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Abstract
In Germany safety related events in the use and transportation of radioactive

materials as well as in the operation of accelerators are registered completely. Registration
and licensing of radioactive sources and the system of notification of the authorities of
unusual events are presented. The analysis of these events demonstrates their causation and
allows the conclusion on avoidable errors. Especially events like losses and theft of
radioactive materials on the one hand and the finds of such sources in public domain on the
other hand are analysed in detail. Conclusions (lessons learned) are drawn.

1. Registration, Licensing, Notification of the authorities
Basically three legal regulations exist in Germany to ensure the radiation protection and

safety in the use of radioactive materials:
• Atomic Energy Act (AtG)
• Ordinance on the Protection against Damage and Injuries caused by Ionising Radiation

(Radiological Protection Ordinance - StrlSchV)
• X-Ray Ordinance (R6V)
The Federal Ministry for Environment, Nature Conservation and Reactor Safety is responsible
for the enforcement of the Atomic Energy Act as well as the Radiation Protection Ordinance.
The enforcement of the X-Ray Ordinance is the duty of the Federal Ministry for Work and
Social Affairs. According to the federal system in Germany Local Authorities of the Lander
are responsible for the registration and licensing of use of radioactive materials. The Local
Authorities have to be immediately informed about incidents, accidents and other safety-
related events. Furthermore this law prescribes that the one who finds and takes radioactive
material has to report it to the supervisory authority as soon as one gets knowledge about the
radioactivity.
To inform relevant Federal Authorities and, if necessary, authorities of other Lander and to
ensure feedback and lessons learned from the unusual event, an agreement about the report on
unusual events was entered into between the Federal Ministry and the Local Authorities
already in 1981. First of all it concerns unusual events without any significant radiological
consequence after the first assessment. The registration and analysis of events deviating from
normal operation or of near-misses is important to recognise potential exposures already in the
initial phase and, if necessary, to initiate measures at an early stage. Especially losses and
finds of radioactive sources are to be considered here.

2. Causation analysis referring to losses and finds
In the years 1991 to 1997 the Local Authorities responsible for licensing and

supervision reported 490 unusual events referring to the use and transportation of radioactive
materials as well as to the operation of accelerators in Germany. 22% of these events
happened in the field of medical use of radioactive materials, 40% in the field of industrial
use, and 38% were events in the public domain including transportation and mainly finds of
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radioactive materials. Assessing the events it should be taken into consideration that one event
can involve more than one radiation source.
In the considered time period the total number of reported events of loss or find of radioactive
materials in Germany was 234 (145 finds and 89 losses). An overview of the events in each
year is given in Figure 1.
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Fig. 1: Numbers of find and loss of radioactive materials in Germany 1991-1997

In the years 1995-1997 the number of events of find of radioactive materials had clearly
increased. The number of events of loss of radioactive materials was conspicuously high in
1995.
The main causes of finds are summarised below with the frequency of their occurrence:
• Throwing away instead of proper disposing of radioactive materials in normal operation

by the users, licensees or registrants (48 events)
For instance in an incinerating plant a bag of radioactive contaminated waste was found. This

waste was given into domestic rubbish by a cleaner who was not adequate instructed.
Similar cases also occurred in scrap yards and in several other places of public domain.

• Failure to properly dispose of radioactive materials during or after bankruptcy,
decommissioning or remediation of the sites or facilities (34 events)

For instance decommissioned devices containing radioactive materials or sources no longer in
use were stored and than they were forgotten. In other cases workers stored the radioactive
materials after decommissioning at home and the new owner of the apartment or building
found it.

• Unauthorized acquisition or selling of radioactive materials or devices containing
radioactive sources and illegal import or export (34 events)

In few cases during commissioning of a device the new owner noticed the radiation sign
informing about the contained radioactive source. They had not got any information about
it by the supplier or former owner. In other cases at frontier clearance some lorries with
shipments containing radioactive materials (mostly ores or scrap containing radioactive
materials) were detected. The drivers did not have any licence for transportation and
import or export of the radioactive materials.

• Finds of radioactive materials at abandoned military facilities (18 events)
Finds at such areas was a special issue in the new East German Lander.
• Finds of stolen sources (6 events)
• Misdirecting during transportation and unknown causes (5 events).
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Figure 2 shows the frequency of the events related to the causes for each year between 1991
and 1997. The clearly increase of the finds of radioactive materials in 1995, 1996 and 1997,
mentioned above, is the result of the increased frequency of failure to dispose the waste
during decommissioning of devices, facilities and sites (1995, 1996 and 1997), of the
increased number of finds of radioactive materials in areas previously used by armed forces
(1995, 1996), increased number of finds due to illegal acquisition or selling of devices or
materials containing radioactive materials (1996 and 1997) and especially in 1997 as a result
of increased number of events of inadmissible waste disposal.
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Fig. 2 : Causes of events of finds of radioactive materials in Germany 1991-1997

The losses of radioactive materials were caused from 1991 to 1997 by (see Fig. 3):
• In 25 cases radioactive materials were stolen. 6 events occurred in schools. In 4 cases

presumably the car or the container which the radioactive materials were stored in together
with money were of more interest for the thieves than the sources. In 5 cases the stolen
sources could be found and taken in.

• 20 events occurred because of insufficient control of the completeness of the number of
sources during storage as well as immediately after use.

• 12 cases were the result of inadmissible waste disposal. 8 events occurred in hospitals.
Radioactive contaminated waste and some radiation sources were inadvertently given to
incineration plants.

• 10 times wear and tear or breakdown were the reason for losses of radioactive materials.
In 3 cases sources were lost because the source equipment was defect. In 2 cases the probe
of device during exploration of soil tore or break off. The sources could not be salvaged.

• 8 events were the result of a lack of disposal of devices or sources no longer in use. They
were placed in storage and got out of control. After a special time nobody knew where
they were.

• 14 events were caused by fire, illegal selling or occurred during transportation. Only in 3
cases the causes are not known.

Summarising the results of the analysis of the 234 events it can be established that 26
% were caused by inadmissible waste disposal, 18 % by failure to dispose during
decommissioning, 14 % by unauthorised acquisition, selling or import or export, 13 % by
theft, 9 % by insufficient control of completeness, 8 % by insufficient clearance of areas
previously used by armed forces and likewise 8 % by other reasons. Only 4% of all notified
events of find and loss were a result of breakdown .
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Causes of events of loss of radioactive materials in Germany 1991-1997

Fortunately most people involved in events got only a very low radiation exposure due to the
found radioactive materials because of the low activities or the shielding container the sources
were in. But in one case it was estimated that several employees of a research institute were
exposed up to 9 mSv/y for some years, resulting from a storage of Ra-226 sources in a safe.
The existence of this safe in the workroom was unknown.

3. Conclusions
Although the exposures of people involved in unusual events have been very low,

there is a higher potential danger if the handling of radioactive materials found or lost is
improper. This is particularly true for sources with activities of several GBq.
As already mentioned, 96 % of losses and finds were caused by human errors. Significant
deviations from local working rules, working instructions and other requirements occurred.
The quality assurance programs at facilities handling low activities were apparently weak.
Partly the training or instruction of workers was not adequate or their consciousness of
responsibility wasn't marked enough. On the other hand there seems to be in general a failure
in connection with decommissioning of devices, facilities or sites which require little attention
and infrequent maintenance and tend to be forgotten, for instance the industrial gauges. 10
events in industrial gauges were caused by failure properly to dispose during
decommissioning of devices or sites. Just as in hospitals 8 times the lack of proper disposal of
the old Ra-226 sources no longer in use led to sources got out of control.

One of the lessons learned in use of high activity sources that were at the end of use is in
compliance with the suggestion of the IAEA: ,,For an organisation using only sealed sources,
the Regulatory Authorisation may wish to require, prior to authorising the activity, that an
applicant makes arrangements for the return of sealed sources to the supplier or for disposal
by a waste contractor at the time the sealed sources are initially purchased. ... In order to
ensure timely decommissioning of major facilities the Regulatory Authority may consider the
need for the licensee or registrant to provide financial assurance of the ability to fund the
decommissioning."[ 1 ]

For registration of sources which are delivered the identification numbers should be
filed together with the license number in databases at the Regulatory Authority. So it would
be possible to find the licensee in a short time when a source is found.
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The implementation of radiation measurements at entrance of scrap yards was successful in
detection of radioactive materials in scrap shipments in order to prevent such accidents
occurred in Goiania [2] or Taiwan [3].

Notification of the Regulatory Authorities about a lost source has to be done by the
licensee or registrant as soon as possible to increase the chance to investigate the event
successful. For instance a stolen industrial radiography device could be taken in within one
day because of a fast notification of the event.

Likewise a liberal report culture is necessary within the sites or institutions.
Competition for jobs or fears of harassment or intimidation must not have any influence to
notification.

There must be full reporting of events and dissemination of the lessons learned to all
relevant groups, particularly the users of radiation materials themselves. An aid to fulfil this
aim is the use of a clear and well-structured form for registration of the events to ensure that
all relevant data are reported.
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