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Abstract

LOSS AND RECOVERY OF RADIATION SOURCES IN INDIA.
Loss of radioisotope sources occurs as a result of the violation of safe work practices and

non-compliance with rules and guidelines. The main causes are human error, negligence in source
handling and storage as well as mismanagement and lack of supervision. The failure to adequately
supervise and manage leads to a breakdown in communication and differences among workers,
supervisors and managers. Recovery of lost sources is generally a tedious task. In India, apart from
the efforts of the user institution, a team of scientists from the Bhabha Atomic Research Centre
(BARC) undertakes searches and supervises recovery operations. Sources have been lost in
brachytherapy and nuclear medicine departments of hospitals and in industrial institutions. For
brachytherapy source losses, "hospital garbage, dustbins, passages and lifts were the main targets for
searches. While gamma ray and neutron sources could be traced for the most part, pure beta ray
sources, such as Sr-90 used in ophthalmic applicators or as check sources, could not be recovered. In
industrial radiography, the search for sources was more problematic, especially when the sources
were stolen or lost in transport. Lost materials could not be traced in only two out of eleven instances
of loss of Ir-192 sources since 1986. In a separate incident, sources which had been stolen were found
in a deep river: this necessitated an elaborate fishing operation at a cost of some US$ 100 000. Each
occurrence provided lessons calling for the introduction of new control measures.

1. INTRODUCTION

Radiation sources find extensive uses in medicine, industry, agriculture and research.
In medicine, radionuclides are used for both diagnostic and therapeutic purposes involving
quantities ranging from a few tens of kBq (microcuries) to several hundreds of TBq
(kilocuries). In industry, hundreds of radiographic exposure devices, together with several
thousand nucleonic gauges and allied equipment, are in use for non-destructive testing and
other purposes. By comparison, the quantities used in agriculture and research are small.
Apart from incidents of spillage during the handling and transport of radiation sources in
liquid form or of equipment malfunction leading to overexposure to personnel, radiation
source losses have also occurred in India. There are more than 220 medical institutions which
make use of radiation sources for radiotherapy and nuclear medicine in India [1]. In addition,
over 350 industrial institutions use various types of radiography cameras and gauging
techniques.

Radiation protection activities are well organized in India and no source can be
obtained without an authorization from the competent national authority. The Bhabha Atomic
Research Centre (BARC) ensures planning of radiation installations, availability of
appropriate infrastructure including trained staff, equipment, storage and handling facilities
prior to authorization, issuance of certificate of transport for radiation sources and disposal of
used radioactive sources. In the same vein, BARC carries out precomrnissioning surveys,
surprise checks, quality assurance, type tests and performance tests in all institutions which
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use radioactive sources. Each institution submits a periodic status form which includes the
relevant inventory, quantity and particulars of the radioactive sources it uses.

2. LOSS AND RECOVERY OF SOURCES

A significant number of source losses have occurred in industrial radiography, in the
nucleonic gauge sector and in medical applications such as brachytherapy and nuclear
medicine. Although all these instances are due to violations of safe work practices and non-
compliance with rules and guidelines, the exact reasons vary according to the different
practices. In nuclear medicine, losses of sources are due to transport problems. Tiny
brachytherapy sources of an activity of up to a few hundred MBq are lost mainly due to
human error and negligence in handling and storage. In industrial radiography, sources with
an activity of up to a few TBq are lost due to theft, unsafe storage, security problems, disputes
between staff and management, improper handling by untrained or uncertified workers, lack
of supervision, improper maintenance of equipment and unauthorized transport.

In India, on receipt of information on a loss of source and after it has ascertained the
history of usage and movements of the source, a BARC search team equipped with extremely
sensitive and high-range radiation monitors combs all the locations where a source may have
been left. If necessary, a police complaint is lodged describing the nature and attendant
hazards the source may cause to a potential finder. The print and broadcast media are also
approached to timely convey to the public a message calling for their co-operation in
recovering the missing source. When an industrial source is missing, scrap metal shops are
searched since the heavy container or the equipment is sold as scrap. Managements of nearby
hospitals are taken into confidence and requested to report to BARC any cases of radiation
injury.

2.1. Loss and recovery of sources used in nuclear medicine

In nuclear medicine, radioactive sources are used in liquid form and hence, the cases
of spillage during handling and use are not uncommon and may remain unreported. However,
when sources dispatched by a supplier fail to reach their intended users, the cases are reported
and come to knowledge for investigation. Three such cases are summarized in Table I [2]. As
can be seen, in all three cases the losses were determined to be due to negligence on the part
of the courier or theft by persons having no knowledge of radiation nor of the significance of
the radiation symbol. All nuclear medicine departments were under instructions to use the
hospital vans for transporting source packages between the airport and the institutions, and
not to use public transportation. It must be noted that radioactive materials can be transported
only in appropriate packaging of prescribed design and that efforts are constantly being made
to enhance public awareness programmes on the hazards of handling radioactive sources.

2.2. Loss and recovery of brachytherapy sources

Sources used in brachytherapy include small sealed sources such as needles, tubes and
seeds or grains to be used in implants [3]. The use of discrete sources requires strict
adherence to procedures for source handling, preparation, transport, storage and inventory.
Most source losses are due to human error and negligence. Table II describes occurrences of
this kind in India [2]. In two instances the sources were pure beta sources and could not be
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traced despite the best efforts deployed — obviously due to the limited range of beta
particles. On two other occasions, it was not possible to recover the gamma ray sources: in
the first event a 92.5 MBq Cs-137 needle was erroneously discarded in the dustbin of the
brachytherapy department and sent to the municipal garbage and in the second, a 50 mg
radium tube was lost. In all of the other cases the sources were recovered. Each loss of a
source resulted in the strengthening of radiation protection measures. Maintenance of a log
book indicating the inventory of radioactive sources and their movements, records indicating
all the details of periodic radiation protection surveys and the submission of an annual status
form were made mandatory for each medical institution using radioactive sources.

TABLE I. LOSS AND RECOVERY OF NUCLEAR MEDICINE SOURCES IN INDIA

Year

1988

1988

1989

Source and
activity

1-131, 925 MBq

RIA kit, 1-125,
185 TBq, 7 vials

TC-99m 5.55
GBq, 1-131, 9.25
MBq

Nature of incident

Loss of source
package during
transit between
airport and hospital

Package was found
opened at the airport
and source was
missing

Loss of source
package during
transit between
airport and hospital

Probable cause

Negligence on the
part of the courier

Theft

Negligence on the
part of the courier

Action taken

Scientist from
BARC retrieved
the package from
a public transport
(bus), no
tampering was
observed

Airline was
asked to trace the
package

Packages were
recovered by
police from a
thief, sources
were undamaged

2.3. Loss and recovery of sources used in industrial radiography

Implementation of radiation protection in industrial radiography is a difficult task.
This is because most institutions are private concerns with a high turnover of operating staff.
In the past, competition between them resulted in rivalry. In addition, there had been cases of
disputes between workers and management. All radiography sets are used in adverse
conditions. Radiography is performed in the open at night and at remote sites. In situ testing
of joints which are situated at great heights and in inaccessible positions requires the
occasional by-passing of radiation safety norms. Additionally, radiography equipment is also
moved frequently in the public domain. Out of 11 instances of loss or misplacement of
Ir-192 sources (activity ranging from 20 to 300 GBq) since 1986 [4], it was not possible to
trace the sources in only two. These two instances are included among the eight events
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summarized in Table III [2]. In most cases, the motive for the incident was the theft of
cameras due either to rivalry between the institutions or to disputes between the workers and
owners/managers.

TABLE II. LOSS AND RECOVERY OF BRACHYTHERAPY SOURCES IN INDIA

Year Source and activity Nature of incident, probable cause Status and action taken

1986

1986

1986

1986

1987

1987

1988

1988

1990

1990

444 MBq Co-60 Loss of Co-60 tube, cause not
tube known

481 MBq Co-60 Loss of Co-60 tube, internal
tube transportation

2 mg radium needle Needle stuck in the drawer of the
safe, human error in handling

3 Co-60 needles, Loss of needles, cause not known
each 111 MBq

Cs-137 needle, 92.5 Loss of one needle: the needle was
MBq removed from the patient, left in a

temporary storage and was thrown
into garbage

Sr-90 check source, Loss of source, improper record
370 MBq keeping and negligence

Radium tube 50 mg Loss of source, cause not known

Ophthalmic
applicator, Sr-90,
1.85 GBq

Loss of source, auctioned along
with scrap

Radium needle 10 Loss of source, cause not known
mg

Ovoid sources, Co- Loss of sources, negligence on part
60, 3 x 133.2 MBq of staff handling sources

Recovered from garbage
located 200 m from patient
ward

Recovered from the service
lift

Recovered and sealed in a
glass bottle. Source was
disposed of

Only one needle could be
recovered

Not recovered, instruction
issued for keeping an
inventory of each and every
source and monitoring of
garbage

Source could not be
retrieved

Source could not be
retrieved

During a routine survey
BARC team found
applicator missing, source
presumed to have gone to
municipal dump and could
not be traced

Retrieved from mould room
of hospital

Recovered two sources
from a gutter at a distance
of about 175 m while one
source was retrieved near
the L-bench
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2.4. Incidents with industrial nucleonic gauges

Loss of sources from nucleonic gauges was generally due to mechanical failures. In
most cases of well logging operations, the sources were located easily and the wells were
either plugged with cement or abandoned. As shown in Table IV [2], it was not possible to
locate the sources in one case only and this appeared to be due solely to negligence on the
part of the user institution. The last item of Table IV is a recent event (1993) and is described
in further detail below.

TABLE III. LOSS AND RECOVERY OF SOURCES IN INDUSTRIAL RADIOGRAPHY

Year Equipment/source
and activity

Nature of incident and action taken Probable cause/causes

1986 IRC-2, Ir-192, 93
GBq

1986 Ir-192,19 GBq

1987 IRC-2A, Ir-192,
292 GBq

1987 IRC-2A, Ir-192, 65
GBq

1988 IRC-2A camera,
with Ir-192, 74
GBq

1989 IRC-2A, Ir-192,
148 GBq

1989 IRC-2A camera,
with Ir-192, 111
GBq

1989 IRC-2A camera,
with Ir-192, 148
GBq

Source pencil in lead recipient
inside a bag lost during transport in
a train; recovered

Source pencil in a lead recipient
stolen and transported in a bus; not
recovered

Source pencil in lead recipient
stolen from the storage room;
recovered next day from a pond

Lead recipient stolen along with
source pencil and found buried
inside a religious premise

Source pencil left at the site in lead
recipient unattended, stolen along
with lead recipient, found inside a
wall of stacked stones 30 m away;
appears to be case of rivalry

Source pencil stolen together with a
2 m long manipulator rod, found in
a scrap shop; three individuals in
shop were medically examined

Source pencil lost during open field
radiography, could not be traced;
appears to be case of rivalry

Room broken into and source
pencil stolen. Could not be traced;
appears to be case of rivalry

a) Improper transport
b) Violation of safe work
practices

a) Improper transport
b) Violation of safe work
practices

Inadequate security
arrangement for storage
room

a) Violation of safe work
practices
b) Improper storage

a) Negligence of entity in
charge of site
b) Improper work practices

a) Negligence of
radiographers and entity in
charge of site
b) Improper work practices

a) Negligence of staff
concerned
b) Improper work practices

a) Improper source storage
b) Negligence of the entity
in charge of site

2.4.1. Recovery of three lost sources used in well logging

In a recent incident (1993) [4], three radioactive sources consisting of two americium
beryllium neutron sources of 685 GBq and 18.5 GBq and one caesium-137 source of 55 GBq
were allegedly stolen from the premises of a company engaged in oil logging operations. On
the first information report, a team of scientists from BARC visited the company and started a
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TABLE IV. INCIDENTS INVOLVING INDUSTRIAL NUCLEONIC GAUGES

Year Equipment/source and Nature of incident and probable Action taken
activity cause

1986

1986

1987

1987

1989

1989

1990

1993

Well logging tool, Cs-
137, 74 GBq

Well logging tool, Cs-
137, 74GBq,Am-Be,
740 GBq

Well logging tool, Cs-
137, 74 GBq

Well logging tool,
Am-Be, 740 GBq

Thickness gauge, Am-
241, 2 x 92.5 GBq

Well logging tool, Cs-
137, 74 GBq, Am-Be,
740 GBq

Density and neutron
tool, Cs-13 7, 74 GBq,
Am-Be, 740 GBq

Sources used in well
logging:
1. Am-Be, 685 GBq
2. Am-Be, 18.5 GBq
3. Cs-137,55GBq

Detachment of source from tool

Density tool got detached due to
key seating

Tool stuck at a depth of 3372 m

Tool got detached and fell into
well

Out of 21 procured sources, 2
determined to be missing

Tool stuck at a depth of 2425 m

Tool stuck at a depth of 3855 m

Theft of sources due to dispute
between management and staff.
Sources thrown into river

Well plugged with cement

Well casing at shallow
depth gave way, well
abandoned

Fishing operation to retrieve
the source failed

Well cemented

Sources could not be traced;
warning issued to institution

Attempts to fish out the
source failed, well cemented

Could not reach tool due to
collapsing of the well, well
abandoned

Extensive survey failed to
trace sources. Police
assistance sought and
culprits arrested. Sources
found embedded in river
and fished out

search operation using extremely sensitive instruments. The team covered every conceivable
area including nearby villages, open areas around office premises, scrap shops and municipal
dumps. None of the surveys indicated any trace of radiation or excess radioactivity in these
areas. Help of the crime branch of the police was then sought and culprits were arrested. The
suspects reported to have thrown the source (contained in a cloth-lined envelope) in a nearby
river. The survey team obtained clear indications of increased radiation levels in a specific
area beneath the bed of the river. The team suspected that the sources were lying at a depth of
2.5 m below the bottom of the river. Based on the radiation level observed, a steel tube of a
diameter of 1.5 m and length of 5 m was lowered with the help of a crane to the location
where the sources were most likely to be buried. Because of the extremely slushy nature of
the river bed, retrieval of the sources was not possible. After analysing the area, the team of
experts came to the conclusion that it was necessary to confine the sources within an earthen
embankment. The construction of an embankment was undertaken and after prolonged and
tedious efforts, all the sources were recovered from the river. The integrity of the sources was
established by appropriate tests. Measurement of radioactivity of the sediment in the region
showed that no leakage of radioactivity had occurred and that the sources were intact. The
external radiation exposures to persons involved in the incident were also well within the
dose limits. It was noted that even if these three radioactive sources had been left behind in
the river, they eventually would have disintegrated and mixed in the river and sea water: no
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significant radiological impact could have arisen out of this situation. In fact, even under the
most pessimistic assumptions, the radiation dose an individual might have received from such
an eventuality was estimated to be much less than one per cent of the background natural
radiation one unavoidably is exposed to by merely living in any place in India. The cost of
recovery was estimated to be US$ 100 000, and was borne by the company whose
responsibility it was to safeguard these radioactive sources. Much of the amount was spent on
building an earthen coffer dam across a portion of the river.

3. CONCLUSIONS

Incidents with sources brought out the need for re-examining the security aspects of
all radioactive sources used in the country, mainly in the industrial and medical sectors. New
measures were initiated to overcome the problem of loss of sources. The companies
concerned were asked to assume principal responsibility for safeguarding the radioactive
sources used by their subcontractors. The presence of a qualified Radiation Safety Officer,
trained staff and periodic inventories with full details of sources were made mandatory for all
institutions. Additionally, a phasing out was initiated of radiography cameras where sources
were not coupled. A continuous re-evaluation of the systems and practices in this regard is
part of an ongoing programme of imposing strengthened measures.
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