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1.3 Nagasaki and Radiation

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

Under the title of Nagasaki and Radiation, this presentation will include the significance of the
investigation of health effects of radiation on A-bomb survivors, dissociation between the scientific
results and the public impression at the Chernobyl accident and problems in health control of the people
in the regions surrounding JCO, Tokaimura. It is proposed that in the area of the low-dose radiation,
economic, ethical, psychological, environmental, and scientific factors are all essential in the policy and

regulatory decision-making process to assure public health and well-being.
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FRAFEICENTE, ERNZEGERRE EDIZ, DAECRITS (RAKEICBITS), &
HH), R, OH, RERE CASHNZIRTORAEEZHMRE L ERVTETH 5.

£ HR Contents #5 Introduction
2. FUBHEE O BREEWEZZE Follow-up studies on atomic bomb survivors
3. Fxl /) T4 ) EREROEELE

Radiation effects on humans in Chernobyl accident
4. HifgF J COFMOALERDREEE
Health management of the residents living around JCO Tokaimura
F&® Summary

(@]}

1. #75 Introduction
1) BB O%EE Experiences in Radiation Effects
PEREKFE T AUAEE (1956—-1980)
TAYV =T OEZEMA. BRI SRR
University of Tokyo, Harvard University (1956-1980)
Investigation on Thyroid Glands and Clinical Application of Radiocisotope
PEBRFARERE (1980-1997)
(BEWRA%., WHO, ITAEA, EC, /4. BEM. HABHE)
R FURBIRFE O B2 5 NRE T
Fx)v /) T4 ) B OREZEDRENE
Professor of Medicine, Nagasaki University (1980-1997),
(Nagasaki Univ.,, WHO, IAEA, EC, Ministry of Foreign Affairs,
Radiation Effects Research Foundation, Japan Foundation )
Investigation on Thyroid Diseases in Atomic Bomb Survivors
Investigation on Chernobyl Nuclear Plant Accident
>IAEEMREER (1997-2001)
AR IR O AT
Kifght JCO FHDORNEFEROEFEME
Radiation Effects Research Foundation (1997 — 2001)
Investigation on Atomic Bomb Survivors
Health management of the residents living surrounding JCO
PHETAY b—THEEBEE (2002-)
E¥. FiEn, FMEAR. BASREOER
Japan Radioisotope Association (2002 -)

Administration, and Members of Councils, Committees and Commissions
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2) FHDIIFE  Stance of Author

PRARIIHT oRE. @O, FE. B Y LIVE-R 8.
WINHHRHABRORRICHT2EENPLTH S,

Safety, reliability, trustworthiness, radiophobia, nuclear allergy

- all perception toward radiation arise from radiation effects on human health
> ETFAORIA, BEERA, RIFAICEL TdRECHT 28
BEL T 5720,

Considering health effects is indispensable to utilization of nuclear power, radiation and
radioisotope

ZEHFEOVUFOE LY Summary

- AR EIEREE  Radiation Effects are Health Effects

BB ORBEEERFNICGREMRL. #RHREZDONVEIHATS

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

3) 20 HEICBIABHROBEEEICETIRE - B
Information Source on Radiation Effects on Humans in the 20th Century

20 HHCIZ BT DR OB E BT R - 1§85  (Table 1)

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

BT Atomic bombing I~B « EI% Hiroshima, Nagasaki

KB ER Y=o )L (EF ZIRE. BravoTest) ®N\F CKED, &

A-bomb/H-bomb tests INSFAY (VE) EE 752, PEL 2R RF
AH

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

FIREET NZT7F—F CKE). 7)) (Vi)

A-bomb production accidents Hanford (USA), Southern Ural (USSR)

FHREERW AV=ANZ, F)V/TAY, ICO (EHH)
Nuclear plant accidents Three Mile Island, Chernobyl, JCO (Tokaimura)
W< DS AHLL HOCBELEE, FREEE
Occupational exposure Uranium mines, Fluorescent Paint, Nuclear Plants
EEHIL< Medical exposure | W7 - 1598 Diagnosis and treatment

ES- T R EH (IAEA, WHOIZHRY)  HENEN
Medical accidents All over the world (reported to IAEA, WHO) most frequent

Zomns, FE Fxob /71U, JCO ZEVRFOBREFOIZFELZ L,
Personal experiences on the investigation of Atomic Bomb survivors, Chernoby! accident and JCO

accident will be described.
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2. FISTURE ORFEME ERERICKTIEFNREETHEROESE

Follow-up studies on atomic bomb survivors

Significance of epidemiological study results in the area of low dose radiation

1) BHERE  Acute Effects

(1) £ Death
»  J&E Hiroshima  140,000/360,000 (38.9%)
»  RIF Nagasaki 70,000/250,000 (28.0%)

LD50 #37LA(Gy)(2)RMHEFEBOFIR Signs and Symptoms of Acute Effects

%L WEAE, TR, ACE, KRERRBEEDOREAIR, FTLEOMELaER, EREES, S

EMEE, _WRRIZRYAE, tholfisst e s
Nausea, vomiting, diarrhea, skin damage, bloody stool due to digestive tract damage,

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

2) JRE - R ORGEIRE ORIIBHRNE
Long-term Follow-up Study on A-bomb Survivors in Hiroshima and Nagasaki
(1) HERgENIE REBEERELZRS (ABCO) 0%y
Radiation Effects Research Foundation :
The Successor to Atomic Bomb Casualty Commission (ABCC)

» ABCC IIXERFAHEBRDPOLOTFHEIZEY 1947 FIAE, 1948 FRIFIZERYL SN,
ABCC was established in Hiroshima in 1947, and in Nagasaki in 1948, with funding
from the US Atomic Energy Commission.

»  ABCC/ MM O EITRIEHREE & 2O FHOW < OhDEEEH 235,
ABCC-RERF studies focus on several fixed cohorts of survivors and their children.

> THHOEELEMICOWT, 50 £ EICDIZ Y BHREZIT> TW5,
Cohort members have been followed-up for more than 50 years.

(2) ABCC (19473 & OV RREZ 72T (RERF 1975-) OFRE LM
Cohorts of ABCC and Radiation Effects Research Foundation

» FHmFE Life Span Study (1950-) 120,000

> FRAEERZE (2 #1121 [E52)(1958) 20,000
Adult Health Study (biennial exam.)

>  JEA#EIE L In Utero Study (1950-) 3,300

>  #E it First Filial Generation (1946-) 88,000

il 2« ADBIBEMEIT B AROEMFICL 2R EE THE (DS86)-(DS02)
Individual exposure doses were estimated by US and Japanese experts
(3) BEREE (BEE) OF LY Summary of Late Effects
— DL ORI L 0 A ENICHEREORESE LI, 50 ) 27 BEE < B AR B
T3
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Statistically Significant Results Obtained From More Than One Study and Risks Clearly
Related to Radiation
(A) #&%F A-bomb survivors
EMFER Malignancy tumor
B (B Y 23R I ORA THiE A s 2 bR <)
B - BPE. FURIRE. SRR, R, BE. . SREE
Leukemia {(excluding chronic lymphocytic and T-cell leukemia)
Solid cancer: breast, thyroid, skin, colon, stomach, lung, ovary
©® FELSOEE  Noncancer Diseases
REBREANE, FEE, FIRRRE, BT RERRETTEE,
B CaEE R IRHERER T RE, (O ZE, @MERTIRER &,
RBEEORIE (SRR
Radiation cataract, myoma of uterus, thyroid adenoma,
hyperparathyroidism, autoimmune  hypothyroidism, myocardial
infraction, chronic liver disease, delayed growth and development
(childhood exposure)
B) BAR#E<HE  In Utero exposed survivors
ANERSE, CRFGEORIE, THERGER OCHEEREOET
Microcephaly, delayed growth and development, decreases in school
performance and IQ scores
(C) #% it First Filial Generation
W B2 RO B TR b Than
No evidence of clinical or subelinical effects has yet be seen.
(4) FBREEEREEREOERNFIA
International Approaches to the Results from Studies on A-bomb Survivors
D HIHRETHED 2 O HRERO R
a. [EEHRVEEZES
ICRP: International Commission on Radiological Protection
b. EESEER TR ENEERS
UNSCEAR: United Nations Scientific Committee on the Effects of
Atomic Radiation
@ HHRFESEOEFASRISOFER, WENELTEOER
SRRSO R B RFMEFAIS - Ry FT—2
WHO-REMPAN: WHOQO Radiation Emergency Medical Preparedness and
Assistance Network
@  HHHBD NI T ERIBEOF#H
Biological studies on radiation effects on humans

[EHER R NHR 2 G BEROZEEEL UTHIR, BEAEHRBG#ICET 8B RL M55
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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 RAIE  Stochastic Effects; Linear Dose Response, No Threshold (LNT)
> EEMICHIRERE CEORENERBGICZ 0. BIES 2N

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

and does not have a threshold.

> HERANCEOHOWIR TOLBORAEDTRIERH D HERITRL D0 TERWY)

Theoretically radiation on one cell may be a cause of cancer

(probability is small but not zero)

> WIE<BREILLZELEWVWOIHBEITRV No radiation dose is safe
> R EIETIEEVIZ E LV The radiation dose is lower the better

T BR BRI FE R D FF i A
Life Span Study of RERF

Table 2
FfaM4a Life Span Study

Table 3

SMFNA  Life Span Study
[EAR & D5 1950-1997

Observed and Expected Solid Cancer Death

HRrr ek 1950 SEOXRE> 1998 EDEHFHREK
Age at exposure People Alive
0-9 17,824 91%
10-19 17,558 80%
20-29 10,883 66%
30-39 12,266 31%
40-49 13,491 4%
50+ 14,550 0%
&% Total 86,572**% 48%

A HRIRFRA PR T IR S - REFTHPUC IR 0 WABROHEE Shit A
People in Hiroshima or Nagasaki at the time of bambings for whom dose
estimates are available

k& Z09 HITASSILHNE < BHKA0.0055vEA T
37,458 were exposed to radiation dose lower than 0.005Sv

Table 4

FEamEERicBIT 3EER ML B ELED
BRAES Y A7 (RER]) 195045 -1974F

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

Fxcess Relative Risk

a0 o5 10 1.5 2.0 25 30 25

Colon Dose (Sv)

3 QS THIR LI RO 7 ORI I1T SEMS AL QR e LB REISHL @A)
Salid cancer dase-response function averaged over sex attained age 70 after cxposure at age 30
DEOBENHEE LI B E . ThAhoAIRRESHISER ) 22 %,
L TS DD bHEE LI FaMElie . ThensmzLtob,
RO, ARSI KD s LU 1 EERUERR &R L Ty D,

HOHRATEDE L0

HES)  WEE MY ASEN SRR o
Duose People Deatis Fitted excess

<0005 37458 3833 0 0.0%

00050.1  3L650 3277 4“4 13%
0.1-0.2 5,732 658 39 5. 7%
0205 6,332 763 97 127%
051 3299 438 109 24.9%
1020 1,613 274 103 37.6%
20 488 82 48 58.5%
Total 86,572 9,355 440 4%

Table 3

&« OFAERXIS THEE L 7=l f ke Y 2 7
Excess Relative Risk Estimates for Selected Dose Ranges

BRE Dose ERR/Sv (SE)*  pff pvalue**

0-0.05 0.93(0.85) 0.15

0-0.1 0.64(0.55) 0.30

0-0.125 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
01 0.47(0.10) <0.001
0-2 0.54(0.07) <0.001
0-4 0.47(0.05) <0.001

*  ERERBORROF OTORIZIT B1Svih T b OEFIERY 22

OHEEH(E RO LT OERERE (SE)

Sex-averaged estimates at age 70 after exposure at age 30

w JHEROLWSEROTCRELE pf

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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HIX<HERIIELEVWDERITA L No radiation dose is safe
FHIX<BRIETNIXENIFE E L W The lower radiation dose, the better

LAL72AYS 100m Sv U TOHR (BEE) ORZBIRFNICERES SN THAanL
ARAHEINTNRNILEZREITRETHED

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. FxV/) T4V EREROREZE
BENREER O BEREOHREDE N FEHEORE
Radiation effects on humans in Chernobyl accident
Gap between scientific study results and media coverage Responsibility of scientist
1) 1996 Fx)V/ 71 VEHI0 BEDOEED
IAEA - WHO - EC BRI >R U L
1996 International Symposia 10 Years after Chernobyl Accident
TIAEA/WHO/EC dJoint Symposium

B HEHELEZONDLA

1. F3EE%E - MR E SEEPN

2. {FREREMEREE BOi~8+AA

3. BUNTERR T9IC X SR 400 77 A

B People considered to have been exposed

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

2.  Liquidators Hundreds bf thousands

3. Those exposed to radioactive fallout 4 million

E Demonstrated Health Effects D& 5 A

L SR SRR R E DE R 134 A (237 ADYARR)
3 » HLARIZ 28 ASET

: ZO# 10 F£/IZ 14 AT (55 2 AR DHHES)

2. NERIRIRE 800 A

ZTOOLHENHRINIZA3 4
3. HMFE HZFDZTOMOEBOEIMIME ST
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)
Childhood thyroid cancer about 800

3 died because of thyroid cancer

bo

3. Increase of other diseases including leukemia has not been confirmed
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2) AERHROHH
Interpretation of Research Results to the Public
> HEMRAEGERIHASOERLOX v v 7
Dissociation between scientific research results and impression of the public
> B R oI NEEREE
Significant role of mass media
> BIPHREOEMI. BEEICHAORE
It is the duty of scientists to interpret scientific research results to the public
TRHPIICEER SN e b)) 2 eid IBEIN) L) T ETiERn
“Radiation effects scientifically not demonstrated ” does not mean “Radiation effects do

not exist”

4. HEEN ] COFHDORDERORREHR
Health management of the residents living around JCO
1) {EBREGI < s 0 EH
Examples of responses to low dose radiation
> JCO E# Criticality Accident at JCO Tokai-mura 19994 9 A 30 B
> BHEEHBEOEESE BELFRY 2 —nD22i7#) Bridging Radiation Policy and
Science 19994 12 A 1-5H
> R IR2ZEBEL BEETERFEZERSHY Health management of residents
living around JCO 1999 % 11 A 8 H~20004 3 A 31 H
> WL ICERTDWIIE  The risk of cancer from diagnostic X rays
20041 H 31 H

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

REEEBII AT D EZEMM: Medical Response to Health Effects
EREHITI<  fEENEHE 2451 High dose radiation Two workers died
E 2RSS ERE O Top-level medical response

te UAHEE  Accepted
BEHREHIEC BUER R L Low dose radiation Residents No signs
FHE IR OB Limitation of medical science
8% Confusion

3) EREFBOEESE FFLRY I —ORITHE)

Bridging Radiation Policy and Science 19994 12 H 1-5H

Final Conference Conclusions and Recommendation (1-5 December 1999)
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> BEBIIEEBRT D, 8FE 50 FO 5 L DR R LHFHFIICHE B AR
BiZ100 IV =L bTHD, LhL, LEWVENFETD LW D Z & T,

> 1 30—~ T OREIT A RO & XKAIHER D,

»  1-100 T U r—-UL O ORREEIIR FHICIEAEED 2 WITHFEORRATHY |
EHEALERBREZE VEORY o — %2 RETHENNETH D,

> N R O O DICBURPHR OB B IR AT 5 BRICIT. BFRY. IR,
R BRey, (CER, BARRERBEE T TR L T i b,

»  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.

» Tt is essential to foster international harmonization of radiation safety policies for
low dose radiation.

> Economie, 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) RrhReZBs #ERETERFZEESEBE
Health management of residents living around JCO

fEREBRORTREH - MAOBREFEMOFER (less than 1mSv to 25mSv) 5 F X, KR
MBSOV TRKDOEHIEEZLLNS,
O ERFZBIZOWTIL, BERRETIHREL VTR,
QRERMEBIZOWTIE, BERPIRRE & R 5 BOREOWRMITED T/ha | BEER
B2z &3 TERY, o T, FHMERFICIH LT, BFEBROH KN LREEOFEALTE
HY DO DOFRI R EEZENIE X ey, FIAEREOERICN T 2 RELITEE) e xtii
FLBIERLETHS, |

Judging from radiation dose (less than 1mSv to 25mSv), Ono 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) WA=y 7 ARICLBFEBADY A2 A
~FEDEFES [Lancet] 20044 1 H 31 A SB#OmX LY ~
Risk of cancer from diagnostic X-rays:
estimate for the UK and 14 other countries in the “Lancet”
KO R What experts say ~ [Lancet] 20046 H5 HX Y ~
> EBEBEOBHBICRBADY Z7 MWD Z EIE, B S Tunen
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RPN T 2BNPORERT y 7 AR EAEZRNWE EEDLANER 5T L EaE
15
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
AFEOZETE OEN X BBREIC L - TR EZESITER STV,
EREOKGTHREEBIZAT 0TIV TL, RELDBFHAAEEENFET DL L,
BT T NIRRT &
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
F&H—1 Summary-l
> BSTREEIIREIZIAT 5, MEICL o TREBILER S,
Health effects are dose-dependent. Effects vary according to radiation dose
> SMERE, HENEEBIIEERH D, BEEIU EOBRETEEND D,
There exists a threshold in acute and deterministic effects of radiation.
Effects are observed over a dose of threshold.
> FEEHE (RERE) IEBRE 2,
BENEARD R THEREL TV AR,
There exists no threshold in stochastic effects (cancer, etc.)

There are no safe radiation dose.

»  L2rL72735 100m Sv AT O (KfRE) OREIRFMNCIEE L ShThAan

LIERA S ST L 2@l ~& Thb o

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
FLH-2 Summary-2 (EHEEDOFE Low dose radiation)

KR EOEEEE L, BEMRRATH D Z 2T L. EOYE. REFICETIIEN, B
SHOGETBRICEW L, BUAR, ITRE. MR, FIEBRE S, 20, BHF, MEN,

R, TR L0 LSBT AT S TEET S 2 LAIFETH B,
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
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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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