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Abstract. This work aims to demonstrate the importance of the regulatory inspections carried out by Brazilian regulatory body in the area of nuclear medicine field. The main aspects observed during the inspections are presented as well as the time evolution of the non-compliances, according to their occurrence by type. The results point out the importance of continuous coercion actions to improve the radiological protection level in nuclear medicine facilities in compliance with the standards established by the national regulatory authority and international recommendations.
1. Introduction

The Brazilian Regulatory Body, namely National Commission of Nuclear Energy (CNEN), following international recommendations [1, 2, 3, 4], is the organism in charge to the licensing and control of all nuclear and radioactive practices and installations in the country. Licensing process [5, 6]. In the installations control process of the, on-site inspections take place every two years when several radiological protection aspects are analyzed according to a 126 items check list and their compliance with national regulations and standards is verified. Among the large variety of items evaluated during inspections, four main categories have been chosen due to their major impact on the radiological protection of a nuclear medicine facility. As a direct consequence of the doses delivered to patients, the occupational doses to workers, the dose to the public in general and the environment impact are also analyzed. This work was developed with the aim to analyze the effectiveness of Nuclear Medicine inspections in Brazil as they were done from 1996 up to 2006 [7].

2. Non-compliance of interest

The four items chosen for analysis in the present work were obtained for a long period, from 1996 to 2006, to guarantee the inspection continuity in each facility and a representative non-compliances evaluation. The items are: i) Surface contamination and exposure records – to verify the proper radioactive material manipulation and shielding conditions; ii) Surface contamination and survey meter calibration – to verify the equipment proper operation conditions; iii) Radionuclide dose calibrator and gamma camera quality control program – to guarantee the doses delivered to patients and the quality of images; iv) Radioactive material manipulation procedure – to verify contamination of workplace and workers.

The surface contamination and exposure data may give an idea about the dimension of the staff facility commitment with radiological protection procedures. Additionally, the exposure rate records are important to evaluate shielding efficiency, to perform the optimization process of occupational doses and to investigate incidents. Besides the above listed verifications, the inspectors also perform on-site workers contamination survey. Additionally, a set of control tests should be carried out. In order to guarantee that the installation quality assurance program is performed properly, the calibration certificates are checked and, in case they are not updated, non-compliance is added to the inspection report. Quality control programs for the equipments used in a nuclear medicine facility are of great importance for their proper operation contributing to an adequate patient’s radiological protection. One of the most important radiation protection officer responsibilities [9, 10] is to guarantee that all equipments employed in patient diagnosis and treatments are working properly. Additionally, in order to assure that the administered dose is that prescribed by the nuclear physician, the radionuclide dose calibrator operation should be verified frequently, since small deviations in the activity response can result in an inaccurate diagnosis and provoke an exam repetition with a dose increment to the patient and workers.

3. Results
In this section the main data collected during Brazilian regulatory inspection program for a 10 years period, from 1996 to 2006, are presented. The time evolution of the numbers of non-compliance per installation is also shown, as well as the number of inspections carried out and the number of persistent non-compliances. After a positive outcome of the sanctions introduced in the early years of this study, in 2001 a quality assurance program in the regulatory body was introduced and an extensive training of the inspectors to carry on their work under this new vision was applied. Since then, some new items of compliances have been introduced in the checklist and as a result, it can be observed an increasing in non-compliances in 2002. To analyze the non-compliance of interest it is defined an average non-compliance frequency, fi (%), as follows: fi = νi / S x  100, where νi is the number of facilities presenting the non-compliance of interest and S is the total number of facilities inspected per year. The term fi indicates the percentage of installations presenting this non-compliance in a certain year. The index i is related to one of the four non-compliances of interest described before. Namely: i = 1: surface contamination and exposure records; i  = 2: surface contamination and survey meters calibration certificates; i  = 3: radionuclide dose calibrator and gamma camera quality control programs; and i  = 4: radioactive isotope manipulation procedures.

In Figure 1, it is displayed f1 as a function of the inspection year. It can be observed that the non-compliances decreased considerably from 1996 to 2001, oscillating around a frequency of 30%. The solid bars are related to surface contamination and empty bars to exposure records. Once this non-compliance is directly related to the lack of culture to execute the measurements or, in the worse case, to the total non-execution of the procedure, the large frequency of 30% can be associated with an absence of training courses in order to prepare the professionals to execute and register the measurements. It can be observed that there was a fast decrease in exposure measurements and records between 1996 and 2001. After that, with an exception in 2002, an almost constant value around 20% is obtained. This value is still considered too height and it is related to the safety culture and radiation protection officer commitment to keep records of all measurements. In Figure 1 f2, the non-compliance associated with updated calibration certificate of the instruments, surface contamination meters (solid bars) and exposure meters (empty bars) is also presented. It can be observed that, in spite of an increasing pattern from 1996 up to 1998, these non-compliances decreased until 2001, indicating an effective response to inspections. After 2001, it can be observed another frequency increase that may be explained by the limited number of certified calibration laboratories able to perform instrument calibrations in the country. 
Non-compliance associated with radionuclide dose calibrator quality control is also presented as solid bars in Figure 1. Although the coercive regulatory actions and a large number of training courses for nuclear medicine staff was available in the country in this field, this special item presents a small level of improvements on the radiological protection issue since around 35% of the facilities has an inefficient quality control program. The frequency of non-compliance associated with gamma camera quality control, empty bars in Figure 1, evidences once more that the quality control programs in a general way has been neglected. Since the dose control and the checking of all image tools are a guarantee for an adequate and secure diagnosis, they are peremptory controls in a nuclear medicine facility. The non-compliance frequency associated with manipulation procedure involving radioactive material is also illustrated in Figure 1. Although high, the values showed in the figure can be related to the difficulty of dealing with unsealed radioactive sources. A low level of contamination could be expected in some specific controlled areas like the radiopharmacy room in every nuclear medicine facility, but the introduction of training courses in the routine could improve the staff performance. 
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Fig. 1 - Frequency of: nuclear medicine installations that has non-compliances associated to surface contamination records (solid bars) and to exposure records (empty bars); contamination instruments (solid bars) and survey monitors (empty bars) presenting not valid calibration certificates; deficient radionuclide dose calibrators (solid bars) and inappropriate gamma camera quality control (empty bars), as a function of the year of inspection and non-compliance frequency related to radioactive isotopes manipulation procedure as a function of the inspection, for the period considered in this work.
4. Conclusions and final remarks

In this work it was defined some non-compliance named “of interest” characterized according to their importance in the radiological protection issue for nuclear medicine facilities. The results indicate that the regular regulatory body inspection program has some effectiveness in reducing non-compliance frequency over the period of 1996-2006. This can be due to a set of coercive actions that have been taken for installations presenting non-compliances that can affect the facility radiological protection status. After decreasing for many years, it was observed a minimum in 2001 for the most non-compliance reported during inspection. Afterwards, some increment can be observed and can be assigned to an introduction of some new requirements as an improvement in inspections execution procedures, leading the regulatory authority to be more restrictive with the non-compliances.
Until 2006, because of an insufficient number of professionals certified [8] to work as radiation protection officers in nuclear medicine field, CNEN has accepted the nuclear physician as responsible for the installation’s radiological protection as well. From 2007, there was a big effort from CNEN to certify professionals in order to attend an adequate number of radiological protection officers in nuclear medicine field [9, 10]. It was supposed that the introduction of a professional dedicated to supervise and execute radiological protection in the facilities would reduce the non-compliances. An evaluation of that will be done at the end of 2009, when it will be possible to evaluate all inspected installations. The radioactive material manipulation procedure is another subject of concern. As a large number of installations presenting this non-compliance is observed, it is a conclusion that their staffs are not properly qualified or trained. 

As a final remark, although there are several points of continuous improvement in the licensing process, the regulatory inspection program of the Brazilian National Commission of Nuclear Energy (CNEN) has enforced an enhancement of the national radiological protection status in respect of nuclear medicine facilities. The inspection group has the certainty that a lot of improvements have to be done, mainly in the inspector’s technical formation and training and by developing new inspections techniques to cover new technological aspects that are arising nowadays. 
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