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Abstract
In November 1992 a Vietnamese research physicist was working with a microtron

accelerator when he received a radiation overexposure that required the subsequent
amputation of his right hand. A team from the International Atomic Energy Agency visited
Hanoi in March 1993 to carry out an investigation. It was concluded that the accident
occurred primarily due to a lack of safety systems although the lack of both written
procedures and training in basic radiation safety were also major contributors.

1. Introduction
The microtron accelerator, model MT-17, is a prototype design that was donated to the

Institute of Nuclear Physics, Hanoi, by the Soviet Union in 1982. The accelerator, which is
capable of producing either photon or neutron radiation, is housed in a dedicated shielded
room with a maze entrance. The walls of the room are reported as being 1.4 m thick concrete
of unknown density. Access into the room is through a hinged steel door (approximately 2
mm thick). Inside the room, the tungsten target is surrounded by localised shielding
consisting of an open topped wooden box lined with lead and paraffin wax. The accelerator
control console is situated in a separate room that is located some distance from the maze
entrance, along a meandering corridor.

In the normal course of events one of the researchers would manually position the
sample for irradiation in front of the target and then report to the control room, from where the
machine would be energised by the operators. The irradiation time is determined empirically
as there are no facilities for monitoring the dose to the sample during the exposure. After
irradiation the machine would be stopped and the sample manually removed and analysed by
gamma spectroscopy or other appropriate methods.

2. Radiation safety at the institute
Prior to the accident, radiation safety had not been formally addressed, no radiation

protection officer had been appointed and there were no local rules. The scientists were
mainly experienced post doctoral researchers but they had received no formal training in
radiological protection. Routine radiation monitoring was not carried out. The total inventory
of portable radiation monitoring equipment was two quartz fibre electrometers and one end-
windowed geiger tube with a rate meter scaled in counts-per-second (cps). A fixed position
geiger tube was also installed in the maze entrance, and this was connected to a rate meter
(also in cps) in the control room. None of the equipment had been calibrated or tested. There
were no safety devices inside the accelerator room to warn persons of the accelerator status,
nor was there a search-and-lock-up system or any door interlocks. Prior to switching on the
machine, the operators relied on word of mouth that the room was clear of personnel. The
only parts of the safety system that were operational were two warning lights that were
illuminated when the electron beam current was switched on. One of the lights was situated
outside the maze entrance and the other in the corridor leading to the control room. At the
time of the investigation the broken remains of a siren and warning light were visible inside
the accelerator room. It was reported that although regular preventative maintenance was
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carried out on the accelerator there were no similar provisions for the associated safety
systems.

To place this accident in context, it has to be realised that the use of radiation in
Vietnam is controlled by the 1988 Safety Regulations for Ionising Radiations. However, at
the time of the accident these regulations were not being enforced because the national
competent authority, the Vietnam National Atomic Energy Commission (VINATOM), had no
suitably trained inspectors

3. The accident
At the time of the accident the research group was carrying out a series of activation

experiments that required samples of gold ore to be irradiated with high energy X-radiation.
After positioning the sample close to the tungsten target the physicist and his assistant left the
accelerator room and walked towards the control room. When they were halfway there the
physicist asked his assistant to get him some soap and he turned around as if he was heading
towards the sink in the courtyard to wash his hands. On the way to collect the soap the
assistant had to pass close to the control room and told the operators that the machine could be
switched on.

In the meantime the physicist decided that he was not satisfied with the positioning of
the sample so he re-entered the accelerator room and used some wax blocks to adjust its
position. Whilst doing this his hands would have been a few centimetres from the X-ray
target. He was not aware of the accelerator being energised because the distinctive buzzing
noise of the magnetron could not be heard above the high ambient sound levels in the room.

After collecting the soap the assistant proceeded to the courtyard where she expected
to see the physicist. Being unable to find him she rushed to the control room to stop the
accelerator, which had been operating at 15 MeV, 6 \xA for an estimated 2-4 minutes.

The physicist was eventually found in the maze entrance and was informed that the
accelerator had been switched on, possibly whilst he had been in the room. He thought that his
hands may have become activated if they had been irradiated so he went to the measurement
room where they were checked on the gamma spectrometer. Within 30 seconds a well
defined peak at 511 keV was apparent, presumably from activation products in the tissue and
bone of his hands, but the extent of his exposure was not appreciated

4. After the accident
During the evening of the accident the physicist remembers that his hands began to

feel 'strange', but as he had rheumatoid arthritis he did not link this with the incident earlier in
the day. Over the next few days he worked as normal. Ten days after the accident he reported
to the medical centre at the Institute for his annual medical and the palms of both hands
showed signs of dry desquamation and his blood pressure was slightly higher than normal.
The physicist told the doctor that the problem with his hands may be due to radiation
exposure, but the doctor thought that he had a vitamin deficiency and recommended that he
saw a dermatologist. The next day the physicist's hands were beginning to swell and he went
to the general hospital in Hanoi. The accident with the accelerator was mentioned, but at this
stage it was not confirmed as being the cause of his injuries and he returned home. Over the
next two weeks his hands showed signs of increasing erythema and pronounced oedema. On
day 24 he approached a specialised burns hospital and was admitted immediately.

The competent authorities were informed of the accident and in March 1993 they
requested assistance from IAEA. A doctor from the IAEA's Division of Nuclear Safety
investigated the medical consequences of the accident and the author investigated the
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radiological protection aspects. In April, the patient was transferred to a hospital in Paris
which has experience of treating radiation overexposures. In July 1993 the physicist was
suffering an increasing level of pain and the doctors decided to amputate his right hand at the
wrist.

5. Accident investigation
After interviewing the physicist and all relevant staff at the Institute, and inspecting

the accelerator facilities the author concluded that the accident occurred due to a complete
lack of safety systems, a lack of training in radiation safety and a break down in
communications. To attempt to assess the radiation dose to the physicist's hands and body,
measurements were made in the main radiation beam and at the position where he had been
leaning over the x-ray target. It was established that immediately above the sample chamber
the radiation levels changed rapidly with distance, and where the physicist had been standing
they varied from 10 mGy min"1 up to 1.4 Gy min"1. Dose rates in the main beam were
estimated as being as high as 1000 Gy min"1 at a distance of 5 cm from the target. Neutron
radiation levels were not measured owing to the unavailability of suitable monitoring
equipment.

Where such high dose rates and steep dose gradients are concerned exact details of the
accident are crucial if the measurements are to be used to accurately assess doses. The
physicist was unable to provide these and the stage at which the accelerator was switched on
is not known. It was therefore concluded that the dose to the physicist could not be estimated
from the measurements, and other forms of dose assessment had to be considered. It was
established that the physicist was wearing a long sleeved cotton shirt at the time of the
accident. This shirt along with part of a finger bone that had been amputated were sent to the
Institute of Biophysics, Moscow for analysis by electron spin resonance (ESR). The French
authorities were also able to carry out an assessment of whole body exposure by chromosome
aberration analysis.

ESR dosimetry on the bone samples gave an estimated average dose of 45 ± 11 Gy to
the 3rd right finger. Similar analysis of the physicists shirt gave doses of 30 ± 10 Gy and 20 ±
6 Gy respectively to the front and back of the right cuff, and 8 ± 3 Gy to the left cuff of his
shirt. The results of the chromosome aberration analysis indicated a dose of 1.5 Gy to the
upper body.

During the investigation it was also possible to estimate general occupational doses by
carrying out a radiation survey outside the accelerator room. With the machine operating at
15 MeV, 3 p.A, dose rates of up to 200 \xSv h"1 were measured outside the accelerator room
door, and 25 \iSv h"1 in the control room. Although these levels were unacceptably high, and
would have been proportionally higher at higher beam currents, it was considered unlikely
that occupational dose limits had been exceeded when occupancy factors and equipment
usage were taken into consideration.
A full report1 of the accident has been published by IAEA.

6. Remedial action
Soon after the accident the Institute fitted a magnetic interlock to the accelerator room

door and reinstated a manually operated pre-warning system. The Institute has also
implemented the following additional actions subsequent to the accident investigation:-

a) A radiation detector has been installed to sound an alarm and illuminate a flashing
light if radiation is present above ambient background levels.
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b) A video camera with TV monitor system has been installed. The camera is inside the
accelerator room and the TV monitor is next to the control console.

c) Additional local shielding has been provided around the tungsten and uranium targets.

d) Lead shielding has been attached to the corridor walls between the accelerator room
and the control room.

e) Warning notices are displayed outside the accelerator room.

f) Two portable dose rate monitors are available.

g) Procedures for radiation safety have been issued.

h) Radiation protection officers have been appointed.
It is understood that training in radiation safety has not yet been provided.

7. Conclusion
Accident investigation reports such as that undertaken by IAEA provide valuable

feedback that can be used in training both for new staff, and for updating and reminding
existing staff of the safety measures needed to prevent accidents and how to deal with those
that do occur. This accident investigation revealed little that is new, but underlined the need
for a systematic approach to protection that considers engineering controls, operating rules
and training.
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