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Introduction

Recent events when sources of ionizing radiation were occasionally melted in metal scrap pose new challenges for the control of such sources. Possibility of use of radioactive materials for anti-human purposes moreover increases the importance of such control. Many efforts have been made by international organizations and national institutions in creation of effective and optimized systems which allow to assure physical security of sources, track their movement and detect presence of radioactivity at some critical points. Lithuania is one of such countries that make efforts in the creation of such a system and to make use of its advantages.

General situation

As in any other country, the potential of encountering sources of ionizing radiation in Lithuania is rather high. Sources are used in different practices (all types of practices except for irradiation of food and medical products are available in Lithuania). Radioactive sources (in this report both sealed and unsealed sources are called radioactive sources though for well understandable reasons mainly sealed sources are kept in mind) are imported to Lithuania because no facilities for their fabrication are available. They are exported as spent sources to the manufacturers. Orphan sources and materials contaminated with different radionuclides are detected in different places, primarily when they crossing the national border.

The problem of orphan sources and contaminated materials in scrap metal is recognized by the appropriate Lithuanian State institutions. Measures are taken to monitor the movement of scrap metal, to prevent transfer of radioactive sources into scrap and detect radioactivity if such sources are present in scrap metal. For this a complex approach is used that does not only include specific measures directly related to radioactivity in scrap metal, but this problem is also considered as one of the targets for the national radiation protection infrastructure.

General measures are related to the control of practices and sources within practices. They include notification about intentions to import, export and transport radioactive sources, licensing of practices, keeping of national register of sources (State Register of Sources of Ionizing Radiation and Occupational Exposure), ensuring physical security of sources, use of safe procedures during their transport, treatment of radioactive waste and spent sources, training of all professionals involved or might-be-involved in solving the problem. The system of radiation protection is created taking into account the appropriate international documents [see references 1-7] and others.

These measures proved to be a very effective tool to prevent loss of control of radioactive sources. For example, periodic checks (annually) if radioactive sources are present in their places done by the Radiation Protection Centre (RPC) help to detect if any sources are missing. During one of such checks, the fact that state eliminators were missing was cleared in one of bankrupt enterprises (control of radioactive sources might easily occur during bankruptcy). Very urgent measures taken after this finding helped to regain control of lost state eliminators containing hundreds of MBq of Pu-239, Pu-241, Am-241. It should be pointed out that detection of these radionuclides in metal scrap might be rather problematic due to the characteristics of their radiation. The urgent measures helped to prevent falling the lost state eliminators (some of them there already cut into pieces) into metal scrap.

However, more specific measures shall also be taken in order to tackle the whole issue.  They are reviewed below.

National legislation concerning control of radioactivity in scrap metal

Measures through national legislation are taken for:

· control of movement of metal scrap,

· detection of radioactivity in metal scrap,

· detection of radioactivity at national borders,

· dealing with found radioactive sources.

The legal basis for the control of movement of metal scrap is established by the Law on buying non-noble metal scrap intended for further selling of October 23, 2001. According to this law the information on metal scrap shall be recorded, stored and sent to the appropriate institutions. Buying up of metal scrap is subject to licensing which according to the Governmental Decree No.177 of February 6, 2002, is done by municipalities under control of Ministry of Economy. 

Requirements for buying, accounting and storage of metal scrap are given by the order of minister of economy No.49 of February 12, 2002. Among others the requirement to have a radiation detection device in the scrap yard is included.

Procedures of measurements and detection of radioactivity in scrap metal are described in the order on control of radioactive contamination of scrap metal and reprocessing products in scrap yards and reprocessing plants that are approved by the order of director of the RPC No.8 of February 5, 2004.

Another area – detection of radioactivity on the national borders - is regulated by the order of Ministers of Environment and Health No.76/237 of May 5, 1995. The order describes how to control radioactivity on borders, establishes alarm levels and procedures to be followed in case the radioactive sources or contaminated materials are detected. Working procedures to be used by the Border Police are given in the order of the Department of the Border Police No.247 of July 31, 1997.

These legal documents are used together with legislation on radiation protection, management of radioactive waste, environmental protection, public health, control of passengers and cargo on national borders, etc. It comprises the whole system which, within the last years, proved to be effective though some modifications are planned for the sake of optimization.

Technical measures

According to the legal documents, all the metal scrap coming to scrap yards shall be controlled for radioactivity. Reprocessing plants shall carry out this control both of incoming metal scrap and outgoing products. Radiation detectors capable to detect radiation at least of 60 keV to1,25 MeV shall used. Measurements shall be performed at a distance of 8-10 cm from the surface of metal scrap under investigation. The maximum distance of 1 m from any point inside a heap of scrap metal shall be kept when measurements are performed. Measures shall be taken if the dose rate at the measurement point exceeds 1,5 times of background level.

During measurements of radioactivity of passengers and cargo crossing national borders the alarm level of 300 nGy/h is set. Exceptions are applied to mineral fertilizers, coal, oil, granite, broken stones and keramzite, for which the alarm level of 700 nGy/h is set.

Monitors – both portable and portal – are used at all border crossing points. Their technical characteristics and capability to detect radioactive materials are different. More sophisticated equipment is installed in places with higher transport volumes and higher possibility to encounter radioactive materials.

It is general practice that in case the set alarm level is exceeded the information about it is immediately sent also to the RPC. The task of RPC is to determine the reasons of higher level of radiation and to give recommendations what shall be done. In many cases this is done after analysis of the circumstances and identification of radionuclides in situ. In more complicated cases samples are taken for laboratory analysis.

Technical capabilities of more detailed analysis exist in the RPC and Institute of Physics. Techniques of radiochemistry and nuclear spectrometry are used for this purpose. Use of these techniques is combined with possibility to do more sophisticated analysis in other research centers, such as the Institute for Transuranium Elements of the Joint Research Center of EC (ITU).

Additional challenges arise from nuclear materials. As radioactive materials the nuclear ones might also fall into scrap metal. On the other hand, they might be by purpose sent to their destination in metal scrap. Technical capabilities for detection of this kind of material are much lower. New devices able to detect neutrons shall be installed. Some investigations of use of common isotope identifier available in the RPC for detection of nuclear materials have been done in the ITU. Software for analysis of enrichment of uranium by means of gamma spectrometry has been received from ITU and is successfully used.

Until now inside Lithuania and on its border crossing points such items of interest as contaminated metal, materials containing increased concentrations of natural radionuclides, sources, previously used in practices, commodities containing increased amounts of radionuclides, contaminated vehicles, uranium fuel pellets have been found both by monitoring devices and intelligence. Monitors on the border crossing points sometimes are triggered by radioactive patients released after nuclear medicine treatment.

Response to finding

Procedures to be followed in case radioactive or nuclear material is detected are also established. They comprise information to the appropriate institutions, preliminary assessment of the situation (measurements of dose rate, radioactive contamination) and giving advice on radiation protection measures, more detailed investigation for characterization of the found material and management of radioactive waste. It is planned to use any available information for facilitation of characterization of detected material. One of the most important sources of such information is the national register of sources.

The procedures for response recently are under review. The RITNUM Guide will be used as a basis. Responsibilities of involved institutions will be better and more precisely defined taking into account experience accumulated in application of the present procedures.

Training issues

Training is one of the most important issues in order to establish an effective system of detection of radioactive materials in metal scrap and the following response. Investigations done by the RPC shows that persons in scrap metal yards do not always know how to use radiation detection devices. For this reason, short seminars on techniques of detection and procedures of response are held for these persons.

Training courses for the staff of the Border Police and response institutions are also held, often with experts from other countries, such as Sweden and the United States of America. General and specific items (radiation fundamentals, biological effects of radiation, radiation protection measures, techniques of use radiation detection devices, location and characterization of radioactive sources) are included in this training.

Practical exercise on response measures was held in 2002 at one of the border crossing points. It was done in co-operation with Europol and ITU and helped not only to get experience, but also to define the flaws in the existing procedures that need to be modified.

Taking into account the peculiarities of different stages of the whole process of control of radiation in scrap metal and the specific tasks of different persons involved, three main categories of trainees might be identified:

· persons who shall detect radiation (staff of metal scrap yards, staff of Border Police and rescue services),

· persons who shall take part in the primary measures (radiation protection inspectors, staff of agency of radioactive waste management),

· persons who shall characterize radioactive sources and give advice on optimized measures (qualified experts, laboratory staff).

One of the problems is the correct selection of trainees for training events of different levels and scopes. It might be achieved with more precise definition of syllabuses of training courses and increasing of participating institution awareness in objectives of training.

Observations and conclusions

The system of monitoring, detection and interception of radioactive sources in metal scrap should include specific measures, both legal and technical, for control of movement of metal scrap, detection of radioactive sources in metal scrap and steps to be taken thereafter. These specific measures should be used in connection with other measures, particularly on radiation protection. Since RPC as a radiation protection regulatory authority in Lithuania deals with nearly all issues related with radiation protection, the task of creation and keeping such a system is facilitated. However, other institutions are also very important actors in the system. For this, the RPC provides a coordinating role.

Alternative preventive measures, such as fee for import of radioactive sources should be considered together with already existing ones in order to implement a complex system of control of radioactive sources.

Training of different categories of staff from different institutions involved in solving the problem shall take into account the background and tasks of trainees. Efficiency of training courses may be achieved and maintained also by proper selection of trainees. Organizers of training courses shall be proactive in doing it.

Training should help to optimize the whole system. For example, radioactive patients following nuclear medicine procedures, might be checked by the Border Police and allowed to continue to their destination. No specific procedures which use special equipment and utilize specific expertise are needed for this. The officers of the Border Police should be trained to carry out this task.

Recently radiation protection training is acquiring an international character. Issues related to radioactivity of metal scrap are even more international. International training courses might help to use experience from many countries and international organizations (particularly in such sophisticated areas as characterization of radioactive sources and post-seizure measures) and to establish both formal and informal relations for information exchange.

The system of control of radioactive sources in metal scrap is permanently developing. Findings of practical exercises and use of this system together with recommendations of international organizations and experience of other countries are to be taken into account when elaborating modifications of this system.

The procedures for the detection and removal of contaminated metal scrap should be further elaborated. Issues such as ownership of such scrap should be described more precisely. 

One of the most important issues is the development of user-friendly equipment for the detection and characterization of radioactive sources. This equipment should operate on a permanent mode and not require much human interference. 

Quality assurance systems should also be developed in order to increase the reliability of monitoring and probability of false negative results. International efforts should be made in creation of standardized techniques of measurements and their validation.

International co-operation is important because of many reasons. Priorities for the selection of partners should be set. They might be international organizations, research centers and other countries particularly neighboring countries. For this reason existing networks of exchange of information (e.g. Central Eastern European ALARA Network) should be used and creation of new networks should be considered. The role of the IAEA, UNECE, EC in this field can never be overestimated.

Though considerable resources are needed for the creation of a system of control of radioactive sources in metal scrap the utilization of existing resources might also be helpful. First of all, national legislation, radiation protection infrastructure, laboratory facilities and international connections should be used. This together with experience already accumulated in this field might be a good basis for an effective system of monitoring and interception of radioactive sources in metal scrap and managing of radioactive contamination of it.
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