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Abstract

AVOIDING RADIOACTIVE ACCIDENTS ESf ISRAEL 1996-1997: A SUMMARY OF INCIDENTS.
In Israel there is a great awareness for the need to avoid radioactive accidents. This

awareness became greater after the radiological accident in Soreq in 1990. Some of the
recommendations of the IAEA committee which investigated this accident were aimed at the
competent authorities. The main recommendation was to improve inspection and procedures [1]. The
Radiation Safety Division of The Ministry of the Environment is the authority competent to issue a
license to applicants seeking to work with radioactive materials in Israel. The notification,
justification, registration and 'as low as reasonably achievable' (ALARA) principles are important
requirements to obtain such a license. One of the conditions of the license is that an authorized
Radiation Safety Officer (RSO) be in charge of all radiation safety aspects and procedures in the
applicant's facilities. Several incidents occurred between 1 January 1996 and 30 June 1997; they
would not have, if the users had operated within the law. Some might have ended with serious
consequences had the RSO not made the right judgement. The information on these incidents was
communicated to the Radiation Safety Division by the RSOs or by other individuals concerned about
safety.

1. INTRODUCTION

The Radiation Safety Division (RSD) of the Ministry of the Environment is
responsible for the protection of the Israeli public and environment against the hazards of
radiation. This Division has the authority to issue licenses to applicants seeking to use
radioactive materials or instrumentation. The Radiation Safety Division applies national and
international regulations and maintains safety by enforcing these regulations. During the
period from January 1996 to the end of June 1997, certain incidents were investigated by the
Chief National Radiation Safety Officer (CNRSO) of the Division.

2. DESCRIPTION OF THE INCIDENTS

2.1. Incident A: Tritium, 1.11 GBq (30 mCi)

A. The mother of a student in a vocational school complained to the CNRSO that her
son had been exposed to tritium gas. The family had recently immigrated to Israel from the
Commonwealth of Independent States and was greatly aware of the hazards of radioactivity.
Our investigation revealed that:

B. The son was attending a special programme where young students learn how to
overhaul instruments. Some of those instruments were compasses which incorporate tritium
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sources to produce light. The son had said that he had broken two tubes on different
occasions.

C. The maximum activity in a single tube was 1.11 Gbq (30 mCi). In Annex 1 we
present calculations to show that the exposure to the students and the public was negligible.

D. The school did not have the license required for this practise. The justification,
notification and registration rules were violated.

E. There was no Radiation Safety Officer (RSO) in the school. The mother acted as
the RSO by notifying the competent authority.

F. STEPS TAKEN: In accordance with the CNRSO's request and the ALARA
principle, the school stopped using radioactive materials. One compass is kept to demonstrate
the effect of 'Betalight'.

2.2. Incident B: Am/Be 3.7 Gbq (100 mCi)

A. CNRSO planned a routine inspection at an agricultural experiments laboratory
situated in the Jordan valley. The RSO decided to be prepared for that visit and to check the
soil humidity gauge which incorporates a 3.7 Gbq (100 mCi) Am/Be source.

B. Several weeks had passed since the instrument had last been used. When the RSO
opened the casing he noticed that a certain amount of paraffin had spilled out of the gauge. In
Annex 2 it is shown that there was no danger to him nor to the public.

C. The license of the laboratory was for one gauge, meaning one source, but in
actuality we found two. The second source (the one which was damaged) belonged to another
laboratory. According to the conditions of the license, the 'donor' was required to check
whether the 'user' had the appropriate license and facilities for using two sources.

D. The rules of notification, justification and registration were violated by both
parties.

E. STEPS TAKEN: Since the project requiring soil humidity measurements was
coming to an end and in keeping with the ALARA principle, we and the user decided to stop
activities involving radioactivity and the sources were evacuated. A complete radioactive
source survey was undertaken at the facilities of the 'donor' in order to verify that no other
sources were travelling around the country. A warning was issued to not repeat this violation
of the regulations.

23. Incident C: "Mo 7.4 Gbq (200 mCi)

A. A car used for the transport and supply of radioactive materials was parked by the
driver's home for the night while containing three generators of "Mo. Unfortunately it was
stolen and never found again.

B. One generator was three weeks old, the second two weeks old and the third only
one week old. All of them had been returned by a customer who had received new units.

C. The risk assessment in Annex 3 shows that the hazard for the public and the
environment was negligible.

D. The Radiation Safety Division was notified immediately by the RSO of the
institute.

E. STEPS TAKEN: The regulations of the Institute in question were updated as
follows:

1) Cars used to transport radioactive materials should be parked only at the
Institute's parking area, even when they are not transporting radioactive materials.
2) Generator aged less than two weeks should not be returned.
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2.4. Incident D:137 Cs 0.74MBq (20u€i)

A. A producer of radiation monitoring instruments had to inspect its products in a
quality assurance laboratory. In order to verify real readouts, the instruments were
accompanied with some small calibration sources; one of them being 137Cs with an activity of
0.74 MBq. This source was lost.

B. The quality assurance laboratory in question was very large, and one of its
departments held a license from the Radiation Safety Division. An RSO was also on the staff
of this department, but he was not notified that work involving radioactivity would be
conducted in another department.

C. In the department where the tests were done, nobody had any background on
radioactivity or knew that it was necessary to report this type of work.

D. The customer, who was very aware of the regulations on radioactive materials, did
not train his counterparts in the laboratory or warn the staff about the nature of the work they
were about to undertake.

E. STEPS TAKEN: The hazards were minimal, but the steps of notification and
registration were not taken. We took the steps of providing training, improving regulations
and warning procedures.

2.5. Incident E: "'Co 0.37GBq (9.5 mCi)

A. Early in the morning, hot molten steel was accidentally poured on the housing of a
60Co height gauge instead to the container used for this purpose.

B. The shift manager immediately called the RSO, who was still at her home. She
gave instructions to stop work and requested that workers and other staff remain at a safe
distance from the source. She reported the incident to one of the largest private laboratories
working with radioactivity in Israel.

C. The inspector of that laboratory arrived close to one and a half hours after the
announcement and monitored the area. The results of the monitoring are presented in Annex
5. Neither the workers nor the public were exposed to any danger.

D. Generally, the actions taken were correct. The CNRSO of the Ministry of the
Environment should also have been notified. The inspector should have been at the site more
promptly.

E. STEPS TAKEN:
1) The gauge was dismantled and later transferred to a radioactive waste disposal site.
2) Regulations were changed so that the CNRSO would be notified first.

2.6. Incident F: Radiography

A. Background: the RSD is kept informed daily by all companies carrying out
radiographic activities at their installations about the location, the time of day and duration,
and the activity of the sources involved in their tasks. This is one of the requirements to
obtain a license.

B. The RSD was informed that a worker in an industrial plant was in hospital with a
red eruption on his skin and strong feeling of nausea. The worker complained that this was
due to radiographic filming the preceding night (!).

C. A rapid verification in the logbook of the RSD indicated that such activity had
been planned for later that night only, when the worker was expected to be at home. We
checked with the radiography company and safety authorities at the plant and confirmed that
no radiographic work had been conducted during the shift of the worker.
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D. During our investigation we found that radiographic work had been conducted in
the adjoining plant during the worker's shift, but too far to cause any possible effect on the
worker. This radiographic work was done by a different company which had violated the
requirement of informing the RSD before undertaking any radiographic filming.

E. In the meantime, the doctors at the hospital informed us that the worker had
pneumonia.

F. STEPS TAKEN: Since the condition of notification was violated, the license of the
radiographic company was suspended until its manager explained his behaviour and proved
that he had taken the actions necessary to avoid such incidents in the future.

ANNEXES

ANNEX 1 [2]

A. While overhauling a compass, the student broke one tube of 1.11 Gbq (30 mCi) of
3H. The gas escaped to the atmosphere of the class. The student and his friends were exposed
to the gas for 45 minutes, the usual duration of a lesson.

B. Assuming that the gas spread uniformly in the room ( 3 x 5 x 1 0 = 150 m3) and that
the concentration stayed the same, then the maximum concentration was 7.4 x MBq/m3. DAC
of 3H (gas) was 2 x 1010 Bq/m3 (Table I) and for the public we took 2% of it or 4 x 108Bq/m3.
Then the maximum concentration was only some 2% of the allowed limit.

C. To be on the safe side, we calculated the real dose the students were exposed to.
Assuming that the gas spread uniformly in the room ( 3 x 5 x 1 0 = 150 m3) and that the
concentration stayed the same, then the gas concentration for one m3 was 7.4 MBq/m3. Since
the dose rate to the lungs from exposure to pure 3H gas of concentrate of 37 MBq/m3 was 0.5
fj.Sv/h (0.05 mr/h), then for 45 minutes the exposure was 0.075 uSv:

7.4 MBq/m3 x 0.5 uSv/h * (3/4h)/37 MBq/m3 = 0.075 u-Sv (1)

D. The main risk was not from the gas but from the quantity of tritiated water —
HTO — that can usually be found in such a tube. As a severe risk assessment, we assumed
that 2% of the overall activity was of HTO. In such a case, the maximum activity of HTO in
one tube would have been 2.22 x 105 Bq, which was very much below the annual limit of
intake (ALI) of HTO — 3 x 109 Bq (Table I). This result was good even for 2% of this
quantity, as a limit for the public.

E. The concentration of HTO in one m3 of air could have been: 7.4 MBq x 2% = 0.15
MBq/m3 maximum. This concentration was about 1% of the maximum allowed to the public,
if we took 2% of the DAC — 8 x 105 Bq/m3 (Table I).

F. A normal man breathes 20 L/min or 1.2 m3/h. Therefore the maximum activity of
HTO absorbed in the lungs for 45 minutes of a lesson was :

0.15 MBq/m3 x 1.2 m3/h x (3/4h) = 0.135 MBq (2)

G. The dose absorbed to the lungs from 37 MBq 3H as HTO is 0.66 JJ.SV. The DAC
(Table I) considered that in addition to any dose of 3H absorbed by the lungs, the same dose
was absorbed by the skin. So we had 2.4 x io~3 ̂ Sv from the lungs:

0.135 MBq x 0.66 (aSv/37 MBq = 2.4 x 10'3 uSv (3)
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H. By adding (2) and (3) and again (3) for skin absorption, we obtained a dose to each
student of less than 0.08 uSv — negligible when compared to the maximum allowed for the
public, 1 mSv/y [3].

ANNEX 2 [5]

A. The soil moisture gauge contained an 241Am/9Be source of 3.7 * 109 Bq (lOOmCi).
The reaction was:

9Be (a,n) 12C (4)

The average energy of the neutrons was 4.5 MeV.
B. The source was positioned in the middle of a 20 x 20 cm cross section of a paraffin

block. The length of this block was around 50 cm and the source was at a distance of some 25
cm from each edge. The paraffin acted as a moderator of the fast neutrons produced in the
source.

C. Because the gauge was very old, detailed technical information about it was not
available. The quantity of paraffin in the instrument was estimated to be 3.6 litres. The
quantity of paraffin which spilled out of the gauge was of the order of 200-300 cm3.

D. Measurements of actual gamma radiation on the surface of the instrument showed 4-5
p.Sv/h, compared with 3-4 uSv/h measured when the risk assessment was prepared some two
years ago [5].

E. According to the technical manual of a similar, but more recently built instrument,
the maximum neutron radiation on the surface of the instrument can reach 6 |j.Sv/h at the
closest point between the source and the surface and 1.5 ^Sv/h on top of it [6]. Since the
paraffin spillage was from the top of the instrument, we assumed that no significant change of
external radiation had taken place. Measurements verified this assumption.

F. The gauge was in a special warehouse, far away from the laboratory and offices.
The agricultural experiments station is isolated, away from any inhabited area.

G. Conclusion: Neither the employees nor the public were exposed to any hazard.

ANNEX 3

A. On a per capita basis, Israel is probably the country in the world with the highest
car theft rate. It is known that most of the vehicles stolen are taken across the border for daily
use or spare parts.

B. Based on the above, we assumed that the three generators were dropped off at some
remote waste disposal site. Due the short half-life of the sources (Table I) it was easy to
assess that neither the public nor the environment were exposed to any danger.

C. Conceivably, someone may have tried to burn the packages. The packages in which
the sources were placed were of the A category. In a fire experiment we conducted which
lasted 30 minutes, the polystyrene cover burned and the ABS container melted down, but the
internal container was not affected: the plastic ampoule remained closed and the shielding
undamaged.
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TABLE I. CHARACTERISTICS OF THE SOURCES IN THE INCIDENTS REPORTED
[4].

Material

3H(Gas)

HTO

241Am

99Mo

137Cs

60co

Total activity (Bq)

1.11 x 109

2.22 x 107

3.7 x 109

7.4 x 109

7.4 x 105

3.7 x 108

Radiation

P
P
a

Y

Y

Y

Half-life

12.3 years

12.3 years

432 years

66 hours

30 years

5.3 years

ALI (Bq)*

-

3x 109

2xio2

4x 10?

4x 106

2x 107

DAC (Bq/m3)t

2x lolO

8x io5

8 x 10-2

2x 104

2x 103

5x102

* ALI = Annual limit air intake.
t DAC = Derived air concentration.

ANNEX 4

A. An investigation of all the persons involved revealed that the most possible
scenario was that a cleaning person threw the source into the waste container. During work in
the lab, the source had been attached to a stand with a tape and all of the tape was gathered
and thrown away.

B. In case someone is holding the source:

the activity of the source was: 0.74 MBq. and

the k factor of I37Cs is: 0.089mSv x m
2/GBq x h,

so at 1 metre from the source, according to the equation:

R = k x Q / r
2 (5)

we obtained a dose rate of: 6.6 x 10"2 jaSv/h. If a person holds the source 1 cm from his body
the dose rate will be 10" times higher: 660 \iSv/h. Hundreds of hours should pass until some
real damage will occur, if someone holds the source continuously close to his body.

C. Since no complaint had been registered, we determined that there was no hazard to
the public nor to the environment.

ANNEX 5

A. After the molten steel was accidentally poured onto one of the two nuclear gauges,
some drops of lead were observed on the surface of the shielding. The dangers considered by
the private inspector were:

1) High Radiation to the environment.
2) Radioactive contamination.
B. A complete loss of shielding would have caused 1.3 mSv/h at a distance of 1 metre

or 13 uSv/h at 10 metres. Both of these values were high. In actuality, a radiation field of
5 p.Sv/h was measured 1 metre from the source.
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C. The assumption of radioactive contamination was not confirmed. The temperature
of the steel had been 1490°C but it had dropped quickly as it was exposed to the air; it was
not possible that such a high temperature would reach the centre of the gauge.

D. Later, a sample of lead was examined in the laboratory, but no traces of
radioactivity were found.

E. Because of the heat, there was no possibility to switch off the shutter of the gauge.
Later it was dismantled and moved to an isolated area. It was finally discarded at a waste
disposal site.

F. Since the plant was located in an industrial zone away from populated areas and the
actual radiation level was small, there were no hazards to the population.
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