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Abstract. The Institute of Radiation Protection and Dosimetry (IRD), from the Brazilian Nuclear Energy Commission (CNEN), holds a singular position in the nuclear energy and radiation protection areas in Brazil. It develops applied researches to support the licensing and control of nuclear and radioactive installations in the country with the aim to protect members of the public, workers and patients against the undesirable effects of ionizing radiation. Doing so, the IRD contributes to the safe development and implementation of nuclear technologies in Brazil. One of the values of the IRD is to keep track of the state of art methodologies and researches in the different areas related to radiation protection, dosimetry and metrology upgrading its expertise to support the regulator during the licensing process and to discuss with the operator adequate safety solutions to solve any potential relevant radiological issue. Training of professionals of the nuclear area, by means of on-going regular courses graduate academic courses is also in the scope of IRD activities. In this context the IRD promotes discussions to spotlight the research trends and demands of the private and public sectors in those fields.  This paper summarizes the most relevant issues on the perspectives of environmental radiation protection and radioecology in Brazil. The elements in this paper come from a workshop that was organized by the IRD and sponsored by CNEN and by the Brazilian National Council of Research and Technology (CNPq) that took place in Rio de Janeiro in November of 2004. It is expected that the products of this workshop will give the scientific and technical communities elements to help in the development of their research aligned with the needs of the country in these areas. In terms of the institute perspective the challenge that was pointed out during the workshop and to be faced by the institution was to find appropriate means to connect all its activities in a logical framework in order to find the adequate synergism between research and regulatory activities, that allow IRD to give support to the decision making process in the nuclear licensing process and to assist its stakeholders in a growing demand scenario, avoiding conflict of interest. 
1
Introduction 
 

Radiation protection is needed in a variety of activities, including nuclear fuel cycle installations, nuclear energy generation, materials science and technology, medicine and the handling of materials containing natural occurring radioactive materials (NORM). The backdrop in a developing country like Brazil is the growing energy demand that can be satisfied by nuclear energy with the bonus of avoiding greenhouse gas generation. This in turn leads to increasing mining and milling of uranium ores and production of materials in the nuclear fuel cycle [1]. In line with many comparable countries, Brazil is a major producer of raw materials that have natural radioactivity associated with them (e.g. NORM-industries) In this context, a major task is to raise full awareness in the governmental sector and in the society as a whole to implement adequate protection measures. 
In order to give adequate level of protection to members of the public and workers licensing and control activities must be put and place and must be based on the state-of-the-art standards and regulatory documents. Therefore, in Brazil, the Brazilian Nuclear Energy Commission (CNEN), the regulatory authority, is in charge to provide standards for radiation protection and nuclear safety. The CNEN standards are based on the recommendations of the International Committee on Radiological Protection (ICRP) and are consistent with the International Atomic Energy Agency (IAEA) standards, particularly the IAEA Basic Safety Standards.  
The Institute of Radiation Protection and Dosimetry, IRD, which is part of CNEN and has the task to perform safety assessments and inspections to evaluate the compliance of nuclear installations with the Brazilian regulations. It must be noted however, that regulatory activities do not consist of a simple compliance assessment of regulations by the operators.  Regarding environmental issues, for example, it is also necessary that several natural mechanisms, relevant to the transport of radionuclides into the environment, be evaluated. In order to achieve a convenient understanding of these processes, mathematical models may be needed along with the sampling and analysis of environmental samples. It is very common to say that a multidisciplinary approach is needed to be put in place when one deals with the assessment of environmental impacts caused by nuclear installations. Thus, different researches are being carried out at IRD, concerning mathematical modeling of reactive geochemical transport of radionuclides from different types of wastes; transfer of radionuclides in the food chain after accidental releases as well as investigations on the behavior of artificial and natural radionuclides in terrestrial and freshwater systems. Increasing the knowledge on radiation safety provides the scientific bases for giving support to the decision making process in nuclear licensing. 
The objective of this paper is to present the most relevant issues that has been discussed during staff internal and external participants workshop’s on the scope of Environmental Radiation Protection and Radioecology aiming to give the scientific and technical communities elements to subsidize the development of their research aligned with the needs of the country in these areas [2] [3]. 
2
Main discussed issues      

Regarding the safe operation of nuclear installations, it was made clear that the adoption of certified environmental management systems (EMS) might help the nuclear installations to achieve higher standards of environmental performance as well as to improve the relationship with regulatory organisms. It is a challenge to IRD to stimulate all nuclear installations to adopt environmental/quality management systems. However, the IRD has to commit itself in following the same path. It can be said that a proper quality management system (quality assurance / quality control) will be very helpful in cases were government decisions or the results of scientific investigations on which they may be based are challenged in court. Tough not assuring quality in themselves, the implementation of relevant ISO standards, as for example, is a step into the right direction. 

Finding out concrete solutions for the final deposition of low and high level radioactive wastes is one of the most relevant challenges to be faced by the Brazilian society. There are no current radioactive waste repositories in Brazil, and the nation has deferred decisions on this subject until they can be addressed in the future when more knowledge and international guidance is available. In the meantime, most radioactive wastes are stockpiled or disposed of on-site where they are generated. Besides, knowledge with NORM waste management will also be useful in the context of developing safety cases for near-surface repositories for low-level radioactive waste, and vice versa. Building on the plethora of worldwide research results, specific aspects for tropical Brazil could be developed. High rainfall rates for example will pose a significant challenge to any cover design. The long-term behavior of engineered repositories and also of remediation sites needs to be carefully assessed for the given climatic and geomorphological conditions in Brazil. 
The major radioecological problems in Brazil are obviously connected with mining activities of both uranium and other ores. During extraction of ores, radioactivity may be concentrated in the tailings from which it may be dispersed by wind and water to the atmosphere and to freshwater bodies. The extraction process influences the speciation and may enhance the potential mobility in the environment. Mining is an activity of relevant economical importance to Brazil more or less countrywide spread. The amounts of radioactive material may be high. Their fate and speciation in the environment is the result of a complex processes In the light of the vast international experience, some studies targeted on crops and soils specific to Brazil may be warranted. Similarly, the migration behavior of selected radionuclides under conditions specific to Brazil might also need some attention. Then the objective should be to continue and to incentive the radioecological and modeling researches in the scope of natural radionuclide behavior as well as to promote studies related to management of low-level long-lived wastes. In addition, the knowledge of the natural radionuclide background in the country as a whole, considering the different geological formations and complementing the existing survey is a matter of primary importance and a big challenge considering the size of the country and the available finance resources. The gathering of all available data in a georeferenced database and the radio vulnerability mapping are valuable tolls in this respect. 

Regarding (TE)NORM industries the IRD can play a key role in aiding  the non-nuclear industries in identifying radiological risks and to introduce them to best mitigation practices as well as impact assessment protocols. For workplace exposures, such mitigation measures can often be very simple and do not interfere with the industries competitiveness. In other cases, particularly when it comes to the safe disposal of large volumes of residues, more serious challenges arise that may need to be addressed on a national level. It also needs to be recognized that while large raw materials companies, often with a multi-national background, would have the financial and means and knowledge to implement mitigation measures, this may not be the case for the smaller mining companies. Research into their needs and suitable mitigation measures might be warranted. The actual exposures and associated risks are quite variable from industry to industry and from site to site. Given the Brazilian setting, the first effort should be prioritize the potential problems. This could also include historical residues, though for them less resource might be available. Given the limited resources available, careful cost-benefit analyses could be the first step to be undertaken. Besides, means of communicating experiences that can potentially reduce environmental risk of NORM processes and operations should be provide.

All issues connected with radioactivity cause anxiety and public concern. To overcome this problem, recently activities started to initiate dialogues with stakeholders to broaden the acceptance of the nuclear industry. The dialogue shall start in a very early stage of projects. The aim is to provide transparency of the intentions of the nuclear industry and to increase confidence. The process of confidence building is often slow and difficult; there is always a risk of rebounds. In some situations it may be the case that public perception may drive processes much more than scientific insight. Certain researches may need to be undertaken to satisfy public concerns, though it might not be a priori of priority from a scientific perspective. Collaboration with outside institutions, e.g. universities, may enhance public trust. Anyway, educational needs for the public concerning radiation are a significant matter, especially when local authorities may request interventions. With respect to (TE)NORM use of radioactivity contaminated wastes for home construction, and construction of houses on radioactively contaminated lands may take place. As a result guidance on educating the public in such matters is very important. As a result, some emphasis shall be put in providing better education to the public on radiation issues, including avoiding misuse of TENORM. 
3
Conclusions 
 

The future of nuclear energy will depend to a large extent, among other things, on the ability of the sector to prove the society that nuclear energy is safe. Also, non-nuclear industries may face some problems when their activities may be related to radiological issues. In order to overcome this challenges all the players shall share same values and pursue common objectives. It is well known that regulators and operators must preserve an adequate degree of independence from each other in such a way that unethical behaviors are avoided. On the other hand, there is a need for a constant dialogue, experience exchange and cooperation as both sides also share a common responsibility, that is to say, the improvement of the Brazilian society well-being. The IRD, as a Technical and Scientific Support Organization (TSO) can adequately make this link.

The workshop mentioned in this text was a key element to help the institution to develop an action-plan to build up an agenda that can foster the development of activities to structure the IRD as a TSO. The main topics that would have to be addressed, as conclusions to this text are:

· Aiding in the efforts oriented to estimate the volumes of current and future radioactive wastes that may need isolation and ultimate disposal, and what may be necessary to identify and ultimately approve potential waste repositories.

· Regarding NORM-industries, research shall be developed to know their needs for radiation protection standards and suitable mitigation measures for occupational safety and environmental protection.

· Contribute to determine what is an acceptable radiation dose or risk for a member of the public resulting from exposure to a source of radiation. This is essential for remediation of contaminated sites, and for ongoing industrial activities.

· Stimulating the adoption of certified environmental management systems by nuclear installations in a way to lead them to achieve even higher standards of environmental performance and improving their relationship with regulatory organizations.

· In countries like Brazil in which the indoor exposure to radon is not conveniently assessed, a national policy should be taken in a step-by-step manner from characterization of the problem to implementation of appropriate remedial actions whenever necessary.

· Accordingly, different types of pilot studies should be carried out to identify potential sources of elevated radon exposure, detailed national surveys should be initiated, and in particular, a national risk management strategy should be defined taking into account the results of other international studies.

· Development and establishment of support systems to make both nuclear and radiological emergency responses more rapid and efficient.

· Finally, educational needs for the public concerning radiation are a significant matter, especially when interventions may be requested by local authorities. Consequently, guidance on educating the public in such matters is very important. As a result, some emphasis shall be placed on providing better education to the public on radiation issues, particularly avoiding misuse of (TE)NORM wastes for building materials, or construction of residential housing on (TE)NORM contaminated lands.
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