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This paper aims to show the radiological protection development in Brazil from the 
beginning, when President João Café Filho signed an agreement with the U.S.A. In this 
agreement, Brazil joined the “Atoms for Peace” program established on August 03rd, 
1955. Yet in 1955, Brazil participated as a foundation member in the International 
Atomic Energy Agency (IAEA). As a result, the IEA – “Instituto de Energia Atômica”- was 
created on August 31st, 1956 and a research reactor type swimming pool was installed to 
produce radioisotopes and prepare experts in the field of nuclear activities. This reactor 
is maintained in operation at the Instituto de Pesquisas Energéticas e Nucleares (IPEN), 
former IEA. Having the IEA as a case of study, we analyze the radiological protection 
evolution during the fifty years of its life. We correlate this development with the 
Brazilian National Nuclear Energy Commission (CNEN) Regulations. CNEN was also 
created in 1956. The first safety standard in Brazil was delivered in 1973. Therefore, 
this paper will focus the radiological protection development at national level. Both 
institutions followed the international radiological protection recommendations, under 
the difficulties imposed by the historical conditions of a developing country. In order to 
have an outline of the radiological protection development, we inform that it was 
started as a section of the Radiological Division at the IEA. At that time, the IEA had four 
divisions. The radiological protection was perfomed by four people, being two physicists 
and two technicians that accomplished all the duties. On that occasion, approximately 
30 people operated the IEA. The work staff at IPEN increased, arriving to 1600 people in 
1998, including 150 persons in the radiological protection activities. Nowadays, 1200 
people, including 100 persons in the health physics duties operate the IPEN.   
 

 
INTRODUCTION 

 
The Health Physics first publication [ 1 ] mentions as initial radiological protection 

practices the jobs performed during the Manhattan Project, which gave rise to the 
atomic bomb detonated in Japan, Hiroshima and Nagasaki cities, well -known and 
described in History. There was a Health Division, with a medical section, a biological 
section and a physics section, the latter developing badges containing photographic 
films, small pocket ionization chambers, portable radiation measuring instruments of all 
kinds, and the first quantities used in radiological protection, except the exposure 



quantity. However, the authors believe that for developing countries, like Brazil, the 
initial date for the radiological protection history is that of the nuclear energy 
settlement for pacific usages, made real by the “Atoms for Peace” Program. In that 
time, the United States was ruled for the first time by president Dwight David 
Eisenhower (1890-1969), who proposed the foundation of the International Atomic 
Energy Agency, IAEA. The first radiological protection policy started with the 
publications number 1 and 2 of the International Commission on Radiological Protection, 
ICRP, [ 2,3 ], respectively in 1958 and 1959. In Brazil, even though the National 
Research Council (Conselho Nacional de Pesquisas, CNPq) [ 4 ] had been founded in 1951, 
including in their duties legislative and development questions in the nuclear field, it 
was only in 1956, with the foundation of the National Nuclear Energy Commission 
(Comissão Nacional de Energia Nuclear, CNEN), that the country started to deal with the 
international recommendations involving research and developing practices in the 
physics of radiation, nuclear physics, nuclear technology, and others. The nuclear energy 
release for pacific usages became a landmark for the pioneers that, in Brazil, had 
obtained their bachelor degree in the São Paulo University (USP), founded in 1934. Those 
physicists had obtained knowledge in the interaction between matter and radiation and 
they had also published some papers in the nuclear physic field. The foundation of the 
Atomic Energy Institute (Instituto de Energia Atômica, IEA) situated in São Paulo, in 
1956, managed by the Brazilian physicist Marcello Damy de Souza Santos, gave rise to 
the radiological protection history in Brazil. In this paper we analyze, having the IEA as 
a case of study, the evolution of the radiological protection. The IEA was founded from 
one collaboration between the CNPq and the USP. We signalize that the Brazilian 
Institutions responsible for training the workers for research and development are 
recent, most of them the second half of the 1950 decennium. Thereafter, the IEA, in 
1979, changed its name for Nuclear and Energetic Research Institute (Instituto de 
Pesquisas Energéticas e Nucleares, IPEN), enlarging its research field and including other 
kinds of energy production besides t nuclear, even though all over this period the 
Institution has maintained the research in fuel cycle intensively, when in countries such 
as the USA, France, England, the former URSS, and others this technology was already 
developed and improving. However, Brazil was giving the first steps, but it is not the 
scope of this paper to analyze this delay. In short, it was necessary that a large 
radiological protection team were formed in order to attend both radiological protection 
and environmental necessities. 
In the 1980 decennium, we note that the Nuclear Safety Board Of Directors (Diretoria de 
Segurança Nuclear, N) management, belonging to the Institute, in the second period of 
preoccupation due to the changes in the radiological protection field, devoted to 
modernize the equipment used and provided a large group to meet the national and 
international radiological protection regulatory requirements. It was important to be 
prepared with competent personnel and suitable equipment to meet a fortuitous 
increase in the fuel cycle practices, in that period with many activities in the Institute, 
including a well-succeeded partnership in technology development with the Brazilian 
Navy. However, the international cooperation conditions were changing. In the 1980’s 
the Institute, from the academic research stage advanced to the next step that was to 
build the uranium hexafluorine production in  semi-industrial scale, giving the first steps 
toward the uranium enrichment. Today, Brazil has conditions to enrich uranium using the 



ultra centrifugation technology. This work was continued by the Brazilian Navy and 
today, in cooperation with the National Brazilian Industries (Indústrias Nacionais 
Brasileiras, INB) located in Rio de Janeiro, settled up the first ultracentrifuge in a 
commercial scale in the country. It is remarkable that, after less than 30 years, in a 
developing country, the IEA performed a feat to develop, with a small budget, without 
industrial support, and with the international adverse situation, a technology in 
prototype scale. Even though it had already been developed in other nations, due to its 
strategic characteristics, Brazilian technology is not transferred to other countries. The 
national industry, although with a considerable growth, has followed the Latin America 
model that is to substitute the importation for internal consumption and was not 
prepared to supply the sophisticated products necessary and required by the nuclear 
field. The country has had to appeal to its own Institute facilities and personnel 
expertise in the nuclear field and, then, the local industry offered to produce individual 
parts under the supervision of the Institute research experts. It is worthwhile that the 
technology is not a negotiable article, conversely the equipment built with the developed 
technology. In the field of uranium enrichment technology, it was not possible to try the 
reversible engineering. This entire discussion in the enrichment can be extended to the 
radiological protection team that, in spite of having an opportunity to obtain a training 
in countries such as Germany, France, USA, and others need to develop a national ability 
following the national and international radiological protections regulations. Turning 
back to 1956, when the IEA was founded, the research reactor building construction 
immediately started. The equipment would be donated to the country that could install 
the reactor; the IEA ran to finish the construction in six months. Mainly three states were 
interested, Minas Gerais, because since 1952 it had an Institute in operation, the 
Radioactive Research Institute (Instituto de Pesquisas Radioativas, IPR), now Nuclear 
Technology Development Center (Centro de  Desenvolvimento em Tecnologia Nuclear, 
CDTN); Rio de Janeiro that was the country capital and had also installed, since 1956 the 
National Nuclear Energy Commission (Comissão Nacional de Energia Nuclear, CNEN) and 
São Paulo State with the recently founded São Paulo University, USP, where the experts 
already mentioned had graduated from. São Paulo won the competition due to the great 
influence of Marcello Damy. It was a swimming pool reactor moderated with light water 
and started the operation using nuclear fuel enriched at 20%. After that, it started to 
use nuclear fuel enriched at 93% suggested by the seller. Probably this change is due to 
the fact that thermal neutron is absorbed by uranium–238 nucleus producing plutonium-
239 and this one produces an atomic bomb more dangerous than that produced by 
uranium-235. The plutonium produced inside the burned fuel is measured and inspected 
by the IAEA. After the IEA–R1 returned to operate with an enrichment of 20%. In the 
beginning, both levels of enrichment were used in the reactor core. Probably this new 
change happened because with 93% enrichment if you remove the glad, uranium-235 can 
be obtained practically pure, and, then, it is easy to build a bomb. As a consequence, the 
country has faced several restrictions to obtain the uranium fuel from the sellers. This 
fact was related by Gordon [ 5 ]. Many experts from USP have had an important role in 
the initial activities of the IEA as, for instance the chemists Fausto Walter de Lima and 
Alcídio Abrão, the physicists José Goldemberg, Sylvio Bruni Herdade, Dirceu Martins 
Vizeu and Rômulo Ribeiro Pieroni. names. Pieroni sometime  later became the manager 
of the IEA for more than 15 years. On September 6, 1957 the reactor ran for the first 



time, being the first reactor in the south hemisphere. In the IEA-R1 reactor official 
inauguration, occurred in 1958, the country President, Juscelino Kubistcheck de Oliveira 
(JK) and the São Paulo state governor, Jânio da Silva Quadros were present. The initial 
optimism was based on the opportunity to  investigate in an advanced field and try to 
recover the time lost surpassing the technological delays. The experts had the 
knowledge that in this field  was necessary to protect against the biological effects 
resulting from the radiation interaction, emitted by radioactive nucleus or by the 
radiation produced between the reactor operation with the human tissue. According to 
the methodology analyses suggested by Motoyama [ 6 ] the country disposed of a mental 
substratum to achieve that objective, but lacked the technical substratum. During the 
inauguration, the Republic President emphasized that the country was joining the 
“nuclear age”. Years before, at the end of the 1940’s and beginning of the 1950’s there 
was a movement among Brazilian experts, headed by the admiral Alvaro Alberto da 
Motta e Silva to develop the nuclear technology and to acquire competence to enrich the 
uranium and produce nuclear fuel for a power reactor. The acquisition of a power 
reactor was requested by the country that felt proud and hopeful with the research 
reactor obtained by donation due to the Brazilian adhesion to the Atoms for Peace 
Program, in the government of President Joan Café Filho. The Institution was well 
planned, though it did not have a power reactor, only a research reactor to accomplish 
all the objectives proposed in the IEA foundation. But, it was important to think of 
measures that avoided the undue radiation exposure. In the second half of the 1950’s 
and the first half of the 1960’s, the country started to become industrialized and the 
President JK established some targets planning to develop  Brazil. At the end of his 
government, in a report about the aims achieved, the nuclear field obtained 100%. This 
was due to the IEA-R1 reactor construction. After this initial presentation, this paper 
deals with the insertion of Brazil in the nuclear technology age, performing a case of 
study. Firstly, it aims to analyze an interrelation among science, technology and 
development, in a country “under development” and the reflection of this process in the 
radiological protection evolution applied to the present IPEN. In short, it is presented 
the results obtained and the conclusion about the history investigation on the 
radiological protection in the Institution.   
 

IEA – R1 REACTOR 
 
In the beginning -1958, the Institute, had mainly four research lines with four research 
Departments: 
Nuclear Physic, managed by Marcello Damy de Souza Santos. He was also the head of the 
IEA until 1961 when he was invited to head the CNEN. There he stayed until 1964 but all 
this time he continued as the head of the Nuclear Physic Department. It was emphasized 
the necessity of more effort in the scientific field. The IEA then created a specific area 
and thereafter the nuclear post-graduation course in association with the São Paulo 
University. Now, the IPEN postgraduation offers large options of radiological protection 
subject, allowing a wide range of specialization courses in the radiological protection 
field, including Master and PhD degrees. The majority of the students are not IPEN`s 
workers, but they work in industries and in hospitals in the radiological protection field. 
This occurs only because in the beginning the IEA was preoccupied with nuclear 



radiation. The construction of the IEA – R1 reactor was made by a national enterprise, 
Martins Engel of São Paulo and the design was based on another constructed in Michigan 
(1955) for another swimming pool reactor projected by the same enterprise - Babcock – 
Wilcox – which sent to Brazil the IEA–R1 reactor. This reactor installed in Michigan 
discontinued its operation in 2000, but the IEA–R1 underwent some rebuilding to meet 
the evolution of the radiological protection policy, around 1990, and continues to 
operate, being responsible for the supply of radioisotopes in Brazil. In the beginning, 
before the operation of the IEA – R1 reactor, some important studies, for example, the 
climate conditions around the reactor environment, were done. All studies carried out so 
far have had as objectives to analyze the safety conditions to operate the reactor. 
Immediately after the beginning of the operation, one small team lead by Sylvio Bruni 
Herdade and later by Dirceu Martins Vizeu was formed to study questions related to 
radiological protection. In 1967, Gian Maria A. A. Sordi took over the section of 
radiological protection. This service later changed and became a Department and finally 
a Directory. Today it is again a service attached to the IPEN Superintendence. In the 
1980’s group to deal with environmental radiological protection was also formed. A lot 
of work was developed in order to prevent an unexpected radioactive discharge. Another 
group was formed in order to study the problems involving the waste disposal. When the 
IEA was founded it began to operate with 17 people – researchers and administrative 
personnel. One year later it was 32 people and two years later 58 people. In 1962 this 
number was increased to 74 and in 1966 to 175. In 1988 the staff of IPEN comprised 1600 
people, including 155 persons in the radiological protection service. Now there are 
approximately 1200 people working at IPEN, 100 involved with radiological protection.  

Among the initial objectives of the IEA there was the radioisotopes production. These 
activities require the operation of the IEA – R1 reactor. Other research activities also 
require the use of the IEA – R1 reactor at IPEN. Practically all activities in the beginning 
were accomplished using the IEA R1 reactor. Due to this, it was necessary to improve the 
service of radiological protection at the IEA, and then two researchers were trained at 
the Brookhaven National Laboratory. The USA had on the occasion some practice with 
radiological protection mainly due to the Manhattan Project and the Brazilian 
researchers took benefit of it. Since then, all researchers were obliged to do an initial 
stage at the radiological protection section and this practice continued until the 1960’s. 
Nevertheless, after that, every new researcher attends a radiological protection course. 

 
 
 

IEA – TRAINNING AND POSGRADUATION 
 
After the training of the first researcher, around 1960, it was created the specialization 
course in nuclear engineering in accordance with the Engineering School (POLI/USP) and 
the CNEN. In this course there were two radiological protection subjects as it is known at 
the IEA radiological protection, taught by Sylvio Bruni Herdade and Shielding 
Calculation, taught by Wilma Hehl. Other subjects were also taught,  such as Reactor 
Physics and Nuclear physics in collaboration with USP. After that, in 1964 this course 
was improved and then it had two specialization courses. The first one for engineering 
and the second for other specializations. At the moment, all radiological protection 



courses are taught by Gian Maria A. A. Sordi. The Institute was going ahead with all 
activities in the nuclear field, including the fuel cycle. Thus, the Institute continued in 
the subsequent decade to do research in this field. Nevertheless, in 1990 the government 
made the decision to discontinue the investment in the fuel cycle and continue to invest 
only in the radioisotope protection and consequently new application in radiological 
protection, the radioisotopes production. On that occasion, it was invested in the 
personal training to work with radiological protection inside large plant and also to 
adapt the workers to the policy changes in radiological protection [ 8 ]. 
 

THE IEA AND THE RADIOLOGICAL PROTECTION REGULATION 
 
In the 1970’s and 1980’s were published through important international radiological 
protection recommendations. The IAEA published the Safety Series number 9, edition 
1982 [ 9 ] and the International Commission on Radiological Protection, ICRP, the 
publication number 22, 1973, and number 26, 1977 and number 30, 1978 [10, 11, 12 ]. 
In 1991 the publication number 60 [ 13 ]. IAEA also issued their recommendations in the 
publication Safety Series 115, 1994 interim edition and definitively in 1996 [ 14 ]. 

In the beginning, the Radiological Protection Service at the IEA used the USA regulations 
because there were not Brazilian rules. This was maintained until 1959 when adapted 
the ICRP publication 1 and 2, 1958 and 1959 ,respectively, were adapted. In 1964 when 
the expert Pierre Amardeil from Fontenay-Aux-Roses Radiological Protection Center, one 
of the Commissariat de Energy Atomique of France, visited the Institute brought with 
him the Safety Series number 4  [ 15 ], first basic recommendation of the IAEA. This 
basic recommendation was substituted in 1966 by the CRP publication number 9 and in 
1967 by IAEA Safety Series number 9. Still in 1967, the CNEN president, Hervasio 
Guimarães de Carvalho, through the document CNEN – 126/67, created the first group to 
perform a draft about the basic regulation of radiological protection to be adopted in 
Brazil. This requirement by a national regulation was due to the fact that the 
radioisotopes were sold for national companies which had not qualified personnel in 
charge of  handling these radioisotopes. The group met, for three years, 1969 – 1971, 
three days per month, in the Nuclear Engineering Institute (Instituto de Engenharia 
Nuclear, IEN) in Rio de Janeiro. This regulation was published in 1973 after a review 
performed by Rex Nazaré Alves who, subsequently, became CNEN President for many 
years. The task group was formed by Gian Maria A. A. Sordi, on that occasion already 
head of the Radiological Protection Service of the IEA, Arthur Gerbasi da Silva from the 
IEN, Henrico Schllotterbeck , from the CNEN (Rio de Janeiro) and João Batista da Rocha e 
Silva from the IPR. This basic regulation published in 1973 [ 16 ] was used until 1988 
when it was substituted and updated by a task group formed by about 20 people, among 
CNEN experts and other professionals from industries, nuclear medicine, and so on. The 
new regulation was entitled CNEN-NE-3.01, basic guidelines of Radiological Protection 
(Normas Básicas de Protecão Radiológica) [ 17 ]. Until that occasion, the dose limitation 
system was based on maximum permissible annual limits, MPAL, this meant that work 
could be normally done below these limits. The values of these limits were based, for the 
workers, in the deterministic biological effects, that is, effect present threshold for its 
manifestation, shortening of the individual average lifetime and in some fortuitous 
effects, cancers. The basis, for the public was the likely hereditary effects produced by 



the gonads irradiation. The effects are manifested in the offspring. The technical 
scientific improvement has evidenced that the lifetime shortening did not proceed for 
the mankind and that the fortuities and hereditary effects obeyed the probabilistic 
theories and their incidence increased with the doses linearly for small doses. Therefore, 
it was concluded that there is not radiation. The dose limitation system underwent a 
change; the idea of MPAL was substituted for maximum admissible annual limit, MAAL, 
meaning that these limits are admitted, since the doses will be continuously optimized. 
The MAAL shares the region of inadmissible doses from tolerable doses, but the 
acceptable doses will be reached only when the individual doses of workers will be below 
1/10 of the MAAL. Thefore in the tolerable region, the radiological protection must 
improve the safety conditions until reaching the acceptable region. On January 5, 2005 
the Brazilian regulation was updated again, following now the new International 
Recommendation, Safety Series number 115 from the IAEA  [ 18 ] and publication number 
60 from the ICRP [ 19 ]. This international recommendation can only be obeyed by the 
countries that have decreased individual workers doses below 3/10 of the MAAL. The new 
regulation is identified as CNEN – NN – 3.01 [ 20 ] maintaining the former title and 
meaning that an experimental regulation becomes definitive until a new one is 
necessary, according to future improvements. 

 
CONCLUSION 

 
The former IEA, today IPEN, primordially emphasized the fuel cycle obtaining the fourth 
international patent of pure uranium production, developing technology to build a sub 
critical reactor installed at the Pernambuco University (RESUCO) - in Recife, the reactor 
zero power, MB-01, installed at IPEN and developed in partnership with the Brazilian 
Navy, made fuel element among others from the IEN reactor. These activities are 
recorded in the IPEN library documents and in the papers from the experts that 
published in the early years of the Institute in the four initial divisions, which were 
Radiochemistry, Nuclear Physics, Reactor Physics and Radiobiology. Continuing its 
research, the Institution included all the practice field in the ionizing radiation and 
extended its preoccupation to form personnel to meet all the necessities required by 
each of the practices, including the radiological protection field, besides those arised 
from practices with radiation performed in medicine, agriculture and industry. In a 
further phase, the fuel cycle will play a secondary role in the country and the Institution 
intends to emphasize its participation in the medicine field, including the radioisotopes 
production practices in industrial field and in the conventional environmental 
protection, investigating the control and the improvement in the environmental 
conditions by the population. This emphasizes the need of research, as in the people 
education and outdoor more than indoor training. The Institution has promoted technical 
stages, expertise courses at high level like graduation school and also a postgraduation 
course in partnership with USP, granting Master and PhD degrees. The present 
Radiological Protection Service maintain professionals with PhD degree to administrate 
postgraduation courses in the IPEN, enabling that their students, indoor and outdoor 
personnel, may obtain the Master or the Ph.D. degree, developing theses in the 
radiological protection field. In this case the radiological protection contributed and 
continues to contribute socially for the country because it is responsible for a major 



educational part for training people, through specialization, master and PhD degree for 
those who will  work with the radiological protection in the industry, medicine and 
agriculture. This has been accomplished following the radiological protection 
regulations, both national and international, in spite of the economic difficulties of the 
county, for the latest fifty years of IPEN and CNEN existence. 
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