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Summary 
Radioactive sources that are not under appropriate regulatory control –orphan sources- can result in 
a number of undesirable consequences including human health impacts, socio-psychological 
impacts, political and economic impacts, as well as environmental impacts. Many countries are now 
in the process of introducing the necessary measures to regain an appropriate level of control over 
them. For a variety of historical and economic reasons, there could already be sources in any 
specific country that are not within the usual regulatory system. Some of these may be known 
about, others may not. Therefore a national strategy is needed to ascertain the likelihood and 
magnitude of the issue of radioactive source control problem within a country and the priorities 
necessary to address the problems identified. A well-developed plan for improving control over all 
relevant radioactive sources tailored to the national situation will ensure optimum use of resources 
such as time, money and personnel. It will allow these limited resources to be allocated 
appropriately to ensure that control is first regained over those sources presenting the highest risks. 
This lecture shows a way to develop an appropriate national strategy for regaining control over 
orphan sources. The methodology described in this lecture is basically based in the IAEA 
Recommendations. 
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INTRODUCTION 
An orphan source is a radioactive source that poses sufficient radiological hazard to warrant 
regulatory control, but which is not under regulatory control because it has never been so, 
or because it has been abandoned, lost, misplaced, stolen or otherwise transferred without 
proper authorization. A vulnerable source is one, which is currently under regulatory 
control, but its level of control is weak. It can be regarded as a source that could easily 
become orphaned.  

They are a lot of instances where orphan sources migth become a problem, for example 

− Measuring and controlling devices containing radioactive materials that were 
improperly disposed of as scrap metal and taken to metal recyclers  

− Radioactive material used with gauges in industrial processes and in road and 
building construction that was found lost in the side of the road or in a river nearby 

− Sealed radioactive sources used in oil and gas exploration that are no longer needed 
operationally but contain radioactive materials that exceed the limits for regular 
disposal at available commercial low-level radioactive waste disposal facilities  

− Sealed sources used in medical or industrial applications which have been 
abandoned for any reason (i.e.: bankruptcy) before retiring the radioactive materials 
used in their activities  

− Sources used in military operations (e.g.: Radioactive Thermoelectric Generators) 
without appropriate sitting records or previous regulatory controls. 

In recent years, orphan sources have caused multiple fatalities or serious injuries when 
unperceived individuals have found them. This problem, along with concern that orphan or 
vulnerable sources might be acquired for malevolent purposes, has led many countries to 
consider making concerted efforts to improve control over them.  

Several accidents have occurred in recent year involving abandoned radioactive facilities, 
inappropriate disposed sources or sources use outside regulatory control. The common 
cause of these accidents was an inappropriate control over the radioactive source causing 
the damage. Lack of control is due to different reasons, but in all cases immediately before 
the accident no one was responsible of its safety and control.  In summary these accidents 
were caused by orphan sources. 

Consequences of these accidents, which ranging from economical lost to several injuries 
and fatalities, have urged to International Organizations and several Countries to launch a 
number of initiatives to prevent loss of control of radioactive source and  to reduce 
probability of radiological accident caused by inappropriate controls over sources.  

This lecture describes a suitable methodology to envisage the problem of the orphan 
sources at national level following relevant international recommendations on the matter. 
Next chapter summarizes the root, and specific causes of the problem, including a new 
approach to categorize radioactive sources as a tool to optimize resources devoted in 
solving the problem, and a summary of main accidents originated by orphan sources. 
Following chapter describes steps needed for establishing a national system enable to 
reduce the probability to lose the control over vulnerable sources and to implement a way 
to recovery orphan sources which pose significant risk for public and the environment. 
Final chapter summarizes the actions taken by relevant international organization and some 
specific countries to address the problem. 
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THE PROBLEM 

CAUSES OF LOSS OF CONTROL OVER RADIOACTIVE SOURCES 

The term "orphan source" generally refers to a sealed source of radioactive material 
contained in a small volume -but not radioactively contaminated soils and bulk metals- in 
any or more of the following conditions: 

− In an uncontrolled condition that requires removal to protect public health and 
safety from a radiological threat  

− Controlled or uncontrolled, but for which a responsible party cannot be readily 
identified  

− Controlled, but the material's continued security cannot be assured. If held by a 
licensee, the licensee has few or no options for, or is incapable of providing for, the 
safe disposition of the material  

− In the possession of a person, not licensed to possess the material, who did not seek 
to possess the material  

− In the possession of a State radiological protection program for the sole purpose of 
mitigating a radiological threat because the orphan source was in one of the 
conditions described in one of the first four bullets and for which the State does not 
have a means to provide for its appropriate management  

Figure 1. Cause of lost of control over a radioactive source 
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Figure 1 illustrates some of the considerations involved in the loss of control of radioactive 
sources. First, loss of control can occur either inadvertently or deliberately. Intentional 
attempts to remove a source from regulatory control can be for purposes of damage to, or 
acquisition of, the source. Acquisition can be for either malevolent or purely ecoomic 
reasons and can occur via theft, illegal or legal purchase. All of these considerations have 
an impact on the national strategy methodology. A review of experience to date indicates 
the following main causes of loss of control. 

− Mobile sources are lost or stolen while in transit. 
− Sources are abandoned, either deliberately or through lack of awareness. 
− Sources are stolen, either for the scrap value of the source or its container.  

In addition, it must be recognized that many countries will have an “historic legacy” of 
sources. These are sources that were in use before radiation protection infrastructures were 
put in place or when they were not as stringent as today. Whether control has been lost, or 
did never exist, there are some common routes for inadvertent movement of the sources 
within the public domain. International trade, particularly in scrap metal, provides the 
potential for transboundary movement of orphan sources and therefore, the consequences 
may not be limited to the country of origin. The listings below provide a fairly 
comprehensive summary of all these points. 

Some of the important root causes identified has been the lack of, or ineffective: 

− regulatory bodies; 
− regulations; 
− regulatory enforcement; 
− national radiation protection services; 
− awareness or training of management and workers; 
− commitment by management to safety;  
− radiological protection programme in the organization. 

A listing of the specific causes of loss of control of radioactive sources includes: 

− Lack of, or inadequate: 
 prior risk assessment; 
 security during storage, transport and use; 
 radiation surveys, e.g. failure to monitor after a γ-radiography exposure; 
 supervision; 
 emergency preparedness arrangements; 
 training or qualification of personnel; 

− Design or manufacturing fault; 
− Inappropriate maintenance or mitigation arrangements; 
− Human error; 
− Deliberate avoidance of regulatory requirements; 
− Abandonment; 
− Catastrophic event, e.g. fire, explosion, flood; 
− Theft; 
− Malicious act; 
− Loss of corporate knowledge, due to: 
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 loss or transfer of key personnel; 
 bankruptcy; 
 long term storage of sources; 
 decommissioning of plant and facilities; 

− Death of owner; 
− Change in ownership of equipment or plant, especially moving from public to 

private ownership; 
− Inhibitions to legal disposal, such as: 

 no disposal route available; 
 export not possible; 
 high costs of disposal.  

Looking at the life cycle of a source can help illustrate those situations when a source might 
have an increased risk of loss of control. Figure 2 provides an example that is appropriate 
for sources in an industrial plant. The so called “good practice” will follow the left hand 
column, but at each point, problems can arise leading to loss of control, as illustrated on the 
right side. 

From a quantitative point of view, the following data, provided by US Nuclear Regulatory 
Commission in the USA, can help to understand the scale of the problem: “They have about 
150,000 licensees who possess about two million devices containing radioactive sources. 
Of these licensees, 135,000 are general licensees for the lower categories of sources and 
about 20,000 are specific licensees for the higher activity sources. The latter are being 
used in applications such as brachytherapy, teletherapy, industrial radiography, well 
logging, and laboratory research. In this specifically licensed group there are about 
260,000 devices. NRC data indicate that an average of 375 sources or devices of all kinds 
are reported lost or stolen each year. Although this is only about 0.02% of the total 
inventory, it is still approximately one source per day. However, the majority of these are 
very low activity sources.” 

CATEGORIZATION OF SOURCES 

Categorization procedure 

Radioactive sources pose radiological risk, which vary widely depending on such factors as 
the radionuclide and its physical and chemical form, and the activity. Unless breached or 
leaking, sealed sources present only a risk from external radiation exposure only. However, 
breached or leaking sealed sources, as well as all unsealed radioactive materials, may lead 
to contamination of mankind and the environment and the potential intake of radioactive 
materials into the human body. 

Recognizing the need for a graded approach to the regulatory control of radiation sources, 
many national and international organizations called for the development of a harmonized 
categorization system. Under the IAEA’s Action Plan a categorization system has been 
developed, which provides an  
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Figure 3. Life pattern of a source in an industrial plant 
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The categorization system is based on the normalization factor “D”, which is the activity 
above which a radioactive source is considered to be ‘a dangerous source’ as it has a 
significant potential to cause severe deterministic effects if not managed safely and 
securely.  

D value is obtained for each radionuclide according to the following grounds: 

a. A dangerous source is defined as: “A source that could, if not under control, give 
rise to exposure sufficient to cause severe deterministic effects.” 

b. A deterministic effect is defined as: “A health effect of radiation for which generally 
a threshold level of dose exists above which the severity of the effect is greater for a 
higher dose”. Such an effect is described as a severe deterministic effect if it is fatal 
or life threatening or results in a permanent injury that decreases the quality of life. 

c. The concept of a dangerous source has been converted into operational parameters 
by calculating the quantity of radioactive material that could lead to severe 
deterministic effects for certain exposure scenarios and dose criteria 

d. In addition to typical accident situations, other scenarios were included to consider 
dispersion situations that may be applicable to malevolent acts. The following 
exposure scenarios (pathways) were considered: 
− An unshielded source being carried in the hand for one hour, in a pocket for 10 

hours, or by being in a room for days to weeks. 
− Dispersal of a source, for example by fire, explosion or human action, resulting 

in a dose from inhalation, ingestion and/or skin contamination. 
e. The derivation of the D values refers to the dose criteria shown in Table 1. 
f. Category of a radioactive source with an activity “A” is given by the fraction A/D 

according categories showed in Table 2. 
g. Table 3 illustrates how each radioactive source is classified taken into account its 

radionuclide and the activity  

Bearing in mind that this procedure is oriented to expert on radiological protection and the 
categorization system is oriented need to facilitate communication with non expert people, 
Tables 4 and Figure 3 can help to explain danger associate with a particular source to the 
public.  

EXAMPLES OF ACCIDENT OCCURRED WITH ORPHAN SOURCES 

RTG accident: Georgia, 2001 (Source category (SC): 1) 

In December 2001, three woodsmen found two heat-emanating ceramic objects near their 
campsite in the remote Inguri river valley of Georgia. Two of the woodsmen involved in 
the accident carried the containers on their backs and experienced nausea, vomiting, and 
dizziness within hours of exposure. The third carried the source attached to a wire. At a 
hospital in Tbilisi, Georgia, the woodsmen were diagnosed with radiation sickness and 
severe radiation burns, and at least two of the three were in serious condition. A Georgian 
team recovered the sources in early 2002 with the assistance of the IAEA. They were the 
unshielded; ceramic sources of two Soviet-era RTGs (Radioactive Thermoelectric 
Generators) each containing about 30,000 Ci of 90Sr. Two of the victims were treated in 
hospitals in Paris and Moscow for many months before recovering from severe radiation 
burns. 
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Table 1. Reference doses for D-values 
 

Tissue Dose criteria 

Bone marrow − 1 Gy in 2 days 

Lung − 6 Gy in 2 days from low LET radiation 
− 25 Gy in 1 year from high LET radiation 

Thyroid − 5 Gy in 2 days 

Skin/tissue (contact) − 25 Gy at depth of 2 cm for most parts of the body (e.g., from a 
source in a pocket) or 1 cm for the hand for a period of 10 
hours 

Bone marrow − 1 Gy in 100 hours for a source that is too big to be carried 

 
Table 2. Category of Radioactive Sources 

 

Category A/D Examples 

1 A/D > 1000 − Radioisotope thermoelectric generators (RTGs) 
− Irradiators 
− Teletherapy 
− Fixed, multi-beam teletherapy (gamma knife) 

2 1000 > A/D > 10 − Industrial gamma radiography 
− High/medium dose rate brachytherapy 

3 10 > A/D > 1 − Fixed industrial gauges 
− level gauges 
− dredger gauges 
− conveyor gauges containing high activity sources 
− spinning pipe gauges 

− Well logging gauges 

4 1 > A/D > 0.01 − Low dose rate brachytherapy (except eye plaques and 
permanent implant sources) 

− Thickness/fill-level gauges 
− Portable gauges (e.g. moisture/density gauges) 
− Bone densitometers 
− Static eliminators 

5 0.01 > A/D > EL 

(Exemption 
Level) 

− Low dose rate brachytherapy eye plaques and 
permanent implant sources 

− X ray fluorescence devices 
− Electron capture devices 
− Mossbauer spectrometry 
− Positron Emission Tomography (PET) checking 
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Table 3 .- Danger derived from each category of source 

 

Risk due to source dispersion  Cathegory Risk due to  
direct exposure In air In water 

1 Extremely dangerous Risk area: Ø ≈ 1Km. Unlikely 

2 Very dangerous Risk area: Ø ≈ Hm.  Near impossible 

3 Dangerous Risk area: Ø ≈ m No 

4 Less dangerous No No 

5 No dangerous No No 

 

Figure 3. Cathegory of sources associated with some uses 
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Table 3. D value for relevant radionuclides 

 

D x 1000 D x 10 D D x 0.01 Radionuclide  
(TBq)  (Ci)  (TBq) (Ci)  (TBq) (Ci) (TBq)  (Ci) 

Am-241  6.E+01  2.E+03 6.E-01 2.E+01 6.E-02 2.E+00  6.E-04  2.E-02
Am-241 (Be)  6.E+01  2.E+03 6.E-01 2.E+01 6.E-02 2.E+00  6.E-04  2.E-02
Au-198  2.E+02  5.E+03 2.E+00 5.E+01 2.E-01 5.E+00  2.E-03  5.E-02
Cd-109  2.E+04  5.E+05 2.E+02 5.E+03 2.E+01 5.E+02  2.E-01  5.E+00
Cf-252  2.E+01  5.E+02 2.E-01 5.E-00 2.E-02 5.E-01  2.E-04  5.E-03
Cm-244  5.E+01  1.E+03 5.E-01 1.E+01 5.E-02 1.E+00  5.E-04  1.E-02
Co-57  7.E+02  2.E+04 7.E+00 2.E+02 7.E-01 2.E+01  7.E-03  2.E-01
Co-60  3.E+01  8.E+02 3.E-01 8.E+00 3.E-02 8.E-01  3.E-04  8.E-03
Cs-137  1.E+02  3.E+03 1.E+00 3.E+01 1.E-01 3.E+00  1.E-03  3.E-02
Fe-55  8.E+05  2.E+07 8.E+03 2.E+05 8.E+02 2.E+04  8.E+00  2.E+02
Gd-153  1.E+03  3.E+04 1.E+01 3.E+02 1.E+00 3.E+01  1.E-02  3.E-01
Ge-68  7.E+02  2.E+04 7.E+00 2.E+02 7.E-01 2.E+01  7.E-03  2.E-01
H-3  2.E+06  5.E+07 2.E+04 5.E+05 2.E+03 5.E+04  2.E+01  5.E+02
I-125  2.E+02  5.E+03 2.E+00 5.E+01 2.E-01 5.E+00  2.E-03  5.E-02
I-131  2.E+02  5.E+03 2.E+00 5.E+01 2.E-01 5.E+00  2.E-03  5.E-02
Ir-192  8.E+01  2.E+03 8.E-01 2.E+01 8.E-02 2.E+00  8.E-04  2.E-02
Kr-85  3.E+04  8.E+05 3.E+02 8.E+03 3.E+01 8.E+02  3.E-01  8.E+00
Mo-99  3.E+02  8.E+03 3.E+00 8.E+01 3.E-01 8.E+00  3.E-03  8.E-02
Ni-63  6.E+04  2.E+06 6.E+02 2.E+04 6.E+01 2.E+03  6.E-01  2.E+01
P-32  1.E+04  3.E+05 1.E+02 3.E+03 1.E+01 3.E+02  1.E-01  3.E+00
Pd-103  9.E+04  2.E+06 9.E+02 2.E+04 9.E+01 2.E+03  9.E-01  2.E+01
Pm-147  4.E+04  1.E+06 4.E+02 1.E+04 4.E+01 1.E+03  4.E-01  1.E+01
Po-210  6.E+02  2.E+03 6.E-01 2.E+01 6.E-02 2.E+00  6.E-04  2.E-02
Pu-238  6.E+01  2.E+03 6.E-01 2.E+01 6.E-02 2.E+00  6.E-04  2.E-02
Pu-239/Be  6.E+01  2.E+03 6.E-01 2.E+01 6.E-02 2.E+00  6.E-04  2.E-02
Ra-226  4.E+01  1.E+03 4.E-01 1.E+01 4.E-02 1.E+00  4.E-04  1.E-02
Ru-106/Rh-106  3.E+02  8.E+03 3.E+00 8.E+01 3.E-01 8.E+00  3.E-03  8.E-02
Se-75  2.E+02  5.E+03 2.E+00 5.E+01 2.E-01 5.E+00  2.E-03 5.E-02
Sr-90/Y-90 1.E+03  3.E+04 1.E+01 3.E+02 1.E+00 3.E+01  1.E-02  3.E-01
Tc-99m  7.E+02  2.E+04 7.E+00 2.E+02 7.E-01 2.E+01  7.E-03  2.E-01
Tl-204  2.E+04  5.E+05 2.E+01 5.E+03 2.E+01 5.E+02  2.E-01  5.E+00
Tm-170  2.E+04  5.E+05 2.E+02 5.E+03 2.E+01 5.E+02  2.E-01  5.E+00
Yb-169  3.E+02  8.E+03 3.E+00 8.E+01 3.E-01 8.E+00  3.E-03 8.E-02

Irradiator accident: San Salvador, El Salvador, 1989 (SC: 1) 

This accident occurred in an industrial irradiation facility containing 0.66 PBq of 60Co in 
the form of a source rack of two modules, each containing a number of source pencils. At 
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whose movement to the safety of the water pit had been impeded by distorted product 
boxes. One person died and another had a leg amputated. The problem had not been 
recognized for two weeks, and during this time damage to the source rack from the accident 
caused the source pencils to drop out. Most fell into the water pit, but one fell onto the floor 
of the irradiation chamber. It is pure chance that none fell into one of the product boxes that 
could have transferred them out of the facility. The installed monitor on the product exit, 
designed to detect such an event, had long since failed.the time of the accident there was no 
relevant regulatory or radiation safety infrastructure since the country had been in a civil 
war for 10 years. The net effect was a degradation of the safety systems and the operators’ 
understanding of radiation hazards. In the accident in 1989, three people gained entry to an 
irradiation chamber in order to free the source rack,  

Teletherapy head accident: Ciudad Juárez, México, 1983 (SC: 1) 

In 1977 a 37 GBq 60Co teletherapy unit was bought from a hospital in the USA by a 
hospital in Juarez, Mexico. It was not imported legally and the authorities were unaware of 
it. The hospital did not have the resources to use it immediately and it was put into storage 
in a commercial facility without a clear indication of the hazards. The relevant senior staff 
left the hospital. In 1983 a junior member of staff who knew of its existence, but had no 
knowledge of the hazard, removed it to sell as scrap metal. During transport of the source it 
was ruptured and some small source pellets scattered along the road. The source was 
melted in a foundry and was only discovered when by chance, a lorry carrying 
contaminated products set off the alarms at the Los Alamos nuclear facility in the USA. 
Some 75 people received doses between 0.25 and 7.0 Gy, 814 houses with activity in the 
steel reinforcing bars had to be demolished, several foundries required extensive 
decontamination, and the waste generated amounted to 16,000 m3 of soil and 4,500 tons of 
metal.  
Teletherapy head accident: Goiânia, Brazil, 1989 (SC: 1) 

In 1987 in Goiânia, a private medical partnership specializing in radiotherapy broke up 
acrimoniously. No one took responsibility for a 50 TBq 137Cs teletherapy unit that was left 
abandoned in the partially demolished building of the former clinic. After two years some 
local people dismantled the source and its housing and removed it for its scrap metal value. 
In the process the source was ruptured. The radioactive material was in the form of 
compacted cesium chloride, which is highly soluble and readily dispersible. For over two 
weeks the radioactivity was spread over parts of the city by contact contamination and 
resuspension. Contaminated items (and people) went to other parts of the country. 

The recognition of the existence of the problem was triggered by an increasing number of 
health effects. Overall some 249 people were externally contaminated, 129 internally, 21 
people received in excess of 1 Gy and were hospitalized, of which 10 needed specialized 
medical treatment with 4 of these dying. The decontamination and clean up of the 
environment took 6 months of intensive effort and produced 3,500 tones of active waste. 

Teletherapy head accident: Istanbul, Turkey, 1998 (SC: 1) 

In 1993 a licensed operator loaded three spent radiotherapy sources into transport packages 
for their return to the original supplier in the USA. However the packages were not sent and 
were stored in Ankara until 1998. Two were then transported to Istanbul and stored in a 
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general-purpose warehouse. After some time the warehouse became full and the packages 
were moved to empty adjoining premises. After 9 months these premises were transferred 
to new ownership, and the new owners not knowing the nature of the packages, sold them 
as scrap metal. The family of the scrap merchants broke open the source container and 
unwittingly exposed themselves to the unshielded 3.3 TBq 60Co source. Ten people 
received doses between 1.0 and 3.1 Gy and showed signs of the acute radiation syndrome. 
Fortunately no one died. The second source, 23.5 TBq 60Co remains unaccounted for, 
despite an extensive search and monitoring programme.  

Teletherapy head accident: Samut Prakarn, Thailand, 2000 (SC: 1) 
A company in Bangkok possessed several teletherapy devices without authorization from 
the Thailand Office of Atomic Energy for Peace. In the autumn of 1999, the company 
relocated the teletherapy heads from a warehouse it had leased to an unsecured storage 
location. In late January 2000, several individuals obtained access to this location and 
partially disassembled a teletherapy head containing 15.7 TBq of 60Co. They took the unit 
to the residence of one of the individuals, where four people attempted to disassemble it 
further. Although the head displayed a radiation trefoil and warning label, the individuals 
did not recognize the symbol or understand the language. On 1 February 2000, two of the 
individuals took the partially disassembled device to a junkyard in Samut Prakarn. While a 
worker at the junkyard was disassembling the device using an oxyacetylene torch, the 
source fell out of its housing unobserved. 

By the middle of February 2000, several of the individuals involved began to feel ill and 
sought assistance. Physicians recognized the signs and symptoms and alerted the 
authorities. After some searching through the scrap metal pile, the source was found and 
recovered. Altogether, ten people received high doses from the source. Three of those 
people, all workers at the junkyard, died within two months of the accident as a 
consequence of their exposure. 

Industrial radiography source accident: Morocco, 1984 (SC: 2) 

A 1.1 TBq 192Ir source became disconnected from its drive cable. It was not noticed 
through lack of appropriate monitoring and fell out of the guide tube. It looked like an 
interesting item and was picked up by a member of the public and taken home. It was out of 
control from March to June and as a result eight people died. 

Industrial radiography source accident: Cairo, Egypt, 2000 (SC: 2) 

This was a very similar incident to the one above. A farmer picked up a 3 TBq 192Ir source, 
thinking it valuable and took it home. On 6 May 2000 the farmer and his 9-year-old son 
went to their local doctor complaining of skin burns. The doctor prescribed medication for 
a viral or bacterial infection. The youngest son died on 5 June 2000 and the farmer on 16 
June. On 26 June a blood test was done on other family members who were showing 
similar symptoms. The blood test showed severe depression of the white blood cell count 
and radiation exposure was suspected. The source was located and recovered. Other family 
members were hospitalized. Four men were charged with gross negligence, manslaughter, 
and unintentional injury because they had failed to notify authorities that the source, used to 
inspect natural gas pipeline welds, was not recovered after the job. 



 14

Industrial radiography source accident: Yanango, Peru, 1999 (SC: 2) 

Whether this was a similar scenario, or the result of someone tampering with the security 
lock is uncertain. Recognition of a fault condition came when a processed radiography film 
was blank. The search for the source focused on those who had been in the area. A welder 
had picked it up and taken it home in his pocket. As a result of the accident he lost a leg and 
his wife had a more minor lesion. 

Theft of industrial radiography sources: India 1989 (SC: 2) 

Because of rivalry between two industrial radiography institutions, a 192Ir source of activity 
about 0.3 TBq was stolen. A search operation, supported by a local police investigation led 
to the discovery of the source in a cremation ground. A shielded container housing a 185 
GBq 192Ir radiography source was stolen by laborers of a garbage collection vehicle. The 
shielded container was sold to a scrap dealer and the source assembly was kept under the 
driver’s seat. The source was traced by a physical search team. 

Loss of an 192Ir HDR brachytherapy source: USA, 1992 (SC: 2) 

On 1 December 1992, the USNRC was informed by a cancer centre that a 0.14 TBq 192Ir 
source from its HDR remote brachytherapy afterloader had been found when it triggered 
radiation alarms at a waste incinerator facility in another city. Apparently the source wire 
had broken off during treatment of a patient on 16 November 1992, leaving the source in 
the elderly patient. The patient received a serious misadministration and died on 21 
November 1992 as a result. Over 90 other individuals were also exposed. Although there 
were some weaknesses in the design of the afterloader wire design, the breakage went 
unnoticed for a long time because of weaknesses in the centre radiation safety programme, 
including the failure to survey patients, the afterloader or the treatment room. An almost 
identical source wire failure occurred with an afterloader on 7 December 1992, but with 
minimal radiological consequences due to the fact that the breakage was noticed 
immediately. 
Source melt accident: Acerinox, Spain, 1998 (SC: 3) 

On 11 June 1998, elevated levels of 137Cs in the air were detected in southern France and 
northern Italy. Based on meteorological data and analysis, it was concluded that this was 
from a release somewhere in the south of Spain or north of Africa. Subsequent inquiries 
and investigations revealed the following sequence of events.  

On 30 May 1998, an unnoticed 137Cs source was melted in an electric furnace of Acerinox, 
a stainless steel factory located in Los Barrios, Spain. As a consequence, the vapors went 
out through the chimney flue, with some fraction caught in the filter system, resulting in 
contamination of 270 tons of dust already collected. On 1-2 June the dust was removed and 
sent to two different factories several hundred kilometers from Acerinox as part of the 
routine maintenance. One company received 150 tons that they then used in a marshland 
stabilization process, increasing the mass of contaminated material to 500 tons. The first 
warning of the event was on 2 June from a gate monitor that alarmed on an empty truck 
returning from delivering the dust. Authorities were notified of the event on 9 June and on 
11 June the aforementioned elevated airborne radioactivity was measured. 
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The radiological consequences of this event were minimal, with six people having slight 
levels of 137Cs contamination. However, the economic, political and social consequences 
were major. A rough estimate of costs include US$20 million for lost production, US$3 
million for clean up operations, US$3 million for waste storage. Public alarm was also 
significant with major media and political pressure being exerted on the Spanish authorities. 

Blast furnace source event: Romania, 2001 (SC: 3) 

In August 2000, a commercial company started dismantling two blast furnaces with one 
furnace being completed in June 2001. The decommissioning was without regulatory 
authorization and was stopped in 2001 when on-site inspections by the regulatory body 
found radiation levels of 0.5 to 400 μSv/h, with a maximum of 4 mSv/h on some debris 
bricks. It was determined that each furnace contained about three dozen 60Co (+110mAg) 
small radioactive sources of activities between about 0.4 and 20 GBq installed in 1985 for 
wall thickness control. The consequences of the event were a significant area contaminated 
with 60Co and a large pile of lining bricks possibly containing more sources. About a 
dozen workers may have been exposed but do not appear to have measurable radiation inju-
ries. 
Theft of well logging sources: Nigeria, 2002 (SC: 3) 

In December 2002, two 241Am/Be sources used for well logging were stolen from an oil 
company truck while it was in transit in the southern Niger Delta region. Such sources are 
typically of about 0.7 TBq activity. Public announcements, police efforts and increased 
border vigilance were all instigated in an attempt to find the sources. Health care workers 
were also warned to keep a lookout for anyone with prolonged nausea or skin burns. Some 
eight months later the sources were detected in a scrap metal shipment in Europe. 

Melting of a pacemaker: UK, 2000 (SC: 3) 

Quality assurance tests conducted in 2000 of steel from a UK foundry identified that about 
140 GBq of 238Pu had been melted. It is most likely that this was from a pacemaker. The 
foundry had sophisticated portal monitors to check incoming scrap metal for gamma 
emitting nuclides. However they were incapable of detecting the 238Pu activity. The doses 
involved were negligible but the clean up and disposal costs of such an event are several 
million US dollars. 

Non-radium legacy orphan source: India  

Not all legacy sources are radium, but depend upon when regulatory control is first 
established in a State. A corporate officer requested advice from the regulatory body 
regarding a 185 GBq 137Cs that had been discovered by a member of staff to be in the cor-
poration’s possession. On investigation, it was discovered that the source had been 
imported by the corporate office in the early 1950s, when regulatory control in India was in 
its initial stages. Therefore, the source had not been placed under regulatory surveillance. 
The source was subsequently dealt with appropriately. 

Discovery of radium luminized instrumentation: UK, 1984  

In the UK in 1984 a company specializing in providing spare parts for vintage aircraft and 
military vehicles came to the attention of the competent authorities. The company’s 
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warehouse contained over 7,000 packing crates of spare parts and in some 2,000 of them 
radium, mostly in the form of luminized items, was detected. In many cases the varnish 
covering the luminizing compound had broken down and radium contamination was 
present. 

Possible research facility source fatal accident, Estonia, 1994  

The fatal radiation accident in Tammiku, Estonia in 1994 involved a source originally 
found in scrap metal delivered to a metals recycling facility in Tallin. The source was 
estimated to be about 7 TBq of 137Cs in an assembly that probably had been part of an 
irradiator, possibly in a research facility. 

Military sources accident: Lilo, Georgia, 1997 (SC: 3) 

In 1992, with the break up of the former USSR, the Soviet Army abandoned its former 
facilities in Georgia. One of these was a training camp in Lilo, which was taken over by the 
Georgian Army. In October 1997, eleven soldiers developed radiation induced skin lesions. 

A radiation-monitoring search of the facility revealed 12 abandoned 137Cs sources ranging 
from a few MBq to 164 GBq. These had been used by the previous occupants in Civil 
Defense Training; with the sources being hidden about the site and trainees having to find 
them. Many were still where they had been hidden. In addition, one 60Co source and 200 
small 226Ra sources used on gun sights were also found on the site. Over six years later the 
soldiers were still receiving treatment for their injuries. 

ESTABLISHING A NATIONAL ACTION PLAN  

OVERVIEW 

Strategies for improving control over radioactive sources need to be developed in a manner 
that is appropriate for the specific national situation. For example, in the case of a country 
with a very immature regulatory framework, the initial national strategy may consist of the 
creation of a national registry and the subsequent identification of, and searches for, high 
risk legacy orphan sources. In the case of States with an established regulatory framework, 
the initial national strategy may go beyond a review of legacy orphan sources, and might 
include: 

− a comprehensive analysis of possible gaps in regulatory controls; 
− the collection and disposition of high risk disused, or vulnerable sources; 
− the creation and maintenance of orphan source search and recovery capacities; and 
− the installation of additional passive search capability focused on the highest risk 

areas within the national use of sources. 

However, no country is completely isolated and free of risk with respect to the movement 
of radioactive material. Therefore, consideration also needs to be given to the flow of 
radioactive material into and out of the country and the status of the regulatory control of 
sources in neighboring and trading countries.  
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Figure 3 provides an overview of the process of developing a national strategy and 
implementing a programme for improving control over radioactive sources. In essence, this 
consists of three phases: 

Figure 3. Outline of the national strategy methodology 

 
1. Assessment: deciding on the scope of the strategy, gathering the necessary 

information and determining the nature and magnitude of the problem; 
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2. Development: identifying and prioritizing actions for solutions, and developing the 
plan accordingly; and, 

3. Implementation: obtaining the necessary commitment and resources, implementing 
the solutions, and then evaluating the impact of the plan. 

Ideally, the goal is to regain control over all existing orphan sources and increase the degree 
of control over vulnerable sources and/or risk activities. A desirable objective in this regard 
would be full compliance with the International Basic Safety Standards, the Requirements 
for Legal and Governmental Infrastructure for Nuclear, Radiation, Radioactive Waste and 
Transport Safety and full implementation of the Code of Conduct on the Safety and 
Security of Radioactive Sources. However, this may not be immediately attainable. 
Therefore, in determining an overall strategy, the State will need to assess the benefits and 
detriments of various options and make judgments with regard to their priorities. Since it is 
most important to adequately control dangerous radioactive sources, those in Categories 1, 
2 and 3 of the IAEA’s Categorization of Radioactive Sources should take priority. 
Undoubtedly budgetary and staff resource considerations will be factors in the level and 
rate of implementation of any national strategy. 

ASSESSING THE NATIONAL PROBLEM 

The assessment phase for establishing a national strategy for improving control over 
radioactive sources involves deciding on the scope of the strategy, gathering information 
and then evaluating it in order to reach conclusions regarding the nature and magnitude of 
the problem. 

Hence, the assessment phase can be divided into the following elements: 

− establishing realistic expectations given the national situation (the scope); 
− gathering data on all aspects of the past and current level of radioactive source 

control, in order to identify potential orphan and vulnerable sources, as well as risk 
activities; and 

− performing an evaluation (gap analysis) and reaching conclusions on the need for a 
national strategy. 

In determining the scope of the national strategy, there are multiple factors, with the main 
listed below. 

1. Decide on which types of sources will be within the scope of the national strategy. 
As a first priority it is recommended that all dangerous sources be included; i.e. 
Categories 1, 2 and 3. 

2. Decide whether the strategy should focus on one particular sector of use, such as the 
oil industry or medical uses, or whether it should be broad-based. 

3. If the national strategy will cover a wide range of radioactive sources, then there 
should be a prioritization of efforts, beginning with Category 1 sources and moving 
on down to the other categories as resources allow. 

4. Decide if the focus will just be on the past, or will cover current and likely future 
problems as well. 

5. Appropriately divide available resources between development and implementation 
of the national strategy. 



 19

6. Determine the relative balance and priority to be made between safety, security, 
social, political, economic and environmental issues. 

Gathering national information 

The heart of the assessment phase is the gathering of data on sources, both known and 
unknown. The risk from orphan or vulnerable radioactive sources cannot be characterized 
unless information is available on what sources are likely to be in the country. 
Characterizing the orphan source risk involves an evaluation of both the potential for 
orphan sources to exist, and the potential consequences that such sources may cause. It 
should be clear that orphan sources in Categories 1, 2 and 3 are of primary concern because 
of their potential to cause severe deterministic effects. The assessment process will also 
address whether vulnerable sources, which are currently under control, might become 
orphaned in the future, and whether orphan sources might be introduced from outside the 
country.  The important points for a useful evaluation of the data gathered are: 

1. Decide whether the data gathering and evaluation can do with internal staff, or 
whether external appraisers would be helpful. 

2. The evaluators should be familiar with old regulatory and radiological protection 
practices (i.e.: the IAEA’s Code of Conduct, and fully understand the requirements 
and guidance given in the IAEA Safety Standards) 

3. The actual situation should be compared to these standards and guidance. 
4. The important differences need to be discerned from the trivial differences. 

Figure 4 illustrates the important data inputs to the information gathering and evaluation 
phase. Each of which is subsequently addressed in the text, indicating what information 
should be gathered. 

Current and past degree of regulatory control 

Any assessment of the safety and security of radioactive sources, oriented to address the 
orphan sources problem in a country, must start with a review of the current and past 
degree of regulatory control over such materials. In doing so, the following consideration 
should be taking into account: 

1. Determine when the earliest laws, regulations and regulatory bodies were 
implemented and applied. 

2. Ascertain what types of sources were first used within the country and in which 
practices they were applied, as well as how they were generated, purchased or 
imported into the country. 

3. Determine how the initial licensing was begun or how the initial inventory of 
radioactive sources was generated. 

4. Determine the current system of regulatory controls for the complete life-cycle of 
radioactive sources, focusing on licensing and inspection, import controls, 
possession, use and storage or disposal of sources. 

5. Check for the possibility of these common problems: 
− Lack of laws and regulations governing radioactive sources. 
− Lack of independence of the regulatory body. 
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− Different regulatory bodies for different applications of sources e.g. medical vs. 
industrial use 

− Regulatory bodies with overlapping responsibilities, or conversely one aspect of 
sources not regulated by anyone. 

Figure 4. Assessing the potential problem 

 

 
 

− Radioactive sources imported and used before laws, regulations and regulatory 
bodies were functional. 

− Transfer of regulatory roles, or records, with a change of governmental system . 
This includes a loss of records, or a period of loss of regulatory control. 

− Inadequate authorization, licensing, or registration processes. 
− No specific authorization or licensing of government-owned radioactive 

sources. 
− Lack of, or inadequate inspection, enforcement and follow-up. 
− A licensing fee structure that encourages undesired behaviors on the part of 

users. 
− No prioritization of regulatory efforts with regard to radioactive sources, i.e. the 

same amount of effort (licensing, inspection etc.) spent on Category 5 sources as 
on Category 1 sources. 

− Prioritization of work based on geographical regions, political boundaries or 
uses rather than categories. 
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Quality of source inventory 

The existence and the quality of a national registry of radioactive sources will be a prime 
indicator of the probability of there being orphan or vulnerable source problems within a 
country. If a registry does not exist, then its creation becomes a high priority item in the 
national strategy. 

A comprehensive, high-quality registry of radioactive sources is essential for effective 
control over them. The level of effort in the generation and maintenance of such an 
inventory should be dependent upon the category of the sources. A national registry for at 
least Category 1 and 2 sources should be maintained, while authorized users should 
maintain an inventory of all their sources. The following points should be considered: 

1. Check whether there is a national registry or inventory of radioactive sources. Ifd 
not, then use appropriate administrative and physical search methodologies to 
generate an initial inventory.   

2. Evaluate the quality of any new or existing inventory, checking for: 
− completeness of practices or applications; 
− consistency of radionuclides and activities with practices; 
− comprehensiveness of licensees within particular applications; 
− clarity between possession limits and actual sources; 
− the inclusion of the minimum data fields necessary; 
− completeness of the data entered. 

3. Determine/decide how the inventory should be maintained. Specifically designed 
radioactive source inventory database software is most appropriate. 

The basic process of gathering data on sources based upon their use consists of: 

− knowing what types of source applications exist; 
− understanding which of these applications or industries are likely to be in use within 

the country; 
− determining which of them are within the scope of the assessment; and,  
− then gathering the easily obtainable data  

Types of use in the country 
1. Within the pre-determined scope of the national strategy: 

a. compare the known industries within the country with the known radioactive 
sources; 

b. look for anomalies, information gaps, or situations where sources may be 
orphaned or vulnerable; 

c. check with all applicable Government Ministries, including those involved with 
energy, mines, medicine, industry, and agriculture. 

2. Use Appendix III to systematically examine whether or not all of the likely 
industries and sources have been identified. 

3. Use the applicable administrative search information sources. 

Military uses and sites of conflict 
1. Use Government inter-Departmental or Ministerial communication channels to 

attempt to get information regarding the military possession and use of radioactive 
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sources during peacetime. Failing this, attempt to get assurances regarding the 
standard of military radioactive source control being at least equivalent to the 
civilian control. 

2. Consider physical radiation surveys of former, or abandoned fixed military facilities 
and sites. 

3. As soon as it is safe to do so following military conflict, consider physical surveys 
of non-military facilities where radioactive sources were known, or were likely to 
be present. Problems to check for include: 
− High activity radioactive sources in damaged buildings; 
− Sources from various facilities that have been gathered in one location. 
− If DU (depleted uranium) munitions were known to have been used, consider 

warning the public regarding picking up fragments. If a battlefield is reasonably 
small, consider physical surveys to collect DU fragments. 

Legacy knowledge 

Determine within the older early workers who were using radioactive sources and interview 
them with regard to all aspects of their use at that time. Issues to cover can include: 

1. What sources were used  
2. How they were obtained. 
3. What they did with them. 
4. Where the sources were stored. 
5. How they disposed of them. 
6. The names and contact information of others who might still be alive. 
7. What legislation, regulations and rules were in place and when. 
8. Whether there were any incidents involving the sources. 

Verify the information as far as possible and follow up on any likely orphaned sources. 

Import and export of sources 
1. Determine if the country is an exporter of new radioactive sources or devices by 

looking at potential source production capabilities. If no new radioactive material is 
produced then the only likely exports are return of temporary imports or disused 
sources. 

2. Gather information about imports from current users, licensing and authorization 
records, manufacturer or suppliers. 

3. Attempt to determine if there has been a time when imports were not well controlled 
and sources could have been entering the country unknown to the regulatory 
authority. 

4. Pay particular attention to sources imported temporarily for specific jobs or 
contracts to ensure that their import and export are well managed. 

5. Determine if there are any practical provisions for the disposal or return of disused 
radioactive sources. If there are none, then there is a greater probability of orphan 
sources being present. 

6. Examine customs procedures with regard to unclaimed imports to assess the 
likelihood of sources being left in warehouses, receiving stations and the like. 
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7. Most common problems are related to a lack of communication regarding sources 
entering or leaving the country, and include: 
− None or little knowledge of imports or exports by the regulatory body; 
− The regulatory body has no legal authority to require notification of importation 

of sources; 
− Multinational and other companies importing and exporting sources just for a 

particular job without any notifications; 
− Poor enforcement of regulations relating to import or export notifications. 

Intelligence on illicit trafficking 
1. Gather as much data as available on illicit trafficking from general worldwide and 

national sources. 
2. Assist in the accumulation of data by participating in the Illicit Trafficking Database  
3. Obtain specific information necessary for the national strategy development, 

including: 
− the number and nature of bordering countries; 
− the quality of radioactive source control within the bordering countries; 
− the nature of the borders and especially their ‘porosity’; 
− the number and type of the ports of entry/exit; 
− existing border monitoring stations and their type; 
− the ease of installation of border monitors; 
− the experience on the numbers and types of illicit trafficking events discovered 

via intelligence, ‘sting’ operations, or existing border monitoring. 
4. If not already a member, consider involvement in WCO, INTERPOL and similar 

regional organizations to share information and data on illicit trafficking. 
5. Common problems identified include: 

− No communication between law enforcement/intelligence agencies and 
radioactive source regulatory authorities; 

− No comprehensive assessment of the nature or magnitude of the illicit 
trafficking problem; 

− Lack of cross-training between law enforcement/intelligence agencies and 
radiation safety agencies; 

− Lack of technical back-up for customs, border or law enforcement personnel; 
− Lack of border monitoring, even in situations where it is clearly justified; 
− Non-operational border and radiation monitoring equipment. 

Trading partners 
1. Gather data on: 

− the volume of imports; 
− the nature of products imported and their origins; 
− the entry points by land, air and water; 
− the physical nature of the material, whether it is in massive bulk quantities or 

individual finished products; 
− the point of origin of the import and the levels of control known to exist in that 

country or region; 
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− any accident/testing that may have involved the release of radioactive material 
and the subsequent potential contamination of land or products. 

2. Be aware that naturally-occurring radioactive material (NORM) may affect any 
detectors used to monitor commodities and plan accordingly. 

3. Pay special attention to the scrap metal trade. 

Metals recycling 
1. This is a special case. It overlaps with import/export and trading partner’s issues, 

but it can be a wholly internal issue. 
2. Sources typically originate from dismantled plant or heavy metal shields with the 

sources still inside. 
3. The hazards arise during the various phases of the cycle: 

− Front end – high human health risk from unshielded sources 
− Shredding or melting plant – high cost from decontamination of plant, or 

environmental impact from release material 
− Back end – low acute health impact, but possible chronic exposure from 

contaminated ingots or products made from them. 
4. Hence, gather information beginning at the top level of the recycling chain (the 

melting companies), then work down the chain to their larger scrap suppliers and 
finally to the original small scrap collectors. 

5. Determine who has monitoring equipment installed or who uses portable 
equipment. 

6. Determine the level of awareness of their employees with regard to 
− knowledge of the potential problem 
− radiation warning sign 
− types of likely sources and shields to be found in scrap. 

7. Ensure that all the scrap metal importers and exporters are known. 

Disused sources 

Disused sources are a high priority focal point for national strategies. 

1. Make efforts to determine the frequency of use of each Category 1 – 3 source. 
2. Visit users’ source storage facilities and ask which sources are still being used 

routinely. 
3. Encourage users to declare sources that are used very infrequently to bring them as  

disused. 
4. Evaluate the security of the storage of disused sources. This includes the users local 

storage as well as national facilities. 
5. Typical problems found include: 

− Inadequately stored disused sources; 
− Inadequate security of disused sources; 
− Infrequent accounting for sources, resulting in their disappearance not being 

noticed soon enough; 
− Sources not being declared as disused, even though they have not been in use 

for many years; 
− Sources forgotten about when staff leave; 
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− No disposition route for disused sources. 

Data on known lost and found sources 
1. Gather any available data on lost and found sources from licensees, the regulatory 

authority, or international databases covering the country or region. 
2. Explore the development of a system to ensure that all future lost and found sources 

are reported and records are maintained and routinely evaluated. 
3. Typical problems include: 

− No data on any lost or found sources; 
− No attempts to search for lost sources or owners of found sources; 
− Several sources found, which indicates that there are others; 
− Evidence that sources were brought into the country, but no knowledge of their 

whereabouts; 
− Lack of routine effort to pro-actively find unknown sources. 

Security of sources 

Few people have considered the additional security needs of high category sources. The 
major problems found are: 

1. Lack of urgency, awareness or understanding as to what is needed in this regard. 
2. Many radioactive sources vulnerable to theft or sabotage. 

DEVELOPING A NATIONAL STRATEGY 

The steps in the development of a national strategy are: 

1. List the problems or potential issues identified during the assessment and evaluation 
phase using information gathered. 

2. Develop actions to solve each problem, or if it the situation is complex, take the first 
steps towards a solution of the problem. 

3. Prioritize these actions and present them in a format which is suitable for the 
decision makers. 

A difficult task in developing a national strategy is to prioritize the actions due wide variety 
of situation potentially found. There is usually a fairly long list of problems and possible 
solutions, which cannot all be done at once. There are a number of factors to consider in the 
prioritization process, with the main as follows: 

− Degree of immediate hazard 
− Degree of potential hazard 
− Cost of implementing the solution 
− Short term or long term solution 
− Solutions needing further work 

National strategy must be a formal document drafted by the correspondent authority (e.g.: 
Regulatory Agency) including views of other relevant national entities. This document 
should content the following information: 
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− The introduction of the action plan needs to give the background, objectives, scope, 
structure and definitions used within the report. 

− A brief summary of the regulatory history regarding the control of sources and the 
current regulations.. 

− A summary of the specific national situation regarding each of the subjects 
discussed above.  

− An evaluation of potential radioactive source problems and the proposed solutions 
− An Action Plan bearing in mind the audience, it is worth summarizing the text of 

the previous problem and solution chapter into a short –i.e.: tabular format- which 
enables a brief overview of the actions, their priority and the resources necessary.  

− A final statement regarding the current degree of control over radioactive sources 
should be provided in the conclusion, along with an evaluation of the orphan source 
potential. A person reading the conclusion should be able to get a quick 
understanding as to the national status of radioactive source control. 

IMPLEMENTING THE ACTION PLAN 

Once the Action plan for the national strategy has been developed, then there needs to be a 
definitive high level decision to approved and implement it. Those responsible for ensuring 
that the control over radioactive sources is maintained and improved need the necessary 
authority and resources to implement the plan. Should there be long term or very costly 
actions that need further discussion and evaluation prior to adoption, then these should be 
treated separately and the rest of the plan approved. It is best if the approval to move 
forward with the plan is given in writing by the highest appropriate authority. 

Moving ahead with the action plan is relatively straightforward once it has been approved. 
Implementation will be dependent on the specific nature of each of the actions. Clearly, the 
highest priority actions need to be addressed first. Should the responsible authority feel that 
it does not have the necessary resources or expertise to implement specific tasks, then the 
possibilities of bilateral or international assistance should be investigated. There are a 
several ways of obtaining additional help, particularly with regard to higher activity sources 
that may be lost or became vulnerable from a safety or security viewpoint.  

Action plans by their nature become out-of-date fairly quickly when implemented, since 
actions are being completed or modified as they are worked on. The work itself also 
produces new situations, more information is gathered, resources become available or 
exhausted, and a greater level of understanding is achieved as to what is additionally 
needed in particular areas. For these and other reasons, the national strategy action plan 
needs to be evaluated, reviewed and revised on an annual basis. However, the review and 
revision process needs much less work than the development of the original plan. As the 
higher priority actions are completed then what were the lower priority tasks become higher 
priority actions in the revised plan. 

SEARCHING FOR SOURCES 

Any national strategy is likely to involve a search for radioactive sources, and therefore, 
this subject is important enough to be treated here in a separate chapter. Searches for 
sources can primarily be divided up into non-physical (or administrative) and physical 
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searches. The distinctive difference is that physical searches will involve the use of 
radiation detectors to determine the presence of sources. 

There are several reasons for performing searches as part of the action plan, including to: 

− develop an initial inventory; 
− routinely check that all sources are known about; 
− look for lost sources; 
− investigate the causes of radiation injuries; and 
− trace found sources. 

Inventory development 

Typically, searches will first need to take place when the initial national registry or 
inventory of radioactive sources is being developed. In many cases, sources will already be 
in the country because of their use prior to the introduction of the regulatory infrastructure 
requiring authorizations. These sources will need to be found, identified and added to the 
inventory. 

This initial search is likely to be the most comprehensive national search ever made. It will 
primarily involve administrative search methods at first, but should also later involve 
physical searches. The scope of this search is very broad and all of the information sources 
and tools for administrative and physical searches discussed below will need to be used in 
order to develop a comprehensive first listing of radioactive sources. 

Routine background searches for unknown sources 

Once the registry is complete, there is still a need to perform certain routine non-physical 
and physical searches to determine if any sources have been missed, or if any have entered 
the country without the regulatory authority’s knowledge. 

Even a State that has good regulatory control over radioactive sources needs to conduct 
these routine administrative and physical searches. Rather than naively assuming that it 
knows about all sources in the country, it is preferable that a regulatory authority has a 
skeptical mindset, which recognizes that there are probably sources in existence that it does 
not know about. 

A routine background search can take place as part of other work such as a normal 
compliance inspection, or it can be a specifically scheduled activity. Illustrative examples 
of how such administrative and physical searches can be incorporated into routine work 
activities are given later. Specifically scheduling a routine search might be done within a 
particular sector if there had been a series of incidents in that sector, which leads the 
regulatory authority to suspect that sources may have become orphaned, or that regulatory 
control needs to be tightened. 

These routine searches are usually very broad in scope since they are essentially fulfilling 
the same purpose as the search to generate data for the initial inventory. 

Specific searches for sources known to be missing 

In the event of a known source, or sources, becoming misplaced, lost, or stolen then 
searches will probably need to take place in an attempt to find them. Usually these start 
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with non physical searches, but they are rapidly followed by physical searches once a 
search area, sector or location has been defined. 

The fact that a source is missing may be discovered in a number of ways. These include: 

− during an administrative search; 
− a report by a user that a source was lost while being used on site; 
− only a part of a consignment being received; 
− a break-in to the source storage location; 
− observation of some abnormal monitoring results; 
− finding an empty, labeled source container; 
− detection of radiation-induced health effects. 

This type of search is the most focused and the most narrowly defined in scope, since it will 
usually be looking for a specific source in terms of radioactivity, radionuclide and physical 
design. This means that the risk associated with the uncontrolled source can be more 
precisely assessed. Should the assessed risk of personnel injury be high (Category 1, 2 or 
3), then this becomes an emergency and should be treated as such.  

Searching for the causes of radiation injury 

Frequently the first evidence that a source might be out of control is when one or more 
persons exhibit symptoms similar to those of radiation injury. Once confirmed as such by a 
physician, there then follows a high priority investigation characterized by both 
administrative and physical searches. 

The scope of such a search is likely to be broader than that for a specific source known to 
be missing, but narrower than the first two types of searches. The unknown source clearly 
must be of a radionuclide and activity sufficient to cause the injuries seen. 

 Tracing searches 

Finally, if sources are found either intact, in pieces, or incorporated in a commodity, such 
as contaminated steel, then at least a non-physical search will need to be made in an attempt 
to trace the source, to see if there are others, and to determine if there is a gap in the control 
measures that needs to be corrected. 

The tasks of a tracing search are to try to determine: 

− the characteristics of the found source; 
− if it corresponds to a known lost source; 
− where it came from; 
−  how it came to be out of control (orphaned); 
− whether there are likely to be other, similarly orphaned sources that have not yet 

been found; and, 
− how to prevent further similar problems from occurring. 

Some of these tasks may lead to physical searches and they all will have further follow-up 
activities.  



 29

Non-physical searches 

Non-physical searches are also often called administrative searches. They are any means 
that do not involve the use of radiation detectors to gather information about sources that 
are unknown, lost, missing, stolen or found. Two keys aspects of administrative searches 
are determining the most useful information source, or ‘target’, and determining the best 
‘tool’, or method of collecting the information from the source. 

Administrative searches should be carried out in collaboration with several groups and 
organizations. Most relevant are. 

− Information sources from target group of knowledgeable individuals 
− Governmental authorities responsible for areas such as radiation safety, nuclear 

power, health, environment, industry, mines, agriculture, transport, education, 
customs and law enforcement. 

− Non-governmental and international organizations the transport modal 
organizations, professional organizations and societies, service organizations, 
technical organizations, and trade or industrial groups. 

− Users and owners of sources will have some information about their current 
sources, but may also have documents or records of sources that they may have 
possessed or used earlier, that they may have installed in other facilities, or that they 
may have shipped or transferred to others.  

− Manufacturers and suppliers of radioactive sources, by the nature of their business, 
keep a large number of records relating to their products.  

− Individual workers who work with these groups have personal memories or records 
that may be of value for certain searches.  

− The early pioneers of work with radioactive materials in any particular country are a 
very special sub-group of individual workers who should be interviewed for some 
types of search, especially the initial inventory search.  

− Relatives, neighbors and friends are particularly important when performing a 
search for a source that has caused radiation injuries, especially if the injured person 
is incapacitated or dead. Relatives, neighbors and friends may be able to provide 
specific information regarding the person’s possible contact with the source or the 
location of the source in question.  

− The public at large is a target group that must be accessed with care. They can be 
helpful in possibly providing information about a known missing source, but they 
are also generally very sensitive and easily scared about matters involving radiation, 
or radioactive materials. 

Tools and methods 

The ‘tools’, or methods used to gather data during an administrative search can be broadly 
grouped into three types, namely: broadcast media, records searches and interviews. The 
appropriate tool to use in each circumstance will be dependent on the reason for, and the 
extent of, the search. Each of the tools is discussed in this section with some comments 
about its applicability. It should be recognized that an administrative search is essentially 
detective work. It is an investigation, and as such, it will involve sorting information 
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volunteered as a result of appeals, looking at official documents, and analyzing personal 
interviews with all persons who may be able to contribute. 

Physical searches 

Physical searches primarily involve the development of a search plan and the deployment 
of radiation monitoring capabilities in the form of equipment and staff. Generally, physical 
searches are performed after administrative searches, but a search programme is an iterative 
process that flows from one logical step to the next. In certain circumstances, a physical 
search may well start at the same time as, or even before, an administrative search. 

Physical searches can be characterized as either passive or active. Passive searches are 
those where the detectors are essentially stationary. They are placed in certain locations and 
set to alarm when a source passes close by. Active searches are those where the instruments 
are moved around to try to find the sources. 

Radiation detectors can be classed as either stationary or mobile. Generally, stationary 
detectors are used for passive searches and mobile detectors for pro-active searches, but not 
exclusively. For example, a hand-held detector or pocket alarming dosimeter can be used 
for both passive and active searches. 

Stationary monitors are often of the portal type, where vehicles, people, containers or other 
objects pass by or between radiation detectors. They can also be installed, for example, on a 
scrap yard grapple, over or under a conveyor belt, or just attached to a wall of a room as an 
area monitor. 

Types of mobile instruments include: 

− pocket alarming dosimeters; 
− hand-held detectors; 
− vehicle mounted detectors for surveys from the road; 
− sensitive detectors attached to an aircraft for aerial surveys. 

Most commonly, detectors used in physical searches will just measure gamma radiation, 
but neutrons, beta and alpha radiation are also used in particular circumstances. 

Passive detection of radioactive sources that are not under control essentially consists of 
placing appropriate detectors at appropriate locations. The characteristics of the detectors to 
be used will clearly depend upon the type and magnitude of the sources that it is desired to 
find. Passive detection has its greatest application in routine background searches for 
unknown sources. 

The most appropriate places for passive detectors are at nodal points. These are places 
where the flow of goods, vehicles or people is concentrated and typically includes border 
crossing points (ports of entry), tunnels and scrap metal recycling facilities. As discussed, 
the installation of passive monitoring systems at scrap metal facilities is almost always 
justified, whereas the case for border monitoring is more complex and needs careful 
evaluation. 

Pro-active searches should be launched when circumstances indicates (e.g.: results of the 
non physical searches shows clearly existences of lost sources, radiation injured are 



 31

identified as result of exposure to an unknown source, etc.). In theses cases a plan 
containing the following elements could be put in practice: 

− The objectives; 
− The boundaries of the search (geographical or temporal); 
− The radionuclide, or range of radionuclides, to be searched for; 
− The limits of detection; 
− The monitoring methods (hand-held, vehicle, air surveys) to be used; 
− The procedures for dealing with found sources (including final disposal); 
− The responsibilities of the various parties involved; and 
− The provision of staff and financial resources. 

Routine background searches for unknown sources are generally thought of in the context 
of passive detection. However, they can be applied creatively to active searches. An 
example of how this might be done would involve regulators visiting other parts of an 
authorized user’s premises during a routine inspection. A little additional time could be 
spent walking through storage areas or basements with a radiation detector switched on in 
order to see if there might be other unknown sources around, of which perhaps even the 
user is unaware. 
Criteria for stopping searches 

One of the most difficult judgments to make is when to end an unsuccessful search. Such a 
judgment would be based on many factors, including:  

− whether or not there are any useful clues or leads remaining to be investigated; 
− the Category of the source; 
− the likely consequences of the source being found by a member of the public; 
− the half-life, activity and time since the loss; 
− the likelihood of the source being in a location inaccessible to the public; 
− the need for resources being used in the search to be released for other work; 
− public and political pressure and level of concern. 

ON GOING INITIATIVES ADDRESSING ORPHAN SOURCES  
The occurrence of accidents due orphan sources have moved a number of National and 
International Authorities to launch initiatives to increase regulatory control and physical 
protection of radioactive sources to prevent orphaning sources and to reduce the probability 
of direct hazard for public and the availability of them for malevolent use. 

The U.S. Nuclear Regulatory Commission is taking action to address the problem of 
unwanted and uncontrolled radioactive materials, often referred to as orphan sources. The 
agency has signed a memorandum of understanding with the U.S. Department of Energy 
(DOE) on the management of the some of the sensible materials. It also has approved 
providing funding to the Conference of Radiation Control Program Directors (CRCPD) -a 
group of State radiation protection officials- to support a national program for the safe 
management of these materials. 

Under this agreement, the Off-Site Source Recovery Project (OSRP) was created by the 
Department of Energy (DOE). The OSRP was initially tasked with recovering the known 
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backlog of excess, abandoned, orphan, and unwanted radioactive sealed sources from 
licensees across the U.S. to meet a congressional mandate of 5,000 sources recovered by 
April 2004. This included sources from the commercial sector and sources from state 
agencies who were holding at-risk sources accepted from licensees. The sealed sources 
addressed by the Project contained radioactive elements known as actinides; principally 
241Am, 238Pu and 239Pu. 

Owing to new concerns about the security of excess radioactive material, the U. S. 
Congress provided the OSRP with additional federal funding in September 2002. In 
October 2003, responsibility for the Project was moved to DOE's National Nuclear Security 
Administration (NNSA) as part of the Global Threat Reduction Initiative, expanding its 
scope of isotopes of concern to be consistent with international efforts to reduce threat from 
radiological sources. This transition expanded the OSRP mission to include beta-and 
gamma-emitting sources. Sources containing the additional nuclides 60Co, 90Sr, 137Cs, 192Ir, 
and 226Ra are now candidates for recovery and management regardless of activity level. 
Expansion of the scope for the OSRP requires identification, recovery, and management on 
a routine basis, of the additional nuclides not previously addressed by the Project. The ex-
pansion will focus on: Beta/gamma sources and devices, and includes changes in the 
activity levels. Figure 5 shows source recovery operations until February 2006. 

 

Figure 5.  Sources recovered under the “US Off-Site Source Recovery Project” 
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The European Commission had issue a Directive on High Activity Sealed Sources which is 
being transposed to internal regulations in the Member Countries to strengthening the 
control at national and European levels on dangerous radioactive sources. 

The United Nations Economic Commission for Europe (UNECE), in collaboration with 
International Customs Organization and the European Commission and the IAEA, has 
organized a number of technical meetings and issue a specific guides on the radiological 
risk in the metal recycling activities. 

The Bureau of International Recycling (BIR) is also concerned by the orphan sources 
matters and devotes regular sessions addressing the problem in its periodic international 
meetings. 

A number of European Countries are implementing special programmes to recovery ancient 
or lost radioactive sources setting up specific radiological surveillance programme in 
specific areas (borders, ports, etc), sites (old hospitals, research centers, certain industries, 
etc)  and/or activities (metallurgical scrap recycling, conventional safety disposal facilities, 
sanitary landfills, etc) where finding of lost radioactive sources is more probable. These 
surveillance programmes are complemented setting up suitable legal provisions, funding 
provisions, and implementing ad hoc operating procedures. 

Spain, in the aftermath of the Acerinox source melting accident, created a interagency 
group to develop a national plan to protect steel industry against radioactive accidents. The 
group was composed of representatives from Ministries, the Regulatory Agency (CSN), 
Radwaste Management Agency (ENRESA), the Steel Industries Pool, the Recycling 
Companies Pool and Trade Unions. All together, drafted a consensus protocol to regulate 
the radiological surveillance of metallurgical scrap in a voluntary basis,  Later the Protocol 
was signed also by the aluminum, lead and cooper producer pools. This Protocol is being 
accepted as an useful tool to detect radioactive sources in metallurgical scrap, Figure 6 
shows the number of sources detected as result of Protocol implementation. 

 

Figure 6.  Sources recovered under the “Spanish Protocol on Radiological 
Surveillance of Metallurgical Scrap” 



 34

 
The IAEA have launched the “Action Plan on the Safety of Radiation Sources and Security 
of Radioactive Material’ to develop and implement activities that will assist Member States 
in maintaining and, where necessary improving the safety of radiation sources and the 
security of radioactive materials over their life cycle. The initiatives in the original plans 
were grouped according to seven topic areas that provide a logical division of tasks to be 
carried out by the IAEA:  

− Regulatory Infrastructures 
− Management of Disused Sources 
− Categorization of Sources 
− Response to Abnormal Events 
− Information Exchange 
− Education and Training 
− International Undertakings 

CONCLUSIONS 
Radioactive sources that are not under good regulatory control –orphan sources- can result 
in a number of undesirable and significant consequences including human health impacts, 
socio-psychological impacts, political and economic impacts, as well as environmental 
impacts.  

Reducing the probability of loss of control requires in most of countries the establishment  
of a national specific strategy focused on gathering relevant information, recovery old and 
uncontrolled sources, improving regulatory controls regimes and implementing 
complementary actions. 
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This strategy should involve not only the Regulatory Authorities, but also other relevant 
national authorities (Industrial, Military, Health, Energy, etc.) and entities, which they been 
linked in the past and/or are linked in the present with production, trading, use, possession, 
transportation, storage and disposal of radioactive sources. 

Results from work programmes addressing orphan sources already launched by national 
and international organization have demonstrated that is necessary to fully establish 
national initiatives to solve this problem.  
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