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Abstract
The safety and security record for the application of nuclear technology in the United Republic of Tanzania is admirable although some incidents involving illegal possession of radioactive material in the country have been intercepted by the police between 1996 and 2012. Latest incidents of illicit trafficking were recorded from 2009 to 2012. In this matter the safety and security of radioactive sources are very important from the initial stage of the source use to its final disposal stage. The aim of this paper is to evaluate the national strategies for regaining control over radioactive materials in the Country from 2009 to 2018. The evaluation   covers  regulatory framework; education and training of regulatory staff, frontline officers and stakeholders; import/export of radioactive sources; scrap metal industries monitoring; security upgrading of facilities with high risk; management of disused sources; search and secure of orphan sources; radioactive sources inventory; illicit trafficking of radioactive material; security plan during the transport of radioactive sources; collection and conditioning of disused sources; international cooperation; and implementation of projects and activities Tanzania participated in IAEA from 2009 to 2018.
1.Introduction

Radioactive materials have been used in the world more than a century to benefit humankind in medical sector, agriculture, industrial, research, electricity, education, and preserving food. Experience has shown that the loss of control over radioactive materials in use, disused or spent have led to health effects [1]. Also, experience has shown that many radiological accidents in the past decades were the consequence of abandoned or insecurely stored disused sources [ 2,3,4]. In addition to these effects, recently there has been an increasing global concern on the possible deployment of radioactive materials in terrorist activities if strict control of radioactive materials is not exercised. It is therefore necessary to enforce suitable radiation protection and security system measures to minimize radiological accidents or mitigate their consequences should they occur. This paper presents the evaluation of the national strategies for regaining control over radioactive materials in the country from 2009 to 2018.
2.Regulatory framework

The Control of radioactive materials in the United Republic of Tanzania is governed by the Atomic Energy Act No. 7 of 2003 and the Atomic Energy (Protection from Ionizing Radiation) Regulations of 2004 [5,6]. Under this legislation, Tanzania Atomic Energy Commission (TAEC) was established and empowered to regulate the safe and peaceful use of atomic energy in the country by ensuring no person uses, possesses, produces, exports, imports, stores, processes, or disposes of radioactive materials without a valid license. Also, in recognition of the growing number of applications and possible consequences that may result from weak or absence of regulatory control, in 2011, the Atomic Energy (Radiation Safety in the Mining and Processing of Radioactive Ores) Regulations of 2011 and the Packaging and Transport of Radioactive  Material Regulations of 2011 were promulgated to address issues which were not covered in the Atomic Energy Regulations of 2004 [7,8]. Consequently, a series of regulations were reviewed in 2018 and submitted to the relevant minister for endorsement prior to promulgation. These include, draft revision of the Atomic Energy (Protection from Ionizing Radiation) Regulations of 2018; draft revision of the Atomic Energy (Radioactive Waste Management) Regulations of 2018; draft revision of the Safe Transport of Radioactive Material Regulations of 2018; draft revision of the Atomic Energy (Control of Radiation Contaminated Foodstuffs) Regulations, 2018. and draft of the Atomic Energy (Security of Radioactive Sources) Regulations of 2018. Promulgation of these regulations clearly indicates the government commitment to strengthen the legal framework for Control of radioactive materials in the country to ensure protection of the public, occupational workers and the environment from dangers of ionizing radiation. 
3. Education and Training of Regulatory Staff, Frontline Officers and Stakeholders
As it is globally recognized, education and training programs form an essential component of radiation protection and safety [1]. One of the responsibilities of TAEC is to provide training to occupationally exposed workers and members of the public. Training of regulatory staff is supported by the International Atomic Energy Agency (IAEA) and more than 70 staff have received specialized training from IAEA on the area of nuclear safety and security, radiation protection, waste management and safeguards from the year 2009 to date. Through IAEA program on training of the trainers, TAEC offers training to occupational exposed workers, frontline officers and disseminate radiation safety and security information to the member of public through TV, radio, newspapers, social media, posters, flyers and seminars. A significance progress has been earmarked recently where the front-line officers from different organizations have received sensitization training through national training courses sponsored by IAEA, USDOE and EU.
4. Import/ export of radioactive sources

Experience has shown that failure to control effectively the import and export of radioactive sources can be a major contributor to sources becoming orphaned. For good control over orphan radioactive sources, regulatory authority needs be sure that it is aware of all sources that are entering and leaving the country [9]. Tanzania is neither producer nor exporter of radioactive sources. Most exported sources are disused sources, spent or returned to manufactured/ supplier after its useful time of application. Exportation / importation of radioactive materials in the country require license from TAEC. Although in import, there remains a few users who try to avoid administrative workload of sources management. The majority of users in the country are aware of the requirement of existing regulations in respect of import and export.
5. Scrap Metal Industries Monitoring

In Tanzania there is a continuing need for scrap metal industries to be monitored as the application for radioactive materials started in 1940s, before the existence of regulatory authority [10]. Moreover, in Tanzania scrap metals are cheaper option for the metal industry compared to the imported iron. Therefore, the possibility of spent/disused sources to be collected and entered into scrap metal industries is high. There is evidence of incidences of melted radiation sources in metal industry such as in Goiania, Brazil and Juarez, Mexico [2,3]. In recognition of this, monitoring in the scrap metal industry is delivered monthly including the provision of onsite training. From 2009 to date, TAEC is receiving full budget from the government for regular monitoring and provision of basic radiation training to scrap metal industry/dealers.

6. Security Upgrading of Facilities with High Risk

In order to keep all sources in use and disused sources in category I and II safe and secure, Tanzania Atomic Energy Commission has requested the technical and funding assistance from USDOE. Therefore, they signed the agreement known as Basic Order Agreement (BOA) to upgrade the security of the facilities with high risk sources (category 1 to 2) in the country. The agreement includes the installation of the radio communication systems, infrared motion sensor, barriers, interlock and alarm. 
7. Management of Disused Sources

The timely management of spent and disused sources is the key to a national strategy of radioactive sources management. Radioactive waste management, which involves a safe decommissioning of the practices started in the 1999 after the establishment of Regulatory Authority in 1983.  It must be noted that at that time there was no available documents relating to decommissioning plans and any regulations for the management of radioactive waste. After the Goiania radiological accident of September 1987, the need to have specific regulations for waste management arose. As the result United Republic of Tanzania enacted radioactive waste management regulations in 1999 [11]. In the same year acquired a 30 feet ISO container in which the spent and disused radioactive sources were temporarily managed and stored. Due to an incapability of ISO container to accommodate ‘Sealed High Activity Radioactive Sources’ the Regulatory Authority made efforts to solicit funds from the Government for the construction of a facility which will accommodate all categories of spent/disused sources. In a year 2001, Government of the United Republic of Tanzania allocated funds for the construction of the Central Radioactive Waste Management Facility (CRWMF), which was completed and commissioned in July 2005. Disused radioactive sources, which were stored at the ISO container were safely transferred to the CRWMF for safe storage and long-term management in the facility in a year 2005. With the assistance from IAEA and experts from South Africa Republic, Sealed High Activity Radioactive Sources (SHARS) and other disused radioactive sources from category two to four were conditioned in the year 2009.With the availability of this CRWMF the Government of Tanzania is continuing effectively in solving the problems pertaining to the management of radioactive waste.
8.  Search and Secure of Orphan Sources 
“Every state should have in place an effective national legislative and regulatory system of control over management and protection of radioactive sources. Such a system should include national strategies for gaining or regaining control over orphan sources” [12]. Due to the fact that the regulatory authority was established in 1983, four decades after the application of nuclear technology in the country, some sources which were in use before the existence of regulatory authority were not on record. In this regard, the United Republic of Tanzania in 2000 launched the program of inventory verification to all users of nuclear technology in the country. Up to date, the verification led the discovering of five companies importing radiation sources without importation license and four disused radioactive sources in category two and three which were not in the national inventory of radioactive sources.
9.  Radioactive Sources Inventories

Inventorying means a campaign to physical check all sources possessed, by specifically and uniquely identifying each individual source using appropriate means such as a serial number [13]. TAEC has made a good start by developing an electronic inventory [9]. All sources in use and spent/disused sources are recorded in hard copy and in electronic form. Spread sheets are used in terms of electronics form. Special assigned staff updates these inventories regularly. In the inventories the following information is recorded: physical form, source use history, unique source ID number, source isotope name, activity of the source, serial number of the source, device model number, name of the facility where sources kept and name of the manufacturer/ supplier.
10. Illicit Trafficking of Radioactive Material
Lack of proper identification of the key problems, which leads to theft or illicit trafficking of radioactive materials, is setback of formulating strategies to proper maintain the security of radioactive materials and preventing theft or illicit trafficking [10]. In Tanzania there are 15 incidents of illicit trafficking reported by police from 1996 to 2012 [ 14]. Some suspected causes of illicit trafficking of radioactive materials in the country were identified as; 
· Radioactive sources, which were outside the regulatory control because they were not registered or not known; 
· lack of public awareness to assist reveal the secret movement and sell of radioactive sources;
· lack of proper training system and equipment for border control officials including customs and police.  
Following the work plan 2003 – 2007 of the project report of nuclear security RAF/0/021 and the increase rate of illicit trafficking in the country. TAEC requested the IAEA expert for fact- finding mission on assess and advice on the state control and accountability of radioactive materials. Through the implementation of the INNServ recommendations and the national plan, TAEC in cooperation with IAEA have prepared several local and regional training courses for front line officers on preventing illicit trafficking of radioactive materials. 
11. Security Plan During the Transport of Radioactive 

The Atomic Energy Act No. 7 of 2003, the Atomic Energy (Protection from ionizing radiation) regulations of 2004 and the Packaging and Transportation of Radioactive Materials Regulations of 2011 are the instruments for the control of the safe transportation of radioactive materials in the United Republic of Tanzania [5,6 ,8]. The Act and the enabling regulations provide guidance in implementing, maintaining and enhancing a nuclear security regime to protect radioactive material while in transit. The protection is against theft, sabotage or other malicious acts that could, if successful, have unacceptable radiological consequence. Regulatory requirement for transportation of radioactive materials in the country need consignor to apply for transport licence. In addition, it is required to have a written security plan which includes; name, quantity, radiation level at one meter from the package, chemical and physical characteristics and isotopic composition of radioactive material; a description of the conveyance and type of vehicle to be used. Further to that vehicle registration number; a proposed security measures; the planned route; the alternative route to be used in case of an emergence; the proposed stop station during transportation; provide advance notification to regulatory authority(date of shipment, expected date of arrival); possess copies of regulatory authority approval certificates and provide copies of the approval certificates to the carrier is also the regulatory requirements. Although the consignor is primarily responsible for the package from dispatch until delivery, carriers have important responsibilities regarding treatment of a consignment during transport.
12. Collection and Conditioning of Disused Sources

From both a safety and security perspective, all disused sources must undergo proper disposition [9]. Already a large number of disused radioactive sources have been collected from various licensees and transferred to CRWMF for conditioning and long-term storage and management from 2009 to date. Request for technical assistance for conditioning the collected disused radioactive sources in CRWMF have been sent to IAEA this year through INT9182-EVT 1806711 (Cradle to Grave of Radioactive Sources).
13. International cooperation and project and activities Tanzania participating in IAEA

Tanzania has enjoyed close ties with IAEA since the 1980s. The country`s radiation protection infrastructure would have not reached the present stage without technical assistance from the IAEA. The country is now participating in a number of IAEA projects on radiation protection, waste safety infrastructure, legislature and nuclear security and model projects. Tanzania has signed international conventions such as non-proliferation of nuclear weapons treaty (NPT), additional protocols on safeguards and is also participating in IAEA illicit trafficking data base (ITDB).  Through the project the country has benefited expert and advisory mission from IAEA, radiation protection courses, fellowships, scientific visits, on job training courses including local and overseas and various detecting ionizing radiation equipment have been received. Furthermore, Tanzania is implementing a project supported by the US Department of Energy through BOA.
14. Conclusion

The national strategy for regaining control over radioactive materials in the country has been presented. The status of control is encouraging with significant achievements noted. Behind this success is the support of the IAEA and the Government of the United Republic of Tanzania as well as other international organizations.
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