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ABSTRACT 
 
According to the Brazilian National Database there are about 300 Nuclear Medicine Services (NMS) in Brazil, 
44 of them located in the State of Rio de Janeiro (RJ). Individual dose measurements are an important input for 
the evaluation of occupational exposure in order to demonstrate the effectiveness of radioprotection 
implementation and to keep individual doses as low as possible. In Brazil, most nuclear medicine (NM) staff is 
routinely monitored for external dose. The internal committed dose is estimated only in abnormal conditions. 
This paper makes a statistics analysis of all the RJ NMS annual external occupational doses in year 2005. A 
study of the evolution of monthly external individual doses higher than 4.00 mSv from 2004 to 2008 is also 
presented. The number of registered thorax monthly dose higher than 4.0 mSv is increasing, as its value. In this 
period the highest dose measured reaches 56.9 mSv, in one month, in 2008. About 50% of the annual doses are 
smaller than the monthly record level of 0.20 mSv. In 2005, around 100 professionals of RJ NMS received 
annual doses higher than 4.0 mSv, considering only external doses, but no one receives doses higher than 
20.0 mSv. Extremities dosimeters are used by about 15% of the staff. In some cases, these doses are more than 
10 times higher than the dose in thorax. This study shows the importance to improve radiation protection 
procedures in NM. 
  
 
 

1. INTRODUCTION 
 
Nuclear Medicine (NM) is a medical area that employs tomography procedures for the 
diagnosis, treatment and prevention of diseases. The most commonly used apparatus are the 
Single Photon Emission Computed Tomography (SPECT) and Positron Emission 
Tomography (PET) [1]. SPECT imaging is performed by using a gamma camera to acquire 
multiple 2-D images (also called projections), from multiple angles. Scintillations produced 
in the crystal are detected by a large number of PM tubes, which are arranged in a two-
dimensional array. The output voltages generated by these PM tubes feed a position circuit, 
which produces four output signals, called ±X and ±Y. These position signals contain 
information about where the scintillations were produced within the crystal. A computer 
program is then used to apply a tomography reconstruction algorithm to the multiple 
projections, yielding a 3-D dataset. This dataset may then be manipulated to show thin slices 
along any chosen axis of the body, similar to those obtained from other tomography 
techniques, such as MRI, CT, and PET.  
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Gamma cameras consist of a large diameter NaI(Tl) scintillation crystal that is viewed by a 
large number of photomultiplier (PM) tubes. The crystal size depends on the kind of 
examination performed and its thickness is chosen in order to provide good detection for the 
140 keV gamma rays emitted from Tc-99m, which is the most used radiopharmaceutical. To 
acquire SPECT images, the gamma camera is rotated around the patient. Projections are 
acquired at defined points during the rotation. In most cases, a full 360-degree rotation is 
used to obtain an optimal reconstruction. The time taken to obtain each projection is also 
variable, but 15 – 20 seconds is typical. This gives a total scan time of 15-20 minutes. Multi-
headed gamma cameras can provide accelerated acquisition. For example, a dual headed 
camera can be used with heads spaced 180 degrees apart, allowing 2 projections to be 
acquired simultaneously, with each head requiring 180 degrees of rotation. Because SPECT 
allows accurate localization in 3D space, it can be used to provide information about 
localized function in internal organs, as for example for functional cardiac tests or brain 
imaging. 
 
PET refers to a special device or/and a study in which coincidence detection of the dual 
photons released from the annihilation process between positron emitted from the nucleus of 
an atom and the free electrons in the surrounding environment is used, instead of the single 
photon detection used by gamma camera or SPECT. PET studies reveal the in vivo 
distribution and kinetics of positron emission radiopharmaceuticals. Dedicated PET devices 
consist of 8-32 rings of detectors; either in a block design of bismuth germanate oxide 
(BGO), lutetium oxyorthosilicate (LSO), gadolinium oxyorthosilicate (GSO) or sodium 
iodine (NaI(Tl)) crystals [2]. The detector arrays are mounted on a gantry and make a 
complete or partial circle around the patient, enabling volume imaging. Today, PET is the 
most advanced, most expensive and most sophisticated service in the field of NM. 
 
To perform both examinations, a very small amount of a radiopharmaceutical must be given 
to the patient. A gamma camera is then placed in convenient positions to perform the photon 
counting, which is used to reconstruct a full three dimensional distribution of the radionuclide 
inside the body or organ. SPECT and PET examinations in NM allow the earlier detection of 
functional or structural abnormalities of an organ, making it possible to treat some diseases. 
Diagnosing earlier, there is a higher chance of a successful forecast and quick patient’s 
recovery. 
 
NM procedures are, by the standards of technology-intensive medicine, relatively low-cost, 
safe, and minimally invasive, among other features [3]. Therefore, the number of procedure 
carried out is increasing in the last decades. However, the staff is potentially exposed to 
ionizing radiation, mainly NM technologists (NMT) and nurses while carrying out a variety 
of tasks associated with the NM procedures. For example, they can be exposed while the 
radiopharmaceutical is being prepared or administered to the patient, while positioning the 
gamma camera and while assisting off the patient. The high and increasing number of 
patients who undertake examinations in NM and of workers involved in this practice justifies 
efforts towards improving the quality of diagnosis and reducing the radiological risks 
associated with this practice. The dose of the patient in this procedure is low compared to the 
dose in a procedure that uses computed tomography, but the external occupational dose is 
higher.  
 
All NM staff must be routinely monitored for occupational radiation exposure. This is due to 
the fact that some of them have to stay close to the radionuclides during the preparation of 
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radiopharmaceuticals and to the patients who became sources, after incorporation. Individual 
dose measurements are an important input for the evaluation of occupational exposure in 
order to demonstrate the effectiveness of radioprotection implementation and to maintain 
individual doses as low as possible. In Brazil, most NM staff is routinely monitored to 
evaluate their individual external dose. The internal committed dose is estimated only in 
abnormal conditions. This paper makes a statistics analysis of the external individual doses of 
Rio de Janeiro State (RJ) Nuclear Medicine Service (NMS) staff. 
 
 

2. BRAZILIAN EXTERNAL OCCUPATIONAL DOSE DATABASE 
 
The Comissão Nacional de Energia Nuclear (CNEN) gives licenses and controls all 
installations that use ionizing radiation sources, including NMS. According to CNEN 
Database there are about 300 NMS in Brazil, 44 of them at RJ. The dose assessment of 
workers in NM requires the application of techniques for external and internal (measured “in 
vivo” and “in vitro”) individual monitoring to quantify the incorporation and to evaluate the 
effective dose. Nevertheless, only photon external individual monitoring are standardized in 
Brazil.  
 
External Individual Monitoring Service (SMIE) in Brazil has to receive an authorization 
before starting measuring the external dose of workers. A CNEN institute, the Instituto de 
Radioproteção e Dosimetria (IRD) is responsible for this regulation. Table 1 presents the 
name, localization and type of detector used for the ten authorized Brazilian SMIE. One of 
the SMIE requirements to maintain the permission is to send to IRD, monthly doses higher 
tan 4.0 mSv (HighDose) and, annually, all the measured doses (SRD). Both databases have 
been used in this work. The analysis has been done on HighDose Database from 2004 to 
2008 and on SRD, for 2005. In this work the registers are considered as real occupational 
dose, even with possibility of misuse of the individual monitors. 
 
 
Table 1.  Brazilian authorized photon External Individual Monitoring Services - SMIE 

 
SMIE State Detector 

CDTN/CNEN - Centro de Desenvolvimento de 
Tecnologia Nuclear   

MG Film 

CIDRA - Centro de Instrumentação, Dosimetria e 
Radioproteção 

SP TLD 

IFUSP - Instituto de Física da Universidade de São Paulo SP TLD 
IPDR - Instituto Paulista de Dosimetria das Radiações 
Ltda 

SP TLD 

IPEN/CNEN - Instituto de Pesquisas Energéticas e 
Nucleares 

SP TLD 

IRD/CNEN - Instituto de Radioproteção e Dosimetria RJ Film 
DEN / UFPE - Laboratório de Proteção Radiológica  PE Film 
PRO-RAD Consultores em Radioproteção S/S Ltda RS TLD 
SAPRA/LANDAUER - Serviços de Assessoria e Proteção 
Radiológica Ltda 

SP TLD 

TEC-RAD Tecnologia em Radioproteção Ltda SP TLD 
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3. RESULTS 
 
SRD Database, in 2005, has 564 thorax doses and 77 extremity doses registered for RJ NMS, 
about 50% for thorax and 20% for extremity with zero value. The number of monitored 
people is lower than the number of annual doses, because some of the professionals work in 
more than one NMS, mainly doctors and medical physicist. In Rio de Janeiro, one of the NM 
doctors works in five NMS and one medical physicist, in six NMS. NMT and nurses 
normally work in only one NMS, mostly in 2. The number of monitored individual in RJ 
NMS for occupational exposure in 2005 is 476: 215 NMT, 58 doctors, 56 nurses, 35 
biologists, 12 pharmaceuticals, 11 medical physicist and the others with other functions. 
 
Considering the thorax measurement as effective dose and comparing with Brazilian annual 
limits [4], about 30% of the annual doses were higher than the limit for public (1.0 mSv) and 
8% were higher than the investigation level for occupationally exposed individual of 6.0 mSv 
[5], but no one was higher than the occupational annual limit of 20.0 mSv [4]. The highest 
annual effective dose was 16.1 mSv, received by a NMT. Classifying the doses divided in 
classes of 1 mSv and separating their values for professionals’ function, it can be seen that 
NMT and nurses receive the highest doses. Doctors’ doses are normally lower, even 
considering that they work in several NMS. Medical physicists also work in several NMS. 
Fig. 1 shows, in histogram form, this dose distribution.   
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Figure 1.  Distribution of RJ NM annual occupational effective dose in 2005. 
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The extremities annual doses varied from 0 to 71 mSv, being sometimes more than 10 times 
higher than the dose measured on the thorax, indicating the necessity of use of additional 
extremity monitor. In 12% of cases, the thorax doses are zero (lower than the register level of 
0.2 mSv [5], but the extremities individual monitors presents some dose, varying from 0.2 to 
5.4 mSv. Fig. 2 shows the ratio of extremity to thorax doses, for all cases where the thorax 
dose is not zero. 70% of extremities doses higher than thorax dose (ratio higher than 1) are 
received by NMT and nurses. But 3 biologists, 4 doctors, 3 pharmaceuticals and 1 medical 
physicist also receive doses in the hands higher than the ones on the thorax. 
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Figure 2.  Extremity to thorax dose ratio as a function of the RJ NM annual 
thorax occupational dose in 2005. 

 
 
 

Using IRD HighDose Database, from 2004 to 2008, it can be seen that the doses higher than 
4.0 mSv, measured on the thorax, are increasing in number and in values, mainly since 2007. 
That can be due to the increasing in the number of NM procedures in RJ. Fig. 3 shows the 
evolution of RJ NMS staff’s monthly thorax occupational effective doses higher than 
4.0 mSv. In 2006 and 2008, monthly doses higher than 20.0 mSv (annual occupational limit) 
have been recorded. 
 
Table 2 shows clearly that the monthly high doses are being received several months in the 
same year by the same worker. Comparing column 2 with column 3, it is clear that the 
number of monthly occupational effective dose higher than 4.0 mSv is higher than the 
number of workers that receive these high doses. Column 5 shows that since 2006 there are 
records of workers with doses much higher than the annual limit. The maximum value being 
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of 91.8 for a NMT in 2008, not taking into account the other doses received in months where 
the dose has been lower than 4.0 mSv.  
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Figure 3.  RJ NM monthly effective occupational doses higher than 4.00 mSv 
from 2004 to 2008. 

 
 
 
 

Table 2.  Monthly Effective dose higher than 4.0 mSv received by RJ NM staff 
  

Year 
Number of 

doses  
Number of 

workers  

Range of dose 
values 
(mSv) 

Range of the sum of 
dose values for the 

same worker 
(mSv) 

2004 8 5 4.3 to 13.6 6.5 to 19.3 
2005 7 6 4.1 to 12.8 4.1 to 16.1 
2006 4 3 4.2 to 58.2 4.2 to 58.2 
2007 26 8 4.0 to 18.6  4.8 to 49.7 
2008 52 12 4.1 to 56.9 4.3 to 91.8 
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3. CONCLUSIONS  
 
Nurses and NMT certainly receive the highest doses, because they manipulate and inject the 
radiopharmaceuticals in the patients. It may happen that the individual dosemeter is not 
correctly worn or is contaminated, invalidating the recorded external dose measurement. 
Contamination is clearly detected only by film dosemeters, not by TLD.  
 
When the staff uses correctly the dosemeter, doses of extremities normally are higher than 
doses of thorax, because the hands are closer to radiopharmaceutical during manipulation. 
Nevertheless, few workers receive extremity dosemeters and, even when they do, they are not 
inclined to use it. Further work will be executed to verify in practice the frequency of use of 
dosemeters and reasonable doses according to practices. 
 
The number of high doses is increasing along the years, perhaps because the number of NM 
procedures is also increasing. However, a constant effort must be done to improve the 
radiation protection procedures in order to reduce these doses. 
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