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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 value-
judging 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, ISREO4, 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 University
Professor, 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 tl.le biological effect of low-dose radiation, the considerable data
compilation has bgen 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.i 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 wjtniess Hiroshima ana Nagasaki several days
after the atomic bomb attacks, I coyld 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 burns, 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. 1 shook my head
pledging that we should not start any war in future, we should stop any war at any

cost." i

Reading this sentence we cannot help praying that the soul of the dead in those
casualties may reat 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 facing 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., "Genshi-bakudan(Atomic
Bomb),” p.109, Kofusha (Tokyo,1973)].

i Y. Nishina, "International Control of Nuclear Energy," Kaizo (a magazine in
Japanese), p.21(Tokyo, April, 1946)

w
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1.2 Energy and Education
IXNF—LEF

ARIMA AKITO
7B HA

Japan Science Foundation
H AR} 5 iz A H

arima@jsf.or.jp
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Fig.1. World Population Projection

Data of the year 1997 are based on World Statistics 2001.  Source: The United Nation World Population Estimation
1950-2050, Ministry of Public Management, Home Affairs, Posts and Telecommunications: World, Statistics, 2001
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tlote:1.Number of years Represents "minable year(innsbiz year=ing
amount of proven reserves divided by the amount 31 annuai
production.)

Nota:2.For uranium,"minable yéar"=the amount of proven reserves divided
by annual consumption becouse of large stockpit the annual
production Is less than annual consumption.

Note:3.By utilizing plutonium,the number of years that uranium can be
utilized increases substantially,by single to double digits.

B j

Oil Natural Gas Coal  Uranium
1999 1999 1909 1999

Fig. 4. Proved World Energy Resources Reserves
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Fig. 8. Transition of CO, Emissions Caused by Fossil Fuel and Atmospheric CO, Conceuiration
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T, D 100 EORICHOMICHFATHHEHATS 1 EE<KEN EADELZ g
B REORALERELREOBEERZEZE 2 ZE0 L TVNERAN, INAKRMET DT
CORICELELEDIZ, 20 100 EROFESEE 0 1T LZREICT, 1860 4 &2 1880 <Fid
Z 05 ETH-=0N, SI3TTZ 0.5 EXBRoTWET, BIREMEL T, 50 Fi=t
IZi2>TLESTIEKRETT,

ZLTEFOHRT. Ao THIKERMN, BE&, BVEI b, 5 OENEERICES
Bz B R EE RO L TVWE TN T, HICTAUINSDEBRZENTT., RICEDREINS
—B{LREEETMAEVI E, WBIFAHLPTWHOIE, BROKATT, THd A K
KRR AR, —BEREL2ZLET., TRIBRERZRENDIEVD ORMAH-. KT - K
FH - - KBTT., KN THBIERBEEESRVDITITRAVWOTT, BT i IJ4UdK
NREBORBEEL-DIIHEOREZEZ LV ABRVWENSBNEZDTS, £51:5 LT,
EEKARENS “BALRETTL A2DITRAVTINE D, REEBZERRT /=017, 2K
TR LR BN TTL 5. THARRPAMICE~ESFPOIGENE W T &4 FJTH -
KA - M - KBV - AASR-BERERERDRVTT. NS OBEREOREEBDOD
BN IRNF - EORRE2EDDILENDDET.

Anomaly(°C) from the 1961-90 average of land surface temperatures in the world between 1880 and 2000
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Fig. 9. Change in Global Average Temperature

5. LN F— - BAWRET X ¥ —ORBHIE
AbRAEDNDLTHIRNF—ZEARBLEIITIRZVNEEELTVWET, 22 THIRIF
—EHATRELRIRNF—2XYRE AT TEAZEIDRVNDOTT, ESLTHhEWVD EEHAT
BERIRNF—DOHRITEAKIBA->TRENS, BEMNT EEATELRIXINE—DRIZIZHZ
EMETY., AVL—FUREBHYDKNBREZL TWETOT, BEAELRIRNF—TH
FTERATz—FUREBELETT. AEBBHKNREBICLA2HEMELRIXIVF—IZHo>TW
£7,

EANBRBOBHFLIRNF—THENENITEE, BI—EATHBIEICWELET, it
FIF—ITKREBH. KBER,. BH. FEY, BEEIRINF—, FLTNIATZR. 2503 H
DTHRELEZVEZHNMLEDLET, REQEZAEEEIERROLRADTITN, Ho LEE

= ]0 2o,
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K2R L Twh i nidzs2nwao T, BEid 2010 FOERAEBEZREDTVET., Zhicko
ETERBHARBIIOWTIHREOREEZ 195 E, 815 BXR3E58HN 1L L5, AR
LHREDK 28 BFETHoTVNI D, BEMREZ 55, NMATAREZ TH/ITHLTVIS
EWDIHIFTTY, TNLUNTEKZRKETHNT DR S5, TR 5KAREZ R ENMRIEEN
EEDTHEBIELTINZ 13BICTHEN WAWASREZET, LML, BEENICSWE
BN OFRIBRERVERADT, BE - BFAZEDTIOHFIFINF—DFAKEIT
BEOKN sfElcknTd., ZhidlLhl., BIxNF—0hD 3%iIcdTEHA, BEIZ 12%
TT, TITRSINETEAZLTHENEVRSD 3 FLhWhARNEVWITHERZ, BRLITHK
LS<RTuwhrhidzoxdi,

FLRNF—RESBLELEESICANENES ISITHETWETRA. FRIINMRKRTHD
FLT, KBOXIZEFICTAZSALHMEREITENTVWSITNRE D, HERETH ABOED LS
BREZAZINBEDLBRBOIRNF—R I IKDOTHEDTT., E-oEFHLELEED
I BEF IR F—22HEDTHE-RIFINF—0D 12% Ld 0D A (Table.1 ZR).
KAZFNF—DFARENDOK 3 ETT. KhEh#hBETWhETE, HEOCHEMER
IXNF—ELTAERRETIZ 10%. —RIXNVF—ELTIERLSED 5%BETT, Table.2
ZCETIV, HAMICIZESTL & 5. Table.l REITRINF—IcKkhbEDHEFRER
IRNF—DEERBIDITRINF—BUERERICEDZBHETTA, RS ICBHERETIZ
KNEANTEBLRINTHZHDE 20104EICTS5XETOIEEIELTVET . 7 AU HIZTYS
TEbDER A, ~

FAUARDEOHFIRNF—IZRLTIEZD0EVA. EU L 53%Z 2 fEIcLELEOEL
TWET, EUKR., RIYRATZ~FUVREALMIR>TWBITNED, 3D EU #EIZFN
BERLTRBODERA. REFARIHUNBBNWNAENS &, —ROBBIZESBMERENS
TY, TINSZIZRXENEFNMHETT. KBARBIILEXL D ERI#EA THOELS RV X
L. TN THEFEDBAHICSOERT 3 ELS5VWHLIARVET, MADLELIRDELEM, =
14B05 2 ERETYT. bLARBEMNb- EABICHEITHIE, BFOBHMAITARDE
T, BEREI RN —DEBARWHAEZBIT 3IC320ICd, AAREbS EHFIFINF

Table1.  Achievement in 2000 and goal in 2010 of new energy in Japan Supply of new energy

2000 2010(goal)  [2010/2000
_Power generation -
Solar 3 81 1,180 15
Wind - 59 1,340 23
Waste 1,150 5,520 5
Biomass , 47 340
_Thermal utilization =
Solar heat 890 4,390 | 5
Waste heat 45 . 140 3
Biomass heat ) = 670 =
Unutilized 45 580 13
__Black liquid 4,900 4,940 1
Sum ] 7,220 19,100 3
Total primary energy Supply 600,000 600,000
New energy , ‘ 7,220 19,100 i milkion litter(10%)
Ratio to total energy ; 1.20% 3.0% ‘
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—E{S LTI,

BAMREI R E—RAZE#EEHS IRV, LAERBIZRPLERA. KALILTAZA
HBHDIL. BATRAENKRE, HATREARETT. BRIEERBH EZHE > THWHEIEHD
¥4 A, Table.3 DX I ICHZEIZABIN BT 209 F kW bRELTWT, ZNETAVAD
2f, RA4VD3{ETT, —HHEKZBEFOMENEZL, BHRBEREEVRENWTT,

BRE, BHEELEOEER., £FEBLELELDIR. KBREZ 15 5. BIHEZ 23
BILEDIELTVNET. BEFIXINF—RAXESEMLTNZDIZ, HhDOTOELEDNH L
AROERK)TYT. ChEERITTRBELTEVNE T, INhSEEEOREA. N14Y
A2 ELFEBMITR > TV RETT (Table. 1).

6. FIRNF— - BEWMEBIRXNF—OFIHLOMER

ChETERAZLTHEVENSD 3 BELAVKAENENSHEZRLEHL < AR TwhR
5BV, ZOFTTTIRE>STWAKAZREETE, BWEVW1I%TY, RAENLTH
IXNE—DEEK 3 HBIoAsRURIC, KAhZsb b eBAEMERIRINF—LLUTHES
TWeEbDZRLTH., TXBEICILMRZDER .

FIARNF—2EBNBEABERAL TUHREZRSRBRVDTTRE, LMALENTIRERDZW
ENS ZEEFMERIERDERL. WRIKHDRVBEIRI—-METEMS CERKAERER
ZETY., BOBWVWHEZESTEN, FOEDIIRFIRIINF-—REEEZHMITRL, KL
HENFE LA TRWTFERA.

CCTHEFHIIODWTALEATRET. IBEL T, HETEFICHZELTHEL LD,
BoEBHZERAED. EIhhbMtRLTHobRTNIERD ERA, BOoOBREZL D FEITIE
FhAThoERBT S, ThaE-TL3%., TOZERXE->THRIAVRBEHSOEIBEFHES
S5TRWNSHEEBBRVWTITD, MEZ O LRBWET, HL2PDRL. TXTOEIFFE
LZREZETFAPDEIREFEBVET, Zh53—0v T, H33ERETHZRPDENENID
FZEWNnELTH, 75 2AFZFRENETTIT. AFUAD, A1 AD, RAYDH, 71FUTH,
FFACELBZBHZIS O ANSBORVWHREZLATHNITRBTH S ERRBEVWET, F1EZ
BICEHO>TWADTY., ZTOWSHIEZENTIEWITEE A,

B2 ANBICE->TEHERZIER, HFR2LASTHHE 50 FRETHRELS I 2RV E
NWOIBREZZREBATWARERSZNWIETT.. TOHRT—BOMEE, FRAEBAERIELI
BRENZEZICESIANTEINEVNSIEETT. BEINUTICBIEMVEL LSO TH
BEVWECHTVBEDTET, TNDH—DODEATHBITNED, WTFhIZLTHAEELTZ
DEEYDOUBEEDHIEZ TN NENDS T EZEZTVNRLS TRV ER A,

RFARIEHEB IR E X THE, MR ETNCE. FICBKIFRZERZEBE-oTWET,

Table 2. The Percentage of Renewable Energy Table. 3. International comparison of the
in the Total Energy Supply in Several Countries Power Generation by Sun and Wind
Primary energy supply| Power generarion FEERE T
Toon 2010 1998 | 2010 ) (_1Million Watt)
Japan ~ 52% 7.5% o7%|  11.3% Sun Wind
[usA 7.0% 8.9% _ 109% 9.24| Japan 209 144
Canada 171% — giew — | USA 117 2555
EU 5.3% 11.6% 139%]  22.1% Grarmany 10 6113
- Denmark 1 2297
UK, 1.0% - 1.7% 10.0% Italy 18 389
France 6.4% — 15.0% 21.0% Swiss 13 3
Germany - 1.7% = 4.5% 12.5% Hetherlands 9 448
Italy ag%| — 16.0% 25.0% Spain 9 2402
Denmark 85% — 8.7%|  29.0% Swsden 3 231
Sweden 28.1% — 438.1% 60.0% UK. 1 409
Austria 22.2% = 72.7% 78.1% World 520 17706
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ZHLDONSTNREABTFTHEI>TWARIETYT., LALBRORBEL, BRBE T
BREDZUD T BEFHNEN, ENWDTETYT, ATRTAVANIY L - T2 T ICHRD
AP ZEICEZP T, £T7425 0 REAND T, BREMSGERN—HIZR > TREULE
BERELELE., ULEALENUAOETIRIERBAEBB 2 EZICRE TN, BEWEZED
WA TENENDZENKBETYT, INBINMASEFHIEAL TEATWHhARITNERS
BNWZETT, RAYTHER. BHO 30BBEFHICL->TREBINTWET. AFIL 34~
BXVRFATYT. TIOSETHREBEOREEZHMENICLS LT RTNEREDEREA.
ZTORT—FEOBEIL, SHLELELSCEABRABBRBIESKEEEDEZLEZITESNST
EMENIHEETT, TAVHDIY AT 7208 2010 FEIZFEHRLET, 7425 BT
2020 FEICHELE T, TNEBFETFHRBOBAR TS VATI A, BROBENZVWDTT,
NWFHIZLTHOAEELTZIOREYONEEZEIZZITNINEVNDS Z EEZBZTANGELST
0 EHA.

HI—DOLEE. VoW TINERZTLAZEILEDIELTNEZDONENS ZETT, BE
Z. 79 0REAMFYZAONBBIZ N Ry L2 30 B BATTHVET, TNT—INT
HBTHEN, MOX BREIELTHATARETTN, TOAENEERILINTWERA. &
EHRERTHTEEBNETR, FORETH > TLMANEINDBLNARVNEVNIRTESDHDET. M
OXMEZRP L TEAEAHBLTNIREE L, RIFEVWET,

7. BUHR - BEHEOEF

BRICHEFHICEBEL T, HHR - BEHEEOEBIZOWTHRRZNERBNET, DWHITHER -
BEEENABEOBIZN > TNBENEZEZTHTLIEIN, LM CE3 X BRORR, EX
—NFLTIY— - Fal—i2LB5TTA - ROZTAOREN, WHICHEBOESRICHRITIL
S TLEIMN, ELTHER - BHEREZTEOISICAAZN TSN FEZIZHEL
TEhiaithidzn £ A,

AT UEOREEMTEEE LT, 1999 £0 JCO FHICHBMLEL =, BHOHE T4V
ANy PEESTLBEIITLHIZTESEDTT, #dbFE->-TEERATL A, THYKE, &
28 30 ADDYBEH/LSENLNBFTTVELT, TCRB2EALDBDBEARADITTNERAT
Lz, SR a7IVEEHL, NrYTRBHEYS 2R TWEOTY, ERTOSM T
BAEREIVWSIBOICHTAEEL2LL<Ao>TLWERATLE. BALB THFRREY 2T
NWEESTWEDTET, BSROBRZEICIE. BiEE - BEIREDEL WEERATURTY. B
EIZE > TEREE LARNBEBEOAR TS IBERZHNTLEWE L,

SHOBHERERTHRETOERI 2 KROFHRT. FFFEZOHOICEERNTNVWE
TNTWVET, LML 4 ABDEEENTEIEREKRT, KNEEITAXTIKEBIDZAZFN
THoR T EEEETY., BEOEEZLA> TRARCEELEBITAMNT SR E, #HH
BRZEEEMENFICDOTTBLIRETT. PCROFEFNKYTT,

—RBIZN- T, HEOEXBEIZDOWT, Oy hZ2EFOTREFHATD, BUFNHEDICD
TR =220 (NEERE) 2R0TELLRRBBVWET., AORLICETAI &R, EBA
LEFENBEEZHEORETT, BFTTRS<EELSTHTHITOSHICERE S L. BEAHN &
NE<BVET, ZOZELZRIEEILELTBDET,
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1.3 Nagasaki and Radiation

— Health Effects of Radiation: Atomic Bomb, Chernobyl and JCO—

R IR & U #R
— SR OBREEE . Rg. F= L/ 7A(4), ZLTJCO—

Shigenobu NAGATAKI
RIEEE

Prof. Emeritus, Nagasaki University
R R4 FH
Executive Director, Japan Radioisotope Association
BAT A7 (T113—8941 HAHR UK X ABNA2~28 —45)
Tel: 03-5395-8021, Fax: 03-5395-8051, E-Mail: nagataki@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.

HE

EBEARHEE & VI AT TR & BHEBR) IOV TASORRE POLICHERT 5, BIG
IFROWIRT CTH D, BBRENLEBREE COMRBREZ IR BOMEERESL 5 0FL |
BEF L - BEZEOREFRIL, BETHHERATERLERITEHEZNLRERR THY, &
HICHATREBDTHD, ZOEETIE, F - CHREDREFREDOREL, Hik #HEREEE
EOTHET D, MHBMOREREL, MBI ST O, RIS S ICH
EHIRE L EENRBIC T o5, HRENOBONABRNEEBORRERICBIT 5%
HIRAERERICOWTOMEZ &LV HiTF 5, HIL, RIGOKREREZEIC, EREEREW 1L LTTF
=) TA Y RBEESEFRY BT, #HEOHEME L L TREEEREOAENLSML, H
BREEBA Fi D 10 AR ICREREEBOMBRRL E LDV VR AW ETORB
Bk [ERSA R RO R L SOEMB ORRE L OFE V., FRUICKRISET AR E 0BT
25, %::,ﬁ@wﬁﬁwﬁﬁﬁ%%%’\Jco%&mﬁﬁ%wi<&§itHLER
DEFEROH Y FEWY HiT 5, il L IR ERIE oREFE T, B2Mmgo
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WRERICEL T, EROAEERE E b, DIECBITS (REEICBTS), &
B, IR, LR, BRI SHRNET N TOREEBR L HRITTETH S,

A3 BX Contents #5 Introduction
2. JFIBHIEHE O@EEBHFHFZE Follow-up studies on atomic bomb survivors
3. Fr/ T1VERRERDOREZE
Radiation effects on humans in Chernobyl accident
4. High ] COFHOBBIER O REEM
Health management of the residents living around JCO Tokaimura

. ¥&® Summary

(@)}

1. #8 Introduction
1) BB DB Experiences in Radiation Effects
PHRIEKFE - TAUNE¥ (1956—-1980)
TAY M=TOEFMH, BIRIROARE SRR
University of Tokyo, Harvard University (1956-1980)
Investigation on Thyroid Glands and Clinical Application of Radioisotope
PR FANRIER (1980—-1997)
(Esk%, WHO, TAEA, EC, /B4, BB, BAHE)
RIGFRWEIRE OBDER S NP
F /) T4 BROBEZEOTENR
Professor of Medicine, Nagasaki University (1980-1997),
(Nagasaki Univ.,, WHO, TAEA, 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
PHNBREEMAEER (1997—-2001)
IR E O A
A JCO B O EUFER O EFE M
Radiation Effects Research Foundation (1997 — 2001)
Investigation on Atomic Bomb Survivors
Health management of the residents living surrounding JCO
»HET7AY b—THaEBHESE (2002 -)
£, KiER, EMEAR BRilaRE0ZER
Japan Radioisotope Association (2002 - )

Administration, and Members of Councils, Committees and Commissions
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2) #FEHDILYE Stance of Author
PREBIORT 2L B, BFE. B, BT LIVF -l
WINHHRFRORFEIIHT HZENNLTHS.
Safety, reliability, trustworthiness, radiophobia, nuclear allergy
- all perception toward radiation arise from radiation effects on human health
> BREAOMA. BREEFIAE. RIFRICEL TR 2 8%
AL TSk,
Considering health effects is ind'ispensable to utilization of nuclear power, radiation and
radioisotope
ZEOIMBOF &% : Summary
- B EIIEEFE  Radiation Effects are Health Effects
- BEROREEZEEERENICHENAL. HRCHEREZDOHDBFHATS

Conduct studies on radiation effects on humans and explain the results to the public

3) 20 HICBIT I BB OREZBICHET 288 - 531
Information Source on Radiation Effects on Humans in the 20th Century

20 HACIC BT DM OREZEBICET 488 - 15H  (Table 1)

Table 1 Formation Source on Radiation Effects on Humans in the 20th Century

124 T Atomic bombing JL. 5 + KI® Hiroshima, Nagasaki

K18 28k = v )VBEE (EXZIREE. BravoTest) /)Y CKE). t

A-bomb/H-bomb tests INSGFRAY (VE) EFE, 752X, FE, 12K, NF
AE

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

AR BLE T EW NT7x—F CKE). Mo 3L (Vi)
A-bomb production accidents Hanford (USA), Southern Ural (USSR)

| RFEEA AV=AIWX, Fx)/TAY, ICO (HiEk)
Nuclear plant accidents Three Mile Island, Chernobyl, JCO (Tokaimura)
BEERIT< D5 ZULgI, HABRREE, FREEEE
Occupational exposure Uranium mines, Fluorescent Paint, Nuclear Plants
EREWIL< Medical exposure | @M - 155 Diagnosis and treatment
R 54 (AEA, WHO ICHE)  SEEATE L
Medical accidents All over the world (reported to IAEA, WHO) most frequent

ZOwhs, @ Fxb /T4, JCO ZRVHDORBEZDLIZELRZ W,
Personal experiences on the investigation of Atomic Bomb survivors, Chernobyl accident and JCO

accident will be described.
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. FIBSURE ORBEHHE (EREWMICE T IEFNRERRORSE

Follow-up studies on atomic bomb survivors
Significance of epidemiological study results in the area of low dose radiation

1) BYEEE  Acute Effects

(1) 3£ Death
» &K Hiroshima  140,000/360,000 (38.9%)
> e Nagasaki 70,000/250,000 (28.0%)

LD50 #3711 (Gy (2)AMEEDIENL Signs and Symptoms of Acute Effects

Bl EeL, T, AL, AKIECRIBEE O BUEER . TILFEOHELERER, EkfEE, &k

REMETE . IRBOIIBYYE, foOlEE R e L
Nausea, vomiting, diarrhea, skin damage, bloody stool due to digestive tract damage,

disturbed consciousness, bone marrow damage, secondary infection, organ failures

2) KB - RIGOFIGERE ORYBHHRE
Long-term Follow-up Study on A-bomb Survivors in Hiroshima and Nagasaki
(1) BEHEENEs FREENEEZRS (ABCC) 0Ky
Radiation Effects Research Foundation :
The Successor to Atomic Bomb Casualty Commission (ABCC)

» ABCC IZKERTHEZEESHHOTRICLD 1947 FILE. 1948 FRIFIZFR L & hiz,
ABCC was established in Hiroshima in 1947, and in Nagasaki in 1948, with funding
from the US Atomic Energy Commission.

> ABCC/ B OMRITFIRBIRE L £ OF OV < OO BEEERR % 54,

ABCC-RERF studies focus on several fixed cohorts of survivors and their children.

> ThbOEEEMIZOWT, 50 ML EIZDE 0 EBREZIT> T\ 5,

Cohort members have been followed-up for more than 50 years.
(2) ABCC (1947")3 X DM #ZEHI5EET (RERF 1975-) DA EM]
Cohorts of ABCC and Radiation Effects Research Foundation

> FHanya# Life Span Study (1950-) 120,000

> PRNEREGRE (2 4 1 EIRZ#2)(1958) 20,000
Adult Health Study (biennial exam.)

>  HBER#EE < In Utero Study (1950-) 3,300

> #kyB 1t First Filial Generation (1946-) 88,000

il x N OWIBRENT H RO EMFRIC L 2EBL THE (DS86)-(DS02)
Individual exposure doses were estimated by US and Japanese experts
(3) BREE (%EE) ©OF LD Summary of Late Effects
— 2L EOFRICE O FEERICABR ORI B O, D0V 27 PR < R BRI B
B
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Statistically Significant Results Obtained From More Than One Study and Risks Clearly
Related to Radiation
(A) #4%##%& A-bomb survivors
M JEE  Malignancy tumor
A (BYEY s LORRA THIIEA M ZER)
EE - fLEs. WO, BOEHE. B, EE. MR, SRELE
Leukemia (excluding chronic lymphocytic and T-cell leukemia)
Solid cancer: breast, thyroid, skin, colon, stomach, lung, ovary
@ #LISDEHE Noncancer Diseases
BEBERNE, FEBE, FRARRRE, &R TTHEE,
B e RS RE R T AE, DABREZE, 1B MEATIER &
FRRFEE ORI (S RFIR)
Radiation cataract, myoma of uterus, thyroid adenoma,
hyperparathyroidism, autoimmune  hypothyroidism, myocardial
infraction, chronic liver disease, delayed growth and development
(childhood exposure)
(B) ML #E In Uteroexposed survivors
/NEESE, FRRFEEDBRLE, FEMMER OMEEREHOK T
Microcephaly, delayed growth and development, decreases in school
performance and IQ scores
(C©) #J8 _t First Filial Generation
B D 272 B R D FCERITFR O Hu T
No evidence of clinical or subclinical effects has yet be seen.
(4) FiBgIRE AR R OEBEAFIR
International Approaches to the Results from Studies on A-bomb Survivors
© IR D % O SRR R
a. EEBHRVH#EEZAES
ICRP: International Commission on Radiological Protection
b. HEES R HAREER FEES
UNSCEAR: United Nations Scientific Committee on the Effects of
Atomic Radiation
@ BHBFHEFOEFHISOE®R, WAV IEOF#
R R EHER U R B D E S E IS - Ry N U —7
WHO-REMPAN: WHO Radiation Emergency Medical Preparedness and
Assistance Network
@ FHHBO N RIET AW TR OF R
Biological studies on radiation effects on humans

EER 2 R EBRM LG EER O L UCTRI, BER#EEICE 248 BIXL 2z RA
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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
G)FeRHEE  Stochastic Effects; Linear Dose Response, No Threshold (LNT)
> MR R S B ORENERBRICR Y BES RV

Epidemiologically Cancer risk attributable to radiation effect is linear dose-response

and does not have a threshold.

> BRI OMBOER THEORAEDRREM SR H D (HERIIRR D050 TiEievy)

Theoretically radiation on one cell may be a cause of cancer

(probability is small but not zero)

> HIEKBEICEL LV O BEIZTR No radiation dose is safe
> EREITETIVUTIEVIE E LV The radiation dose is lower the better

AT B BT FER D F i A
Life Span Study of RERF

Table 2
FmiAA Life Span Study

BRRER 1950 SEDXREY" 1998 SEDEFFEK
Age at exposure People Alive
0-9 17,824 91%
10-19 17,568 80%
20-29 10,883 66%
30-39 12,266 31%
40-49 13,491 4%
50+ 14,550 0%
43t Total 86,672** 48%

* FREMTTRBRTRICLS - RETNICEDY BARRORE S LI AN
People in Hiroshima or N ki at the time of bombings for whom dose
estimates are available

dk =05 HITASBILEIT < BEA0.005SvEA T
37,458 were exposed lo radiation dose lower than 0.0058y

Table 4

FaAEERicki sEERAUICIZEED
HERAER Y X7 (RESR) 19504 -19974F

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

™
k] sl
[ . -
=

-g = - - .
~_§ 5, j?/ e
2 ¥
@ R
8 < L
g o
2 >
wi

15 26 zs 3.0 28

Colon Dose (Sv)
3 0RTHIE LAKD T 0iRIE T DEMNARCOS L CTH LR BEUSBIN (WEZR)
Solid cancer Uose-response lunction averaged over sex attained age 70 afier exposure af age 30
EROERHEE Lo BEEHE, TN EROSREXSHIRMEN ) A2 %,
ERIIZ N LD L TRblife, EhfhrlTnsg,
SROBRE, FRbd@icaT 2 1L ME ST | EEEERALTL TV D,

ORI EOE LD

Table 3

FMFE  Life Span Study
EEEE X BFEL 1950-1997

Observed and Expected Solid Cancer Death

BES)  HNSE WMCLHTEN ERbEER o,
Dose People Deaths Fitted excess
<0.006 37,458 3833 0 0.0°%6
0.0050.1 31,650 3277 44 13%
0.1-02 5732 688 39 5.7%
0205 6,332 763 97 127%
051 3299 438 109 24.9%
1020 1613 274 103 37.6%
20 488 82 48 58.5%
Total 86,572 9,355 440 4%
Table 5

Rl 4 OBREDIR THEE L 7 il@RIAax ) 2 7
Excess Relative Risk Estimates for Selected Dose Ranges

& Dose ERR/Sv (SE)* pff pvalue**
0-0.05 0.93(0.85) 0.15
0-0.1 0.64(0.55) 0.30
0-0.126 0.74(0.38) 0.025
0-0.15 0.56(0.32) 0.045
0-0.2 0.76(0.29) 0.003
0-0.5 0.44(0.12) <0.001
0-1 0.47(0.10) <0.001
0-2 0.54(0.07) <0.001
0-4 0.47(0.06) <0.001

* PRSHERSOROEDIRICIN B1Svh T D OB Y A2
OREEF(BLOTR) L EOEERE (SE)
Sex-averaged estimates at age 70 after exposure at age 30

B JEEKOLVIERMOTCHELE pi
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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BIE<BBRICLEE NI B RIZ/A L No radiation dose is safe
HII<BRIZETHIZEVIF E L\ The lower radiation dose, the better

ULAL7Z2785 100m Sv A FTORR (KRR OFBIIRFRICEIEEdbINTHARNL
AHINTNRNIEEZZRATRETHD

However, it should be recognized that scientifically the effects of radiation lower
than 100mSv (low dose radiation) and the existence of threshold has yet been proved

nor denied

3. FIV /) T VERFROREREEZE
BENRES RESEREOEIRE DB PEHEORE
Radiation effects on humans in Chernobyl accident
Gap between scientific study results and media coverage Responsibility of scientist
1) 1996 Fx)V/ 71 UEK 10 BEDEED
TAEA - WHO - EC &Y 2 RT T L
1996 International Symposia 10 Years after Chernobyl Accident
TAEA/WHO/EC Joint Symposium

R OBRELEZONDA

1. EREBE - HRRE - GEPN

2. FREREMERE BoA~%tHAA

3. MR TIC X 2R 400 5 A

B People considered to have been exposed

1. Power plant workers, firemen, etc. Several hundreds

2. Liquidators Hundreds of thousands

3. Those exposed to radioactive fallout 4 million

B  Demonstrated Health Effects D& % A

L BB REE OREIR 134 N (237 ADSARL)
3 4 ALANIZ 28 ASET
Z O 10 £/ 14 AT (D6 2 ARRMRDHR)

2. /N BRI 800 A

ZOOBRUNHERZINZA3 L
3. HIE HEFHZTDMOFERBOEIMIER N TV

B People with demonstrated health effects

1. Symptoms of acute radiation syndrome 134 (237 hospitalized)
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) AERKROHRHA
Interpretation of Research Results to the Public
> BFEOREHSERLASDORRLOF vy v 7
Dissociation between scientific research results and impression of the public
> FR~vRaIPNETELRAE
Significant role of mass media
> HEMOREOFMIL. BFEEICHAOES
It is the duty of scientists to interpret scientific research results to the public
TRHEEHCRER S h vy LD Z ek IRESNL] L) T & TR
“Radiation effects scientifically not demonstrated ” does not mean “Radiation effects do

not exist”

4. WiH ] COFHDORUERDOEFEEE
Health management of the residents living around JCO
1) SRR < SO EH '
Examples of responses to low dose radiation
» JCO Fif Criticality Accident at JCO Tokai-mura 199949 A 30 H
> BBEHBOEERSHE B ERY v —0D%Ri148) Bridging Radiation Policy and
Science 1999412 H 1-5H
> RIHEEEES BETHERFZEZEBRSHE Health management of residents
living around JCO 19994 11 H 8 H~20004-3 H 31 H
> 2WgiE < ICERETSEREAE  The risk of cancer from diagnostic X rays
200441 H31H

2) JCO ¥t Criticality Accident at JCO Tokai-mura 199949 A 30 H

BRI S EZNMI  Medical Response to Health Effects
EREIES 1EEMTFHE 24 High dose radiation Two workers died
EFHIRSIT TR EREOF  Top-level medical response

te LAHEE Accepted
EHRERIE< BAIER JERZ L Low dose radiation Residents No signs
SIS BFEORSA  Limitation of medical science
jBiEL Confusion

3) BRBHBROERSE RELRY I —ORITR)

Bridging Radiation Policy and Science 1999412 H 1-5H

Final Conference Conclusions and Recommendation (1-5 December 1999)

i 217
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> HEBIIEATERT D, lE B0 FDH bW DHATER R b IHEH FIICHE B R AR
X100 Y — NV hTHD, LL, LEVERFEETDEWVWD Z & TiERu,

» 13—~ MEUT ORI B R R OMEERE L KA K2,

> 1-100 2 Y ¥r—Yb F ORI ORFEZEIIFFRINIIAHEE D D WVITRFEORA TH D |

EER R RELE EORY o —2 i+ 5 2 L BPRLETH D,

> NIRRT SRR OMERF O 7o DIZBUR OB OB B A 1T O BT, BHH, RmEEH,
By, LERR), RIERFERBEEZ T X TRIR LR TR 620,

» During the past 50 years studies have been conducted. The lowest dose at which
a statistically significant radiation risk has been shown is 100mSv. 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) BT HELERE RETERNEZASRE

Health management of residents living around JCO
(EEEEEOSHREF : A DOKREFMORE R (less than ImSv to 25mSv) #.5F %, HEH
BEEBIIOWTRROXIIEEZLND,
OMEERFEBIZ OV T, BENRRETIHIHREL LTI,
OMERMRBIZOWTIE, BHBIRE & 2 2 BOREDOTREMEIIRD ThaL, ZEE2R
He D2 &idT&Elev., o T, FERFCH LT, BAROHEAZREEOH KA
T DI O DOEFRIZREERZWIEE 2 b, B RE ORI 2 RNLIT @8 e 5
LD EBRETH D,

Judging from radiation dose (less than 1mSv to 25mSv), Mno deterministic effects are
expected, and @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) BTy 7 ABUZ X DEBADY A7 FHE
~EKEDEFFE Lancet] 2004 F 1 A 31 B 5#HB#HOHIC LY ~
Risk of cancer from diagnostic X-rays:
estimate for the UK and 14 other countries in the “Lancet”
HHEZ O RM What experts say ~ [Lancet] 200446 A 5 HX Y~
> EREOBEHBRICENADY 270355 2 LiE, BEEMICGER Sh Tz

22 —
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> RNBACHTEBRNANOKLERT » 7 ABBRELBNE EELAREZ2 52 L 2GR
+5

» 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

> HEOBETEL OB X BRAEICL > TRAINEYICHEE STV D,

> (EREOKFEBEECHETINFICRO T, KX RRZEOTAHEERESTFEET U E,
HREEZ TN THERES H &

» 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.% &% Summary
¥¢®H—1 Summary-1
> BUNBC BT EITIEHIT 5, BMEICK > TREBITIRRD,
Health effects are dose-dependent. Effects vary according to radiation dose
> SHERE BENWZEBIOIMERS D, BEULOBRETEENDH D,
There exists a threshold in acute and deterministic effects of radiation.
Effects are observed over a dose of threshold.
> HERNEE BRI L) ITERERZRY,
BRED EARITD IR THEE LTV AR,
There exists no threshold in stochastic effects (cancer, etc.)
There are no safe radiation dose.
»  L2LARA5 100m Sv U TOKRE (KHE) ORFINFNICEETE S ShTuway
LA b SN TN & 2B T ~NETHD
However, it should be recognized that scientifically the effects of radiation lower
than 100mSv (low dose radiation) and the existence of threshold has yet been
proved nor denied
£L®H-2 Summary-2 (EBREOHKE Low dose radiation)
R EOEREEL, BFORBRATHL Z L2R8# L., BEON#E, REICETIEN, EH
AOEBERMRIZE T, BUAEK, 1THE. FME, FIFEMRED, Laf, BFe, MmEN,
LDHEY, REGREREOBXBIRFETXTCERTIIEPTETH D,
It is important to recognize that effects of low dose radiation has not been proved nor

denied, and in the area of the low-dose radiation, policy-maker, regulator, experts of

- 23 —
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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

FNCA & 7,700 £ DEREDRED 75 2 — EH#HEFIRIC BT 2 Srliik

Yasumasa TANAKA
H & # K

Gakushuin Uninersity
FEbRE

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.

ZOHENL, RTFHEBROTED T TEFHIERFRAOHEE CITbh T2 Y DT #E LD
wh7rnrss 50082, 7O7EFIRH 74— 2] (The Forum for Nuclear Cooperation in
Asia —FNCA)D FEFHEHTO 2 by (Fodxr hU—F— HRER OFE#O—RE
LT, 2002 FFR0CT 27 7 nEOBBAEEZRRICER Lz )T~ & THREHRRE)
B9 27 0 — MREODHRRD I —HEBNL, ERTZHOTHS, 2B, EELERHIZ OX
HEFIFITRD TFNCA =a—AL¥—] (No7, 2003 4 9 H) @ URL N6E5Z ENTES,
<http://www. faca.jp/newsletterno7_2003-9.pdf>

IO r— A, 2002 8 B, HE 12 RRIT, BE T4 UES, F1, Xb
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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
otl, 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 buming 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 non-
polluting, 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 warming and other climatic effects that may well prove
devastating in the long run. 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 warming 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 sun’ 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 modern 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
Bntish 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
run. 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

,34_
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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 concemn. 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

— 357
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seems to be more cases of leukaemia in such regions. Such installations do
emit minuscule 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 wastes’ . 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

— 36 —
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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” BNFL** Fr®
Coal 2.34 3.5 3.5 2532 72 4.88
Gas 1.74 (2.6) 2.0 2.3 3.8 4.24
Wind (off-shore) 2.39 (3.6) 3.0 5572 6 -

Wind (on-shore) 3.26 4.9) 2.5 39 54 - -
Nuclear 1.25 (1.8) 4.0 23 3.5 3.3
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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
“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 concem 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
EMBHEIIZEIC BT D BUR OF A

Tomoko M. NAKANISHI
AT

Graduate School of Agricultural and Life Sciences, The University of Tokyo
HRERFER B P Ar et
1-1-1, Yayoi, Bunkyo-ku, Tokyo, Japan 113-8657
Phone: 03-5841-5441 Fax: 03-5841-8193 E-mail:atomoko@mail.ecc.u-tokkyo.ac.jp

EE

EmEEOFE BT 5 N BERM CRORANKESFEL TE/z. H<idl
fEZ, BIEME, SREEREICIECED., BFOBERFHEORRERERICKESHBMLTE
ZZ ERERNOED TH D, BEHHRER W TIIRARE RIKOVERD, E /2B FE T
RERWEHETIIEBEEMPEOL D ITEDITRINENDSINEND L —T —EBRNT
bNTER, ZUTEEBEFLIHFICBITS P 10k % DNA OERERNEDEF TR ICEY
RFEBRTHE-D, £bTHE P ZHVNIERNMEMBZICBT 2 HEROFIHEEDNS
FZEIRSTETWS, LML, BAEIFAAN ) LARRESEDNS LI, BrTFEWND I
JOOWENSI 7 ANERFROHRNELLTETNS, £I T, ZOHEMESHOE THRS
BOBHHERNMICEOH L WHRAEIERINTVLLOTId WA EEDb S, £2 T, kA
WMTo TS, WHREZRWZBRE LS. PEFI 047570, R bOVRBERD
PR EERA LIz, ZNHOFRZREZ, A< TrOH LNWHEHRAIRIIOWTHD —
EEZDHEoONTERDIEEZFET S,

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 or production of new species,
to gene engineering researches. 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 (0 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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1. 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. In
the case of destructive method, the samples have to be prepared in solution. 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. Sometimes,
these concentrations change by an order of magnitude. 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.1).

low hgh
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6 4 4 0 (day)
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61

Fig. 1 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.

2. 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 ¢ 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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Fig.2 Soybean seedling in Fig.3 Water profile in the vicinity of the root.
an aluminum container.

for the first time. The highly wet condition of the root suggests two possibilities. One is
that root is accumulating the soil water at the root surface and the other is that the root is
exuding a little amount of water at the surface. Since there has not been any report
describing water movement at the surface of the root tissue, we are now trying to analyze
how the ‘wet condition” changes among the different plant species or under stress
condition of the soil.

The visualization of water profile in a living plant using neutron beam has been shown
to be the most promising method for higher resolution and for that the size and the growing
condition of the plant was able to be controlled.

3. Positron emission tomography

Imaging with positron emitters have been used in medical field, known as PET (Positron
Emission Tomography). But to apply this technique to plant research, special device is
needed, which is different from that for human. A positron emitting nuclide emits
positron which is converted to two gamma-rays in 180 degree opposite direction, with
identical energy. Therefore, in principle, the radioactivity indicates how much amount of
positron emitters existed in the specific site of the sample. Because of the positron energy,
when the sample is thin, like a leaf, it escapes easily from the sample and is converted to
gamma-rays. When we are focusing to measure the radioactivity at the special site of the
plant, the counting comes to lower, for some portion of the positrons are escaped from the
targeting position, which causes a serious problem in counting data. However, most of
the positron emitters has a very short half-life, the same experiment can be repeated to
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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.

i -

Time
; —s—Control ‘
Fig.5 ""F-labeled water movement in a
drought tolerant and sensitive cultivars.

Fig.4 Neutron img ofa cowpea plant
a:cowpea, b:common bean, c:soybean

First of all, we tried to use '®F to trace water movement because of its relatively longer
half life, 110m. 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, parenchymatous 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 '°F 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 '®*F-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.

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 >0, which was produced by "N (d, n) "*O reaction at NIRS.
The labeled water was supplied to a soybean plant from root. Because of an extremely
short half-life of 'O, 2 min., water movement in a root, as well as up ground part of the
plant, was able to be traced until 20min, 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 [P 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. 20-21 min.

Fig.7 Water image of an internode by IP,
Fig.6 Water imaging with IP A,C:light B,D:dark; A,B:50%,C,D:99%
of hum1d1ty

i49 —=
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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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1.8 Recent Progress in Medical Application
of Radiation and Radioisotopes
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BHBRIIBIA<FHINZICHRIZRZDO HEEFBICEML TWd, ZOHh TEZ
FREIZ<DOAELXDVEHLRBRL. L<AENTWS, BHERERNERIM I TEDOES
FRAOEBZRR, REDESZRBN TS, FFIGAFEB SN TWVENADERL T
BRERT b Wi E#HRE (Positron Emission Tomography : PET) IZ£E R ZE % Tz,

. BHBREFOFRE LB

LR TF I EBXBORER (18954F) . XU LIICKDEEERR (1896 )
Fa-—JICLBIPULDOREA (1898 F) NEEE RO BFREZENHE L. K
SRZWE., BKEY, BHBREBERFLVWIBRHNBEEZDOINBEIZOREFLWVWERESE
ET. SHOERIIBIZ2REDZH EBEICIARRESBHE L THEALSZ2HITT
N,

. BB BWE

XBOYESEEEEEGRBAEEZFNAL THES EXBHMBEIEEZRD
BAFEIC L D, HILECMEDXKBREEZWRIC Lz, 1970 FRO2 > Ea—FF%
DESZIGH LI XA Ea—FWERE (CT) OBFEEYE KIXEGEZEICER
MiEHRE 726 Uiz, 1980 FRICIIBEMSA BN ZICA L AL BE G (MRD
WEAINE 2 OBEBRZEERENWDOXREESBH SN MERZOE I ME &
EHEMELRA LEEROREZRE L L. Interventional Radiology (IVR) O 7B 8 HE 37
WCHBR L7,

XTI LDHEEEEANBH SN, ThZEAL TEBEFORRZIRRT
DIHRIER T D53 878 20 AL BRI E - 7z,

BEHRIBFIIIXRL r BB EBZA VWD ENRE, ZHR [ /NRIRE WD 5
N HEBNEH. EEHOR]T (KNHEHUEEER) 2RET SR I NHEBEND SN,
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L. BAHICHET S -5 BEHBOREEZR/NRICEEDDZEIXHD. TDRZD
WCHE A R BREHE S EBORENED SN TE /. ITFE CTIRIEARBE . @R aHEia%E
(Ho~<F+17) . BELTHBHNEER (IMRT) 2EXHS, HESEE L TRE
BHESHOWLNTVEDIRY 7V v I/ REXBXBRHTH S,

. BRI THRIBR

REENSBE L. E—LOIZRXNF IR CT—EDES TIRINF—D
KD Z2ELIMEEIOIFINF—E—T (TI7vTE—DEERN) OBDEHHE
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MEBEIN 1993 FEWZFEMR L. 1994 F 7 AL D HIMAC TIMEL ZikFA T > E—
LERWTER FEVABRERKBD GBI N2, HIMAC 31 4 VREEEKE,
K30 A—MILOEBMNERR, BEROA-MO7obarns6ikzb, &4
CEBEA800MeV ETHMMTE S, WK 120 A — MLEITH 60 A— ML DR T,
290 —400MeV 2N L 2 KB E—LZBWTERPABRKEEZT> Td, 1994 Fn
5 HIMAC Z AW =EBER TERNABREN THATIR 10 » FEGEK) O 6 & TR
SNz BRI FHBEEXY NV G2 AR ST OMAEMRZSEN ST 2HIK
RBRAEHRZEO, o bha—)Lici> TRSZH, mEAICED TEDORE WS R 1
DK REERL TS/,

11,400 EFI DEERARBRICH EDNWTEH M EAHENHS NI B> R TEE
LfEERE (BEERAAVICHT 2 TR FHREE WRRBI N/, 20034 11 HK D —# D
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EREICIETTVWS, COBEGREIAT CBEBEETOLOIIEEANR G14FM) &
2%, 2004 EEICITIER FHRBERRIT 2,000 EF 2B Z /2. BER 80% DIiEH %
EEREER RO ZEKABE L TEMBML TS,

Fir, REBEREOE K ZEBIRL T, N RBRFRBIEFEBREM R ZHEL
TWwa, HE. K% HAHBEZOMBABEITEONELZRLTNSDT, B<
R, REGEEDEERRERE L TERTEDLLDITRDILEH>TNS,
ZTOEDOHMH . AMERADWH /1 ZE L /z0.

. HIEY

WEHBEO RN e, . THTHDZENTITTIx—REET—INIZEDHS
M N, VT 4 1LENL L # (isotope) DFEZR LTIz, € SR AR AT
(radioisotope:RI) ZHENWI L THEOEEZEBH T S HEZRELZONBANY
THo o Z OREHE B FiE (tracer 1) D AEANDIEH 2 E % (nuclear medicine)
ThHd, 1920 ERICTINVLHIN N ETA RTKDBEBREFFOREIZHA S NZDRN
BRElzo T,

BHME L —SEOEZCHATHAHMEZI. MEOBETZ2ERTLIFRELTH
HTHS, MFECHEEDOBE/mEDEMPANEEE. B, Ofix ERE - B Y
FEIE O RAETS EIRE O CHEAE . REFMEEEOBRNTIRE TH 5. FENE IWIKE
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BROFMbTHN S,

HEDVETIHAFEKRRES L TEHK 7,000 fFOREDK 1,000 OB sk
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1970 X ¥)EE1Z CT (computed tomography) 2B I N/z. X Z G EEMEMN SR
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transmission computed tomography) &IN5, —FH. HANIZEG SN MHE L
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S RIM 1% (emission computed tomography) EMER, T DM THN T GEED v
) EREERE T S HOMN SPECT (single photon emission computed tomography) . 7R
Tha EEEB WS DN PET (positron emission tomography) Td %,

. PET ¥IE%

A bhbo>y (BEF) BREEEL YWEOPTETEESGLTHKT 5. Z Ok,
BREETOEREIXNF—OMP2HONT (FNEH 0.511MeV) &2 D, Rkxth
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BETHL., ZNNOF > O'3F (1104)) ZMAT4AEEZBLET 2 /NS 1 0
OO AEESNTWVS, ZONRY s 70 b0 Z2FRNICREL ., Ltk i
HMogkz®EL, SEOEZRMNL —U25KR L THRNEAE LT PET REICH W
TW5, REROILEMELEYZ''C, '8N, 1°0 TEHZLTHEAISHJIE L., H
BERTELZEMPET OBMTH S, £/2'F RFERBWUVPEENEVWOTIE T
BOEL-EZ L — Y2 BNMEEREZE L THERT A ENMETHL. WET Y
LA ' 8F 2 -fluoro-2-deoxyglucose (FDG) MBHMEEE M E LU TREBHFEIN
TW%, PET Mizkid. 1979 EMIEMHZ O A E R #) O Miak /3B &% & 41T LAk #eK #m
L7223 RIS ML . 2004 45 12 A7 100 W lak T 150 5D PET 8@ L
TWwa B ENs., DHRETIE 1996 F! 0 FEFEH X (CO,. CO, 0;) ZAHND
PET A, F/= 2002 4E XLV FDG Z M 115 PET WEEERIER TN T W15, FFiZ 2002
A4 BICREMBICIRD ANSN/Z FDG 2R VDB ADZE, mZN2EICERL
T3,

ERICHHET2PAAMBEA I RN F—EBELTT RURBEEAICIROADEE 2
FIMT % FDG PET 13, MWAHMBZONREEREZ BB TE, NOEFTL2HFDRERN
AEER Z ENEHTH 5. MAFNEEEHRZERILT2DICEN KT EMAEGD
B-BAEBRZARTS2EBHMOBENS L2, FRENLZBEIZEL WEERZ WL
&L THIEZBRUT WS,

ZDXDIZEEEK PET DWREICE KT DLEMN S, PET I3EKO S EERE ZRZIL
THEME L THRARMEICAWSNTE,

1981 FEi2 ¥ a » AR 7T F > A K HN.Wagner 578
| 1 C-N-methylspiperone Z iz Tt KO R—=NI D2 Lt 7¥ —HiRERKRE L.
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1.9 “Brain-Science & Education”
— Towards Human Security and Well-Being —
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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
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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.

Ignore

-,

Figure 3: Cat raised in an environment of vertical stripes

[N~

Cat’s orientation-detection
colunms  (courtesy of Grinvald A.)

Genetic “ Epi-genetic

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

complementarily. 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

_61 —
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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.

[Neonates: Within 5days ofbirth | | Mothertongue: Italian

In collsboration with J. Mehler’s group, International School for
Advanced Studies in Jtaly, Proc Natl Acad Sci USA (2003)

Figure 7: Brain activity in hearing the mother tongue
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1.10 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 B- and a-particles
are electrically charged. This means that after the radioactive decays electrically charged ions
are born. Tt 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 B decay the daughter element will be positively charged, but after an o-decay (a =
He™) 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 hap-
pened 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 com-
pany. 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 modern physics in high school in Hungary (i.e. he pre-
pared 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 iso-
topes 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, modern 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 em-
phasized 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 un-
derstand that the messages of the 20™ 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 21"
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 (4 > 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 '"’Cs—'**Ba artificial source was used to introduce activity,
half-life time, B- 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).

Chemobyle 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 liter-
ate) and gave them detailed information about the Chernobyle accident. His knowledge had
arrived via scientific channels directly from Chemobyle, 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
Chemobyle — thanks to the nuclear literacy, thanks to the physics teachers.

Chemobyle 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 under-
standing 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. ..
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Figuré 1. Because of Chernoi)yle catastrophe there were no excess induced abortions
in Hungary.

But radioactivity has an “ugly” feature: it is decreasing by time (it is a decay...). Chemobyle
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 leamed the meaning of natural radioactivity. Maybe this nuclear
literacy is the most important result of the radon survey. But the huge amount of data’ 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 mod-
els were born 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 sur-
veyed. 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 Bg/m’ is RR =
2.2 (95% CI: 1.3 — 3.7). This is what was expected traditionally. But by a lower division at 110 Bg/m’
the cancer incidences are the same practically. Creating three groups of population the virtual contra-

diction can be solved. In medium high radon level there is a lower cancer incidence among non-
smoking 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 in-
troduces 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 Bg/m’®, 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.



