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ABSTRACT

The paper presents a proposal for automation of the personnel dose control system to be used 
in nuclear medicine environments. The model has considered the Standards and rules of the 
National  Commission  of  Nuclear  Energy  (CNEN)  and  of  the  Health  Ministry.  The 
advantages  of  the model  is  a  robust  management  of  the  integrated  dose and technicians 
qualification status. The software platform selected to be used was the Lotus Notes and an 
analysis of the advantages, disadvantages of the use of this platform is also presented.

1. INTRODUCTION

Marie  Sklodowska  Curie,  polish  scientist  is  the  only  person  to  win  the  Nobel  Prize  in 
different knowledge areas. Her studies in the radioactive field yielded her the Nobel Prize in 
Physics, together with her husband Pierre Curie and her mentor Henri Becquerel in 1903 and 
the Chemistry Nobel  Prize  alone in  1911.  She died in  1934 by leukemia,  caused by the 
radioactivity that she had study for many years [1].

Leukemia is one of the consequences of the radiation exposure. The biological effects of the 
radiation initiate through the ionization of the organism molecules, generating direct effects 
resulting from the direct interaction with cellular components, and indirect effects due to the 
free radicals production. [2]

The radiation exposure causes physical,  chemical and biological effects. The physical and 
chemical effects are instantaneous, whereas biological effects have a response ranging from 
minutes to years. It is a natural organism response to an external agent, such as the leukocytes 
reduction. Organic effects are diseases that can escalate to the incapacity of the organism to 
recover due to exposed dose or accumulated biological effects [2].

According to the absorbed dose, the effects can be classified as stochastic or deterministic. 
The stochastic effects lead to a cellular transformation, and there is no dose threshold. They 
are difficult to be experimentally measured. The deterministic effects can result in cellular 
death, but there is dose threshold: damages just are noticed after a dose value. [2] 

According to Coelho [2]: “The death of a small amount of cells from a tissue, resulting from 
radiation  exposure,  normally  does  not  result  in  any observable  consequence.  For  healthy 
persons, depending on the irradiated tissue, no damage would occur for dose up to hundreds 



or thousands of miliSieverts (mSv). Above a threshold values, the number of persons affected 
by  radiation  increase  rapidly  up  to  100  %.  This  occurs  due  to  different  individuals 
sensitivity”.

Somatic effects are those that affect the irradiated person and the genetic effects can generate 
defects and bad formation on the person descendants [3].

The somatic effects can be immediate or retarded. The immediate effects occur from minutes 
to weeks after the irradiation. The retarded effects occur after months or years [3].

Embryos are more sensitive to radiation.  The effects range from fixation failure to severe 
mental retardation [2].

Currently, radiation is present in several activities, such as radio pharmaceuticals, industrial 
and hospitalar X-rays and nuclear reactors.
In the nuclear reactors, the potential for elevated doses is higher, leading to the necessity of 
more  extensive  control.  Therefore,  attending  to  the  requirements  of  the  Brazilian  Health 
Ministry and of the National Commission of Nuclear  Energy (CNEN) for nuclear reactor 
application implies the attendance for other applications.

The CNEN in 2005 issued a new version of the Standard CNEN-NN-3.01 “Diretrizes Básicas 
de Proteção Radiológica” (Basic  Directions for Radiological  Protection).  In this  standard, 
annuals limits for workers dose were established [4]. 

The  purpose  of  this  Standard  is  the  establishment  of  requirements  concerning  the 
implementation  and  operation  of  the  radio  protection  services,  applied  to  nuclear  and 
radioactive facilities [4].

These requirements are implemented in all nuclear reactor facilities in Brazil. Nevertheless, 
the  automation  degree  of  these  services  is  low,  specially  when  the  automation  is  not  a 
Standard requirement.

This paper presents a model for automation on the radio protection services in nuclear and 
radiological facilities.

This paper is divided in three sections. This section introduced the research motivation. The 
next section presents a CNEN Standards and systemic requirements review. The third section 
presents the proposed model, its justification and implementation. Afterwards, the expected 
results of the model are discussed.

2. STANDARDS AND REQUIREMENTS REVIEW

The  CNEN-NE-3.02  regulates  the  structure  of  radio  protection  services,  the  technicians 
qualification,  the  radio  protection  service  activities  and  the  CNEN  inspections  [5].  The 
chapter 4 regulates the composition of the radio protection team, the facilities and equipments 
of the radio protection services [5].
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According to the Chapter 6, the following activities are encompassed by the radio protection 
services: (a) Personnel control; (b) Area control; (c) Environmental and population control; 
(d) Radioactive waste and sources control; (e) Equipments control; (f) Workers training; e (g) 
Data records.

The dosimeter is a equipment of the radio protection service, and it is the instrument that 
measures personal received doses in the work. In Brazilian medical area, dosimeters should 
be in accordance with the Healthy Ministry document 453/98 [4,6].

There  are  several  types  of  dosimeters,  being  the  thorax,  wrist  and  ring  types  the  more 
commons [3,6].

The maximum equivalent annual dose for any organ or tissue is 500 mSv, representing half of 
the biological limit for more sensitive human organs. For the human eye, the annual limit is 
150 mSv. The whole body dose has a limit 25 times lower than the equivalent dose for hands 
and foot (20 mSv). An example of whole body dosimeter is presented in Figure 1 [3].

Figure 1 – Individual dosimeter [6]

For peoples, the annual limit is 50 mSv, corresponding to a death risk of 5 x 10-4, which is the 
average risk of other work activities [3].

A  systemic  model  can  be  inferred  from  these  Standards.  This  model  is  for  recording 
individual dose of occupationally exposed workers. Figure 2 presents this model.
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Figure 2 – Basic model for dose control

The Figure shows that a responsible collects the dosimeter data for a database record. 

Other users groups, such as managers, physicians and technicians have access to the database 
only for consulting of the allowed data. The access control is from the database. In the case of 
a hardcopy file database, the responsible of keeping the database executes the access control 
function.

3. NEW MODEL PROPOSAL

The Standard  CNEN-NE-3.02,  in  its  section  6.1.2.3  presents  the  activities  that  the  radio 
protection services should perform:

─ estimate the individual doses received routinely;
─ evaluate, with the maximum possible accuracy, doses from accidental and emergency 

conditions;
─ estimate the workers collective dose of the facility; e 
─ minimize the individual and collective doses, according to DBR, subsection 4.2.

The model presented in Figure 2 fulfills the requirements. Nevertheless, the implementation 
of automation in this process can improve the accuracy and reliability of the radio protection 
services.

Other  point  to  be considered  is  that  the  group that  use  the  data,  such  as  the  physicians 
responsible  for  the  accompaniment,  the  system  managers,  and  even  the  workers  in  the 
radiation  environment  must  be  informed  of  all  monitored  elements  acquired  from  the 
dosimeter data in the system, and not need to search for information.

The files must contain the following information:

INAC 2009, Rio de Janeiro, RJ, Brazil.



─ Identification, address and degree;
─ Admission and out-of work dates;
─ Data related to the radiation sources;
─ Individual used dosimeters;
─ Received doses during the monitoring periods, annual doses and integrated;
─ Training schedule;
─ Incorporation estimatives;
─ Emergency and accidental exposure reports;
─ Radiological historical data sheet; and
─ Name and address of immediate superior.

The  system  must  permit  an  immediate  response  to  incidents,  such  as  doses  excesses, 
technicians without allowance, etc.

The proposed model is presented in Figure 3.

Figure 3 – Proposed model for dose control 1

In this model:

1SCR –  Sistema  de  Controle  de  Radioatividade  (Radioactive  Control  System),  a  system 
created in Lotus environment.
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i. The data is collected directly from the dosimeter to system, by responsible technician, 
and it stay available immediately to view;

ii. The system allows to the users with access to manipulate data, inserting, altering and 
excluding;

iii. Data are recovered based on the user’s need;
iv. The  labor  physician  receives  messages  (e-mail  format),  when  a  data  becomes 

inconsistent, as well as individual and annual doses that reached the stipulated limit, 
delayed medical exams, and other relevant data; 

v. The  system administrator  starts  to  receive  messages  (e-mail  format),  always  that 
technicians  become  irregular  due  to  delayed  inspections  or  trainings,  as  well  as 
incomplete files or time of lecture of calibration expired.

vi. Technicians  start  to  receive  messages  (e-mail  format),  always  that  any  personal 
inconsistency is close to occur, such as healthy inspection expiration;

vii. The  system  administrator  controls  all  the  access  to  the  database,  through 
different permissions.

The model was tested in the Notes (version 6). The use of this environment has allowed the 
implementation  of  all  new  requirements  in  the  integrated  form,  data  base,  front-end, 
application layer, and e-mail. After the implementation, the following results were collected:

─ The time between the calibration expiration date and its calibration reduced by 12 
days; 

─ The time between the verification on the healthy inspection deadline and the result of 
the new exam reduced by 2 day; 

─ The time for validation of new trainings reduced by 27 days; 
─ The training schedule can be optimized for future trainings, implying in no problems 

due to technicians without job permit because of lack of training;
─ Group and individual doses limits were not evaluated, but all user groups got more 

confident, since the system indicates any inconsistency;
─ The e-mail use in the Notes environment has facilitated the use of the model by the 

system users; and
─ The consultations are dynamic.  According to the permission control,  is possible to 

obtain important information, such as group doses.

4. DISCUSSION AND CONCLUSIONS

The model inferred from the CNEN standards and Healthy Ministry documents does not need 
to be automated. Nevertheless, manual controls imply on a smaller failure probability and a 
higher number of operators and cost of operation.

A new model was proposed, where the users group only analyses the information processed 
by the system and, based on this information, takes the necessary measures when alerts and 
inconsistency are reported.

Its implementation on Notes environment has allowed an easy and rapid interaction between 
the control needs and the alerts emitted.
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