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Abstract. The Slovenian Nuclear Safety Administration is a responsible body for the control of radiation sources outside medicine and veterinary in the state. In order to improve the control of sources and radioactive waste the SNSA established a central inventory of radiation sources. Besides numerous inspections of conventional sources which are used in industry, education and research, a specific inspection programme started in 2004 in order to identify sources which were not under control in the past. Around 100 of inspections were performed in research, educational, civil protection and defence institutions as well as in museums in the period from 2004 to 2005. Usually users of sources were either not aware of the presence of ionising sources or radioactive waste or were not aware of a risk associated with sources or radioactive waste. Hundreds of unconventional radioactive sources were identified and the implementation of radiation safety measures is under way improving overall safety and security of radioactive sources in the state.
1. Introduction

The fundamental law related to radiation and nuclear safety in Slovenia, namely the Ionizing Radiation Protection and Nuclear Safety Act was updated in 2002. The updates are based on the EU directives e.g. 96/29/EURATOM [1] as well as on the IAEA recommendations and standards e.g. IAEA BSS [2]. After the adoption of law intensive preparations of other legislation have started and updating of some regulations is still in progress. According to national legislation the Slovenian Nuclear Safety Administration (SNSA) is the competent authority for radiation protection and control of radioactive sources which are used in all areas except in medicine and veterinary medicine. It is also a responsible body for the control of radioactive waste management. 

In this respect the mission of the SNSA is to improve the control of such sources as well as of radioactive waste. The SNSA conducts licensing of sources mentioned above and inspection activities. In order to perform such tasks the inventory of users of sources and above all an inventory of sources is essential. In addition, one of the tasks required by updated legislation was to establish a central inventory of radioactive sources mentioned above. Being also aware of international efforts related to safety and security of sources [3, 4, 5] and the fact that the inventory of sources is one of the main tools for establishing and maintaining safety as well as security of sources, the SNSA focused on the regular updating of the inventory, which was established in 2002. 

The inventories of radiation sources which existed in the past in Slovenia were primary paper documents comprising data. Further, the data provided by qualified experts who perform the regular control of sources at a site of sources were additional information. The SNSA also performed an informational campaign by sending a circular letter to all possible users of sources informing them on the requirements of updated legislation. In 2004, the SNSA initiated an extensive inspection programme to be performed at all actual sites of potential users. The aim of the programme was to identify sources which have not been under regulatory control yet. In addition to the efforts related to findings of sources which already existed in the state, an extensive preventive programme related to the control of imported goods started with a focus on controlling scrap metals [6, 7].
Very soon after the implementation of those activities the SNSA recognised that besides conventional sources which are usually used in industry and other areas, additional sources existed in some facilities and institutions. Such sources were usually not considered as sources of ionizing radiation and users were not aware of possible exposure or even contamination. After receiving the circular letters users did not report on the applications of such sources to the SNSA. As a result such sources were identified during some regular inspections. Later on a specific inspection programme was developed in order to find unconventional sources. 

2. Inspection programme
The inspection programme was based on a methodology which is described in detail [8]. Three parts of the methodology were developed:
1. Preparation of inspection control including a careful analysis of the documentation and the available national or international documentation related to a specific use of sources as well as events related to such sources [9, 10]
2. Inspection control at a site 
3. Post - inspection activities including enforcement.

Within the preparation phase one of the most important tasks was to inform a potential user of orphan sources about the risk posed by such sources and methodology of inspection services of the SNSA. Furthermore, other regulatory activities of the SNSA were presented to users as well as radiation safety in the state as a whole. As a rule the inspectors held a meeting with top level managers at facilities, where potential orphan sources existed. It was found out that such a meeting enables the facilitation of communication between different stakeholders involved in the process of finding sources and implementation of radiation safety and security measures.
In addition, the inspection programme was completed with a regular dissemination of the results of inspection not only within the SNSA, but also within other regulatory authorities or qualified experts conducting the control of a specific source as appropriate. Furthermore, the results of inspections were disseminated using periodical leaflets of the SNSA which are regularly sent to all users in Slovenia. The results were also regularly published in annual reports on radiation and nuclear safety in Slovenia [11]. 
The inspection service carried out the control of sources of industrial facilities, research, educational, defence and civil protection institutions as well as museum collections. The sources found were either sources which were already under control in the past, but were later abandoned, or sources which were not under control in the past, among them many sources related to uranium exploitation, processing and research.
In industry well known conventional orphan radiation sources were identified. Very often such sources were under control in the past. In such facilities the abandoning of the control of sources was usually related to a change of technology, when a source was not needed anymore. In some cases the abandoning was also related to bankruptcy. All managers of bankruptcy were informed by the SNSA to take into account a possibility to manage an orphan source.

In other facilities the majority of sources was unconventional and was not under control in the past. Four types of institutions were identified, i.e.:

I. research institutions

II. educational institutions

III. civil protection and defence institutions

IV. museum collections.

Such institutions were either under specific surveillance in the past or the users were not aware that items were actually ionizing sources. In addition, the definition of some exemption levels changed in legislations and consequently the items which were not defined as radiation sources became subjects of regulatory control.
3. Results of the inspection programme

Table I shows the number of inspections carried out by the SNSA in the period 2004-2009 related to institutions mentioned above. At inspections hundreds of sources were identified. Users decided either to keep the recovered source, which then became a subject of registration or a licensing procedure as appropriate or to put it as waste to the Central Storage for Radioactive Waste. In very scarce cases a user could transfer the source to another user or to the producer of a source from abroad.
TABLE I. The number of inspections performed by the SNSA inspection in the period 2004-2009 focused on unconventional sources
	Type of Institution
	No. of Inspections

	Research
	42

	Educational institutions
	21

	Civil protection and defence institutions
	19

	Museum collections
	4


It should be also taken into account that educational institutions are very often related to research as for example universities usually perform also research activities.
I. Research institutions

Activities of research laboratories are usually difficult to be controlled due to frequent changes of a programme where parts of the programme are not formalised and could involve an “ad-hoc” need for the use of a radiation source. Research institutions are also a subject of frequent and substantial reorganisations leading to a risk that all sources are not controlled from cradle to grave. In addition, a formal structure of such institutions usually does not involve an overall control of materials which are used. The risk is also enhanced due to a substantial turnover of personnel. 
At inspections hundreds of items were found originating from the past activities in research laboratories in Slovenia. The items were mainly related to the use of uranium compounds. The contamination of a few contaminated storages and other facilities was discovered and decontamination took place [12, 13, 14] compulsory. Figure 1 shows storage of liquid radioactive waste with uranium compound and contaminated chemical hood from research activities found in 2005.
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FIG. 1. A storage of liquid radioactive waste with uranium compound (left) and contaminated hood from research activities found in 2005.
A specific problem is related to the contamination of pipes or other items which are installed in walls of storages and laboratories. Decontamination can be performed only during demolition of a building. 
In general a list of ionizing sources used today in research can be very long and contains sources related to the use of reactors or accelerators, sources used in secondary standard laboratories, gas chromatographs, various X- ray machines, liquid scintillation counters, radioactive chemicals etc.
II. Educational institutions

In educational institutions the majority of sources found was related to the use of uranium and thorium chemicals which were extensively used in the past. In general, today the use of such sources is very scarce. The details regarding a risk associated which such sources can be found elsewhere [15]. Such sources were very often not identified by the user as an unsealed source leading to the easy contamination of laboratory benches or storages. In addition, X-ray apparatus as a source of ionizing radiation are very often neglected. Regarding legislation electron microscopes are also sources of ionizing radiation.
Due to a very specific educational programme radioactive sources used in education may be installed in a unique apparatus as for example Am-241 source of activity of 3.8 GBq was installed in a prototype apparatus for wood density measurement. At an inspection carried out in 2007 a Tc-99 source of 2.5 GBq was found in a chemical laboratory occupied by students. The source was not in use for decades. Figure 2 shows liquids contaminated with thorium chemicals, namely Th(NO3)4 and Th(NO3)4 × 5 H2O (left picture) and the Tc -99 source (right picture). 
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FIG 2.Liquids contaminated with Th found in 2008 (left) and source of Tc-99 of 2.5 GBq found in a chemical laboratory in 2007 (right).
III. Civil protection and defence institutions

In civil protection and defence institutions some sources were already under regulatory control e.g. sources installed in apparatus for tracing chemicals (e.g. M90, ChemPro, Vapour Tracer). Use of tritium in defence activities is also very frequent, well known and licensed as appropriate. In the past a radioactive paint with 226Ra was extensively used in equipment such as compasses, altimeters and other measuring gauges in vehicles. Such items were often taken from old military objects without knowing that they are radiation sources. They frequently alarmed portal monitors at border crossings or scrap yards. Maintenance of such painted equipment can lead to the contamination of working places. Such contamination was detected during a survey of workplaces. Hundreds of painted items were identified during the conduct of the inspection programme. In addition, very specific use of ionizing sources in civil protection and defence activities also includes unconventional sources:
- sources as a part of some radar systems

- H-3 or Ra-226 aiming devices

- H-3 in telescopes

- sources as a part of TLD calibration systems

- lens containing Th-232.

Figure 3 shows ChemPro instrument with 6 MBq Am-241 (left) and radioactive lens stored in a maintenance workshop in 2008 (right). The presence of Th-232 caused penetrating ionizing radiation from lens and the dose rate of around 17 micro Sv/h was measured at the contact.
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FIG 3. ChemPro gas analyser with 6 MBq Am-241 source (left) and radioactive lens with Th-232 identified in a maintenance workshop (right). 
IV. Museum collections
Radioactive sources found in museum collections are mainly related to geological specimens exhibited in mineral collections or Ra-226 used in paint of dials in the apparatus. A risk to radioactive geological samples is described elsewhere [16]. The inspection staff were not only focused on established collections in showrooms, but also on items stored in depots. 
The SNSA inspection staff found the first radioactive source ever used in Slovenia, namely Ra-226 which was bought in 1902 to be used in ophthalmology. The activity of the source is 148 kBq. The source was stored at the institute for the history of medicine. It was carefully stored in a glass ampoule inserted in a lead shield. 

Figure 4 shows a museum collection of minerals which was inspected in order to identify sources of ionizing radiation and the first radioactive source used in Slovenia. The picture on the right also shows a pager used to identify the radiation field around the source. 
[image: image7.png]


     [image: image8.png]



FIG 4. The museum collection of minerals was inspected in order to identify sources of ionizing radiation (left). A first source used in Slovenia, namely Ra-226 which was bought in 1902 to be used in ophthalmology (right).
4. Conclusions 
The intensive campaign of the SNSA inspection staff was conducted from 2004 to 2009 resulting in around 100 inspections in institutions which were considered to store unconventional sources without control. Hundreds of items were identified in research, educational, civil protection and defence institutions as well as in museum collections in that period. 
The inspections were followed by an intensive restoration programme. It was based on foreseen activities of users of sources. The majority of sources has been or is going to be stored in the Central Storage for Radioactive Waste. All other sources are under full control of the regulatory authority of Slovenia and all aspects of safety and security issues are taken into account. The reported methodology of the regulatory authority, namely the SNSA, could be used by other regulatory authorities in other countries as well.
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