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Abstract

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

of radiation applications will greatly contribute to radiation education and risk communication for general public.

EHE

WM TE, BEEROEREOSHILFHHEND K 5 1Z7eoTc, WERSEHBEFIRE, Aoy
EESEDXFIERFERIL S TAXICRERERE L6 LTS, ARRARFIERFIE LT, T¥
FIFCIE, D ETHERAEORE, 58K, IHEERE, 7TV 54 YOAEEN, BEFIRMY
BOIE, RARIRET, EHER, SSAERER CKE) | TUAT A Y M—TFIAD, £, EEAA
BRI, HORTBEEEE T, AiSIRA A, FOG-PET, [Efkits. RI. MERMEEEERSL, EEAHE8T
B, LnLahin, 29 L8 RENL REIC K> TARIZRW T I E TRHii Sz
foo ZOFERGETIE, BEROBERIC L > TGS K > TR &S -fisioR& &%
RSOOSR Uiz, Zhvae b LI, BENERI ORI BRI 2 B Ca I S 4.
Z 0 1997 ST AHERIL T1bS (1 F=121 FICRI8 Ik 6 TEM) &Aeshr, T OREHER
ROER{U TR~ DBFREERY A7 2 =ar—1 3 HATKWCEB S L E 2 6h 5,

— 3563



JAERI-Conf 2005-001

I. Introduction

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

those of nuclear energy.

I. Method and Concept

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

parameters was defined as the economic scale for the application of nuclear energy and radiation.

Economic Scale of Utilization

118 Results and Discussion o

Radiation and Energy

1. Economic Scale of Radiation and
Nuclear Energy in Japan

A lot of Japanese may be considering that radiation is

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

scale of radiation is fairly small in magnitude than

that of nuclear energy. The result of quantitative

Total amounts was corresponded to

study made by the authors is very interesting "\ 3.2% of GDP(4,080b$)

Hence, as shown in Fig. 1, the total of 130b8$ is
composed of 71b$ (54%) radiation with a further Fig.1 Economic scale of radiation and nuclear energy
60b$ (46%) on nuclear energy. It points out that the in Japan for 1977. 13=121yen

use of radiation and nuclear energy in modem times

are inseparable and the two exists like two wheels of

acar.
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2. Radiation Application Contributing to Welfare
Generally, the nuclear energy is recognized as one of important infrastructure in the nation, while radiation
application is recognized as important tools for contributing the welfare of people’s lives.
2.1 Industry
Regarding industry, the following seven areas are studied. In those, essential goods are produced by the whole or
the partial utilization of radiation.

(1) Radiation Sterilization of Disposable Medical Equipment
Gamma radiation has the function of sterilizing microbes in and on medical equipments by inactivating the critical
biomolecules in the cell, where the gamma source is usually the isotope Co-60. Revenue from sterilization of
disposable medical equipments in Japan (12 major and 2,000 small companies) was 2.3b$ with the assumption of
ashareas ¥ :EB:EtO: autoclaving=0.59: 0.04: 027: 0.1, where ¥ means the gamma radiation process, EB the
electron beam process, EtO the ethylene oxide gas process and autoclaving the steam autoclaving process,
respectively. Photo. 1 shows examples of radiation sterilization of medical equipments; dialyzer, syringe, injection
needle, tubes and scalpel.

Photo.]  Sterilized disposable medical equipments, where the occupational ratio of radiation ( ¥ and EB) is about
60%.

(2) Fabrication of Semiconductors

Microscopic fabrication in semiconductors consists mainly of elemental techniques such as lithography, etching,
impurity doping and so on, where EB, X-ray, laser, ion beam and thermal neutrons are used as a variety of tools.
This is shown in Fig. 2. The economic scale of semiconductor production (memory, system LSI, and other
semiconductors) in Japan was revealed to be about 44.3b$. Revenue from 11 major Japanese companies such as
NEC, Toshiba, Hitachi, Fujitsu and so on was accurulated. From a viewpoint of normal sense, about 44b$ is too
big to imagine. People’s suspicious of this big money should not run because of fact. A market of fabricating
machines prepared for semiconductors (11b$) is excluded here. The semiconductor market in the world was about
14768, of which about 45% was shared by the U. S. A. and Japan.
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EB. X-ray. Laser
| |

( L'rthf:graphy/ Etching )

Ion, Plasma

Insulator

Semiconductor

Impurity Doping Characteristic Control
"‘th Dopinglon lmplantat@ Neutron Transmutation D@ [ Cairiar Life Time Control

fon Thermal Neutron

Fig2 EB, X-ray, laser, ion beam and thermal neutrons are using in semiconductor fabrication.
(3) Accelerators
Electron accelerators are useful and powerful tools if the are applied to an industrial irradiation process such as the
production of cross-linked wire, heat shrinkable film and tubing, sterilization and so on. Apart from the economic
scale, the clarification of installed numbers of accelerators was shown in Table 1 with data of North America
involving the U. S. A., Canada and Mexico.

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

Categoryl (1) Low (2)Medium | (3) High Sum (1)H2143)

Enegy kevel | ~300keV | 300keV~3MeV | 3MeV~10MeV
Field in Industry Japen | NA | Jepan | NA | Jepan | NA | Japan | NA
Elecic Wire & Cables 1 5 50 |4 ]| o 0 5 | 54
Polyethylene Foam 2 0 12 |7 0 0 14 |7
Heat Shrinkable Tubes & Fim 0 | 2 | 7 [0 1 1 % |27
Radia Tires 3 1 20 [3x] o 0 23 | 3%
Curing (Coating, Laminating, etc.) 4 | 150 2 71 0 0 46 | 157
Exhaust Gas & Waste Water Treament | 0 0 0 4 |5
Sterization 3 2 1| 6 5 1| 1
Contract (Food iradiation, etc.) 3 18 10 |16 3 10 16 | 44
Research & Development 12 | 100 2 2 | 1 2 | 115 [104
Sum 178 | 306 | 19 |34 11 | 18 | 308 |68

NA: North America consisted of the U. S. A, Canada and Mexico
The total number of electron accelerators installed was 308 for Japan and 648 for North America. The latter was

large in magnitude by a factor of about 2. The use of those accelerators in the field of curing (coating, lamination)
as well as heat shrinkable tubes and film, has advanced significantly in the U. S. A.
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(4) Radiographic Testing

The retail revenue of 310
companies related to
non-destructive testing was about
1.16$. The market share of
radiographic testing (RT) of these
was 24.6%; the revenue

regarding RT was

it BE | Radiographic testing for a large pipe
1.1x0.246=026b$. Photo 2 ] by X-ray inspection
shows a testing of soundness of (Cosrcegy of Pory Industry Co., Lad)

large diameter pipe by using Photo.2 Radiographic testing of the large pipe by X-ray

X-ray inspection.

(5) Radioisotope (R]) Applications and Radiation Protection for Facilities and Instruments

Due to wide and variety usage of R in our country, the economic scale of it is very difficult to be evaluated. A
preliminary study ™ reveals that it was roughly S40M$ for radiation protection related to facilities and instruments.
This was obtained from questionnaires sent to 56 companies related. As for Japan, the Law Concemning Prevention
from Radiation Hazards due to Radioisotopes, etc. (Law No. 167, June 10, 1957) exists, where the establishments
which have been permitted by the authority (MEXT) to use radioisotopes and/or radiation generators, and the
establishments that have been reported to and have been accepted by the authority to use only sealed radioisotopes
of less then 3.7MBq (100 i Ci) in all are listed in the statistical data. The readers should be understood how Rl is
useful and provided for our environment. Fig. 3 shows a typical example of R usage in our environment of life.

Use of Rl for People's Lives

05MS BIMS ‘{7 _5;5 ' @ Paper thickness gauge (930)
ey B Plaslic film gauge (583)

DO Thickness of rolled iron plate (825)

OLevel gauge (1,408)

B Gas chromatograph (PCB analysis etc (5,355)
[ Density measurement of jet plane fuel (1,034)

Unconditioned Leveligauge
8MS ‘ 8 Tobaceo weight control (738)

B Surfer analysis in petroleum industry (277)

Conditioned
97MS B Moislure analysis in iron industry (146)

W interdock apparalus etc. (756)

Gas O Dust monitor in air (1,900)
} chromatograph B Tube density elc. (1,000)
I Soil density & moisture (1,000)
s M Portable level gauge (1,500)

Fig3 Rl used for thickness gauge, level gauge, densitometer and dust monitoring etc.
Unconditioned means RI level below 3.7MBq

(6) Radiation Processing represented by the Cross-linking of Radial Tires

From an economical point of view, EB radiation is certainly competitive in the rubber industry. Basically, radiation
processing of rubber appears good because partial curing of calendared fabric, reduction of rubber coating gauge,
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prevention of ply movement during final curing, reduction of operating costs and increase in production rates can
occur. As for Japan, tire sales for 5 big companies (Bridgestone Corp., Yokohama Rubber Co, Ltd., Sumitomo
Rubber Industries, Ltd., Toyo Tire & Rubber Co., Ltd., Ohtsu Tire & Rubber Co., Ltd.) were 9.2b$, where the
share of radial tires made by EB vulcanization of tire components was 91%. Namely, the economic scale of radial
tires in Japan was 8.4b$. It is worth mentioning that, according to an estimation by W. R. Scheerer *, the liner cost
for non-irradiation was 2.15$ a tire but the liner cost for irradiation was 1.808 a tire, which gave a net savings of
16% by EB vulcanization. Hence, EB vulcanization saves about 1.3b$ a year. Fig, 4 shows radial tires with those
fabrication merits and economic scales.

*Annual tire sales in Japan
9.2b$

| *Share of radial ire produced
by radiation
| 91%

*Economic scale of
radial tires

9.2x0.91=8.4b$

Characteristics of radiation usage for radial tire production:
(1) Partial curing of calendared fabric, (2) Reduction of rubber coating gauge,

(3) Prevention of ply movement during final curing, (4) Reduction of operating costs
and (5) Increase in production rates

Fig4 Fabrication of radial tires by radiation processing

Except for radial tires, radiation processing includes; 1) the cross-linking represented by wire and cabled (0.4b$),
foam (0.15b$), heat shrink tube/film (0.14b$), 2) the degradation represented by PTFE (4M$), 3) the curing
represented by coating and converting (25M$), and the graft represented by cell separator and so on (8M$),

respectively. A total sum of those except radial tires is 0.7b$. Fig. 5 shows the cell separator fabricated by the graft
technique.

@ Pole Cap

Packing

@ Zinc

Separator

4 @ Silver dioxide

Sceparator made of irradiated & @ Bottom can

palyethvlene film o Ag,0 Button Battery

Conductive polyethylene film having thickness by 10 & m fabricated by radiation graft technique
Fig.5 Cell separator (polyethylene thin film) fabricated by graft technique
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(7) Purchase of lrradiation Facilities
Purchase of facilities, for example, cobalt 60 usage in industry as well as X-ray apparatus for diagnosis in medicine
was studied. Obtained sales related to the former items was 0.48b$ and those related to the latter items was 3.0b$.

Details with respect to studied items are described elsewhere 1,

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

Table2 Economic scale of radiation applications in industry in Japan (1997) 1$=121yen

. Tems in Industry Sales(b$)

(1) Sterilization of Disposal Medical Equipments 2.3

(2) Fabrication of Semi-conductors 44

~ (3) Accelerators .
(4) Radiographic Testing 0.26
(5) Radiation Protecfion for Facilities and Instruments 0.54

(6) Fabrication Process, Radial Tires(8.4b$) and Others (0.7b$) 9.1

(7) Purchase of Imadiation Facilities 3.5

Sum 60

INote: Economic scale of accelerators is omited here

Share of Studied Field in Industry

Ilnatrumsnts & Protection (2%)

# —

Sterilization (4%)

Radiographic Testing
(0.4%)

Facility (6%) i

il
L

Radiation |
Processing |

(15%) 60b$

Radial tires
Elactic Wire & Cables

Polyethylane Foam
Heiat Shrinkable Tubes

Semiconductor
(13%)

Surfaoe Processing
Cedl Saparator

Fig.6 Share of industrial fields studied

22 Agriculture

Regarding agriculture, the following three main fields are studied.
(1) Radiation processing

(1) Food irradiation
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For the food irradiation in our country, only permitted by the govemment was the inhibition of sprouting in potatoes
with run since 1974. Economic scale of potato irradiation was calculated to be 16M$ using the amount of 15,000
ton/y ) with an associated cost of 128 yenvkg . The market share of imadiated potato is only 0.6% (15,000t /
2,440,000t) . Irradiation is carrying out at Shihoro, Hokkaido as shown

R
g bt &

60-150Gy at Shihoro Potato

Irradiation Plant Storage 6 months at room temp.

Share in production of imadiated potato: 15,000 tons for Shihoro vs 2,440,000 tons for all
countries.Hence, iradiated potato has a share by 0.6%. Share in sales of irradiated potato:
16M$ for Shihoro vs 2,579M8$ for all countries, leading to 0.6% share

Fig7  Overview of the Shihoro potato irradiation facility located in Hokkaido ©

(ii) SIT (Sterile Insect Technique)
SIT is an extremely useful technique for eradicating the fruit fly. In old days the islands of Okinawa have been
infested with melon fly and local people were damaged and further prohibited the transport of agricultural products
to the main islands of Japan. The SIT Project on the Okinawa islands was initiated in 1977 as shown in Fig, 8, and
succeeded in eradicating the melon fly from the entire Okinawa region in 1993. The economic scale of the entire
Okinawa region and Amami Islands (Kagoshima Prefecture) benefited by SIT is 69 M$. This increase resulted
from an increase in the amount of agricultural products transported to the mainland of Japan as well as an increase
in crop production within the islands.

Sterile of melon flies caused 1) increased crop production inside islands, 2)

cost saving in analysis and fumigation, 3) increase of crop transport to outside

Okinawa etc. Radiation benefits in total is 69M3,where 63MS$ for Okinawa
and 6M$ for Amami islands.

Fig. 8 A photograph of melon fly (about 8mm long) €l and facilities for melon fly eradication belonged to
the Office of Okinawa Prefecture Fruit Fly Eradication Project located in Naha.

— 360 —



JAERI-Conf 2005-001

(iii) Sterilization

Radiation sterilization relating to laboratory animal feed and food packaging materials is SOMS consisting of

2MS$ for the former and 48MS$ for the latter. The bag in box (BIB) is the largest in the latter.

(2) Mutation breeding

(i) Rice

After the finding of induced mutation in Drosophila fly and maize plants, radiation induced plant mutation breeding
has been a key topic investigated in many countries. In Japan, cytogenetic studies on a more fundamental level have
been performed using X-rays. Using gamma-irradiation, the first practical and successful application to the case of
rice was regjstered and opened to the public in 1961 more than ten years prior to a comparable variety in the U.S.
rice variety, ‘Calrose 76’. The very first mutant variety was named ‘Reimei’, which attained lodging resistance by
induced semi-dwarfness as the mutant character.

(i) Crop

Following this variety, 128 varieties Table3 Mutation breeding in Japan (1999)

have been developed in various crop Category Common Name (1)Direct | (2)indirect*
species in Japan as of 1999, Among Cereals | Rice ( Reimei,etc ) 8 47
thiem, 55 vatieties (including erossed Evirfayt g :
offspring varieties derived from Beans Soybean 9 1
‘Reimei’) were inrice, ten in barley, Others )
two in wheat, five mutant cultivars in Fruits Apple 1
soybean etc. as shown in Table 3. The Pear 3
induced mutation technique was also = PeaCh 1
very effective for changing the gl Lo 4

Flowers | Chrysanthemum , efc 39
flowering colors in Chrysathemims  I'Viggetables | Tomato, efc 6
and total of 19 varieties have been Subtotal 88 56
produced. * Mutant in its pedigree Sum:(1)+(2)=128
(iii)y Fruit

In fruit trees, the most effective case was a disease resistant mutant in a Japanese pear, ‘Nijisseiki’ (meaning
‘twentieth century” in Japanese). The variety is highly evaluated in the market by its juicy high quality and
dominated the domestic market for most of the twentieth century, as the name indicates. The variety, however, had
a very significant weakness of being susceptible to black spot disease. Farmers tried to protect the high quality fruits
from the disease by spraying fungicides almost every week. A disease resistant mutant of this product had been
awaited for a long time. As shown in Fig. 9, chronic irradiation in the gamma-field (Institute of Radiation Breeding,
the National Institute of Agrobiological Resources, Ibaraki) could induce a promising disease resistant twig, and
after grafting of the mutant twig to separate it as a clone. Various tests were performed on it and finally the mutant
clone was registered and released as ‘Gold-Nijisseiki’ in 1991 7, Revenue of this fruit is estimated to be about
25M8$ a year.

As for the economic impact, the most effective crop group in Japan is rice. Rice with its 17 active mutant varieties
was by far the largest, amounting to 774 M$ (96.3 %) followed by 25M$ (3.1%) of pear, 4MS$ (0.5%) of various
beans and 1MS$ (0.1%) of others including peach and Chrysanthemum.
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Chronic irradiation in the gamma-field, (Institute of Radiation Breeding, the National
Institute of Agrobiological Resources) could induce a promising disease resistant twig, and
after grafting of the mutant twig to separate it as a clone. Various tests were performed on it
and finally the mutant clone was registered and released as ‘Gold-Nijisseiki’ in 1991

Gold Nijisseiki (mutant) Nijisseiki

Fig9 Mutation Breeding, Japanese pear mutant cultivar resistant to black spot disease induced by
chronic irradiation; 25M$ a year

(3) Research and Development by RI Utilization

(1) Laboratory work for RI provision in agricultural as well as blologlcal studies, and RI waste disposal.
The total economic scale for this was about 4M$. &
Isotopes of *H, C, *S and " are important for
agricultural and biological studies, while *'Cs is
useful for studying fall out. Economic scales of the
first three are 0.5M$ 0.6MS$ and 0.2M$, respectively.
The latter two contribute a further 0.3M$ each. As
shown in Fig, 10, the use of P as a tracer is the
largest and has increased in the area of gene |
engineering having a total retail cost of 1.6M$ per 32P as a tracer has increased its usage

year. Japan Radioisatope Association treated RI in the area of gene engineering having
a total retail cost of 1.6M8$ a year.

wastes with a commission by 2M$.
Fig. 10 Useof “Pasatracerin gene engineering

(ii) Environmental protection of air pollution analysis The work is mainly addressed to chemical environmental
analysis against materials released from air pollutant. Govemmental sectors are mainly doing this job with
economic scale by 17M$ as a total retail revenue.

(iii) Chronology for geology and archeology using “C

As shown in Fig. 11, 'C usage for archeology is widely practiced. In Japan, a total of 9 private universities and
agencies perform about 150 measurements a year with an average cost of about 5003. The total economic scale is
5008 x 150 x 9 or 0.68MS.
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By using Tandetron (lefl) , carbide (carbon-14) adhered on an earthenware vessel is
analyzed to know its fabrication year. This case the stone (right) was estimated to be

HER A NESTDNOAFL TR TRES N REAR XM LA

fabricated around years of 15,320-16,540 cal BP. (Ref: brochure issued by Nagoya
University Center for Chronological Research )

Fig1l "C usage for archeology

Summary in Agriculture:

Table 4 summarizes all components entering the economic scale ™, The total cost of 9%64MS$ consisted of
136M$ (14%) for radiation processing, 804MS$ (83%) for mutation breeding and 24M$ (3%) for RI utilization. The
share of studied three fields in agriculture is shown in Fig. 12. The largest is mutant breeding (83%).

Table4 Annual economic scale for radiation applications in agriculture for Japan (1997)

Field | item | Revenue | Field Sum
1. Radiation Processsing - 136M$
(1) Food irradiation Potatoes 16
(2)SIT B Fruit flies 69
(3) Sterilization Bag-in-box 50
Feed for laboratory animals 2 -
2. Mutation Breeding 804M$
Rice (17 varieties) 774
Pear (Gold Nijisseiki and others) 25
Beans (4 varieties) 4
Others (Peach. Chrysanthemum etc. ) 1
3. Research & Development by Rl Ulilization B 24M$
(1) Laboratory work ' RI provision in Agro-Biological studies 4
RI depositions (solid, liquid etc.) 2
(2) Environmental protection Air pollution analysis 17
(8) Chronology Geoloay & Archeology by C-14 isotopes elc. 1
Total Sum i _964M3

Mutation Breeding
(804MS. 83%)

R
| (24M3. 3%)

Agriculture l
964MS S\

frradiation
(136MS. 14%)
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23 Medicine

Regarding medicine, the economic scale was decided by reimbursed receipts issued by hospitals and so on.

(1) National Health Expenditure to GDP

In Japan, national health expenditures were increased with every years and in 1997 it reached to 240b$. The figure

is corresponding to 0.24% of Gross Domestic Products (GDP) and 1,903$ for personal expenditures of Japanese

people Bl

(2) Radiological Usage in Medicine to National

Healthcare Expenditures

A radiological use in medicine at the national healthcare expenditures (240b$) in Japan was about 4%, that is,
about10 b$ ! The breakdown of 10b$ i listed in Table 5. It consists of 9b$ for medical care and 0.9b$ for dental
care and very small amounts from charged particle therapy and boron neutron capture therapy (BNCT). Former
two items were reimbursed but latter one was not. In medical and dental cares, radiological uses are, for example,
diagnosis consisting of the X-ray diagnosis, the computed tomography (CT) and the nuclear medicine.

Table 5 Economic scale of medicine in studied fields in 1997 (Unit . M$)

ltem | Reimbursement [Field Sum
1 Medicine - 8,982
1.1 Diagnosis (excluding MRI) )
1) X-ray Inspection 4,192 )
2) Nuclear medicine 1,035
*3) Computed Tomograph 3,287
1.2 Radiation Treatment 466
1.3 Inspection 2
2 Dentistry 853
2.1 Diagnosis 849
2.2 Radiation Treatment 4 ,
3 Sum of Medicine and Dentistry 9,835

Note:FDG-PET, proton treatment and boron neutron capture therapy (BNCT) are not reimbursed t
public insurance. Cost of them known to date was 3M$ for proton treatment and 0.4M$ for BNCT.
Cost for FDG-PET was not decided in the present study.

The share of individual items in medicine part (about 9b$ as mentioned in the above table) is shown in Fig. 13.
X-ray diagnosis and computed tomography (CT) is large to the magnitude of 47% and 37%.

Breakdown of
Followings are topics obtained from comparison Medicine

between Japan and the US A",

(A1) Radiation Imaging

When one goes to a hospital as a patient, his first
encounter may be a diagnostic imaging using
radiation. According to our definition, magnetic
resonance imaging (MRI) and ultrasonography
were omitted because they are non-radiological
modalities for imaging. The radiation imaging
used here is X-ray diagnosis, CT and nuclear Fig.13 Share of the medical care at revenue by 9b$

— 364



JAERI-Conf 2005-001

medicine. Radiation imaging inthe U. S. A.is 5

times that in Japan.

(A2) Cancer and Radiotherapy (R1)

RT is known as the one of the most useful Table 6 Application rate of radiotherapy (RT) for patients with cancer
treatments for various types of cancers. In U.SA Rate of
old days, American patients rather than Year New patients Patients treated by RT RT(%)
Japanese used RT aggressively to cure their 1994 1,150,000 560,262 49
diseases. The facts revealed are summarized 1995 1,252,000

in Table 6. Once Americans had any Japan Rate of
cancers (1.15million patients in 1994), 49% Year New pafients Patients treated by RT RT(%)
(560,262 patients) of those received RT. For 1994

Japanese, of the 440,001 new patients in 199 440,001 7169 15

1995, only 15% (71,696 patients) received
RT. Japanese patients are willing to have surgical operations than RT. This can be explained in various ways. With
respect to cancer treatments, different attitudes exist between Americans and Japanese.

(A3) Prostate Cancer

Prostate cancer is known to be a typical disease of males. This was the top malignant neoplasm among Americans
in 1997. The rate of prostate cancer in the U. S. A. is 7 times higher than in Japan, implying that Americans have a
constitutional predisposition to prostate cancer. Application of RT is 30% for Americans and only 5% for the
Japanese. For the latter, hormone therapy is applied frequently.

(A4) Medical Equipment

During diagnostic imaging, a Japanese doctor uses X-rays, RT, nuclear medicine and CT. Additionally, an
American doctor uses MRI and ultrasound having a respective share of 12% and 23% in the U. S. A. markets.

3. Economic scale comparison between industry, agriculture and medicine [

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

Economic Scale of Utilization of Radiation in Japan
(1997)

Medicine Industry
(10b$), 14% (60b8), 85%

Fig. 14 Share of radiation in industry,
agriculture and medicine. Total is 71b$.

Agriculture
(1b$),1%
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Iv. Conclusion

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

The discoveries of X-ray by W. C. Roentgen and of radium by M. Curie were immediately
followed by application of them to medical field. After the World War II, nuclear energy has
been used as an energy source on the one hand, and radiations have been also applied to various
familiar fields in daily life on the other hand. These are now being developed into essential
technologies in our present life.

However, many people in general still fear nuclear power and radiation. There are numerous
cases clearly indicating a widespread rejection of anything " nuclear" in the society as a whole.

People in '"radiation" community have made great efforts to remove these unfortunate
misunderstandings and negative images regarding the use of radiation, but these have not been
satisfied. In this paper, I would like to reexamine possible factors that have been led to the

dissatisfaction and do so from a different perspective from the standpoint of women.
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0 0.1Gy

Fo2K EREETORE) AV EBEO—KRI/RBEF

General relation between health risk and radiation dose in the low dose region
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VR <t 3 (Cancer therapy)
AR DB M (Diagnosis)

BT (Agriculture) :
£ R (Food irradiation)
& R (Sterile insect technique)

A R (Improvement of breed)

— 37l —



JAERI-Conf 2005-001

W3R BREEFHICOWTEAOEE OIS

(Percentages of already known items on the various radiation applications in the different groups)

— BRAR (%) H R B (%)
Public Study group
T 2% (Industry)
43¢5 % (Manufacture) 11.2 40.4
W(H (Sterilization) 53.7 84.8
FHPBRE (Laggage) 97.0 97.0
E %% H (Medicine)
¥ #% (Therapy) 100 97.0
Z W (Diagnosis) 91.0 93.9
BZEFIH (Agriculture)
A i H 8 (Food irradiat.) 65.7 97.0
2 BXER (Insect steril) 36.0 84.8
FRE L B (Improve.breed) 21.9 60.6
AL B4 % (Culture)
ALRE (Cultural asset) 86.6 90.9
FERHE (Dating) 61.2 87.9

Hak ABRBEH  (Food iradiation in Japan)

— N (%) 58 2 ) — 7 (Study group) (%)
Public ik B (Staff) %54 (Study)
Oy HAEY 65.7 90.0 100
Poteto
D& RBAR T 20.9 30.0 82.6
Only poteto
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6.3 RISK COMMUNICATION
- THE KEY OF THE POLICY SUCCESS

Valentina COVALSCHI
S.N. Nuclearelectrica S.A.
Bucharest, Romania

Abstract.

Today, in a democratic society, nuclear power development is subject to public acceptance. The
acceptance of the nuclear activities development implies both the approval by the government’s proper
authorities and also the standpoints of the civil society, expressed in forms more or less institutionalized.

The public has an important role to play in addressing issues of health, safety and environment.
Therefore, all activities of a nuclear organization need to be both transparent and should provide for the
public’s appropriate involvement, with input not only from the nuclear community, but also from
members of the public, interested groups, media, as well as public representatives in local and national
councils and groups. How to communicate clearly with the public is a very challenging job that requires
special attention.

Risk communication is the art or practice of talking about scientific information and principles to a non -
expert audience. Its goal is to convey accurate and trustworthy information about safety to decision —
makers, the public, or anyone else with an interest in the safety of the public or themselves. The science
of communication, public education for a proper perception of risks are the key for attaining social
acceptance of any technology that is about to become part of the sustainable development process and
hence, of nuclear energy.

The paper describes the way our nuclear organization is acting and the results in risk communication
activity it achieves.

The Cernavoda Nuclear Power Plant Unit 1, the first nuclear reactor of 706 MWe
CANDU 6 in Romania, has been operating since December 1996 as a result of the
works carried out for the implementation and upgrading of the national nuclear
programme.

Having as main mission the generation of electricity and heat as well as CANDU 6
nuclear fuel, our state-own company “Nuclearelectrica” has an active participation in
the power development programme in Romania.

Today, in a democratic society, nuclear power development is subject to public
acceptance. The acceptance of the nuclear activities development implies both the
approval by the government’s proper authorities and also the standpoints of the civil
society, expressed in forms more or less institutionalized.

The public has an important role to play in addressing issues of health, safety and
environment. Therefore, all activities of a nuclear organization need to be both
transparent and should provide for the public’s appropriate involvement, with input not
only from the nuclear community, but also from members of the public, interest groups,
media, as well as public representatives in local and national councils and groups. To be
sure the public is informed, information needs to be technically coherent, clear,
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accurate, reliable and comprehensible to the public. If a communication gap between the
nuclear organization and the public will manifest, this gap could be filled up with
speculations, rumors or misinformation, leading to undesirable impact on the
programme. How to communicate clearly with the public is a very challenging job that
requires special attention.

Risk communication is the art or practice of talking about scientific information and
principles to a non-expert audience. Its goal is to convey accurate and trustworthy
information about safety to decision-makers, the public, or anyone else with an interest
in the safety of the public or themselves.

Risk communication can be considered as a subset of the overall field of risk analysis.
As NRC stated, there are three stages of risk analysis: risk assessment, risk management
and risk communication.

We have set up a complex information programme on safety radiation, radioactive
wastes and other issues on nuclear energy. The programme comprises a set of structured
and systematic activities aiming at establishing or improving communications between
the nuclear organization and target audiences.

Within the communication strategy, we have provided the opportunity for the members
of the public to express their opinions and to provide information and comments to
nuclear organization for major nuclear implementations. Various formats are used to
invite public to make comments, such as informational public meetings, roundtable
discussions and formal public hearings. The education and training integration will
mitigate the barriers, which may inhibit the interaction and communication process. An
effective way to avoid negative reactions consists of the extensive consultation to
identify the public’s concerns and needs, the access to suggestive and attractive
programmes for education and training.

We have received a significant support in the communication activity from the
worldwide scientific development. One of the most dramatic changes in the
dissemination of scientific information has been the prolific use of the World Wide
Web. Widespread distribution of scientific information has opened up unprecedent
direct avenues of communication between the scientific community and the interested
public, using this the most dynamic medium.

The Romanian experts in nuclear power, organized in associations like AREN
(Romanian Association for Nuclear Energy) and ROMATOM (Romanian Atomic
Forum — active FORATOM’s member) pay permanent attention to the communication
with the public. Thus, they add their competence, objectivity and credibility to the
actions undertaken by the economic agents, institutes and organizations acting in the
nuclear sector.

“The Days of Nuclear Energy” event is already traditional. This event is organized by
AREN and it addresses to everybody taking interest in the domain, but mostly to the
young people. The event has a great section dedicated to drawings and pictures on
nuclear items made by children between 6 and 17 years old, on themes like: “What do
we know about energy?”, “The atom — our friend”, “The energy of the new millenium”.

— 376 —



JAERI-Conf 2005-001

It is very interesting to see their perception on the atom and the nuclear energy as life
generating. We consider this event a very good way to educate the young people to
understand the benefit of nuclear energy and application to mankind. They are
encouraged by the awards offered by the “Alexandru Ene” Foundation, a foundation
created to support the actions in favour of nuclear energy.

The “Ionel Purica” Foundation offers annualy the award “Ionel Purica” to a personality
with special contribution in promoting the Romanian nuclear energy.

On an annual basis, these associations organize nuclear events as SIEN (International
Symposium on Nuclear Energy), gathering Romanian and foreign specialists in the
nuclear field, who present papers on items like: the functioning NPP in safety
conditions, nuclear engineering, young generation — nuclear knowledge management,
public acceptance.

The magazines “Energetica” and “Nuclear Energy” are other steps towards the dialog
with the Romanian civil society. The papers on different items of nuclear energy can be
considered an initiative of an effective campaign for the correct information of mass
media and public opinion regarding the nuclear energy.

The magazines together with the Politechnica University — Bucharest, the Romanian
National Committee of the World Energy Council are boosting round tables dedicated
to nuclear power issues debates. These events are attended, besides specialists
pertaining to kindred domains, by various representatives of civil society: people in the
education area, members of non-governmental entities, persons working in central and
local administration, ecologists etc.

Daily central magazines like “Economical True” or “The Economist” objectively
present multiple aspects related to nuclear energy. The article “Nuclear Energy: Pros
and Cons” published in “The Economist” magazine brings to the chief editor the prize
for the most active journalist in the objective promotion and support of the nuclear
energy, offered by ROMATOM. Starting with 1994, the Romanian national television
broadcasted talk shows on nuclear energy.

Exhibitions are organized on a regular basis on nuclear energy addressing both to the
specialists and to the general public, where informative materials, video records,
computer modelling of nuclear themes, as well as panels showing Romanian and
foreign companies involved in the nuclear energy are displayed. The public debates
carried out last year at Constantza, Medgidia, Cemavoda and Bucharest concerning the
results of the impact study of Cernavoda NPP’s Unit 2 on the environment are typical
for our transparency and openness towards civil society and for accepting democracy
rules. In our country, this kind of debates becomes a mandatory stage, provided in the
present Romanian legislation and applied in the completion of the works performed on
the project.

Some actions are developing towards mass media and population to promote the use of
nuclear energy by explaining the economic and environmental benefits, the positive
contribution in avoiding the climate change, in the context of the sustainable
development concept. Coming to better understand the benefits of nuclear science and
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technology may occur through more awareness of how nuclear activities contribute to
our everyday life: how it helps us improve our activities, how it provides safe
electricity, heating or potable water to our houses.

For Cernavoda community there are direct and indirect support programmes, including
income increase activities, public works, educational activities such as scholarships for
local students and local information program. Indirect support activities include
employment of local population to work at the nuclear organization. The local
community support provided through improving the living conditions in the town of
Cernavoda started in 1991, including a number of 21 objectives related to the project of
the Cernavoda NPP: urbanistic, social, cultural buildings, as well as dwellings for the
operation and executive staff of the nuclear power plant. Two important objectives were
completed and inaugurated in 2002: Cemavoda Town Hospital and “Saint Maria”
bridge over the Danube — Black Sea Channel. There are other social and economic
benefits for the regional public that should be underlined: provides over 1,300 jobs,
provides activities for 15 contractor companies having over 350 jobs, provides
accomodation for over 500 plant employees, provides heating for more than 60% of
Cernavoda inhabitants at the lowest price in the country. The perception of the
contribution of nuclear energy to regional prosperity is a very important indicator of a
good communication activity.

The Cernavoda NPP has in its organizational chart an Information Centre having the
supporting role of bringing to the public’s attention the factual information and more
awareness of how nuclear activities contribute to everyday life. A couple of thousands
of visitors have visited the Unit 1 within the “Open doors” programme initiated by the
plant. Students visits are often organized in Cemavoda for attracting the younger
generation to join and keep the nuclear option alive. Special information seminars and
workshops have been organized for the representatives of mass-media, followed by the
plant tour.

A considerable amount of printed materials such as brochures, leaflets, information
documents have been elaborated and distributed to public, policymakers, opinion
leaders, media and non-governmental organizations. Information about events in the
company are provided to the media within press releases, press conferences, interviews
and by internet on the company’s website www.nuclearelectrica.ro.

The science of communication, public education for a proper perception of risks are the
key for attaining social acceptance of any technology that is about to become part of the
sustainable development process and hence, of nuclear energy. At present, this science
is an remarkable stage of development and progress. We have to assimilate it, including
all new achievements. We must understand public points of view and address it using its
own language. What we need is not only a unidirectional flow of information towards
the public, but also an effective and steady dialog with representatives of the general
public. It shows the change of culture from information to communication.

Public confidence, built on open, credible communication, patience and perseverance,
will make a safe ground for social acceptance of nuclear energy.
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6.4 Radiation Risks, Nuclear Power, and the Media
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In Western Europe as well as in some other highly industrialized parts of the world,
most electronic and print media play a central role in creating an antinuclear public
sentiment, largely without considering the actual technical and scientific facts. Even
more than large-scale nuclear accidents, proliferation, and politically delayed waste
disposal projects, fear-mongering about the risks of low-dose radiation exposures
became a central acceptance issue. A typical example is the Chernobyl accident, for
which German media regularly claim 10,000 to 100,000 radiation casualities, despite
the well-established fact that their number is (and probably will remain, including the
five child thyroid cases and long-term effects) below 40.

On media policies, the following opinions are generally acceptable:
(1) “The newspaper’s role as the public educator has been diminishing. Its role is
coming more that of entertainer like television. Education belongs to the schools and
colleges.” (J. W. Anderson, former Editor of Washington Post (IAEA Bull. 46/1, 32,
2004))
(2) “We are not a charitable trust. We print what people want to read and to buy.”
(H. Nannen, ex-Publisher of STERN Magazine (personal communication to the author)
(3) “Journalists create public fears because of greed, lack of correct information, or
ideological bias -- frequently in combination.” ( Kramer and G. Mackenthun, “The
Panic Makers”, Piper 2003)

Main reasons for this situation (excepting relatively few serious journalists) are:

1.  Widespread lack of relevant technical or scientific education among the
responsible editors and journalists, forcing them, frequently under substantial
time pressure, to accept unreliable information. Sensationalistic doomsday
stories are more in demand and sell better than carefully researched, well-
balanced reports.

2. Immediate comments and explanations, e.g. after a nuclear accident or incident,
is much easier to obtain from self-appointed antinuclear activists with no
reputation to loose, than from serious technical and scientific experts or
organisations, who require more time to analyze the facts and consequences,
and are used to more carefully worded and less spectacular statements.

3. Ideologically prejudiced green environmentalists from the 1968 student
movement dominate many key positions in the media. They are inclined not to
publish material which disagrees with their old paradigms.

4. In some countries, e.g. Germany, official governmental antinuclear policies
suppress on various levels factual information about radiation risks and nuclear
energy, and promote instead expensive “alternative and/or sustainable” energy
sources.
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5. Widespread “Political Correctness” among so-called progressive intellectuals
supports everything that appears to be natural and small, and distrusts deeply
large and complex technologies, because they are not instantly comprehensible
to them as well as to other technically less educated people.

The opinions can be summarized as : “Infotainment®, just bridging gaps between
commercial efforts, is unlikely to contribute much valuable public education. They say
that media reports are often distorted, and the reasons for distorted media report may be
concluded as due to the following two problems.

One is the probelms with regulations. They are:

(1) Interpretation of very low dose and activity limits as threshold of serious
health hazard.

(2) Estimates based on LNT and Collective Dose Hypothesis (multiplication of
extremely low theoretical risks with high population numbers)

(3) Ignorance of recent research and results by regulators, based on outdated
international recommendations (ICRP, IAEA, EU, etc.)

The other is journalistic/editorial problems. They are:

(4) Increasing commercial competition in TV and print media resulting in
“infotainment” instead of seriously investigated information and education.

(5) Lack of journalists with sufficient technical and scientific background.

(6) Audience psychology: bad, frightening news get more attention, and are
easier to sell than positive news.

(7) Instant comments are easier to get from anti-nuclear activists than from

serious experts.

It may not be easy to alter this situation. However, increasing energy costs and
economic problems on many of the countries concerned may provide a change in public
opinion sooner than most producers of published opinions would nowadays expect.

Remark: This is a note for a presentation, and not a carefully polished scientific paper.
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6.5 Information Treatment of Mass Media
on Radiation-Related Issues
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Radiation is nothing but a component of existences in nature. It is a kind of energy transportation.
In the beginning of the universe, only radiation existed there. Thus it is necessary to understand

radiation as a subject of natural science just like as heat and electricity.

The necessity of promoting natural science education has been claimed in Japan for years.
Relevant curricula for teaching ionising radiation as a subject of natural science in compulsory

education system, however, have not yet been made.

In the course of social science, on the other hand, Japanese pupils are taught repeatedly the
occurrences, related to ionising radiation or radioactivity, in which people lost lives, suffered from
severe injury or serious illness, or deprived their wealth; i.e. atomic bombings at Hiroshima and
Nagasaki, nuclear test at Marshall Islands that involved Japanese fishing boat, Chernobyl nuclear
power plant accident, criticality accident of nuclear fuel plant at Tokaimura, and so on. To study
these events, as subjects of social science, must be important though, pupils are seldom taught how

such damages were caused by ionising radiation.

Consequently, most Japanese launch out into life with much information on the danger of
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ionising radiation, and with significantly poor scientific knowledge about radiation itself, So, it is
not surprising that many Japanese keep away from ionising radiation as if it caused evil, and

abominate radioactive material as if it were defilement.

Having very little chance to attend natural science education after the graduation from school,
most Japanese obtain information about ionising radiation and radioactivity primary through mass
media in their daily lives. Thus, the mass media have strong influence on the public perception of

the Japanese on ionising radiation and radioactivity.

Upon this background, Radiation Education Forum (NPO) formed a taskforce to investigate the
output of mass media relating to radiation and radioactivity. The taskforce has examined the status

quo and studied whether any problems existed there.

More than a decade before, not a few news articles contained trivial mistakes from scientific
viewpoint, for example, misuse of the word radioactivity instead of radiation and vice versa.
However, such kinds of mistakes have decreased recently. This improvement must be a

consequence of the efforts of mass media themselves, which we would like to appreciate.

Comments of the experts may have much contributed in reducing scientifically erroneous
expression. However, mass media must take precautions in choosing the expert, for some of them
may have biased opinions or the interests. Such “experts” often make inadequate comments into

news articles, though their statements usually radical which mass media would feel the urge to hake

comments.

For example, when a newspaper reported the issue of depleted uranium residue in Irag, a
professor of physics, who were treated as an “‘expert” of the issue in the article, commented the
cases of pneumonia and skin complaint prevailing over American troops staying Iraq are strongly
suspected as acute radiation injuries. These symptoms cannot be acute radiation effects, since even
the contact skin dose from depleted uranium penetrator is as low as 2.3 mSv/hr or so (IAEA’s

estimation). It takes more than 2,000 hours for skin injury to appear with this dose rate.

Mass media should recognise that not all professors of physics are well acquainted with radiation
physics and dosimetry, to say nothing of radiation biology and radiation protection. Desirable way
of choosing commentator on scientific matter is to consult neutral public institutions or academic

bodies, though their responses to inquiries are made usually not promptly.

Although mistakes in science in the news articles have decreased, expressions or context, which
may lead misunderstanding or one-sided view about events related to radiation and radioactivity, is
still frequently seen. It should be noted that such misleading would bring the readers miserable

effects on some occasion.

For a typical example, mass media used a statement, “‘the dose limit for members of the public is
1 milli sievert per year” repeatedly in reporting the criticality accident at Tokaimura. Although the
phrase “dose limit for members of the public” was introduced by ICRP with special meaning as the

guideline of designing radiation facilities or planning procedures utilising radiation, mass media
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used it without proper explanation. Though it was not mass media but the government that has
primary responsibility to provide the information, mass media should confirm it before writing or

broadcasting news articles.

Being ignorant with ICRP terminology, most of the public would interpret the sentence literally.

As the result, they misunderstood that dose more than 1 mSv is dangerous and actually harmful for

the public.

Miserable consequences followed. Many inhabitants suffered from severe post-traumatic disease
syndrome. Most of them were informed their estimated dose exceeding 1 milli sievert, but
surprisingly, those informed the dose was less than 1 milli sievert were also included. Moreover, it
is whispered that not a small numbers of medically unnecessary (but maybe psychologically
necessary) abortion were executed. Official report on this subject does not exist, since abnormality

in fetus is not legally allowable reason of abortion in Japan.

They say, “The pen is mightier than the sword.” Indeed, mass media should remember that a pen

(keyboard?) could hurt much more people than a fine blade.

Another issue observed in the output of mass media is the tendency of regarding danger of
radiation is something special. To exaggerate hazardous effects of radiation in the articles is said
the sequela of the propaganda during the cold war, when both the East and the West want to display
the power of their own/enemy’s nuclear weapons more terrifying. Such tendency would inundate

articles in which effects of radiation are more or less exaggerated.

Inundation of media reports that attract vigilance of public to danger of radiation excessively
would distort the balance in people’s perception among various health risk factors. Because

ionising radiation is one of the risk factors to human health.

Not necessary to refer World Health Report of WHO, our world is filled with various kinds of
health risk factors; chemical pollutions, infectious diseases, drag addiction, efc. Governments are
responsible for tackling these risk factors through their public health programs. Having limited
social resources for the public health measures, /.e. financial, material and human resources,
governments have to allocate them by the degree of imminence. The order of urgency among

measures for various health risk sources varies country to country, as well as era to era.

If the public possesses excessive concern to the risk of radiation and radioactivity, governments
could not take sufficient measures more urgent issues. Exaggeration of the danger of ionising

radiation causes such an irrationality.

The article entitled “Risk of cancer from diagnostic X-rays: estimates for the UK and 14 other
countries” published in the Lancet on 31* January of this year attracted strong concerns of mass
media. Yomiuri, one of the major newspapers in Japan, respond ten days after the publication. I
reported about the article with a banner headline, “Diagnostic x-ray exposure is responsible for

3.2 % of cancer,” causing nation wide anxiety for medical exposure.
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There were many inquiry to the website of Japan Association on Radiological Protection in
Medicine and to other relating academic bodies’; whether the questioner itself or its relative should
receive the recommended x-ray examination irrespective of the health condition, the amount of

dose received from the examination and its foreseeable health effects, and various relating anxiety.

Of cause, the Lancet is the most responsible for the trouble, since it published such disputable
article. However, had not used such sensational title in big type on the top page of a major
newspaper, the news would not make so many patients and their families to worry about receiving

indispensable x-ray examinations.

A senior journalist once told the author “News is an article of trade, too!” Another journalist
complained, “Even we write manuscripts as accurate scientifically as possible, the desk may

modify sentences later, which sometimes induce changes in impression of the story drastically.”

If the statement “News is an article of trade” is true, market mechanisms act on mass media to
create news values. Being unusual, dangerous or anxious raise news values, market mechanisms
push mass media to emphasise these characters of the events. Unfortunately, we often encounter

news articles that contain expressions or contexts emphasising news values.

For example, Yomiuri On Line on 12™ June 2004 reported the project of Ministry of Education,
Culture, Sports, Science and Technology of Japan (MEXT), of investigating aircrew members’
exposure to cosmic rays. It wrote a sentence which was not included in the article appeared on the
newspaper: “For female aircrew members, who may continue her work without noticing pregnancy,
influences to their fetus is a matter of anxiety.” Insertion of this sentence, as rhetoric, may be very
effective to attract readers’ concern. However, the effect of the sentence to the public perception is

nothing but a spray of unnecessary fear. Unfortunately, insertion of such decorative sentences is not

VEry rare.

A public broadcasting in our country has an incomprehensible habit to connect leakage of
radioactive material with troubles of radiation facility. The television was obsessive to leakage of
radioactivity in the report of the criticality accident at Tokaimura, while other news media soon
changed the report that there is only leakage of radiation. The obsession enhanced anxiety of
nearby habitants. It also announced in the news of the steam pipe rupture accident in nuclear power
plant on 9™ of this August that radioactive materials weren’t contained in the steam that leaked out
because the waler in the steam turbines does not come into contact with water used as a coolant for

the nuclear reactor, and added immediately that however vigilance is necessary.
We afraid such dramatisations in the news would drive the public into panic.

It is the mission of mass media to offer adequate information of the events or phenomena of
interest happened or appeared in our society. The information consists of two parts; correct
description of the fact and proper explanation and/or comment. Choice of materials and
commentators are left to discretion of the desk, so depends on the desk’s judgment of values. If the

judgments were made only upon the value of merchandise, there would be danger that the mission
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of mass media be spoiled. The value of news as an article of trade is not necessarily proportional to

the measure of academic accuracy.

The taskforce hopes to the mass media in publishing or broadcasting reports related to radiation

and radioactivity as follows:

Aware the social responsibility and the danger of mass media’s power of misleading the public,
Boost scientific quality to make reports on news, and

Consult with neutral and reliable, real expert(s) of the field.

These are common requests for any reports of mass media and not restricted to those relating to
radiation and radioactivity. However, special remarks are necessary for this category according to
the observation of status quo, to say nothing of necessity to learn much more of radiation including

variation in quality of effects with quantity.
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6.6 Atomic Bomb Suffering and Chernobyl Accident

Lessons learnt from International Medical Aid Programs
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Abstract

The cooperative medical projects between Nagasaki University and countries of the
former USSR have had being performed in mainly two regions: Chernobyl and
Semipalatinsk since 1990 and 1995, respectively. The 21* Center of Excellence (COE)
program of “International Consortium for Medical Care of Hibakusha and Radiation Life
Science” recently established in Nagasaki University can now serve our knowledge and
experience much more directly. Its activity can be further extended to the
radiocontaminated areas around the world, and based on the lessons of the past, it can
indeed contribute to the future planning of the Network of Excellence (NOE) for
Radiation Education Program as well as Radiation Emergency Medical Preparedness and
Assistance under the auspices of the WHO-REMPAN.

Within the frame of International Consortium of Radiation Research, a
molecular epidemiology of thyroid diseases are now conducted in our departments in
addition to international medical assistance. The clue of radiation-associated thyroid
carcinogenesis may give us a new concept on experimental and epidemiological
approaches to low dose radiation effects on human health, including those of internal
radiation exposure. Concerning the role and responsibility of our work to the public, to
avoid unnecessary radiophobia and to correctly understand radiation hazard and safety,
we must build a bridge between basic research and widely open public education.
Therefore, it is of high necessity to continuously work on clarification of the effects of
ionizing radiation on human beings worldwide and to contribute the development of
general guideline of radiation safety and radiation hazard, and to strive for the creation of

substantiated radiation protection programs.

Introduction

Immediate acute manifestation of the atomic bomb diseases are well described in
Hiroshima and Nagasaki victims and categorized into three entities; burns, external
injuries and severe radiation-induced injuries. Late effects of the atomic bombings and
those of emergency radiation medicine have been carefully analyzed and the risk of late-
onset malignancies has been demonstrated in various organs (1). Such a tremendous

amount of data (knowledge and experience) has been very useful for the treatment of
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radiation victims of Chernobyl and Semipalatinsk. However, the type and dose rate of
radiation exposure are completely different between Nagasaki, Chernobyl and
Semipalatinsk. Therefore, molecular epidemiology investigations are essentially needed
to be established in the field of Radiation Life Sciences to clarify the real carcinogenic
effect of ionizing radiation on various cells, tissues and organs (2). Such studies will
undoubtedly contribute to establishment of correct diagnosis and appropriate therapy for
radiation-associated diseases in humans in future.

During the past ten years, the counterparts of advanced medical institutes in the
former USSR made mutual agreements for the exchange in the area of medical science
and of specialists with our university. We have also been inviting visiting professors,
medical researchers, and postgraduate students from these establishments every year to
the Atomic Bomb Disease Institute at Nagasaki University School of Medicine. Such
international cooperation at the level of doctors/scientists is expected to contribute on the

radiation education program to the public.

Medical Cooperative Projects from Nagasaki to Chernobyl

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

of thyroid examination, hematological tests and whole body Cs-137 measurement in all
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the inhabitants to determine the current radiocontaminated levels and to relieve their

anxiety.
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Figure 1. Incidence of Thyroid Cancers in Belarus
after the Chernobyl Accident

Results of this large-scale screening demonstrated that nearly 3% of examined
children had thyroid abnormalities other than goiter, for which we could perform an
echo-guided fine needle aspiration biopsy and cytological diagnosis. Importantly among
thyroid nodules exceeding 0.5 cm in size with abnormal echo findings, there were
about 7% of malignancies suggestive of high incidence of thyroid cancer, especially
papillary adenocarcinomas in children of Chernobyl areas. Further investigations
revealed that more than 30% of such patients had local or distant metastases. According
to the reports from Belarus, there has been specific timeline trends of operated thyroid
cancers (i.e. thyroid cancer morbidity) sub-classified into three categories, (i) childhood
(patients less than 15 year-old), (ii) adolescent (age 15 to 18 year-old), and (iii) young
adult (19 to 30 year-old) cases. Figure 1 clearly demonstrates a rapid increase and
declination of the incidence of childhood thyroid cancer in Belarus but the peak is now
shifting from adolescence to young adults, indicative of high risk of thyroid cancer in

individuals whose age at the time of accident did not exceed 15 year-old. It is very
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difficult to accurately evaluate radiation dose on the thyroid from ingested short-lived
radioactive iodines, and several attempts employing different approaches were
undertaken just after the accident within the framework of international cooperation.
Recently, the joint international project involving a case-control study has been
completed establishing a positive relationship between childhood thyroid cancer risk and

thyroid radiation dose (Figure 2).
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Figure 2. Risk of Childhood Thyroid Cancer around Chernobyl

Previously, we had also compared two groups of individuals born in the
Chernoby] areas before and after the accidents and found that only in those children who
had been born before the accident, especially whose age at the time of accident was 0 to 3
year-old, there has been high incidence of thyroid cancers (4). Thus, firstly the radio-
sensitivity of neonates, infants and secondly a conclusion on the high probability of
casual association between dramatic increase of childhood thyroid cancer and short-lived
radionucletids (radiation fallout) from Chernoby! has been drawn.

Radiation doses due to direct residential external exposure after the accident were
low and therefore there has been no evidence of childhood leukemia rate to increase.
However, acute internal exposure might be high in children because of extensive

incorporation of the fallout-derived short-lived radioactive nuclides into their thyroids
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through air and/or food chains. Also, chronic low dose rate exposure from the
radiocontaminated soil and environment could not be neglected.

From May 1997 to April 2001, the second Chernobyl Sasakawa projects have
been conducted in Belarus and Russia (5). Simultaneously, together with other
international bodies such as EU, WHO and NCI, we have been participating in the
international cooperative program of the Chernobyl Thyroid Tissue Bank project
(http//www.chernobyltissuebank.com/). Nowadays, using this Chernobyl Tissue Bank,
results of several studies have been published among which the genetic analysis of BRAF
mutation revealed its low frequency in childhood papillary thyroid cancers compared to
adult cases (6). In contrast, ret/PTC rearrangement rate is much more higher in childhood
cases but this genetic alteration is not restricted to radiation-induced thyroid cancers and
occurs in sporadic cancers as well. So far, there are no specific molecular genetic markers
of radiation-induced or associated thyroid cancers despite of extensive efforts of a
number of laboratories (7). Strongly desired is a follow-up study of the high-risk group of
individuals who have already been diagnosed for thyroid diseases, especially nodules,
and still live in the radiocontaminated areas around Chernobyl. Such long-term follow-up
project along with well-designed epidemiological studies can contribute to the radiation
education programs to the public as well as to improve welfare and direct medical care in
the target population. Concerning the radiophobia, around Chernobyl, the mental and
psychological care is essentially needed for the people who not only experienced the

accident themselves but also for those still residing the radio-contaminated areas (8).

Conclusions

We are all “Hibakushsas”, which means that during our life we are suffering not
only from radiation but also from various kinds of environmental factors from the very
birth. Understanding the impact of the environment on mental and physical health of a
man gives us a chance to elucidate the importance of a cross-talk between the human
body and multitude of environmental traits at the different levels and duration of
exposure. In fact, radiation exposure problem is not a standalone entity in a line of other
environmental factors although it is often regarded in the nuclear weapon, peace

threatening and industrial context. Beside of health problems, socio-political aspects
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should be always taken into consideration, such as e.g. complicated compensation issues,
when radiation effects on human health are being discussed. Clearly, these problems
cannot expected to be solved at once and therefore we should continue our efforts from
Nagasaki to contribute to International Hibakusha Medical Care through the international
networks and education of young physicians and students, especially from the former
USSR, to work together in serried ranks and adhering to the policy of global medical care
standardization and universal radiation life sciences with wider perspectives. There may
be a selection of opportunities from Nagasaki as shown in Table 1 to communicate within
a frame of a proposed to be establishment of Network of Excellence (NOE). To overcome
burden of limited epiphenomenal observations, such as uncertainty of radiation dose
evaluation, we need to develop new methods that allow monitoring and determination of
cause and effect relationship including molecular signature of radiation-
induced/associated diseases. The transparency of research and understandability of
research information to the public may improve radiation education programs

performance and surmount obstacles of science scantiness and obscurity.

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

1. International Consortium for Radiation Life Science
Research including Molecular Cancer Epidemiology
(http://www.nagasaki-u.ac.jp/index_en.html)

2. Standardized Approaches and Common Protocol of
Emergency Radiation Medicine within the WHO-
REMPAN Framework
(http://www.who.int/ionizing_radiation/a_e/rempan/en/)

3. NOE for Training and Education in Radiation
Medicine in cooperation with NGOs, such as NASHIM
(http://www.nashim.org/)
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6.7 Lessons from Nuclear Disasters
T HRENSZLZEDHD
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Abstract

The most severe and worst of all nuclear disasters is, needless to say, the explosion of
an atomic bomb. The WHO committee on the effects of nuclear war, established in
1982, concluded that the only approach to the treatment of the health effects of nuclear
warfare is primary prevention, that is, the prevention of nuclear war. Nuclear
disasters have also occurred in nuclear power plants and nuclear facilities, causing
various damage and acute anxiety among the workers and general public, but thus far
the related health effects have not always been correctly evaluated. Such problems as
exposed population, individual exposed dose and health risks which are associated
with these evaluation efforts are discussed here.

1. XU ®iz

2 RMRAKEORY, KEORETEH (FiE) BECIOVETFHIRROFEVLHAM D
IR0, TORICBUIHHEBRROBELSEFIL. BAGROBERBIZES>TA
HEWHTAICE BV DD DICE /2, BUVIHEREEIIME SN0, KRR
B BE<, 1996 HFIZRAL L afEZEREE LSRN (CTBT) b, KELZEDHK
ENFHAEL THEWERTH 5.

GH. ZLOANDPEOELEBOFEMEMBOEBAFENI. bEDELRBEERFIIRBITS
FIRBBHEOERBRIF A E 2o THBD, TNETICHBOERLCEEZRZNICH S NI
T2 EE. HEFORREMAICEBRT 272 TIEARL, 21 HRICETTHE < O
BRI LIS,

FignREAK BREORTHREZHZLTIEEVNIETHRVL, ERICEHINS
LS. BRI bE5A0, TORITONLLKEIOER (EFRIE INFHE, I
SFURAL . LIVOUREERE) KXo THEMNRKENFEAL 2. 1982 FICHSN
7o SRR (WHO) o "Es02E” RAEARRIE. LE. RREORBICE DN
eIV, THEBRREOREIC R TEZEICTN T 50— Hikld, BESOIE LM
AQRY L - A Oy

BrhsEix, BTHEET (F¥) (RU—<ANVE, FoIU/TLURE) LB
BETIIN NTH—ER, 7740 =) Riz&) RETHRELTHBD, BroHE
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PAREEEGECEIERICEZTWS, LML, BEROEZES IO TWEE &
ZRICHLTUDBELLSFMEIN TV RWENH D, I TERFFmICHWS NS EFHE L
DOFBEE DN DOMIZDNTIHBRRB Z &I Lz,

2. HThBROSEBEFETHRE
Fig. 1 a, b, c IZHFHERDOSLOMEIVREINTNEN, TOETIIE kit HR X
e SKENABESYOFESELEZBREL TERREICRESI YNV Y VEHETH S,

Fig.1a A Chronology of the Nuclear Age (1)

Nuclear Tests
Year Notes
Atmosphere Underground

Noyleg 90 G0 0 @ —g$ 60 30 O 1945 UsA, Hiroshima Nagasaki

49 USSR

52 UK

54 Bikini Test, Nuclear Power Plant (NPP)(USSR)
55 Nuclear Power basic Law (Japan)

57 IAEA* established, Sputnik 1 (USSR)

60 France

63 Partial Test Ban Treaty
64 China

*International Atomic Energy Agency

Fig.1b A Chronology of the Nuclear Age (2)

Nuclear Tests
Year Notes
Atmosphere Underground

No 120 90 60 30 0 90 60

68 Non-Proliferation Treaty

72 SALT*I
74 India

78 UN 1% Special Session on Disarmament
79 SALTIL Three Mile Isl. NPP Accident
80 IPPNW** (Nobel Peace Prize in 1985)

82 WHO Ctte. on the Health Effects
of Nuclear War

*Strategic Arms Limitation Treaty
**Int. Physicians for the Prevention of Nuc. War
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Fig.1c A Chronology of the Nuclear Age (3)

Nuclear Tests
Year Notes
Atmosphere Underground
No 1%9 QQ 69 3? 0 99 6([) 30 0 1985
86 Chernobyl NPP Accident

89 Berlin Wall crumbles, End of Cold War

91  START"I
92 STARTII

96  Judgment of Int. Court of Justice, CTBT**
97  USA (Subcritical)

98 India, Pakistan (Underground)

99  JCO Criticality Accident

Total No. 543 1,876
—

*Strategic Ams Reduction Talks
**Comprehensive Test-Ban Treaty

1945 7T H 16 H, Za—AF T aMicB0TIHIV =7 L 239 FIRDIBEHEERIZRI
THMN, TOIEMEDO 8 A 6 HiZidU T 235 FIBgZL&IZ. TLT8H 9IHIKES
WERZU LRBERBIIHEFLTREEOREEZ S5 L.

KEOFBMETIEREZE T, 1949 F IV E, 52 FFITIFEE. 604FICITT T A,
ZLT 64 FICIIPENTNTNRBEERZAB LT, BEEBEPICHEZNTD &I
25, BMIEETIC, HEBRIIAKQEN 543 [F, #1 FAY 1,876 [MDEF 2,419 FEZHEL
THO, ER _otéimfxf"—“'fﬁmu«f AevA I, 1963 ISR THR] 0.16mSv &k
= R N D

1954 FOXKEICL D EF/KBERT, BAEENEAER 23 %%Eﬁi‘ﬁﬁz%mﬁ?%
WWEOHIES LN, RCEICVERRTFHREOEREZIILDTHO., # 55 FiC
EFHhOEFMEBiIgd OAETHEFAEAEDHESNTNS, ZOEREHFRIC
HPETIY 1957 FL VT HFEEEZRS. BEESTOEREREIL, R 31 hED 425 %
. HAEN 52 &K (12.2%) 2 EHDH TN 5D,

MEESEAORBLE 0, HEBORIES D WIIFELEZRDSEIIH 7200, 1963
FIIICD TEHH,MEERERILEHD, KE, VE, KEOIMEICL> TEAINL.
1968 EITIIMAILBEKIN AL L. 1972 FICIIKRE & H o[ TH — KB AZ I 35 Hil R
58 (SALT 1) MfssE N7z, ZD SALT 1. 1979 %I SALTINFERT S EEHIT,
1991 4 & 1993 FEICIEME R TENTNE — K P K THE R L33 Il &40 (START
[,I) 2ksdEE ., 512 1996 FEICid CTBT ZMEEE S TR N2 &1F, bhd

W REBRBEENOFEZRNE 25D TH o/, HROEHEEIL, 1986 FDOKT7 7
FEXD 1996 FFEI2IT4 HRICHBD LzEnWbiiTnd,

LAL. 20 CTBT 3KEAREDOERKENELEHEZ L THRWEDEMIIE > TN
2L, AT 1998 FEIid1 > RENFRAY UMM TEEERZEKRL /2 Z &1, £

— 397 —



JAERI-Conf 2005-001

RERICHTTT DD TH oz, TD, BBFICLDHRETORD KM ZR 3 KER
O fF A EmOHOEE (Doomsday Clock)” D&H3 5 i H i1, HEROFEE
EEWTHFMERDI pal&Elzol,

BRI T 21K & U THRE T R &L, 1980 FICHA U7z ik 5 B 11 ERR =
flizi% (IPPNW) ThH5 D5, HBEHH IO DOIE R EBIEENIC LD, 1985 FD /) —
’\“)I/Bﬁﬂféé'ﬁ"éi“bfhé 1996 FIZ EBR AP, "B OB B I AR

WHEBIEICERT 2" EOHMETFLTWSA, 2313 WHO ZEU T IPPNW 3@
MF=Z Eizk B, £z, WHO 13 1978 25 1 [\ & § 5 HEL BRSO 8

DR é«wj‘f 1982 FEF L DA DORREXEICE I IEREZRARER R I BN Z

U DWTILKRE Tih R 5,
— Table 1 134 HFE T

WRELUZERETFAH

Table 1 Examples of Nuclear Disasters KEOHERLTND
A-bomb fﬁ\ BHE TN LD

Hiroshima- Nagasaki; Marshall Islands (USA); Nevada Bk, BEQOETH

g{lcS_A); Semipalatinsk (USSR); Mururoa Atoll (France) k%’a: P

g THO, B, 1B

Nuclear Accidents B, BRIk 8E

Southern Ural (USSR); Three Mile Island (USA); Bz kEL, £
Accidents with Ftallios (USSR 6, USA 4 Argentina 7, | SXMITH DREeEY
Yugoslavia 1, Japan 1) etc. 2HDTHLMIILE.
RIEOHIZH SN S

DTHD, TOMDE

BOWITNHERERICLDDOTH DA, ERUEEHECEADARICEES L THHBRICEL S
HEEZEZX TN,

B RES 2 WA EZR O D EFBRE EICB0WTHERICK 2 KEN
FRELTWD, VEOMY IIIVCBIT G THEOBEEL S BFEREEMICR S AR
DEELCF L)/ TAVRREERDOKEFIREOREETHATH D, BREKIIZESE
DAL TOMENER, MRV B DAL, KT EORER EOBRICHICHEET 578,
1999 & 9 H Hilgh TR C o B A F LI ONONDORLEITH L NWEIATH 2.

3. BFOREEE

AR L72& 91, EELEORFEZEZZITT 1981 05 34 [ R{R AR S (WHA) 13,
WHO £BRERIIEBFOREZBICETIEREZESOAREZHSG L, 1982 Fic£R
SMFER L. EXIKIT “WHA (RiEEETTL-00ERY, NREEFPEMRERE
BR" EiEN5H0, TOHMIIBEERBY—ERACREITEBSFOXEEZRNTLZ
ET, 1984 & STRICHEEEZRKELL TVD,

INSOWMEZOFTIE, BEEFNRELEEEOANNEEEZFOMEZ TREDS T
DFIZDONWTHREFLTHD,
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Scenario A1

A Large City
- (e.g. London)

Table 2a

1 Mt (Megaton) Bomb

Dead Injured
Low Altitude 1,800,000 1,700,000
(580m)
High Altitude 1,600,000 1,600,000
(2,500m)
Table 2b Scenario A2

“Limited” Nuclear War

Smaller Tactical Nuclear Weapons
=» Military Targets

Total 20 Mt

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

* More than 90% are Civilians

Injured

Z ZTlT 1984 HEREEICE
HINTWDIFUA 3FEE
(A1l —3) OEH% Table 2
a, b, clZikd. FUF AL
Tl E, B8R RO
W1 AAR (M) JFRIED
&= R FEGERIRE N
Ty, ot LE
EEEREEB T, > F ) A
A2 IREEEFOHES. >

FTUF A3 I EREZESDS
BDREBHERTH 5.

1987 FDOFHEE T, 4
B (B1—4) o> FUAIC
DLTHRHLTWSY, BT
LIZNWTNOT+HYFTOHE
b “BREOXEIIMAT. R
BICRITENEEND L2
0. PR EIRIE EDMEN O,
RO, BfE, RFEH

Table 2¢ Scenario A3

All-out Nuclear War

10,000 Mt Nuclear Bombs = All over the World

(Half of Total Nucl. Weapons) 90%: Europe, Asia,
( N. America

10%: Africa, Latin Am.,
Oceania

Dead: 1,150 Million
Injured: 1,100 Million

LEMMICEEEIND” &
LTWa, ZO#@mIT, "B
IBROREICRITITEEC
FALT BHE—D HiEE,
SLEBREO—KRTH. T
RHBEESFOME LN
W ENWSERRHDTH
D70

4. (EEEZ BN EOEE
i

N

LG, REIZBT 2R

BHWEbLLLTEEDIT,

BT, mHRICRGHED

ANENILDTRBRT L, EHEBREBDBZVEEDANLZ DR

FRRKEHII<Z20ERI L, ZORMNKD. BERORMN 2 BREZEMICOHTH
SInETro TERN, BEZETM ELOBMELAD N ONERHENTNWD, ZITE. £

DOIED I BIZDODNWTHRREZ LT 5,
1) BEEgE#HEIADO
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#£H (U 227 A0
Fig. 2 Setting of ABCC-RERF Cohort population at. sisk &%

D) BRI BRI
BELT, MEETHHE

Estimating the risk

1945 1950 —— of late effects *&f{i< %Eﬂ EEDH s &
)
E First Census NsooEEHEd (af—
after the war N .
FEMER) NIZEET D
g Cohort for LSS .

Population s‘t‘,ﬂ?ﬁs Survivor: ?Zon?:nl Total il LD &=
Hiroshima 330,000 --» 159,000 -*> 66,000 20,000 86,000 R THBT H2LENH

Nagasaki 250,000 --+ 125,000 — 27,000 7,000 34,000 5. Fig. 2 \3EEE &3
Total 580,000 --+ 284,000 —» 93,000 27,000 120,000 #HEBS (ABCC) &7

D% B D IR 2 BT 5E
fi (RERF) 7i%ma#H& (Life Span Study: LSS) O HM THEHEE IR —FEREL
R ERL TV 5,

TF L2, 20— MIAIEBHEHEEII<BO S FRICETREICXOHEELH
HEENTHEST, bLINSOBEENREHRICHTSEZENGVE THo 2T
W, BICZOaR— MEHRERICHT S ENNIOE0VWENLDZFEND T EITRD
=&, IOAKR— MEKMNSESNLIBEHBRORE) A7 R EFESAEBOSNTNDD
Tl W EDOBEBMNNATL ORI NTE,

BELRILE, Y05 EROREHRNRL THABRBEZIHEOSVWETH N ED
MZEZEIHTLHIETHIMN, SHETITOLNTELZIORICET 2L OWMETIE. 0D
EOBEERHAPTAITIEIE S Tzl A, EEOHEEIT. BARH &R <E
BORIDOEZS, AF—FOREVENTIOLORBEEZECEMN, 2aFR—F2TE5
PO RICRET O ENEFT LW LRI ETHRN. T8, HXEFoIN/TA1
DERBHOERIT, HEERIZREIT—FOREX—EBOENZEL., I TD
ERFEHFOAIDER N2 ENH 5,

2) fE A BT < R R EdROBEEHIE< AOZIBETHE, #HIE<HESE
ADOBABIEBEOHE IC2 AN ESNIALZ S50, #IEICK A REZEETET
51713, B RSBERENALENHEZNSTH L0, LS. REOEHIIEIRBGRO
WX WEH P HNEZmD-, FEVNEEEERB TH-I L, BRLIERDOZEN
BRXTHozZ &, BAOHEIE & GEFROKBEE) MWKIRELOB TIEENS K TH
Sl EOBHEIZESH, ABCC-RERF MEEHEBEICDODWTHEMBML TELMAMH
< BREEEBOZDOEHOEH%E Table 3 IR L7z,

ZAUC LB & YHIELHD S OS2 RNBRIERO BBIRRN S, SADH
WE<HEZHELTWA, 1957 FiIZIZII LD THGRTEREN S IROEEXRZE (TH7D)
AR E I, INEEBIC RN RSB O IR TRV DIz S s E T bz
B LS. EBO#HBEOBARIISHREBEEZHE T 5-D0E 1965 F#&E (T65D)
IR U7z,
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Table 3 Individual Exposure Dose
Hiroshima - Nagasaki

Initial Stage: Distance from hypocenter/

Z D T65D IZHE D= FMN
IR EDY AT, ER
WWHEL< LN TE 0,
1970 £FREE 22> T

Acute radiation symptoms T65D 0S8 AN 5 7 & Fp

o727z, HXAROEMEK
ZERNTX > THmmE &R

1957 : T57D (Tentative 1957 Dose)

1965 : T65D (Tentative 1965 Dose)

v T DM 2 5 BaHi 23 T H N
1986 : DS86 (Dosimetry system 1986) oL 1986 EH B R
\

(DS86) MERETN/Z, Z
DFBEARRICE > THRER
DUYUATEBMMESIND T &IZ/eo7/zhd, DS86 R ET AR INTWW/-RIESICD
WTIEZDE D H KL F TR T S, RENIC 2002 FHEARZ (DS02) HUEA
INBZEIWTED T,

DS02 14, DS86 IZHRTHENK 10%EmL .. WIZEE) X 7138 10% #5252
EWlZl oM, T TIRBIEZ<HBOHEZIZIVNZIZ S DENRONTE2hop &L T
IR E OB EBN Uiz, 2B, LIERTZOIIHHENZEERETH- T, Z0IF
DT AR 2HEE (REKRRESHEOETFALE BRI EIZXL D Hik) 1o T
Hit RS PITONTNAZ EEDITMATEE/2 0,

3) fERE) 2 7 @i AR OME ) A7 @ BWICHEET 21218, #@% 3 E
FOURTENAWENS, #xd) 27 (BARFICEKBELZEHT. ZORTICER
TLTHAIHLERFELEOHEER), Ht DAY GEE BRICHT S, XS BHOERK
BEELZIET) AI0) EFFGUAY (E<EFEPICHITE, TOELKBICERNT S
EIR EDBFEDBNE) THBH, HMD A7 EFHEY A71E. ERidDWEET &L
FBLOMOBEEDREZEXDL, U AV3HI2ERICERNTSTH A D ERCET
MRATLEEZRTEANREETH S,

Fig. 3 13 10 AR THE L /- BLEURHEE O 40 FRICBIT A MRETZE, #HiE<
BEHNDY X3

2002 : DS02 (Dosimetry System 2002)

1CRLTWVD
&fﬁ Tl Fig. 3 RR, AbR (upper) and AtR (lower) of leukemia mortality
B, 3Svy (— by radiation dose, 1950-90 (both sexes and under 10 years)
/\‘)l/ ]\) ul‘.@%& %0 = I':ER ?Ie\t:lovlit?;';sk (%)(;‘Izevzrrf:iggl::;ee)in parenthesis) 56.‘14 Agf
< HF TR 50 [ ;
40
AT 7N 56.14, & 30 [ ;
51 2778 98.2% DL om ewam {2
. b (0.1%)  (0.1%) (0.1%) 0.2%) ;
ERO TR E ar 0 0005 01 02 05  10- 20- 30 SV
HIEFE T & DR 100  AR: Attibutable Risk (%)
DBAEME 8RN T
EZERL TV, Lo
SIS N G A § 60 F
80 ~ -66.7%
#0000 Radiation Dose (Sv) Hiroshima - Nagasaki
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ZERLTBYD, HTFEEMERE2#ET DI EICE> T, BMUEREBFHRHE~OE
I N5,

BbDIZ

FEFACEBRFREHEICHZ->TWSH, I TIRREEICEET SMERDONS
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DTV XTHRVN, TOMOKREROEES, FHHROMILZRELIT, )
AV ZHFMNICKDIEL <FHET 2 XHERD 5N 5.
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6.8 Probability of Cancer Risk in Medical Exposure

— Diagnostic X-rays—

[EIEHEIRIT K DN AFEAEFER DR

SHIMO Michikuni
~ EE
School of Health Sciences, Fujita Health University
HRFER B 2K

HE

BBz Lo THANRETHZ EZL<AENTWS, LiLrL., Zhidh
BROZVWEORABREL DN ZEZETH> T, ULADLTRETHODITTId W, DFED,
HERREBRL NP EEICBIT2RECZHTZII2BTIE, BETLIM LALLM S
BWEWZR D, o, HHBRICEDDVADOREZIHRBFERTH > T, FALLDIIZZLEEDM
SREBLUVZATH, WANRIETEIADNNE, FIELZWADVWEIDOTHD, b3
e BBV ETIE, BEBREHLVZE (BE) MPHANEWMI 2 ZEREREN L
M5 EIRDENT N D,

SHE2 HICHRM LIS, BAOELREMFENSDORBEL T, DAEOEZEEIX A
HAE (15 T E) LHARNT—FEL<, BKEHDOSHEETHSLIE. ELOIEONA
FIED 3.2 % ITEEHIEICHKRT S I ENREHM TN, FEEERHTz. BEHL, <D
BTN —RDOALIL, FBRTHHBICLS2BREEZZTSHE10 0 ADORN 3 ANIFTEIC
25 LB LD TIRRVWEA DD, BEMROL<IT, HWEEOKRE TZIT 2 2E TIdEi
HELBRWEAD L, BETHELTH 3.2 BiIZbrsEFEZTWENWES D,

T, FAAEMECERINAZABTIRNZNEDI WS Z &0, E5 5hhE%
DNTNED, HEDNREEENNESTHEIREL TWLSOTIHaWMAEMDbNEZ &K
b, BMEORICDOWVWT, (1) EmOEERLS TR EDLIIZED NN, (2)
DUDHREZHETHEZDI R (BEVAZEFHEURY) okl (8) BB - &
BOFBKIET — Y 2EATHILOWE LS, (4) PAFETBHEN TENIFEELST
HHO |, LD TOREELITEZRNTH S EWNDEFH (LNT ) ICHERL Tna &,
BREKELTERL, MiXZELHEMTLIEAZHNTT 5.

It has already turned out that radiation has a certain influence on a human body

immediately after discovering radiation by W. K. Roentgen in 1895. The medical
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treatment started just after discovery of radiation, and in the present time the medical
treatment, diagnosis and inspection are greatly used and have become an indispensable
means in the medical field. On the other hand, the injury has already appeared
immediately after discovery of radiation and it has been reported that the doctor who
treated X-rays died by the radiation injury at the beginning of 1900s. Thus, benefits
and risks exist simultaneously as for use of radiation and it can be called the light and
the shadow of radiation.

In this paper, probability of cancer by radiation in use is described in the use in
diagnosis and inspection except medical treatment, attendance, and for the purpose of
medicine research. First, it is shown in Table 1 that there is actually how much
frequency exposed by diagnostic X-ray and inspection in Japan. Now, on 10 February
2004, two famous newspapers in Japan, The Yomiuri -shinbun and The Asahi-shinbun,
reported about the probability of cancer risk in medical exposure by quoting a paper
published in Lancet. The outline of presumption of cancer frequency was as follows.
As the first step, exposure was calculated from statistics of inspection and diagnostic
number of cases. First, the dose of each internal organs (internal organs besides the
purpose) by a certain X ray inspection was presumed. Next, the frequency of the X-ray
Table 1 Medical Table 1 exposure in unit of mSv per examination in Japan

(From “Atomic power” illustration 1997)

Site examined Effective dose

Radiography

Head 0.05

Chest 0.06

Stomach 2.7

Abdomen 3.0
Tomography

Head 0.5

Chest 6.9

Upper Abdomen Male 3.7 Female 3.8
Mass health screening

Chest 0.05

Stomach 0.60

Lower Abdomen Male 3.6 Female 7.1 |

inspection in a certain age was estimated, and the annual dose of the age was computed

based on it. Furthermore, similarly, the dose of all X-ray inspection was investigated
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and those sums were taken. Finally, the total dose (virtual accumulation dose) of the
whole life until it dies from 0 years old was calculated. As the second step, the
accumulation cancer risk is called for using the "risk coefficient" obtained from the
investigation of atomic bomb victims. It is assumed in that case that the cancer and
the dose have the relation of direct proportion. Moreover, it was assumed that the
influence by single exposure by A-bomb was equal to the influence by accumulation
exposure by inspection whose quantity was far smaller than from the A-bomb. In the
third step, the rate of the cancer considered to originate in radiation was calculated.
The investigated country was 15 nations of the UK, Japan, the USA., European
countries, Australia, Canada, and Kuwait. These countries had not had complete set
of data of all, and the portion for which data was insufficient was presumed using the
data of other country.

The result is shown in Table 2. In the analyzed 15 countries, the number of cases
of annual X-ray inspection and diagnosis of Japan was almost 1500 times per 1000
persons. It was consequently evaluated that cancer based on diagnostic X-ray was
equivalent to 3.2% of all cancers and the estimation was maximum among 15 countries.
The countries with much number of cases to the next of Japan were Croatia and

Table 2 Frequency of diagnostic X-rays per 1000 populations and percentage of

cumulative cancer risk to age 75 years attributable to diagnostic X-rays for 15 countries

(From Berrington, A. and Darby, S)

Annual Attributable Annual Attributable

Country X-rays risk (%) Country X-rays risk (%)
Australia 565 1.3 Netherlands 600 0.7
Canada 892 1.1 Norway 708 1.2
Croatia 903 1.8 Poland 641 0.6
Czech Republic 883 1.1 Sweden 568 0.9
Finland 704 0.7 Switzerlandi 750 1.0
Germany 1254 1.5 UK 489 0.6
Japan 1477 3.2 USA 962 0.9
Kuwait 896 0.7

Germany in the X-ray inspection and diagnosis. In Germany, the number of cases of
annual X-ray inspection and diagnosis per 1000 persons was 1250 affairs, and in spite of
being fewer than our country about 250 affairs, cancer occurrence probability was the
half of Japan. The number of annual X-ray inspection and diagnosis of the UK per

1000 persons was 500 affairs and this was the lowest in 15 nations. Thus, the annual
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number of cases and annual cancer occurrence probability of X-ray inspection and
diagnosis per 1000 persons do not necessarily become fair relation ship. It was
thought that the complement (presumption) in the defect of the data of each country
and calculation had influenced greatly as this reason.

The authors describe their opinions about the paper. First, it is necessary to
notice that this paper about the collective cancer risk was presumed by probability
theory based on the statistics data of X-ray inspection, and that an individual cancer
risk was not presumed. Moreover, cancer cannot actually occur hardly with a quantity
of this amount, and a cancer risk was not reasoned based on the survey of the cancer
itself. In the process of reasoning, being calculated under assumption described in the
2nd step disregards the question over assumption that the linear-non-threshold (LLNT)
hypothesis, and the influence from accumulated dose being equal to that from extensive
dose exposed at once. Then, that is not right if it says whether the paper is not only
valuable but also useful. It can see as follows from the position of radiation
management. That is, the circumstance of radiation risk by X-ray diagnosis became
clear by using cancer risk as one hazardous index which was systematically compared
between the exposed data obtained in each country. It can also be compared with other
factors about the cancer risk. In the radiation protection, furthermore, the radiation
management is performed from the position standing at a safe side in case where it does
not understand well or in case it is doubtful. The figure is therefore able to use for a
setting concrete target in order to reasonably mitigate exposure at diagnostic X-ray and

inspection.
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