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ABSTRACT

The Lato Sensu Postgraduate Course in Radiological Protection and Security of Radioactive Sources, offered by
the Institute of Radioprotection and Dosimetry (IRD) in partnership with the International Atomic Energy
Agency (IAEA), was designed to meet the needs of professionals with higher education at university level in
various fields, such as physics, chemistry, health and earth sciences or engineering, and who are working in the
field of radiation protection and radiation source safety in their countries. The course, created in 2011, provides
the basic tools necessary for those who will become instructors in their area, forming qualified experts so that
will act as multipliers of the knowledge of the area. The course has a workload of 472 hours and is divided into
17 modules, with theoretical parts and practical training (such as demonstrations, laboratory exercises, case
studies, technical visits, simulation exercises and workshops). Some theoretical topics and exercises are
developed online using the virtual classroom of the course. This paper aims to present a panoramic view of
these 5 years of the course, leaving as a record their memory and discussing new perspectives for the formation
of human resources in the area of radiological protection.

1. INTRODUCTION

1.1. Presentation

The Lato Sensu Postgraduate Course in Radiological Protection and Security of Radioactive
Sources (PGEC) [1], given by the Institute of Radioprotection and Dosimetry (IRD) in
partnership with the International Atomic Energy Agency (IAEA), was free and regional in
nature, was designed to meet the needs of professionals with higher education at university
level in various fields, such as physics, chemistry, health and earth sciences or engineering,
and who are working in the field of radiation protection and safety of their countries.

The course, created in 2011, provides the basic tools necessary for those who will become
instructors in their area, forming qualified experts so that will act as multipliers of the
knowledge of the area. The course has a workload of 472 hours and is divided into 17
modules, with theoretical parts and practical training (such as demonstrations, laboratory
exercises, case studies, technical visits, simulation exercises and workshops). Some
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theoretical topics and exercises are developed online using the virtual classroom of the
course. The Course provides the basic tools needed for who will become instructors in their
area (train multipliers).

Thus, the course design is structured to provide theoretical and practical training in the
multidisciplinary bases, whether scientific and/or technical, of international recommendations
and standards on radiation protection and its implementations. The course structure also takes
into account the requirements of the "International Basic Safety Standards for Protection
against Radiation Sources (BSS)", "IAEA Safety Series No. 115 (1996)" and related safety
recommendations on "Safety Guides".

1.2. The IRD

The Institute of Radioprotection and Dosimetry (IRD) [2] is a brazilian institute of nuclear
research, created in 1972, with the objective of acting as a national reference center in the
areas of radioprotection and metrology of ionizing radiation with applications to industry,
medicine, nuclear fuel cycle, as well as in all activities that may result in the exposure of man
and the environment to ionizing radiation, conducting environmental, occupational impact,
internal and external dosimetry and calibration of area monitors.

Created initially as a Dosimetry Laboratory, the IRD is one of the institutes of the National
Nuclear Energy Commission (CNEN) and is subordinate to the Directorate of Radiation
Protection and Nuclear Safety (DRS). IRD also acts as a research, development and teaching
institution in the field of radioprotection, dosimetry and metrology of ionizing radiation,
working in collaboration with universities, government agencies and industries to promote
the safe use of ionizing radiation and nuclear technology.

Its activities of research, technical support and service have allowed to develop new
technologies and to implement solutions so that the benefits of the use of the ionizing
radiations arrive safely to an increasing number of brazilians, helping in the training of
professionals of diverse areas that act radiation protection.

Currently, IRD participates in normative and technical committees in Brazil and abroad,
offering regular education and training courses, and is collaborating with the IAEA as a
Regional Training Center (RTC) in education and training activities for developing countries.
Since the start of RTC activities in 2011 and following the recommendations of the IAEA, the
IRD is making every effort to create a sustainable education and training program in nuclear
safety, radiation, transport and waste safety.

1.3. The Postgraduate Educational Course in Radiation Protection and the Safety of

The PGEC is a comprehensive training program [3] aimed at giving young professionals at
graduate level or equivalent a sound basis in radiation protection and the safety of radiation
sources, designed to deliver both theoretical and practical training elements. It is aimed at
conveying to them the multidisciplinary scientific and technical foundation of international
radiation protection standards and recommendations and their implementation.
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The course consists of lectures and practical exercises and is based on a standard syllabus, the
content of which is delivered face-to-face at the regional training centers.  Before and after
this, trainees take part in online modules that are conducted with support of IAEA technical
staff. -level
education in physics, chemistry, life sciences or engineering, may in later years become
senior managers, qualified experts or trainers.

Before attending, they should also have been selected already to work in the field of radiation
protection and the safe use of radiation sources in their home country. This includes national,
regional and interregional projects that address the strategic priorities of the region, with such
thematic priorities as safety, health and nutrition, food and agriculture, food security, nuclear
knowledge development and management, water and the environment, energy, and radiation
technology.

The projects address the strategic priorities of the region, including those proposed by the
Regional Co-operation Agreement for the Promotion of Nuclear Science and Technology in
Latin America and the Caribbean (ARCAL).
program in Latin America and the Caribbean is designed in close consultations with Member
States and based on regional agreements between the IAEA and groups of Member States of
the region.

The aim of the PGEC course is to provide an initial basic professional training in radiation
protection and safety for young professionals who will become trainers in later years. The
standard syllabus has been revised to take into account the requirements and
recommendations of the IAEA Safety Series No.115 (1996) and related safety guides.

It is divided into eleven parts (or more, depending of the country) including the learning
objectives, the prerequisites specified for each part, practical training sessions, training the
trainers and a bibliography.

The objective of the standard syllabus is to facilitate the integration of courses in radiation
protection and the safety of radiation sources into the curriculum of educational institutions
in Member States and to achieve both consistency and a common level in the technical
content of such courses.

ers in Africa (training language:
english and french), Europe (training language: english and russian), Latin America (training
language: spanish and portuguese) and Asia (arabic and english).

The regional centers are established in all regions where the IAEA implements its technical
cooperation program:

a) Africa  -
(CNESTEN), Morocco (training language: french); Centre de Recherche Nucléaire

 (CRNA), Algeria (training language: french); and School of Nuclear and
Allied Sciences (SNAS), Ghana (training language: english);

b) Asia and the Pacific - Atomic Energy Commission of Syria (AECS), Syrian Arab
Republic (training language: arabic) and Nuclear Malaysia Agency (NMA), Malaysia
(training language: english);
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c) Europe - Greek Atomic Energy Commission (EEAE), Greece (training language:
english) and International Sakharov Environmental Institute of the Belarus State
University, Belarus  (training language: russian); and

d) Latin America - Autoridad Regulatoria Nuclear (ARN), Argentina (training language:
spanish) and Instituto de Radioproteção e Dosimetria/Comissão Nacional de Energia
Nuclear do Brasil (IRD/CNEN), Brazil (training language: portuguese).

2. METODOLOGY

This work aims to present a panoramic view of these 5 years of the course, leaving as a
record their memory and discussing new perspectives for the formation of human resources
in the area of radiological protection. It will then be shown the structure of the course,
presenting its purpose, listing the subjects offered, the results in the form of the themes of the
final works (FW) defended, the profile of the students and, finally, new perspectives for the
course.

3. RESULTS AND DISCUSSION

3.1. Course Structure

The course deals fundamentally with the technical and administrative aspects necessary for
the regulatory and operational controls of radiation protection and the safe use of radioactive
sources in all its applications. The course contains theoretical parts and practical training
(demonstrations, laboratory exercises, case studies, technical visits, simulation exercises and
workshops), some of which are developed online using the virtual classroom of the course.

For each module the student will be subject to a specific examination and the mark of the
exam must not be less than 7,0 to be approved. Also the student must have at least 75% of
presence to be approved. At the end of the course students must submit a project, called by
Final Work (FW) to the Graduate Committee to complete the minimum requirements to
obtain their certificate.

The course has a total of 472 hours and lasts 22 weeks. Finally, the course is divide in 17
modules/disciplines, with the respective contents, as described below:

1) General Mathematical Review - algebra, exponents and logarithms, solutions for
variables in an equation, dimensional analysis, geometry, trigonometry, integral,
derivative and statistics (duration of 12 hours);
2) General Revision: Fundamentals - fundamentals of physics, chemistry, fundamentals of
interaction of radiation with matter and natural and artificial sources (duration of 40
hours);
3) Quantities and measurements - radioactivity, radiometric and interaction coefficients,
principles of radiation detection and measurements dosimetric quantities and dosimetric
calculations (duration of 32 hours);
4) Biological effects of ionizing radiation - effects of molecular and cellular radiation and
biological dosimetry (duration of 24 hours);
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5) Principles of radiation protection and regulatory control - internal individual
monitoring, direct monitoring methods, In Vivo and In Vitro bioanalysis and air
monitoring (duration of 48 hours);
6) Evaluation of internal and external exposures - biochemical models and dosimetric
models, evaluation and control of occupational exposure and personal dosimeters and
calibration of dosimeters and monitors (duration of 48 hours);
7) Occupational exposure protection - methods of protection and safe use of radiation
sources, workplace monitoring and NORM (duration of 64 hours);
8) Medical exposures in radiodiagnosis, radiotherapy and nuclear medicine - general
principles, scope and responsibilities (duration of 48 hours);
9) Public exposure to radiation due to practices - exposure of the public to natural and
product environmental radiation, radioactive waste management, environmental
radiological impact assessment, radiological monitoring to control public exposure,
remediation of contaminated areas, methodologies applied to environmental monitoring
and environmental aspects related to uranium and thorium mining (duration of 40 hours);
10) Intervention in chronic situations and emergency due to exposure - emergency
procedures in case of accidents with radioactive material (duration of 20 hours);
11) Workshop - Advances in the area of radioprotection (duration of 8 hours);
12) Safe Transport of nuclear material - care and practices in land, sea, river and air
transportation of radioactive material (duration of 20 hours);
13) Lectures on FW research topics - discussion and presentation of topics (duration of 4
hours);
14) Technical visits - visits to the Angra Plant and the National Cancer Institute (duration
of 6 hours);
15) Training teachers - classes to prepare multipliers (duration of 28 hours);
16) Orientation of FW - with teachers (duration of 20 hours);
17) Presentation of FW - defense of students' FW with the assessment bank (duration of
10 hours).

3.2. Teachers, Students and Formation

The teachers (professors and researchers) are composed mostly of staff from the IRD itself or
by guests from an institution linked to CNEN. Each module has a Coordinator Responsible,
who can teach alone or together with other teachers. All teachers have a PhD and work in a
laboratory linked to their module.

With regard to the Students, the profile of the students is varied, most of them being trained
in the areas of physics, chemistry, health and earth sciences or engineering (graphic1). About
the Nationality of the students, the majority is from Brazil (graphic 2).

The number of graduates per year is shown in graphic 3. The thematic areas of Final Work
(FW) advocated by students are presented in graphic 4, and finally, in which areas of the
graduate students are working, either professionally (graphic 5) or academically (graphic 6).
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Graphic 1:  Undergraduate Students (Number of Students per Area)

*Others (only 1 student per area): Biology, Accounting, Nursing, Civil Engineering,
Electrical Engineering, Nuclear Engineering, Statistics, Dentistry.

Graphic 2:  Nationality of Students (Number of Students per Nationality)

*Brazil - Most are either natural or have studied or work in Rio de Janeiro.

Graphic 3:  Number of Students Graduated per Year

* School year in progress.
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Graphic 4:  Area of FW per Number of Students

Graphic 5:  Job per Number of Students

Graphic 6:  Master per Area
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3. CONCLUSIONS

It can be said that the IRD/IAEA Lato Sensu Specialization Program, created in 2011 and
currently in its seventh class, is a course in full expansion, covering more and more areas of
knowledge related to Radioprotection. The average number of students per year is 15, despite
the great demand (almost four times the number of enrolled in the course) in the selection
process.

The training of the students is varied, however, the great majority comes from radiology
courses, which characterizes a greater demand for training in the area of Medical Physics and
Radioprotection, as can be seen in the number of final papers and student training who
continued their studies in the master's degree.

Despite this, most of the students began working as a teacher, showing that the main purpose
of the course, to train multipliers, is being fulfilled. Regarding the origin of students, despite
the presence of students from Angola and Mozambique, the participation of brazilians and
residents of the state of Rio de Janeiro is observed.

As a perspective, it is expected to increase enrollment, especially in areas other than
radiology, and especially a promotion offer in other regions of the country, with a possibility
of distance learning and other countries, thus strengthening the profile of the course. Thus, as
desired by the IAEA, it intends to promote a strong regional enterprise and aims to increase
capacities in the region to strengthen existing regional resource centers as well as to facilitate
the exchange of knowledge, expertise, products and services.
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