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Abstract. Regulatory infrastructures for the management and regulation of human activities that involve the exposure of people to ionizing radiation from natural and man-made sources have been established in Africa in the early 1990 years, following major nuclear and radiological accidents that occurred to Three Mile Island, Chernobyl and Goiânia. The main motivation for the implementation of the subsequent international safety recommendations was the protection and the safety of radiation workers, members of the public and the environment against risks posed by the nuclear technology and the use of radioactive material and ionizing radiation. With a main push and constant support from sponsoring organisations such as the International Atomic Agency (IAEA), through Technical Cooperation Programmes and Model Project, the basic national legal infrastructures in Africa, have completed their gestation stage and are on the way to achieving some degree of maturity. Meanwhile, operation of nuclear regulatory systems has been constrained by different concerns. This paper aimed at analyzing basic requirements for improving regulatory effectiveness of the structures in charge of regulating radiation practices in Africa.
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1. Introduction
The management of human activities that present both risks to people and environment and benefits to the socio-economic development of a country is based on the risk-benefit approach [1]. In order to maximize the benefit it is essential that the harm generated by nuclear technology be kept as low as reasonably practicable. This is achieved through the establishment, by the government of a given country, of a legal framework including an adequate regulatory infrastructure. 


For such an infrastructure to be effective it should involve: (i) the legislation for radiation protection promulgated and regulations to implement the law enacted, (ii) an effectively independent regulatory authority established, (iii) the availability of sufficient resources, (iv) the regulatory staff trained and qualified, and systems for notification, authorization, inspection and enforcement in place and operational. 
In Africa, like most developing countries, human activities involving the exposure of people to ionizing radiations from different sources has, for several decades, been carried out without any national adequate legislation to control them. However, recently, the constant increase in the use of radiation and the renewed interest in new based-nuclear technologies, mainly in the fields of medical and industrial applications, have brought about the need for national infrastructures to regulate such activities. In addition, the requirement by sponsoring organisations such as the International Atomic Energy Agency, for the establishment of a basic national legal infrastructure for radiation safety before any advanced applications of high level radiation sources and installations such as research reactors, high dose irradiation facilities can be supplied or introduced into the country. These two elements have strongly militated for the establishment of regulatory infrastructures. 
This paper analyses the basic requirements for independent, effective, efficient and sustainable nuclear regulatory systems in Africa. 
2. Adequate Legislative and Regulatory Framework
2.1. Legislation and Regulations 
Legislation is the necessary tool in providing the regulator with sufficient authority to establish a viable and effective infrastructure. The promulgation, by a given country, of legislation and regulations to ensure adequate protection of radiation workers, members of the public and the environment against potential risks of nuclear and radiological facilities, is the first step in recognizing the need for the establishment of the legal basis which takes into account the balance between the benefits and harms induced by nuclear energy. 
The effectiveness of the regulatory programme strongly depends on the soundness of the legal framework. Furthermore, for the national and international opinion, setting up nuclear safety and security requirements and standards, guarantees furthermore the necessary openness and transparency in undertaking any activities involving nuclear technology and the use of radioactive material. 
2.2. Appointment of the Nuclear Regulatory Authority and its Functions
Having in place a regulatory authority empowered to authorize and inspect regulated activities and to enforce the legislation and regulations is the second step in the implementation of the regulatory infrastructure in the country. The regulator needs to be provided with a legal basis, powers to set standards, and to perform its regulatory programme. Regulatory programme and permission to access licensee’s sites and installations, safety related documentation and relevant safety information need to be supported by law provisions. 
Another attribute of the regulatory authority is its independence from government’s departments and operators of nuclear facilities and users of ionizing radiations and radioactive materials. To be effective, a regulatory body needs to be institutionally independent. An effective Regulatory Authority is fully described in reference [2] for more details.  
2.3. Availability of sufficient Resources

Human Resources 

Clear and specific provisions of the legislation should determine the magnitude of the regulatory authority staff and training. An acceptable regulatory authority programme should include technical competence necessary to ensure that operators of nuclear facilities and users of nuclear material and ionizing radiation operate and use them safely and securely. 
However, the implementation of the regulatory programme requires multidisciplinary, sufficient, experienced, and competent staff. A knowledgeable staff with basic education in health physics, engineering and law should be able to make technical judgements in the fields of regulatory assessments. Where not applicable, the regulatory authority should implement a regulatory programme aiming at attaining a core number of managers, qualified experts and trainers in radiation protection and safety, and to develop adequate expertise and skills required for self-sustainable national radiation safety infrastructure. Such a training programme should rely on the extent of current radiation practices in the country. For the regulatory authority to remain effective and efficient into the future, arrangements should be made for turnovers and retirements. 
Financial Resources 
Providing the regulatory authority with sufficient funding that allows the regulator to discharge its mission is the government’s responsibility. Fundamentally, the regulator is appointed by the government which delegates partially its mandate for safety aspects. Regulatory mechanisms for funding regulatory programme should be clearly stipulated in the legislation. Because financial resources are a key element of its independence, effectiveness and efficiency, nuclear regulatory systems have to be mandated, through legislation, to elaborate their own budgets which enable them to function in a right way.  

3. Requirements for Effective and Independent Regulatory Systems in Africa

3.1. Government Commitment and Leadership of Managers
Ensuring both general safety and security in the country is the prime governmental responsibility. In nuclear field, therefore, those two aspects of state’s mission are only partially delegated to the regulatory authority. The government’s commitment to nuclear safety and security in nuclear applications is the first and crucial requirement for the future development of any nuclear regulatory authority. Like in most countries all over the world, the legal framework for nuclear activities and the regulatory authority are set up by the government which establishes duties and responsibilities or by the parliament or lawmakers in some other countries [3]. Whatever the country, it is also the government’s responsibility to set safety objectives and to provide the regulatory authority with means, resources both human and financial for it to successfully achieve its mandates, missions and duties. In countries where the socio-economic development is potentially based on nuclear energy, the regulatory infrastructure is usually fully supported by the government. Therefore, making sure that nuclear technology is part of the national socio-economic development programme is an additional proof of the government commitment to devoting additional resource to effective and efficient regulatory systems. 
Although most of regulatory authorities are recently grounded and established, the issue of leadership and management is also crucial for the development of regulatory authorities in Africa. In order to enhance the awareness of the government authorities and policy-makers, leaders and managers from regulatory authorities have an important role to play. By establishing a clear vision of the future and by setting challenging goals and targets, and by maintaining good communication with high-level governmental authorities and national stakeholders, regulators can promote and invest in sound, independent, effective and regulatory systems. 

3.2. Scope of Radiation Practices 

The second requirement for effective and independent regulatory systems in Africa is the extent of regulated radiation practices. A sound independent regulatory authority is also ensured by the quantity and the quality of radiation facilities and users of radioactive material. Whereas the number of nuclear installations determines the workload of the regulatory staff and enhances its effectiveness and efficiency, the quality of the radiation practices and licensee’s programmes for conducting safe operations is an essential element for regulators in terms of safety and security assessments. The existence of different types of nuclear applications, with low and high radiation risks in the country, is the key factor not only in increase awareness of both the decision-making governmental authorities and the public, but also in developing national technical competence for both regulators and operators. 

In Africa, like most countries with limited resources, peaceful applications of nuclear energy are restricted to medical, research and industrial fields where radiation risks are frequent sometimes but not always significant for the health and safety of people and the environment. In 2004, the total approximate number of radiation practices in Africa was estimated to 10 multi-purpose irradiation facilities, about 30 linear accelerators, 7 neutron generators, over 100 teletherapy units, several X-ray units, more than 200 Brachytherapy units, several thousands projectors for industrial radiography and several thousands nuclear gauges [4]. A very few countries do operate nuclear reactors dedicated to isotope production and research activities and only one country operates power plants. In these cases, the government support is insufficient to ensure viable, effective and efficient national nuclear regulatory authorities. Clearly, the lack of awareness in government authorities for nuclear safety and security issues could find its motivation in the very low contribution of nuclear applications to the socio-economic development of these countries. 

 3.3. Financial Resources and Effectiveness of Regulatory Authority
Adequate resources in personnel, equipment and finances are essential for the regulatory authority operation. An effective regulatory programme is ensured by legislative provisions and procedures for funding regulatory authority activities. Sources of such funding usually include governmental budget for personal salaries and recurrent expenditure, revenue generated from inspections carried out and authorizations granted to licensees, and any supports from bilateral and multilateral cooperation. 
In developing countries, budgetary constraints are a very common factor of poor performance in terms of regulatory effectiveness and efficiency. In Africa, most regulators are funded and equipped through government mechanisms which contribute to discharging its mandate. In some countries, regulatory activities are financially dependent on the workload of the regulatory authority activities and a big fraction of regulated applications are under ministerial responsibility, which provides them with the essential recurrent expenditure and equipment and facilities. While the number of authorized radiation practices in the country is a crucial factor in terms of the possible revenue that can be generated, this situation prevents regulatory authorities of most countries from realizing their financial independence. 
Another recurrent issue is that of Regulatory Authorities acting as regulators and users at the same time. In most cases, because of inadequate competent and specialized expertise in the country, regulatory staff is providing technical support services and consultancy. Although this situation creates a conflict of interest and avoid regulatory decisions being impartial, provision of technical services to end-users of ionizing radiations and operators of nuclear facilities generate income that supports the regulatory process and achieve its self-reliance and sustainability.

3.4. Competence and Effectiveness of Regulatory Staff in Africa
Availability of a core of qualified and knowledgeable personnel, capable of reaching sound technical judgements and making independent decisions, is in the interest of the government, the operators and the public. Most countries are out of competition between regulatory staff and operator’s expertise.
Shortage of competent staff is very common in developing countries in most scientific disciplines. Regulators are also concerned with the poor conditions of service that militate against the retention of qualified staff. Inadequate motivation and succession plans for effective replacement of qualified and experienced staffs that retire from active service or leave the institution contributes much to the inability of many regulatory authorities to sustain their regulatory programmes. Providing and promoting basic education in nuclear field is the government’s responsibility. Specialized trainings are usually provided to regulator’s staff members through international cooperation even if it should be part of government’s mission, through educational agencies. However, regulatory competence and skills are function of the scope of the existing radiation practices in the country, the degree of their sophistication, and risks that they can pose to the society and the environment.  
4. Conclusion
More governments are committed to nuclear applications and safety, more qualified and skilled staff is required and better the regulatory framework is, risks well managed and benefits significantly high.
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