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ABSTRACT 

 

The radioisotopes have a large spectrum of applicability in many areas of science, as in medicine, agriculture and 
industry in general. In the biological area, the radioisotopes have brought many benefits to study physiological 
processes in living organisms and in vitro. The most radioisotopes used in biological research are emitters of 
radiation of low energy, mainly β, and are used as unsealed sources. The manipulation of these radioisotopes 
generates radioactive wastes and eventually can cause contamination in the areas of handling or even occasionally 
in areas to which access is not controlled. According to CNEN–NE–3.02 standard is necessary and mandatory the 
exposure and contamination levels control in the areas of handling of unsealed sources. The goal of the work is to 
establish how often the monitoring should be done through the survey of the contamination and exposure levels, in 
areas designed to manipulate 32P and how this monitoring can contribute to the improvement the conditions of 
radiological protection. From the twenty eight research laboratories registered by Nucleo de Proteção Radiológica 
(NPR) were selected four where the activities are not restrict to 32P biological assays. The levels of contamination 
and exposure were evaluated using monitors GM and the layout of laboratories containing the points to be tracker 
defined based on the researchers’ routine. At each point three values were obtained to measure the rate of 
contamination on the surface and exposure rate. The measures were made twice a week before and after the 
radioisotope manipulation. Based on these data was possible to establish the range from 0,306 to 0,678 Bq.cm-2 as 
operational average level to the superficial contamination. The average exposure rate measured was 5.16 nC/Kg.h. 
The results were important to demonstrating to researchers how they can contribute to the improvement of 
radiological protection conditions. 
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INTRODUCTION 

 

In the biological area, the radioisotope has brought many benefits to living in physiological and in vitro 
studies. The most radioisotopes used in biological research are the issuing of low energy β which present 
themselves as sources unsealed, including 3H, 14C and 35S. 
The 32P is often used as a marker for separate studies of physiological and molecular biological processes 
because of their physical characteristics. It is easily detected in scintillation counters, due to its high 
energy and their relative power of penetration in water. [1] 
Due to the risks associated with the handling of unsealed sources and their extensive use in biological 
research, the Comissão Nacional de Energia Nuclear (CNEN) in normative assesses how necessary the 
creation of procedures to control the levels of contamination and exposure. The standard CNEN – NN – 
3.01 also provides the methodology for determining the levels for contamination and exposure based on 
levels of reference set by the standard. [2-3]  
The 32P handling generates radioactive wastes that can provide the contamination of work areas or 
occasionally of areas of uncontrolled access. The spread of point of contamination within the laboratory 
can enhance the direct exposure and increase the risks of inhalation and ingestion of radioactive material, 
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which make it imperative the implementation of control for monitoring the levels of contamination and 
exposure.   
By monitoring the levels of exposure is possible to establish procedures that allow minimization of the 
dose of radiation in occupationally exposure individuals, including reduction the exposure time, 
optimising the activity of the source and use of beta shield as a method of alleviating the radiation. [4-5] 
Through routine check levels of contamination is possible to identify the routs of contamination and 
reassess operational procedures. [6] 
The points of contamination can be classified in removable, fixed or a combination of both, taking into 
account the likelihood of its spread. The removable contamination is in general a greater risk that the fix 
because the possibility to incorporation or internal contamination. Methods of detection should be used 
to identify and differentiate between fixed points and removable contamination. The indirect assessment 
of contamination through the local wipe can be applied under special conditions in the handling of 
radioisotopes of low energy since about 10% of activity can be transferred. [6]       
The monitoring instruments are chosen based on sensitivity to the issue of each type of radioisotope.For 
monitoring the 32P rate of exposure is used a Geiger – Muller (GM) detector. 
To the monitoring of surface contamination is generally used the GM pancake detector for direct 
detection of radiation low level on surfaces which may present a potential risk of internal exposure in 
cases of incorporation. [6]   
 
OBJECTIVE 

 

The goal of this work is the establish how often the monitoring should be done through the survey of the 
contamination and exposure levels, in areas designed to handling 32P and how this monitoring can 
contribute to the improvement the conditions of radiological protection. 
 
METHODOLOGY 

 

From 28 research labs, registered by the Núcleo de Proteção Radiologica (NPR) of Universidade Federal 
de São Paulo (UNIFESP), were selected four of them where are handled 32P unsealed sources routinely. 
The laboratories were identified by initials BC, FA, MC and PA. 
During the routine of radioactive wastes  management was possible to identify the main points of the 
laboratories significant in terms of contamination. They are: quarters of handling, surface of beta shield, 
doorknobs, dumps, doors of temporary deposit of radioactive waste, switches, faucets, inside and edges of 
sinks, surface of radiochemical chapel and laboratorial equipment. The exposure rate and superficial 
contamination levels were registered. The layouts of the laboratories were built as  shows the figure 1. 
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 Figure 1: MC laboratory layout indicating the measurements’ points of superficial contamination and data 

table. 

 
 
For monitoring the levels of exposure was used a Geiger Monitor  4TM  - SE International. 
The contamination levels were measured with the pancake GM Detector model GP 500 and the sizes of 
the monitored areas were record for determination of total activity (AT). [7] 
The AT has been determined by the equation 1.  
 
AT = NC x A  (1)          
 
Where: 
AT – Total activity (Bq) 
NC – Levels of surface contamination (Bq/cm2) 
A – Measure the area monitored (cm2)  
  
The measurements were done in triplicate at each point maintaining the distance of one centimeter 
between the surface and the window of the probe. The frequency of monitoring of laboratories was 
established based in the routine of 32P handling, as showed in the table 1. The monitoring data were 
collected always before and after of the source handling. 



 

 

4 

    
Table 1: Number of measurements taken during the period. 
 

Laboratory  Monitoring Frequency  
BC 4 
FA 6 
MC 8 
PA 10 

 

To determine the Maximum Radiological Levels (MRL) was used as reference the equation 2 which 
consider the sum of the average levels of exposure or contamination [8] and the total error. 
 
MRL = M + D + DM  (2)                         
 
Where: 
M: Average total obtained in the average value of each point measured. 
D: Standard deviation of M. 
DM: Deviation from the average values of each point measured. 
 
 

RESULTS 

 

The levels of exposure rate measured in the four laboratories remained equals or below to 5.16 nC/Kg.h 
which correspond to the background value. 
The average levels of contamination on the surface (Bq/cm2) for each laboratory are presented in the  
table 2.  
 
Table 2: Average levels of contamination of the 32P handling areas in the research laboratories. 
 

Laboratory Average of Measurements  
(Bq/cm2) 

D(a) + DM(b) 
(Bq/cm2) 

MRL(c) (Bq/cm2) 

BC 0.391 0.140 0.531 
FA 0.306 0.173 0.479 
MC 0.373 0.369 0.742 
PA 0.678 1.066 1.745 

(a) Standard deviation. 
(b) Average of deviations from the average values of each point measured. 
(c) Maximum Radiological Levels. 
 
To determine the total activity in the areas monitored, the average sum of total errors and the total area 
monitored multiplied levels of contamination contained in table 2. The results are prepared in table 3.   
 
Table 3: Activity total on the monitored surfaces. 

Laboratory Area monitored (cm2) Activity total on the surface (Bq) 
BC 13580 7210.98 
FA 43355 20767.05 
MC 34582 25659.84 
PA 3641020 63535.45 

 
The  figures 2, 3, 4 and 5 show the main monitoring points identified as contaminated at each laboratory. 
The figure 6 shows the average levels of contamination detected before and after handling of 32P. 
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Figure 2: Frequency of superficial contamination points detected in the laboratory BC. 
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Figure 3: Frequency of superficial contamination points detected in the laboratory FA. 
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Figure 4: Frequency of superficial contamination points detected in the laboratory MC. 
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Figure 5: Frequency of superficial contamination points detected in the laboratory PA. 
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Figure 6: Levels of contamination before and after 32P unsealed source handling.  
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DISCUSSION  

  

The results became clear the importance of identification and quantification of the points of superficial 
contamination for researcher protection involved at routine of 32P handling in biological assays.  
The detection of contamination present on laboratories’ surfaces permit to evaluate the risk of 
occupational exposure due to incorporation and for this it is relevant to determining the total activity at 
the controlled areas in order to estimate the dose by incorporation. [9]. 
When comparing the levels of contamination found in the laboratories and the total activities (Tables 1 
and 2) it is possible to observe that despite the laboratory to present higher contamination levels, when it 
is consider the area, the total activity might be lower. This demonstrates that in terms of risks of 
incorporation not only the maximum value of superficial contamination must be consider but also the 
number of points in which were detected the presence of contamination.  
It was noted that the beta shields and the laboratories’ equipment were the points that showed greater 
frequency of contamination. 
Items as doorknobs, switches, knobs and faucets represent a subtle contribution to the estimative of the 
total activity indicating a low risk of incorporation due to this kind of spreading of the contamination. The 
contamination of these areas suggests unsettled training at the handling of unsealed radioactive sources. 
As can be seen in Figure 6, there is a significant increase in levels of contamination after handling of 
sources, suggesting the necessity of constant control and training.            



 

 

7 

CONCLUSION 

 

The monitoring techniques based on identification of surfaces subjected to contamination and the 
detection of contamination levels permitted to establish the reference levels as operational values to 
superficial contamination.    
To determine these values should be considered all the monitored areas so that the total activity can be 
determined.  The assessment of total activity can be useful to evaluate the risks of incorporation of the 
radioisotope. 
From the point of view of radiological protection the results confirm the importance of implementation 
of the monitoring program in the research laboratories and training at the handling unsealed sources.  
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