forum
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8.2 Present States of Radiation Education in Several Countries
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83 Radiation education in medical/general educational institutions
and
How to incorporate nuclear accidents in school education

Shouichi KAWAMURA,
Radiation Education Forum, WtMU&^y
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Low-Dose Radiation Biological Effects
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Closing Remark of the Symposium

1 . An atomic bomb was dropped on Nagasaki City 59 years ago, and many citizens
have had extremely hard experiences. In this city, there are many people who are still
suffering from serious somatic and mental disorders.
We sympathize with these
people, especially for HIBAKUSHAS*, and wish to mitigate their mental trauma.
It is extremely regrettable that the discovery of nuclear fission, which is purely an
academic achievement, was utilized as a means of such an inhuman purpose. As such,
every modern technology can bring harm depending on the way of its utilization.
The actual examples are frequently seen in the war, the international or intranational
conflicts. It is strongly wished that all humans on Earth should endeavor, on the basis
of human love, beyond the region of nation, race, or religion, to live in peace, as friends
among themselves.
2. Radiation is one type of energy. It is invisible, and harmful when a high dose is
given to human body. Thus the general public has an excessive fear even for its very
minute quantities. On the other hand, radiation is very useful for certain purposes
including medical and industrial purposes.
Since the exhaustion of energy resources
and serious environmental problems are foreseen in the near future, it is urgently
necessary that the mankind will have the ability of utilizing nuclear energy effectively
for the purpose of our survival as long as possible in the future, by knowing its
characteristics. For that goal, the education about the correct knowledge on radiation
and related nuclear matters should be properly done both in school and in society.
3. Recently, studies on radiation, both on its utilization and on the biological effects,
have seen extensive progress. If the correct scientific knowledge on radiation effect
achieved by the recent research is broadly appreciated, it must serve effectively for the
mitigation of the mental pain of "hibakushas". The fundamental knowledge of
radiation and related nuclear matters, which are usually compared with a double-edged
sword, should be properly conveyed to many young people and general public. The
present symposium has aimed at establishing a standard method of the radiation
education. This event was eminently suitable for Nagasaki, which is the place where
the Western civilization reached in Japan for the first time and propagated from here to
all over Japan.
4. The spirit of "radiation education", to remove unnecessary fears for radiation and to
utilize its energy to contribute to the human welfare (economical fulfillment and
mitigating mental pains), was first announced internationally in December 1998 in
Hayama, Kanagawa Prefecture, and was confirmed in August 2002 in Debrecen,
Hungary, and now was reassured in August 2004 in Nagasaki. Since we believe that
this spirit deserves to be pursued, we will continue the endeavor for realizing it in the
worldwide scale.
Nagasaki, August 26, 2004
Tatsuo Matsuura, Prof. Dr., Secretary General, Organizing Committee of ISRE04
(*note: A hibakusha is a person who was exposed to the atomic-bomb explosion in
Hiroshima or Nagasaki and survived the instant blast.)
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