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INTRODUCTION

Technologies that make use of radiation sources and radioactive material continue to spread
around the world. They are to be found in industry, medicine, research and teaching and
provide many benefits. The safety and security record of the technologies and their application
is adequate in most cases, but on occasions there has been a lack of appropriate controls or
circumvention of those that exist, leading to radiological accidents. These can have serious
consequences, including the death of some exposed persons and environmental impacts with
serious economic consequences. Experience from such accidents over the last decade or so
prompted the IAEA, in collaboration with the European Commission (EC), Interpol and the
World Customs Organization (WCO), to jointly sponsor an international conference on the
topic in Dijon, France, in September 1988 [1]. Particular concern expressed at that conference,
and since, has been over those radiation sources that have become "orphans", i.e. sources that
were never subject to regulatory control, or were subject to regulatory control but then
abandoned, lost or misplaced, stolen or removed without authorization. These sources are
likely to be found in the public domain; examples include sources used in radiotherapy units
which have been unintentionally sold as scrap metal and melted thereafter, or which have been
found by unsuspecting individuals or stolen, causing serious radiation exposure of people (in
some cases involving deaths) and contamination of the human habitat.

Previous presentations from Beninson [2] and Meserve [3] have respectively covered the
overall potential risks from orphan sources and the need for preventive measures through
effective regulatory control. Nevertheless, experience indicates that control of some radiation
sources will be lost or, more pressingly, has already been lost and that radiation sources are in
the public domain: in essence, accidents waiting to happen. Competent authorities and
international organizations need to address these issues and this involves two main strategy
decisions on:

i) an appropriate programme to detect and locate orphan sources; and

ii) emergency preparedness plans to regain control of radiation sources, once located, and
to deal with the consequences arising from their having been out of control.

The first of these is covered in the paper by Gayral [4] and it is the other that is the focus of
this paper. The intention is not to go through every possible element of emergency
preparedness plans (that is adequately addressed in a number of IAEA publications [5, 6, 7];
but to focus on some of the key issues involved and to illustrate them by reference to previous
accidents. In addition, the paper addresses the need to complete the loop and provide feedback
that helps regulators, suppliers and users to learn the lesson from accidents and hence improve
the control of radiation sources.
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INITIAL RESPONSE ARRANGEMENTS

Emergency preparedness needs to take into account several phases, principally the initial
response, the planned source recovery and restoration/clean up phases. Throughout these
phases there will be different streams of action, for example those targeted at health effects
and environmental impacts, investigating causes and dealing with media interest.

One of the key objectives in the initial response phase is to minimize the degree of
uncontrolled exposure following the first indication that there may be an uncontrolled
radiation source (or sources), such as an orphan source. This requires those identifying a
potential problem to be able to have quick access to expert assistance. It is therefore sensible
to first look at the possible trigger points.

POTENTIAL TRIGGERS TO RESPONSE ACTIONS

Health Effects

In the more serious cases the first indication of an orphan source can be persons presenting
themselves to doctors with health effects such as radiation burns or acute radiation syndrome.
The initial symptoms presented may not be unique to radiation effects. In a number of
accidents these have not been immediately diagnosed as such.

• San Salvador, 1989 [8]. Three workers who had been involved in an irradiator
accident (but not aware of the significance) presented themselves at the local hospital
on the same day. All were vomiting but were misdiagnosed as suffering from food
poisoning. When they returned three days later, still with the same symptoms, but now
with strong general erythema, a correct diagnosis was made. The irradiation plant was
contacted but communications failed and the significance was not appreciated. During
the original accident the source array holding the source pencils had been damaged and
over the next six days, some source pencils spilled out. Although there was some
exposure of other staff, fortunately none of the source pencils (each about 20 TBq Co-
60) fell into one of the product boxes that would have taken them outside the irradiation
chamber and possibly the plant. Thus, during this six day period there was a real
potential for further significant exposure at the plant and for a source to get into the
public domain.

There are many other examples, including accidents in Goiania [9], Tammiku [10], Lilo [11]
and Istanbul [12]. To help address this, the IAEA and WHO have produced guidance on the
diagnosis and treatment of radiation injuries [13, 14]. However, national initiatives are
necessary to disseminate this information — and, importantly, information about who to
contact following diagnosis.

Intelligence Information

The primary focus of intelligence agencies and police forces in this area is on the illicit
trafficking of nuclear material. However, the information gathering networks can also
generate information on orphan sources, alerting authorities on possible illegal movements of
sources. Alternatively, the network can be used in the investigation element to track down the
origins of sources. Details of a system operated by Interpol are given in the paper from the
United Kingdom [15]. The very nature of intelligence work requires an excellent network, but
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by the same token the availability of information can be to a restricted group. National
arrangements need to ensure that for potential radiological incidents the information is
disseminated to those who need to know.

Planned Monitoring Programme

Planned monitoring programmes for orphan sources can have both static and mobile elements.
Examples of the former may be border monitoring equipment or portal monitors for
truck/train access to metal recycling plants. These are dealt with in more detail by Gayral, but
there are some points relevant to the initial response.

- Installed monitoring systems will routinely detect potential radioactive sources. In some
instances these will be false readings due to the characteristics of the installations.
Some will be due to naturally occurring radioactive material, some due to radium
luminized items, but some will be orphan sources. Clearly there is a need to ensure that
the operators of these facilities have suitable training and that relevant guidance is
available The objective is to enable them to deal with day-to-day insignificant finds, but
also to know when to ask for expert assistance and who and how to ask.

- Are there arrangements to deal with initial storage and subsequent disposal of orphan
sources that are found? Border monitors, by their nature, will be run by the competent
authorities and the cost of the disposal of sources will be absorbed by overall costs.
However, the vast majority of portal monitors for the metal recycling industry are
installed by plant operators to protect their facilities, and they or their suppliers will
have to pay the storage and disposal costs. These can be significant. The question is
raised as to whether they are incurring the costs of poor regulation of sources and
whether this is fair. Of practical significance is that as one goes down the metal
recycling chain to the smaller operator, disposal costs can become a positive
disincentive to detect and/or report orphan sources.

Suspicious Items or Events

One of the common routes by which orphan sources come to notice is through a member of
the public finding either a package or a device that is in some way suspicious or has
indications that the contents may be radioactive. If there are no warning signs, or the people
do not understand them, and they are inquisitive, then significant exposure might ensue and
discovery would be by the health effects. However, in many cases the "authorities" are
notified of a suspicious package. Who these "authorities" are will differ from country to
country, but often they will be the police. Whoever they are, they are unlikely to have the
expertise, readily available, within their own organization. Therefore, arrangements need to be
in place to enable the "authorities" to summon expert assistance quickly. The general
requirements are addressed in an IAEA TECDOC [5] and an example from the UK is given
below.

UK ARRANGEMENTS: NAIR

In the UK these arrangements are known as the National Arrangements for Incidents
involving Radioactivity (NAIR) [16] and are administered by the UK National Radiological
Protection Board (NRPB). NAIR has been devised around the provision of assistance to the
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civil police, since that body will normally be among the first to be informed of an incident in a
public place, and it is in any case the police, who in the UK, have the prime responsibility for
ensuring the safety of the general public. Other bodies such as fire and rescue services may on
occasions be faced with incidents involving radioactivity. Where the general public is
involved, they go through the police to summon assistance.

The country is divided into areas of assistance based on the different police forces and
assistance can be provided in two stages. Stage 1 assistance is provided by a radiation expert,
usually a local hospital physicist, who — with the aid of relatively simple monitoring
equipment — can advise the police on the appropriate action to take. The expert will have
limited resources and will normally only be able to carry out small recovery operations. He
will not be equipped to cope with an incident involving the spread of contamination, unless it
is of a minor nature. Where the incident is beyond his capability to restore, he will advise the
police to obtain Stage 2 assistance. Advice will also be given on the steps that should be taken
to prevent undue exposure of the public, such as the erection of barriers or covering and
containing contaminated material to prevent its spread.

Stage 2 assistance is provided by the nearest nuclear establishment. It will comprise a team of
up to four people (as required by the situation) including an operational health physicist with
suitable monitoring equipment, special clothing, decontamination facilities and
communication links enabling them to call up further resources if needed. A single telephone
number is now provided and manned 24 hours. The person answering will have up-to-date
contact details for Stages 1 and 2 NAIR respondents, and will also alert the Environment
Agency, as appropriate.

The NRPB periodically publishes a NAIR Handbook [16] that provides:

- guidance on dealing with incidents
- guidance on monitoring instruments and equipment
- radionuclide data and guide to suitable detectors
- package and source identification information
- information on the disposal of radioactive materials.

In addition, the NRPB runs a series of training courses for those involved. These include
syndicate exercises on how to deal with a range of scenarios. NAIR has been operating for
nearly 40 years and has proved itself to be robust and effective in dealing with a wide range of
situations. It is emphasized that NAIR applies only to where the public may be involved.
Users of radioactive materials are required by law to have their own emergency arrangements.
In most cases this would necessarily include access to a "qualified expert" on radiation
protection, known in the UK as a radiation protection adviser (RPA). The NRPB is RPA to
over 900 organizations and therefore has a depth of experience in dealing with emergencies.

LEGAL PROCEEDINGS

Whilst regaining control of sources and protecting people are the primary objectives, those
dealing with incidents need to keep in mind that regulatory or criminal enforcement action
may be necessary following the investigation of an incident. Therefore, there is need for
guidance by competent authorities, on the custody or care of potential evidence.
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SCALE OF PROBLEM AND RESPONSE

Whatever the emergency preparedness arrangements are in each country, one of the above
potential trigger routes is likely to result in a telephone call to a contact point with a radiation
protection expert. That person will need to have contact details of regulatory bodies and other
relevant organizations and to know how to mobilize resources. However, the extent to which
these are pursued will depend on judgements made by the expert. Those judgements will
depend upon:

- the experience of the expert; from training, first hand experience of incidents and
feedback from other incidents;

- the information available and acquired by the expert.

It is a fact of life that in these situations, you rarely, if ever, have all the information that you
would like in order to make judgements. However, the level of knowledge gained from
experience and training is crucial to ensuring that the expert maximize the pertinent
information available. Here, it is highly desirable that, in the first instance, the expert speaks
directly by telephone, radio etc to a person at the scene and other key persons. Information
passed through a third party can be unintentionally distorted.

There will inevitably be a delay between when the expert is first contacted and when he or she
can reach the scene. It is therefore important that the expert provides advice to those at the
scene to help prevent further uncontrolled exposure and minimize any possible spread of
contamination. This advice will undoubtedly have to be given on the basis of imperfect
information, but the judgements must be made. Similarly, the expert will need to have a feel
for whether the incident is at a level that he/she can deal with or whether it would be prudent
to get backup resources on standby or, in extreme cases, mobilized.

CATEGORIZATION OF SOURCES

To help in these judgements, the IAEA has adopted a categorization of sources [17]; shown in
Table 1. This categorization recognizes that activity alone is not the only relevant criterion.
Another key criterion is the use to which the source is put, as this can reflect the probability of
a source entering the public domain and causing serious harm. For example, industrial
radiography sources generally have orders of magnitude less activity than radiotherapy and
irradiation sources, but the circumstances in which they are used provide a significant
potential for control of the source to be lost. Similarly, the greater mobility of low dose-rate
brachytherapy sources than that of high dose rate brachytherapy sources makes the threat from
both types about the same.

Table 1. IAEA Categorization of Sources: adopted by General Conference September 2000

Category

1

2

3

Types of Source

Industrial radiography

Teletherapy

Irradiators

High dose-rate brachytherapy

Fixed industrial gauges involving high activity sources

Well logging

Low dose rate brachytherapy

Fixed industrial gauges involving low activity sources
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• Morocco (1984) [18]. In this serious accident, eight members of the public died from
overexposure to radiation from a radiography source. A 1.1 TBq (30 Ci) iridium-192
source became disconnected from its drive cable and was not properly returned to its
shielded container. Later, the guide tube was disconnected from the exposure device
and the source eventually dropped to the ground, where a passer-by picked up the tiny
metal cylinder and took it home. The source was lost from March to June, and a total of
8 persons (the passer-by, members of his family and some relatives) died; the clinical
diagnosis was 'lung haemorrhages'. It was initially assumed that the deaths were the
result of poisoning. Only after the last family member had died was it suspected that the
deaths might have been caused by radiation. The source was recovered in June 1984
[16].

This is a classic example of a radiography accident and of the consequences that can
ensue when no radiation surveys are performed to ensure that a source has returned to
the fully shielded position.

• Yanango, Peru (1999) [19]. In this accident, gamma radiography using a 1.37 TBq
iridium-192 source in a remote exposure container was being carried out at the
Yanango hydroelectric power plant. At some stage the "source pigtail" became
detached from its drive cable. A welder picked up the source, placed it in his pocket and
took it home. The loss of the source was noticed the same day and it was recovered
within 24 hours. However, the dose received in this period was such that, despite heroic
medical treatment, the welder lost one leg and had other major radiation burns. His wife
and children were also exposed, but to a lesser extent.

In May 2000 near Cairo, Egypt, another fatal radiography accident occurred [20]. It is
understood to have involved a 1.85 TBq iridium-192 source found by a farmer. He and his son
died. As yet, there has been no formal publication covering the accident.

Gamma radiography provides the potential for sources to become disconnected from their
drive cables and become orphan sources. An essential element of source security is routine
monitoring to demonstrate that a source has returned to the fully shielded position. Gamma
radiography on sites is often carried out under difficult circumstances with limited
supervision. The combination of potential equipment failures and human failures can be a
lethal combination. The examples above clearly demonstrate why gamma radiography sources
have been categorized as providing one of the highest risk potentials.

THE INITIAL VISIT

Almost irrespective of the information available, the expert will need to visit the site where
the suspected source is located and make radiation measurements. In many cases, the
measurements will confirm that no radioactive material is present and that it was a false
alarm. Quite often, this is due to packaging marked with the trefoil system being
inappropriately disposed of. Nevertheless, the origins of the packing may need to be followed
up for legal reasons. Also, such events do have a value:

- They test the contact arrangements for the initial response; and
- they provide reassurance to the public and the authorities that in the event of a real

problem the arrangements would work.
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Next up the scale of incidents are those involving category 3 sources. These will tend to be
relatively small events, involving a simple recovery of a source and/or taking a found shielded
source into custody. Events involving category 2 and 1 sources are likely to be more
challenging, requiring more careful planning of the source recovery. However, in all cases
there is more to dealing with the event than just making the source safe and putting it in safe
storage.

TIP OF ICEBERG?

Is the origin of the source known? When was it last under regulatory control and what has
happened to it since? These questions are partly related to the investigation of the causes of
the incident, but also to trying to identify the potential exposure of people who may have been
in the vicinity of the source and to discover whether there are other orphan sources out there.

• Lilo, Georgia (1997) [11]. The initial trigger to the detection of this incident was
several soldiers from the Lilo Training Centre developing skin lesions. This prompted
radiation measurements being made at the Centre and a radiation source (164 GBq
casesium-137) was recovered from a soldier's coat pocket. Crucially, the search did not
stop at this point; a further source (126 GBq caesium-13 7) was found buried 30 cm
below the surface of the football field. Searches located another eight unshielded
caesium-137 sources ranging from 0.02 to 0.88 GBq. In addition, several other sources
in shielded containers and radium luminized devices were found. The sources had been
used by the previous military owners of the facility for training purposes. When they
left, they abandoned the sources and the inventory of sources was not transferred to the
new owners. Taken together with other "finds'Vincidents elsewhere in Georgia, this
prompted co-operation between the Georgian authorities and IAEA to carry out an
aerial survey using French capabilities [4].

• Tammiku, Estonia (1994) [10]. In this accident, a radioactive cylinder in a metal
frame was first found in a consignment of scrap metal imported to Tallin, Estonia. The
source was estimated to be between 150 GBq and 7.4 TBq caesium-137. It was thought
to be part of an irradiation unit. It was successfully recovered and taken to the national
waste disposal facility. Unfortunately, the security of the facility was poor and it was
stolen for resale as scrap metal by three brothers. As a result, one brother died from
radiation exposure and the other two brothers and two other members of the family
suffered deterministic effects. The original find of the source in scrap metal imports had
raised queries about other possible orphan sources being out of control in Estonia and a
governmental commission to assess the situation was set up. During its work, the
commission found a 1.6 TBq caesium-137 source in a container that had been
abandoned close to a main road in the countryside.

In all situations where a source had been out of control there is the need to check the
source integrity and that there has been no dispersal of activity. Extreme examples of
the consequences from damaged sources can be found in the Juarez (Mexico) [21] and
Goiania (Brazil) [9] accidents (see below).

RESPONDING TO MAJOR RADIOLOGICAL INCIDENTS

Major radiological incidents are likely to involve category 1 sources, but could also stem from
category 2 sources, for example where the source has been ruptured and dispersed via a
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variety of routes. In preparing plans to deal with such situations, a distinction needs to be
made between the phases of:

(i) bringing sources under control and ensuring that there is no further uncontrolled
exposure, e.g. the source put in a safe shielded situation, barriered areas established to
prevent access to the hazard, measures put in place to prevent the dispersion of activity
or control of activity in the food chain; and

(ii) the recovery phase, e.g. the planned recovery of a sealed source to safe long term
storage or the decontamination of the environment.

The latter can often take place on a more relaxed timescale than the initial phase, but crucially
needs to be undertaken as part of a coherent plan tailored to the specific situation. An old
adage "presence of mind is better than presence of body" is relevant here. Rushing in without
a plan can cause unnecessary exposure and, in some cases, actually make the situation worse.

Whilst plans need to be tailored to the specifics of an incident, emergency preparedness
allows one to prepare generic plans that can be used to ensure appropriate deployment of
resources. This subject is dealt with more fully in reference [13], but some of the more
important points are given below.

DEALING WITH POTENTIALLY EXPOSED PERSONS

A response plan needs to address how to deal with persons who have potentially received
significant exposures or who may be significantly contaminated. In most cases, only a few
people may have been exposed and these can be transported to one of the hospitals in the
country designated to deal with potential radiation casualties. Assessing and treating radiation
casualties is not a common occurrence and guidance on this [14] has been published by the
IAEA and WHO. Also, many of the IAEA reports on specific accidents provide detailed
feedback on the treatment of patients [8-12,19, 22, 23]. Even so, many countries will not have
the expertise to deal with radiation casualties. A later section of the paper covers broader
aspects of getting help in emergencies, but to specifically address the medical aspects, WHO
has established the Radiation Emergency Preparedness and Assistance Network (REMPAN).
Under these arrangements patients can be treated at specialized hospitals that are WHO
collaborating centres.

In very large scale incidents there may be a need to deploy dose assessment and medical triage
capabilities at the site of the accident.

• Goiania, Brazil (1987) [9]. Following the break-up in 1985 of a medical partnership in
a clinic in Goiania, Brazil, a teletherapy unit containing a 50.9 TBq Caesium-137
source was abandoned in the clinic's former premises, which were partly demolished.
In September 1987, the source was removed from its protective housing in the
teletherapy machine by local people who had no knowledge of what it was and were
simply after its scrap metal value. The source was in the form of a highly soluble and
readily dispersible caesium chloride salt, compacted to form a coherent mass within a
doubly sealed stainless steel encapsulation. The source was later ruptured, and over the
next few weeks the activity was widely dispersed in the city. Many people incurred
large doses from both external and internal exposure. Four of these people died, and 28
suffered radiation burns. The extent and degree of contamination were such that seven
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residences and various associated buildings had to be demolished, and topsoil had to be
removed from a significant area. The decontamination of the environment took about
six months to complete and generated some 3500 m3 of radioactive waste.

The health consequences were:

- 249 people were contaminated externally;
- 129 people had significant internal contamination (all were constantly producing

external contamination from their bodies due to the presence of caesium-137 in
their sweat, thus producing contamination control problems;

- 21 people received doses in excess of 1 Gy and were hospitalized;
- ten needed specialist medical treatment; and
- four died.

The lead medical team at the accident had to triage a large number of people and set
up care and treatment facilities. Their ability to deal with this was greatly aided by
their recent training for such emergencies. One of the lessons from the Goiania
incident is that in dealing with such situations there is a need for readily transportable
equipment for bioassay and whole body monitoring capabilities.

MEDIA LIAISON ARRANGEMENTS

Any radiation accident is likely to prompt media interest, especially for the large scale
accidents.

• Goiania, Brazil (1987) [9]. The circumstances of the discovery of the incident required
a number of emergency measures, such as the evacuation of buildings and the gathering
together of potentially contaminated persons. From this it was clear that there was a
serious incident, but with few health physics resources available a clear picture did not
emerge during the first 24 hours. Rumours abounded and by the time the leading health
physics and medical teams arrived from Rio de Janeiro (some 1300 km away), crowds
of people and media almost besieged them. Over the first few days of the incident this
was a serious drain on the resources of those trying to deal with the consequences of the
incident and increased the time taken to regain control of the situation. The IAEA
report on the accident [9] recommended that "response teams in radiological
emergencies should have administrative and public information support appropriate to
the scale of the accident".

• Istanbul, Turkey (1998/9) [12]. In 1993 in Ankara, Turkey, three radiotherapy sources
were taken out of use by a specialist company and put into specially designed shielded
packages for return to their original supplier in the USA. However, the company did not
despatch the packages but stored them. In 1998, two were moved to Istanbul and stored
in their general purpose warehouse on an industrial estate. After some time, there was
no room left in the warehouse and the packages were moved to adjoining premises that
were empty. After nine months or so, these premises were transferred to new ownership
and the new owners, not realizing what was in the packages, sold them as scrap metal.
The source containers were broken open and at least one unshielded source, 3.3 TBq
cobalt-60, was left exposed in one location for about two weeks and then moved to
another location for two further weeks before the accident was recognized and dealt
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with. Eighteen persons were admitted to hospital with 10 showing clinical signs and
symptoms of acute radiation syndrome.

The source from the second container, 23.5 TBq cobalt-60, has so far not been found,
though there is doubt about the validity of some of the records.

As might be expected, the incident elicited significant public interest and news media
coverage. Initially there was considerable confusion with the public and the media
comparing the event with the Chernobyl accident. However, the competent authorities
deployed significant resources to deal with these concerns and the open public
information policy helped to allay public concern.

RESPONSE COMMAND STRUCTURE

Response plans must include the necessary technical, logistic and media support, but an
absolutely key element is a clear command structure. This must take into account the fact that
a variety of organizations, each with their own hierarchy, may be involved, e.g. police,
regulatory bodies, government departments, military forces, medical authorities, local
authorities. The response plans must identify a lead organization and determine
responsibilities and interactions of the organizations.

Examples from the UK can be found in the NAIR publication [16] and in a government
publication on "Dealing with Disasters" [24]. The IAEA is in the process of revising its
advice in this area and a TECDOC "Response to Events Involving Illicit Trafficking in and
Inadvertent Movement of Radioactive Material" will shortly be available.

CAPABILITIES AND RESOURCES AVAILABLE

Response plans must be realistic about the resources available. For example:

- the number of appropriately trained staff in the various disciplines;
- stocks of monitoring equipment and personal protective equipment;
- medical facilities and personnel to deal with irradiated and contaminated persons;
- source storage, transport and waste capabilities (see later);
- dosimetry and analytical facilities available;

logistics support; and
- geographic distribution of resources and time needed to deploy.

• Goiania, Brazil (1987) [9]. This accident provides an extreme example of the
consequences but it does provide a benchmark for what might be involved. In addition
to the medical consequences covered earlier, there was the need for the following:

Localizing the Activity:

- 61 km2 of land area was monitored in the first few days (using monitors carried on
foot or fitted in cars and helicopters);

- Seven major sites (each of about 100 m radius) were isolated and required full
protective clothing and respirators to enter;

- 42 other significantly contaminated sites were identified; and
- activity was transported to many other cities.
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Monitoring Regimes:

- 112,000 people were monitored;
- all banknotes in circulation were monitored;
- the city's bus fleet was monitored;
- the water supply and local produce needed monitoring;
- an instrument workshop to repair and maintain monitoring instruments needs to be

set up;
- training facilities for the many staff members who had not used a monitor for years

or had no operational experience were required;
- a dedicated laundry was required; and
- a factory unit to produce the specialized waste containers was needed.

Countermeasures and Actions:

- 200 people were evacuated from 41 houses;
- 85 houses required significant decontamination;
- Seven houses were demolished; and
- 3,500 tonnes of active waste was produced.

PROVISIONS FOR RADIOACTIVE WASTE

As identified above, the recovery of the Goiania accident generated a large volume of
radioactive waste, some 3,500 m3. The rate at which the waste is produced in such accidents is
prodigious (see also the example below from Juarez, Mexico). If there is no clear plan about
what to do with the waste, either for a temporary or permanent location, then the sheer volume
and logistics of dealing with it can bring the recovery operations almost to a halt. This was the
case both with the Juarez and Goiania operations and the lessons from these accidents need to
be fed into emergency preparedness planning.

• Juarez, Mexico (1983) [21]. In 1977, a medical centre in the city of Juarez, Mexico,
purchased a second-hand radiotherapy unit from the USA which incorporated 37 TBq
of cobalt-60 in the form of 6000 cylindrical cobalt metal pellets, each 1 mm x 1 mm,
inside a doubly encapsulated source capsule. The importation of this unit was not
reported to the competent Mexican authority. Because of lack of resources, the unit was
never used, and it was stored in a warehouse without any safety precautions. In
December 1983, a technician who worked at the medical centre dismantled the unit,
without authorization, in order to sell it for its scrap value. It was taken on a pick-up
truck to a scrap yard, and during the journey the technician, out of curiosity,
deliberately ruptured the unrecognized source capsule. Source pellets were scattered
throughout the scrap yard and surrounding areas, and along the transport route.
However, most of the activity went into scrap metal consignments to various foundries,
where it was incorporated into steel 'rebars' (reinforcing bars for concrete) and cast iron
table pieces.

The discovery of the accident occurred on 16 January 1984, when a lorry carrying
rebars passed close to the Los Alamos National Laboratory, USA, and set off radiation
alarms designed to warn of radioactive material leaving the site. In the intervening
period, significant volumes of potentially contaminated metal had been produced and
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distributed by several foundries. A major survey programme to trace these materials
had to be instituted. In Mexico, surveys were made of 17,600 houses which could have
incorporated contaminated rebars and as a result 814 houses were demolished. In the
USA, a search for the table pieces, which covered 1,400 customers, revealed 2,500
contaminated items, which were returned to Mexico for disposal. In addition, a major
decontamination programme of the various sites in Juarez had to be undertaken. In
total, active waste amounting to 16,000 m3 of soil and 4,500 tonnes of metal was
collected. Reaching a decision on a repository for the waste was protracted and it
complicated the recovery programme.

GETTING HELP

The vast majority of radiation accidents can be dealt with by countries' own response plans.
However, the more significant accidents can provide challenges to the resources available in
any one country. To address this point there is an International Convention on Assistance in
the Case of a Nuclear Accident or Radiological Emergency. This Convention requires that
party States co-operate between themselves and with the IAEA to facilitate prompt assistance;
such as experts, equipment and materials, methodologies and techniques. To this end, the
IAEA has established an Emergency Response Centre (ERC) to provide 24 hour cover.

Assistance under the Convention has been provided in many of the accidents described in this
paper.

• Istanbul, Turkey (1998/9) [12]. Following requests from the Turkish authorities the
IAEA provided

- a team of three doctors specialized in the diagnosis and treatment of patients
exposed to radiation;

- assistance with cytogenetic dosimetry of blood samples;
- a monitoring team to help in the search for the 2nd source presumed to be missing;
- an expert to bring together the information about the circumstances of the accident,

source recovery search actions, medical treatment of victims, etc. This, together
with the efforts of the Turkish authorities, provided the basis for the IAEA
publication on the accident [12].

LEARNING THE LESSONS

Over the past 13 years, the IAEA's report of accident investigations have contributed
significantly to the process of learning lessons from accidents. However, it is not only the big
accidents from which we can learn, we can also learn; from the smaller accidents and near
misses. This feedback is relevant to suppliers in improving the safety aspects of design, to
management in developing radiation protection measures and training their staff, and to
national and international authorities in helping them prioritise issues and the resources to
deal with them; e.g. raising the profile of the orphan source issue.

Conferences such as this and the IAEA's publications play a significant role, but there is also
a need to use other means of capturing relevant lessons and providing feedback mechanisms.
As an example of a national approach, in the UK, NRPB in partnership with two regulatory
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bodies, the Health and Safety Executive (HSE) and the Environment Agency (EA), has
established the Ionizing Radiation Incident Database (ERID) [25]. The database contains
anonymized descriptions of accidents and the lessons learned from them, categorized to allow
easy analysis and navigation through the database. So far, 100 cases are entered and have been
published. The format of the case studies has been designed so that they can easily be
incorporated into training material.

At the international level, the IAEA has drawn on this experience and on that of the NRC and
REAC/TS in the USA in developing RADEV (RADiation EVent database). This is currently
in the later stages of development and trialling. RADEV uses Microsoft Access and the
intention is to make compiled software versions available to Member States so that they can
enter their own data, prepare material statistics and develop their own databases. This will be
useful to the Member States and also facilitate easy transfer of the more interesting cases to
the international RADEV operated by the IAEA.

CONCLUSIONS

A 20th century Spanish-American philosopher, George Santayana, stated "Those who do not
remember the past are condemned to repeat it". My version is "If we do not learn from
history, we are condemned to repeat it".

There is ample evidence from the various accidents and publications quoted in this paper that
we are indeed repeating history; not learning the lessons from previous accidents. In
particular, the problem of orphan sources, outside regulatory control, is a recurring theme.

This paper has identified some of the serious consequences stemming from orphan sources
and the problems of recovery. This conference provides an opportunity to learn from each
other how to address this problem.
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