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ABSTRACT 
 
Brazil has about 310 nuclear medicine services (SMN) and 90% of these services use Molybdenum/Technetium 
generators  to  prepare  several  radiopharmaceuticals  to  diagnostics;  about  70%  use  also 131I  for  diagnosis  
and therapy. These radionuclides are associated to compounds in liquid form and during the manipulation to 
prepare and  administer  the  patient  dose  some  radioactive  airborne  particle  can  be  generated.  As  
consequence  the workers can be exposed to airborne particles in the respirable fraction containing 99mTc and 
131I.  The aim of this study is develop a simple and rapid method to verify if the exhaust systems installed in the 
SMN are efficient in preventing the inhalation of radionuclides airborne particles by workers.  In  order  to  
estimate  the  occupational  exposure  a  nuclear  medicine  service  was  selected  and  aerosol  samples were  
collected  using  personal    air  sampler  with  a  cyclone.  The  samples  were  analyzed  using  a  germanium 
detector system and the 99mTc and 131I average concentrations were obtained as 16,6 ± 14,34 mBq/m3 and 0.72 ±  
0.36  mBq/m3,  respectively.  It  was  not  observed  a  correlation  among  air  concentration  and  total  activity 
processed in laboratory. These results show that the worker inhales airborne particles containing 99mTc and 131I.  
 

1. INTRODUCTION 
 
In  Brazil,  there  are  about  310  nuclear  medicine  services  (SMN)  working  for  
diagnostic  and therapy procedures using radiopharmaceuticals. About 90% of SMN uses 
Molybdenum/Technetium generators associated to several drugs in radiology procedures and 
about 70% of SMN uses 99mTc and also 131I for diagnosis and therapy. Other radioisotopes as 
Thallium 201, Gallium 67, Iodine 123 and Samarium 153 are also used, but in small amount.  
 
These  sources  are  liquid  and  during  the  procedure  to  prepare  the  patient  dose  airborne 
particles can be generated. The aerosols are generated mainly by evaporation process, so the 
particles  are  in  the  respirable  fraction  of  aerosol.    This occurrence  can  be  attributed  to 
evaporation  from  the  surface  contamination  or  release  of  gases  during  labeling,  doses 
administration  and  storage  of  radioactive  material,  and  waste.  The  particles  containing 
radionuclide  can  be  inhaled  by the  workers  and  incorporated  increasing  the 
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occupational doses.  
 
The  ventilation  system  in  the  manipulation  rooms  can  be  an  important  tool  to  reduce  
the occupational exposure. However, only some SMN has exhaust systems in adequately 
sized to dilute, remove and renew the air of the rooms. The recommendation that this type of 
facility has an adequate system of exhaust air is part of various international documents ICRP 
[1,2,3] and IAEA [4,5,6].   
 
The National Nuclear Energy Commission - CNEN, the regulatory body of nuclear activities  
in  Brazil,  is  responsible  for licensing and inspection of nuclear medicine services. To fulfill 
theses  activities,  has  in  its  rules  and  regulations  the  minimum  requirements  for 
handling radiopharmaceuticals  CNEN-NE-3.05  [7].  The  National  Health  Surveillance 
Agency  - ANVISA  also  require  exhaust  systems  in  nuclear  medicine  services  for  
occupational  health condition  by  Resolution  RDC  38  [8].  These  rules  and  regulations  
also  establish  limits  for occupational  annual  effective  doses,  and  setting  the 
requirements  and  restrictions  on optimization of the doses.  
 
The  aim  of  this  study  is  characterize  the  occupational  exposure  to  airborne  particles  
containing radionuclides (99mTc and 131I) using a simple monitoring program.  
 
 

2. MATERIALS AND METHODS 
 
A SMN in Rio de Janeiro accepted to collaborate with this study. This service has permission  
to  operate  and  is  inspected  regularly.  Therefore,  the  facility  design  was  approved  by  
the national  regulatory  body  -  CNEN.  The  SMN  uses  a  1500  mCi  99

Mo/ 
99mTc generator  

and about 30 mCi of 131I (NaI) per week and these radioisotopes are manipulate daily.  
 
The  airborne  particles  were  collected  using  personal  air  samplers  with  cyclone.  The 
99mTc and 131I  concentration  in  each  sample  were  determined  using  a  Hyper-Pure  
Germanium Detector;  further  details  of  the  experimental  arrangement  and  the calibration  
procedures  are described in the literature. A group of workers used the air samplers with a 
cyclone to collect particles  with  aerodynamic diameter smaller than 2.5 µm (respirable 
fraction of the aerosol) during 4 weeks, with a working day of 6 hours. In order to predict 
effective dose it was used a commercially available computer program (activity and internal 
dose estimation, AIDE, [9] based on radionuclide air concentration.  
 
Besides,  these  samplers  were  also  used  to  area  monitoring  in  the  same  way, collecting  
airborne samples during 4 weeks, 6 hours a day.   
 
The air sampler arrangement photographs are shown in Figure 1a and 1b.   
 
 
 

 
 
 
 
 



INAC 2009, Rio de Janeiro, RJ, Brazil. 
 

 
 
 
 
 
       

 

 

 

       

      Figure 1a.  Air sampling pump                        Figure 1.b Air samplers in the operator   
 
 
 
The  samples  collected  each  day  were  quickly  transported  to  the  IRD  to  obtain  the 
measurements due to short half-life of technetium, approximately 6 hours. Samples collected 
on each filter were analyzed in a measurement system Canberra composes by  Hyper-pure  
Germanium  detector  HPGe  model  GX  3018  (Fig.  2),  30%  relative efficiency,  1.8  keV  
to  1.33  MeV  FWHM  (full  width  at  half  maximum),  during  60.0000 seconds. The 
samples were analyzed using this system where 99mTc was identified by the line 140 keV and 
131I by the line 364 keV. The experimental arrangement efficiency for 99mTc and 131I  were  
3.69x10-02  and  1.69x10-02,  respectively.  The  experimental  arrangement  used  to 
determine the radionuclide activity is shown in Fig. 3. 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 2. Germanium Hyper-Pure measure arrangement. 
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                          Figure 3. Measurements taken with samples, inside HPGe detector. 
 
 
 
To  collect  area  samples  the  airborne  samplers  were  located  close  to  manipulation  box.  
The radiopharmacy area layout is shown in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  The radiopharmacy layout 
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3. RESULTS 
 

The 99mTc  and 131I  concentrations  in  respirable fraction of aerosol collected by the samplers  
used  by  workers  were  bellow the concentration limit (0.14x10-3 dps/m3). As the workers do 
not remain 6 h inside the area, they are not exposed to radioactive aerosol full time (6h). In  
order to estimate the maximum exposure (6 continuous hours), the air samplers were located 
inside  the  manipulation  room  and  the  week  average  concentration  for 99mTc  and 131I  
were measured, as shown in Fig. 5. 
 
The 99mTc and 131I average concentrations were obtained as 16,6 ± 14,34 mBq/m3 and 0.72 ±  
0.36  mBq/m3,  respectively.  Although  the  daily  sample  indicates  a  large  variation  in 
concentration  values,  the  weekly  average  concentration  does  not  demonstrate  so  large 
variation for each radionuclide. It was not observed a correlation among air concentration and  
total  activity  processed  in  laboratory.  These  results  show  that  the  worker  inhales  
airborne particles containing 99mTc and 131I.   
 
 
 

 
 

Figure 5. Average radionuclides concentration in respirable fraction of aerosol. 
 
 
 

The  maximum  effective  dose  for  a  worker  due  to 99mTc  and 131I  inhalation  of  
radioactive particles  in  respirable  fraction  was  estimated  considering  6  h  inside  the  
manipulation  room and the weekly average concentration, respectively. Based  on  these  
results  the  committed  effective  dose  for  workers  in  these  SMN  due  to inhalation  was  
assumed  as  0,004  µSv  supposing  only  inhalation  of 99mTc  and  0,07  µSv supposing only 
131I inhalation. 
 
 

4. CONCLUSION 
 
 

Preliminary  results  indicate  that  despite  the  exhaustion  system  and  the  work  in 
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conditions deemed appropriate from radioprotection point of view, there are some radioactive 
materials in the form of 99mTc and 131I in measurable concentrations the Nuclear Medicine 
Service for 4 weeks. However, the values estimated for the incorporation of these nuclides 
led to very low effective dose, ie, 0,004 µSv for 99mTc and 0,07 µSv for 131I. 
 
This work will be extended to other Nuclear Medicine Services and will take into account the 
various dimensions of manipulation rooms, the different activities and radionuclides handled 
weekly and the ventilation systems in place. 
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