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ABSTRACT-

On December 21, 2001, at a hospital in Tokyo, an engineer setting a medical-linac was
over-exposed by the equipment due to lack of communication between workers. The
exposed dose was initially reported as 1000 mSv (I Sv), but later revised to 200 mSv at
most. The outline of the accident and the statistical data on radiation exposure accidents
in Japan and the world are briefly overlooked.

1 OUTLINE OF THE ACCIDENT [11

1.1 Situation
The National Okura Hospital set a medical-linac for X-ray radio-therapy of cancer in a
"linac-CT" room of a newly built building. Toshiba Medical Systems Co. (hereafter
TMS) and its subcontractor were installing the equipment. An employee, at the age of 34,
of the subcontractor was working in the space (controlled area) above the ceiling of the
linac-CT room to set the controlling system. This employee is not assigned to work with
radiation, and did not have a personal monitor with him.
The apparatus being installed is not opened to date, but the typical speculation of linacs
and X-rays irradiators that TMS deals are as listed in Table .

Table 1. Typical speculation of medical accelerators.
X-ray EnerRy EB Energy

Low High
4MV
6MV
4MV 3-7 MeV
6MV 5-12 MeV
6MV 10 MV 5-14 MeV
4 MV 10 MV 5-15 MeV
6 MV 10 MV 6-21 MeV
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1.2 Radiation Accident
Two employees of TMS, both assigned to a radiation worker, turned on the equipment for
a test. The linac directed X-ray for some minutes. The distance to the engineer above
the ceiling was about 3 meters. The exposed man came down from the ceiling, and the
two TMS workers realized what had happened, then altered the authorities (Ministry of
Education, Culture, Sports, Science and Technology, MEXT).

13 Dose Estimation
TMS iadiated X-ray placing a dosimeter in the room, and the exposed dose was
estimated to I Sv. The detail of trace iradiation, including the dosimeter used, is not
opened. However, the man was exposed at the edge where the X-ray diffused, and the real
dose can be lower than 1 Sv. Detailed dose evaluation is now underway at the National
Institute of Radiological Sciences (NIRS) in Chiba.
About a month later, as his lymph vessels, white blood vessels, etc., shows no
abnormality, the dose was presumed to be less than 200 mSv, which is assumed the lower
limit to observe a radiation induced clinical symptom.

1.4 Hospitalization
The exposed man was initially hospitalized in Toshiba Hospital in Shinagawa ward. He
was then sent to the NIRS to undergo more tests, and had not show acute radiation
symptom such as nausea and doing well. At the time of hospitalization, MEXT did not
believe that the situation is life-threatening while a drop in white blood cell count would
appear in about 3 weeks (but it does not seem to appear as mentioned in the previous
section, probably due to the actual lower dose).
The man has not shown any radiation symptom, and was discharged from the hospital on
January 15, 2002.

1.5 Cause
Investigation has revealed that the exposed employee and the two TMS employees visited
the linac-CT room separately on the morning, and they did not inform each other of the
contents and schedule of their work. According to the TMS official, it seems that though
the TMS employee(s) called to evacuate from the room, the noise from the equipment
might have prevented. It is a kind of a human error lacking of communication and
confirmation.

1.6 Exposed Dose and Dose Limits
As the exposed dose was initially reported as 1000 mSv based on TMS's trace experiment,
though it was revised less than 200 mSv based on clinical observation of the exposed man,
the news was astonishing to the public. Japanese law, the law concerning to prevention of
radiation hazards due to radioisotopes, requires that the exposed dose for a radiation
worker must be lower than 100 rnSv for any consecutive years and 50 rnSv for any 
year. In the case of a public, the dose must be less than 1m Sv. As the worker was not a
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radiation worker, he is a public. Therefore his dose limit should be mSv per year but the
dose was estimated to 200 times higher at most and widely alleged to be 1000 times
higher just after the accident.

Japan experienced a criticality accident in September 1999 at Tokai-mura, and
three workers of a uranium processing company were severely exposed 16-20 613, and
1-4.5 GyEq, respectively) and two of them died. This criticality accident is the accident of
the highest dose in Japan's nuclear history, and frequently cited on media with the current
over-exposure accident by a radiation generator.

As an exposure accident by radioisotopes, Japan experienced a severe exposure
accident in September 1971 at Chiba. It was misuse of Ir-192 gamma source for non-
destructive testing at a shipyard. Five men were exposed and the highest of which is 12
Sv, losing his fingers after 22 years. Table 2 lists dose in these exposure accidents and
dose limits in Japan.

Table 2 Dose in this and past exposure accidents and Dose limits in Japan
Dose or Dose limit Remarks
16-20 GyEq U processing facility criticality accident (1999)-worker A
6-10 GyEq U processing facility criticality accident (1999)-worker B
I 45 GyEq U processing facility criticality accident (1999)-worker C
1.2 Sv Ir-192 radiological testing source misuse 1971)
1 Sv THIS ACCIDENT (2001)(initial)

200 mSv THIS ACCIDENT (2001)(revised)
100 mSv Five-year dose limit for a radiation worker
50 mSv Annual dose limit for a radiation worker
1 mSv Annual dose limit for a public

2. STATISTICAL DATA ON RADIATION USE AND INCIDENTS IN JAPAN

2.1 Dose of Radiation Workers in Japan 2]
Table 3 lists the dose for radiation worker in Japan in fiscal year 1999. Dose to about
150,000 workers in total are generally well controlled below the dose limit of 50 mSv,
keeping the most of them less than mSv, except one case. The case is for a medical
doctor who works in radiology department of a hospital, engaging in angiography for X-
rays treatment; he was cumulatively exposed and the dose through the year exceeded 0
mSv. Though the doses of radiation workers are well controlled, relatively higher dose
cases are observed for Hospitals and Clinics, and Industrial Firms.
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Table 3 Dose for radiation wo r in Japan fo fiscal ear1999 21.
Dose in mSv :5 5 5-15 15-20 20-25 25-50 50 < Total

USERS Education 43592 4 0 0 0 0 43596
al
Research 48778 26. 0 0 0 0 48804
Hospitals 22879 194 15 4 4 1 23097
Industrial 26683 271 43 1 0 0 26998
Others 1961 24 0 0 0 0 1985

DEALERS 1468 75 1 0 0 0 1544
WASTE 1235 0 0 0 1215
DISPOSERS
LESSORS 2 0 0 0 0 0 2
TOTAL 14659 594 59 5 4 1 14726

8 1 -- I 1

Table 4 The number of radiation users and generators in Japan as of March 2001 3].

Users Generators*
Total G* Total C S L B I V CW T M P

Total 4837 823 1144 68 29 850 13 4 84 23 33 1
3

Hospitals 793 654 787 31 2 724 5 - - - 25
Clinics
Educational 485 36 60 - 3 13 - 1 25 1 2
Organizations 6

Research 713 60 152 15 18 44 1 2 29 17 2 1
Institutions 5

Industrial 1927 66 136 21 6 64 7 1 28 5 4
Firms I
Others 919 71 91 11 -1 51 - I 11 21 - I - I I

*G: Generators, C: Cyclotrons, S: Synchrotrons, L: Linear Accelerators, B: Betatrons,
V: Van de Graaff Accelerators, CW: Cockcroft-Walton type Accelerators, T: Trans-
former-type Accelerators, M: Microtrons, P: Plasma Generators

21 The Number of Radiation Users and Radiation Generators in Japan 31
Table 4 lists the number of radiation users and radiation generators in Japan as of March
2001. There exist almost 5000 radiation users (including unsealed and sealed
radioisotopes, and radiation generators), 823 users and 144 units of radiation generators.
Among the categories hospitals and clinics are the biggest users in the number of
radiation generators, reaching 70 of the total units. With respect to generator type,
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radiation generators, reaching 70 of the total units. With respect to generator type,
linacs occupy nearly 80 of the total. Most of the accelerators used in Hospitals and
clinics are linacs. Research institution and industrial firms follow hospitals and clinics in
the number of generators. Linac is again most widely used, and Van de Graaff and Cock-
croft Walton type accelerators are secondly widely used.

23 Radiation Incidents in Japan 2 4]
Table list the number of incidents reported to the authorities through the fiscal year of
1958-2000, since the enforcement of the regulation. The total number of reported
incidents amounts to 131 cases. Loss, exposure, and contamination occupying over 80%
of the total incidents and are major three causes of radiation accidents. In recent years, the
orphan sources, unreported usage of radioisotopes etc., are often revealed. The exposure
accidents happened every year during 1970s, but after 80s, it happens almost once in five
years reaching 29 cases in total. Especially, exposure accidents by radiation generations
happened only times, moreover, most of them were before mid-70s. It is indicative
statistically, that radiation generators have potential safety than radioisotopes.
Simultaneously, it must be pointed out that the most recent case and the current exposure
occurred in sequential two years after twenty-five years having no accident. The outline
of the five cases is briefly reviewed in the next section.

2A Outline of Exposure Accidents by Radiation Generators in Japan 4]
(1) In 1959, at a public research institute in TOKYO, an employee was exposed by a

Linac while a test-operation as the interlock was turned off.
(2) In 1966, at a prefecture research institute in OSAKA, an employee was exposed by a

Van de Graaff during irradiation.
(3) In 1974, at a national research institute in CHIBA, an employee was exposed to proton

beams from a Cyclotron due to leakage at the beam shutter.
(4) In 1974, at a research institute of a national university in MIYAGI 6 researchers were

exposed by a Linac as the interlock was out of order.
(5) In 2000, at an electronics industry in CHIBA, 3 workers were exposed by X-ray from

a non-destructive tester as they turned off the safety system for high efficiency.
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Table 5. he number of radiation incident in Japan through the fiscal year of 1958-2000.

FY 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79
E* 2 1 1 1 4 2 1 3 1 1 1 1 1

by GO 2
C* 1 2 1 1

L* 1 1 1 3 2 1 1 2 1 2 2 4 2 1 1 2 2
U*

Others 3 1

Total 4 1 5 5 4

80 81 82 83 84 85 86 87 88 1 89 90 91 92 93 94 95 96 97 98 99 00 Total
1 1 1 1 2 3 29

1 1 1 2 6
3 1 1 1 1 1 3 21

2 2 3 1 2 2 3 3 4 1 1 1 1 3 2 61
1 4 5 11

I I 91
2 2 2 2 4 3 1 3 1 5 2 I I I I 0 2 5 1 7 11 131

E: Exposure, by G: by Radiation Generator, C: Contamination and Discharge,
L: Loss and Theft, U: Unreported sources

3. STATISTICAL DATA ON RADIATION ACCIDENTS IN THE WORLD

3.1 Radiation Accidents by Radiation Generators in the World [51
Table 6 lists major radiation accidents by radiation generators in the world during 945-
2000 according to LAEA [5], showing 27 cases in total. Because the definitions of a
radiation incident in Japan and a radiation accident for IAEA are different, the radiation
incident 14 in Japan 2.4) are not involved in Table 6 IAEA lists 105 radiation accidents
by radioisotopes and 23 accidents by reactors. Table 7 lists radiation accidents by period
and country, and Table lists radiation accidents by period and source (radiation
generator type), respectively. These tables indicate the following trends. The radiation
accidents are generally decreasing in number, but spreading worldwide and die hard.
Namely, in 1960s USA, European countries, and former Soviet Union are the place of
radiation accidents, but recently Asian countries also experience radiation accidents.
Accidents by X-rays and EB die hard, while spectrometers, diffractometers, etc., have
accidents only in early days.
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Table 6 Radiation Accidents b Generators in the World.
Year Country Source Year Country Source
1960 USA Electron beam 1977 USSR Proton accelerator
1960 USA X-rays 1978 USSR Electron accelerator
1961 UK 1980 GDR X-rays
1963 France Electron beam 1980 FRG Radiography unit
1965 USA Electron accelerator 1984 Peru X-ray
1965 USA Diffractometer 1985 China Electron accelerator
1965 USA Spectrometer 1985/ USA Electron accelerator

86
1967 USA Van de Graaff 1990 Spain Radiotherapy

accelerator accelerator
1967 USSR X-rays medical 1991 USA Electron accelerator

diagnosis facility
1970 Australia X-rays 1992 Viet Nam Electron accelerator
1970 USA Spectrometer 1995 China Electron accelerator
1974 USA Spectrometer 1995 China Electron accelerator
1975 FRG X-ray 1 2000 Japan X-ray non-destructive
1975 FRG X-ray I tester

Table 7 Radiation Accidents in the rld by Period and Cou
Period USA UK FRA USR AUS GER PE C E VIE JPN Total

R H S
N P

-69 6 1 1 1 9
70-79 2 2 1 2 7
80-89 1 2 1 1 1 1 5
90-99 1 2 1 1 5
00- 1 1
Total 10 1- 1 4 3 1 1 1 27

Table 8. Radiation Accidents in the World by period and Source (G erator type)
Period X- EB Van Proton Spectro- Diffracto Radiography Total

rays de Accelerator meter -meter unit
Graaff

-69 3 3 1 I 1 9
70-79 3 1 1 2 1 7
80-89 2 2 5
90-99 5 5
00- 1 1
Total 9 I1f__ 1 1 3 1 1 27
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3.2 Outline of Recent Exposure Accidents by Accelerators in the World 4]
(1) In 1995, at a hospital in Beijing, China, 2 patients were exposed by medical treatment

with a Linac.
(2) In 1995, at a cable works in Tianjin, China, 2 maintain workers were exposed by an

electron accelerator during a test-operation.
(3) In 1992, at a national research institute in Hanoi, Viet Nam, an experimenter was

exposed by a Microtron due to a failure of the interlock system and mal-control.
(4) In 1991, at an industrial facility in Maryland, USA, an operator was exposed by a

Dynamitron due to dark current.
(5) In 1990, at a hospital in Zaragoza, Spain, 27 patients were exposed by a Linac due to a

circuit-failure of and mal-repair by a service engineer, and 1 1 died.

4. ANALYSIS OF RADIATION ACCIDENTS BY RADIATION GENERATORS
IN JAPAN AND THE WORLD
It is widely accepted that a radiation generator is potentially safer than radioisotopes,
because a generator can be turned off immediately in case of need, whereas radioisotopes
emits radiation continuously. Advantage in safety of radiation generators to radioisotopes
is statistically shown. Radiation accidents by radiation generators are mostly experienced
in early days of 1960s and 1970s. In most cases, the accidents happened while the safety
system was intentionally off, or out of order. The reason why the safety system was off is
typically during a test-operation, or for high efficiency. On the other hand, there are many
accidents by generators such that happened due to a mistake in operation or repair. Lack
of communication, knowledge, technical skill etc., is likely to underlie behind them.
Cultivation of good team work, safety culture and technical ethics are essentially
important, as well as technical aspects such as the adoption of interlock system,
improvement in technical ability of each worker, and technical transfer from maker to
user, between countries, and between generations.

5 CONCLUSION
An over-exposure accident in Japan December 2001 was reported. The points are, (1) the
situation is a medical-linac in a hospital, 2) the dose is 20 mSv at most (initially reported
as Sv) to a non-radiation worker, and 3) the cause is lack of communication. This
accident can be a bitter but important experience, but the author hopes that it can not be
an obstacle nor hesitant for potential users of low energy electron accelerators. Statistical
data on radiation users and accidents in Japan and the world was reviewed. The outlines
of past radiation accidents are introduced.
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