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ABSTRACT 
 
In order to improve radiation protection it is necessary to have knowledge of the occupational radiation dose 
levels in all radiation facilities. This information comes from individual monitoring services, which are 
responsible for measuring and providing information about workers’ radiation exposure. In 1981, the Comissão 
Nacional de Energia Nuclear (CNEN) of Brazil starts to develop a comprehensive system for regulation and 
storage of occupational radiation dose. This paper starts with an overview of the evolution of the Brazilian 
authorization and data storage system for external individual monitoring. It starts with a rule for authorization of 
all Brazilian photon individual monitoring services and the obligation for them to send the measured dose to 
CNEN. Up to now there is no regulation for neutron individual monitoring. The aim of this paper is to present 
the current scenario of the Brazilian external monitoring system, reinforcing its importance and remaining 
problems. The number of monitored workers greatly increases every year, having surpassed 150,000 people 
monitored. The stored data show that the mean annual occupational external dose is decreasing from 2.4 mSv in 
1987 to about 0.6 mSv, in 2012, but there is still some not realistic very high dose measured (higher than 
100 mSv), without investigation. About 80% of the annual dose values are lower than the monthly register level.  
As expected, the higher real photon doses are found in Nuclear Medicine, Industrial Radiology and 
Interventional Radiology. All recorded annual neutron dose values are lower than 20 mSv.  
 
 

1. INTRODUCTION 
 
The knowledge of the occupational radiation dose levels in all radiation facilities is crucial to 
the improvement of radiation protection. This information comes mainly from individual 
monitoring. The management of individual monitoring involves the Government, requiring 
historical radiation level exposure information; workers asking for their personal historical 
information; and international and national entities responsible for workers’ protection and 
dosimetry, requiring occupational dose statistics. Process suppliers are the individual 
monitoring services, which are responsible for measuring and providing information about 
workers’ radiation exposure.  
 
In Brazil, the Comissão Nacional de Energia Nuclear (CNEN) is the governmental agency 
responsible for licensing and control of all practices involving ionizing radiation, except in 
medical and dental radiology facilities, which are under the control of the Health Ministry 
(HM) [1,2]. In both cases, all Brazilian workers occupationally exposed to ionizing radiation 
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must wear a passive photon whole-body individual monitor supplied by an individual 
monitoring service (IMS). External individual monitoring must be made on a monthly basis. 
 
In 1980, one institute of CNEN, Instituto de Radioproteção e Dosimetria (IRD) performs the 
first Brazilian national photon whole-body individual monitoring service comparison study. 
Its conclusion was that there was no standardization neither of the measured quantities or of 
the adopted procedures. Then, a recommendation has been made to regulate and to authorize 
those IMS. The first rule for authorization of IMS was published in 1981 by CNEN [3], using 
the same template of licensing regulations for radioactive facilities. The main requirements 
were: qualification of the responsible, technical description of the measurement system 
(instrumentation, staff and procedures), calibration and quality control, records, reports and 
notices. Besides they are required to send all measured occupational dose to CNEN. The 
information sent were: personal information of the occupationally exposed, notice about 
missed or damaged dosimeter and the measured monthly dose. 
  
This process of IMS authorization took place from 1983 to 1986, but none of the IMS of the 
institutes of CNEN were inspected. And, at this time, all information was provided to CNEN 
on paper and then typed into a primitive data bank. In 1986, there were 9 authorized 
laboratories, including 3 at CNEN institutes. IMS without authorization from CNEN could 
not do individual monitoring for CNEN licensing purposes.  
 
Since then, there has been a significant evolution, both in the authorization process as in the 
data storage system. In 1995 a new approval procedure for photon dose has been 
implemented. It standardizes the operational quantity to be measured, requires the 
implementation of a quality management system and clearly defines the mandatory 
dosimetric tests with their requirements for the individual monitoring dosimeters. The IMS 
authorization is granted by CNEN, with support from IRD [4]. The main improvements of 
this present authorization system are: 
- Processing laboratory must be located in Brazil; 
- Requirement of the implementation of a quality assurance system; 
- Definition of technical requirements consistent with international ones; 
- Standardization of the whole process, including the measured quantity; 
- Possibility of permanent follow up of the IMS records; 
- Discouraging of adventurers to open IMS; and 
- Easiness for inclusions of new types of all variables and criticisms. 
 
Today, there are 11 individual monitoring services (IMS) approved to run whole-body photon 
external individual monitoring services. Up to now there is no regulation neither for neutron 
individual monitoring or photon extremity monitoring. Internal monitoring is also not yet 
standardized in Brazil. 
 
Among the many duties of the authorized IMS, one is to maintain the authorization, one 
continues to be to provide information about their monitored workers and their measured 
occupational doses to a central doses’ registry system at IRD. This kind of national central 
dose registry for all practices is not available in several developed countries—for example, 
the USA and some European countries [5]. As Brazil is a continental and developing country, 
with a large umber of monitored people, increasing fast and steadily, the difficulty in keeping 
his central occupational dose system is even higher. The information system has evolved 
considerably since its creation, having had several names and used multiple computing 
platforms. From 2012 a web system for storage of external occupational dose began 
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operating. This web-based information system is called Brazilian External Occupational Dose 
Management Database System – GDOSE [6].  
 
The aim of this paper is to present the current scenario of the Brazilian external monitoring 
system, both in terms of regulation of IMS and dose information storage, reinforcing its 
importance and remaining problems. It shows also some numbers of the evolution of the 
Brazilian occupational workers monitored for photon external dose. 
 
 

2. EXTERNAL OCCUPATIONAL INDIVIDUAL MONITORING IN BRAZ IL 
 
Both CNEN and HM Brazilian regulatory agencies accepted external individual monitoring 
done only by IMS authorized by IRD for licensing and control purposes. IRD ensures that all 
authorized IMS measure reliably the same quantity and provides occupational dose data in a 
standardized way. All information stored in national database GDOSE is uploaded by these 
IMS. Fig. 1 shows a diagram of the model of the current Brazilian external occupational 
individual monitoring system scenario.  
 
 

 
Figure 1:  Brazilian External occupational individual monitoring system scenario. 

 
 
2.1. The Process of IMS authorization 
 
All IMS authorization is given by IRD after evaluation done by a special commission 
constituted for this purpose and following the approved and published rules in 1995. The 

Individual 
Monitoring  

GDOSE 

Authorization 

IRD/CNEN 

 
Authorized IMS 

Facilities (Monitored workers)  



INAC 2015, São Paulo, SP, Brazil. 

 

authorization has to be renewed every 3 years. The decision is made taking into account the 
following criteria: 
- Documentation analysis: legal an administrative situation; staff (technical capability and 

availability); installations and equipment; monitoring system (design, algorithm and pre-
defined type test of the system); management systems (procedures, quality assurance 
system, reports and information for the users and for GDOSE, records); 

- Global performance test for the first authorization of the system, with irradiation at the 
Brazilian National Metrology Laboratory for Ionizing Radiation (LNMRI/IRD). The 
criterion of approval is that 90% of the measured response of the dosemeters should be 
inside the trumpet curves limits as show in Fig. 2;  

- Local audit of procedures and records with an operation test of the system in the same 
way as the LNMRI global test performance; and 

- Compulsory participation in monthly comparison study done also by LNMRI, with 4 
dosemeters. 
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Figure 2:  Example of the response (evaluated dose/reference dose) of a whole-body 
photon system inside trumpet curves limits. 

 
 
2.2. GDOSE system 
 
GDOSE is a web based information system that runs in the CNEN data server in Rio de 
Janeiro and is managed by IRD [6]. It has an interface to the users at CNEN homepage. It 
stores in a standardized, accurate, safe and reliable way information of hundred of thousands 
workers, providing room for a continuous growth. The recorded data are supplied by the IMS 
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as electronic files placed in it, using login and passwords previously registered. After an 
integrity test of the file, their data are uploading in the system. Only data consistent with the 
ones already in the system are stored. The rejected data, which could not be corrected directly 
by IRD, return to IMS to fix it and replace file with corrections to be reprocessed. This 
process is depicted in Fig. 3.  
 
 

 
 

Figure 3:  Data-loading process in GDOSE. 
 
 
There are 3 different kind of batch in GDOSE: installation (facilities), workers and dose. IMS 
have to send monthly all information about the monitored employee and the facilities where 
they work, and any measured monthly dose value higher than 4.0 mSv. Once a year, IMS 
must also inform the total accumulated annual doses measured at each workplace and by each 
type of individual monitor wore. The information provided in the batch files of the 
installations are:  
- Name of the IMS; 
- Name, GDOSE code and national registration number (CNPJ or CPF) of the facility; 
- Address of the facility; 
- Type of the facility (private, public, mixed economy or an individual); 
- Area (trading, industry, military, health, services or teaching and research);  
- Name and national registration number (CPF) of the responsible; and 
- Type of individual monitor(s) used at the facility. 
The information provided in the batch files of the workers are: 
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- Name of the IMS; 
- Name and national registration number (CPF) of the worker; 
- Gender and date of birth of the worker; 
- GDOSE code of the worker facility; 
- Type of individual monitor(s) used by the worker; 
- Worker practice at he facility; and 
- Worker function. 
 
The worker practices available in GDOSE are: 
- Conventional radiology, 
- Interventional radiology, 
- Dental radiology, 
- Radiotherapy, 
- Nuclear medicine, 
- Veterinary, 
- Industrial radiography, 
- Production of sources or equipment, 
- Maintenance of equipment, 
- Uranium mining, 
- Enrichment/conversion of uranium, 
- Fuel element fabrication, 
- Reactor, 
- Research, 
- Uranium processing, 
- Inspection, 
- Education, 
- Accelerator 
- Reprocessing, 
- Decommissioning, 
- Other medical uses, 
- Oil and gas industry, 
- Well logging, 
- Mining (except for uranium), 
- Mineral processing (except for uranium), 
- Military activities, 
- Industrial irradiation, 
- Other activities in industry, 
- Radioactive waist, 
- Transportation of radioactive sources, 
- Transportation within the nuclear fuel cycle, and 
- Contractors. 
 
Fig. 4 illustrates, as an example, the tables’ relationship of the process of individual annual 
dose recording. GDOSE has a secure storage with a regular backup and a quality data batch 
process which leads to consistency checks of data provided by IMS. Besides, a secure control 
access assures confidentiality and integrity. The main consistency checks are: 
- Workers’ practices x type of individual monitor, workers’ function and installation area; 
- Installation and/or registered workers x annual dose; and 
- Validation of log registers and dates 
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The current main functionalities of GDOSE system are: 
- Emission of external individual occupational dose report, since 1987; 
- Request by IMS for facility registry coding; 
- Storage of workers’ radiation annual dose; 
- Notification to suitable regulatory board (CNEN or HM) of monthly worker’s dose higher 

than 4.0 mSv;  
- Reports for international organizations, as UNSCEAR; 
- Queries for statistical and epidemiological studies. 
The last two functionalities are still dependent upon actions of the system analyst. 
 
 

 
 

Figure 4:  GDOSE database structure tables of workers’ annual dose 
 

 
The GDOSE system is prepared to accept up to 99 types of different individual monitors and 
to change the measured operational quantity of these monitors. However, up to now, only 
whole body dosemeters for photons (using film, TL or OSL detectors) are regulated. It stores 
only external occupational dose, but it is prepared to accepted internal occupational doses, as 
a new type of dosemeter. For that it will be necessary the standardization of the evaluation of 
annual internal dose and the authorization of services for that measurement.  
 
 



INAC 2015, São Paulo, SP, Brazil. 

 

3. DATA OF BRAZILIAN MONITORED WORKERS  
 
Nowadays, Brazil has 11 IMS authorized for photon whole body monitoring. These IMS are 
distributed in some states in the following way: 6 in São Paulo, 2 in Rio de Janeiro, 1 in 
Minas Gerais, 1 in Rio Grande do Sul, and 1 in Pernambuco.  For of these IMS are private, 6 
are governmental (3 of CNEN institutes) and 1 is of mixed economy. In terms of number of 
monitored worker, they are very different varying from less than 500 users to more than 
50000.  
 
From 1987 to 2011, GDOSE stored information for about 35000 facilities, 400000 monitored 
workers (half of them no more monitored) and 2000000 annual external whole body photon 
occupational doses, with an increase in the order of 200000 doses per year. These data came 
from 13 IMS (11 still in operation). The evolution of the number of monitored workers is 
show in Fig. 5, and its division by practices in Fig. 6 [7].  
 
 
 

Figure 5:  Evolution of the number of monitored workers in Brazil. 

 

 

Figure 6:  Distribution by practices of the external monitoring from 1987 to 2011. 
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Fig. 7 presents the evolution of the photon annual mean external effective dose, estimated by 
the measurements made by Brazilian IMS, dividing by 10 the values obtained outside plumb 
apron in the practice of radiology, as recommended by HM regulation [2]. Fig. 8 shows that 
the percentage of measured annual doses higher than 20 mSv has also a downward trend, but 
not so constant. These graphs demonstrated an ongoing improvement of the radiation 
protection in Brazil, but there is still work to do. In addition, for better interpretation of these 
numbers, they have to be compared with the ones of other countries, considering also the 
dose distribution in each practice. 
 
 
 

Figure 7:  Evolution of the mean photon annual effective dose of the monitored workers 
in Brazil, from 1987 to 2011. 

 
 

 

Figure 8:  Percentage of recorded annual doses values higher than 20 mSv 

 
 
Figure 9 shows the distribution of mean annual dose by practices. As expected, the majority 
of occupational exposed people are of the practice of conventional radiology, but their mean 
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effective doses lower than 1.0 mSv. The highest mean doses occur in the practices of 
interventional radiology, nuclear medicine, radiotherapy and research. However, the practice 
of industrial radiography is the one that presents the larger accident risk, with some of the 
highest real individual doses.  
 
 
 

Figure 9:  Distribution by practices of the photon mean annual external effective dose in 
Brazil from 1987 to 2011. 

 
Another problem for a correct interpretation of the occupational stored data is that GDOSE 
still have records of some very high unrealistic dose values, measured by the individual 
monitors. This occurs normally when the worker deliberately, or by accident, irradiates only 
the dosemeter. Fig. 10 gives an idea of this issue with a graph of the evolution of the number 
of false doses higher than 500 mSv recorded in GDOSE from 1987 to 2011. This number was 
decreasing up to 2002, but starts to grow again afterwards.  
 
 
 

Figure 10:  Percentage of recorded annual doses values higher than 500 mSv. 
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3. CONCLUSIONS  
 
The photon external individual monitoring activity in Brazil is quite standardized and 
organized. The rules for authorization of an IMS for photon whole-body dose measurements 
are complete and include a continuous evaluation of its activities. Besides, without 
authorization, no IMS can provide service for any facility licensed by the two Brazilian 
regulators: CNEN and HM. In addition, all IMS provide information, since 1987, for a 
centralized national information system current called GDOSE. These stored data allow 
Brazil to learn the radiation level of workers from each professional activity, facility, and 
state, among others. Therefore, it is possible to identify problems from any facility or risks to 
workers’ health and possibility of optimization.  
 
Although GDOSE is prepared to store data for any kind of individual monitoring 
measurement (external or internal), there is no rule for other types of monitoring, and their 
information are not mandatory. In fact, even without regulation, all authorized IMS send to 
GDOSE (and it stores) their measured extremity photon dose. One neutron individual 
monitoring service also informs GDOSE of their measured dose. But, these data are not 
standardized, not even the measured quantity is defined. IMS authorization together with a 
national central registry, for all kind of occupational dose measurements, is the pillar of a 
good radiation protection implementation in the country. 
 
The current main improvement needs for individual monitoring are: 
- greater awareness of workers on the correct use of the individual monitors; 
- investigations, and correction if necessary, of all doses that probably came from 

irradiation only of the monitor; and 
- regulation and standardized storage in GDOSE of occupational dose due to photon at the 

hands and the lens of the eyes, to neutron and to internal contamination. 
 
With GDOSE, Brazil can be able to do national dose statistics like other countries that have 
modern national central registry systems. However, it is important to continue keeping this 
bank forever, which requires a great effort. Without planning the future of this system, with 
staff replacement, all effort already made can be lost and the information system 
discontinued. 
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