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Abstract 
In Chile the internal Dosimetry evaluation have been doing  for more than  20 years ago by "in vitro" 
measurements, however the “in vivo” measurements just have available for 2 years due to the 
installation, calibration and completion of a Whole Body Counter. 
 The Whole Body Counter of the CCHEN, corresponds to the shielded room type (4.2 x 3.3 x 2.0 m), 
is located in the second subterranean of the North Wing of the building of Laboratories of the La 
Reina Nuclear Center in Santiago City, (3meters under the ground). It is composed by 12cm thickness 
walls of concrete, then successive layers of 2mm of thickness with: lead, cadmium and copper, 1cm of 
acrylic and finally 2mm of wood. The measurement system is composed by: 2 detectors of NaI (Tl) of 
8x3 inches (BICRON) that operate to 800 volts (+) and allow the detection of gamma emitters of high 
energy (>100 keV). It has the possibility of measurement fixes (thyroid) and route (whole body) using 
for it a pneumatic system that allows the displacement of the detectors on a central axis. It has two 
positions of location of the detectors, one of 90 º with respect to the central axis when the system is in 
rest or entrance retirement of patient and one of 45º approximately when the measurement is made.  
 For the calibration, two simulators were used: Thyroid simulator from the IRD (Brazil), and Whole 
Body, BOMAB simulator (133Ba, 137Cs and 60Co) from the IAEA. 10 measurements of 300 seconds 
each one per geometry and different detector-patient distances were done: 20.0; 25.0; 30.0; 37.7 and 
101.1cm (considering high level incorporations). 
For the analysis of spectrum, software "Genie 2000” and for the calculation of dose, program “AIDE 
"obtained through ARCAL RLA/9/049"Harmonization of Procedures of Internal Dosimetry", were 
used. 
To date, 300 measurements have been made and the results were used for the evaluation of the internal 
Dosimetry of the Professional Exposed Workers (PEW), but also to improve the operation procedures 
especially in the facilities that are producing not sealed radioactive sources, such as the laboratory of 
the Cyclotron, Laboratory of Radioisotopes Production, Control of Quality and Molecule Bearing. 
This way, a better radiation control of PEW of the CCHEN (64), having hoped extend this 
measurement to the other PEW of the Nuclear Medicine centers of the country (130). 
The principal radio nuclides measured are: 131I, 99mTc, 18F, 153Sm and 177Lu with the possibility to 
measure137Cs, 60Co. 
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1. Introduction 
 
The work with non sealed radioactive sources and the different activities in the nuclear fuel cycle 
implies the possibility of internal contamination of workers, not only as producer also as user of this 
kind of material. For this reason, is very important for a radiological protection program to use all the 
available techniques for the evaluation of internal Dosimetry in normal operation and also in 
emergency conditions. 
 
In Chile, the “in vitro” measurements through urine analysis (fluorimetry and gamma ray 
spectrometry) have been doing for more than 20 years.  Since the trend of applications of the 
radioisotopes in many fields is increasing faster, the need to incorporate in vivo techniques was 
imperative in order to improve the evaluation of the internal exposure of workers. 
 
Then, from 2006 to date a Whole Body Counter have been using for “In vivo” measurement. This 
facility have the following characteristics:  is a shielded room type (4,2 x 3,3 x 2,0m)  and is located 
approximately 3meters underground. The walls are made by 12cm concrete and covered by successive 
layers of lead, copper, cadmium (2mm), acrylic (1cm) and wood (2mm). For 222Rn background 
reduction, the room is fed with filtered air permanently. The detection system is composed by 2 NaI 
(Tl) detectors (8x3 inches) with 4 photomultipliers each one (BICRON) that operate to 800 volts (+) 
and allow the detection of gamma emitters of high energy (>100 keV). It has the possibility of 
measurement fixes (thyroid) and route (whole body) using for it a pneumatic system that allows the 
displacement of the detectors on a central axis. It has two positions of location of the detectors, one of 
90 º with respect to the central axis when the system is in rest or entrance retirement of patient and one 
of 45º approximately when the measurement is done; also this system allows the regulation of the 
distance detector-patient.  The facility has a control room for monitoring and communication with the 
patient (Fig 1). 
 
Figure 1: Control room 
          

                 
 
Since the Whole Body Counter is located in La Reina Nuclear Center in Santiago, we have the 
possibility to control easily  around 60 professional exposed workers (PEW) that belongs to the 
principal radiological facilities established there, like as : Research Nuclear Reactor, Radioisotope 
Production Laboratory and a Cyclotron Laboratory . 
 
In a near future, we will start with the control of the workers from the Nuclear Medicine Centers 
belongs to the private and  public hospital and clinics in Santiago, with a total of 200 workers. 
The present work, report the principal activities of installation, calibration and measurements of the 
Chilean Whole Body Counter and the experience of Internal Dosimetry evaluation of this two first 
years of operation. 
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Methodology:  
 
 For calibration of the detection system, two anthropomorphic phantoms were used: 
- a neck-thyroid  geometry, (133Ba) developed at Instituto de Radioprotecao e Dosimetria (IRD) Brazil    
  obtained through ARCAL RLA/9/049 “Harmonization of Procedures of Internal Dosimetry “(Fig 2). 
 
Figure 2: IRD Phantom 
 

 
 
 
 
- Whole body geometry, the Bottle Manikin Absorption (BOMAB) (133Ba, 137Cs, 60Co) that belongs 

to the IAEA (Fig 3). 
 
Figure3: BOMAB Phantom in position for measurement 
 

 
 
Table 1: Physical characteristics of BOMAB Phantom used 
Geometry Cross section Transversal Section

 (cm) 
Height Vertical (cm)

Head Elliptical 20.5 x 15.5 21.5 
 

Neck Cylindrical 15  ∅ 10.5 
 

Chest upper Elliptical 36.0 x 26.0 28.0 
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Chest lower Elliptical 36.0 x 28.0 17.0 
 

Pelvis Elliptical 40.0 x 30.0 22.0 
 

Thigh (x2) Cylindrical 16 ∅ 43.0 
 

Calf’s(x2) Cylindrical 14 ∅ 44.0 
 

Arms  (x2) Cylindrical 10 ∅ 72.0 
 

 
 
Table 2:  BOMAB activity referred to 11/11/2006 

Geometry 133Ba  
 (Bq) 

137Cs  
 (Bq) 

60Co  
 (Bq) 

Head 8301 11378 5048 
Neck 2344 3229 1425 
Upper chest 35726 48994 21725 
Lower chest 21873 29994 13300 
Pelvis 36149 49574 21982 
L Thigh 14664 20121 8917 
R Thigh 14717 20199 8949 
L Leg 11051 15154 6720 
R Leg 10874 14929 6613 
L Arm 10269 14161 6281 
R Arm 10222 14040 6216 
 
- 10 measurements of 300 seconds each one, for both geometries and for 5 distances detector-patient 
were done (20,0; 25,0; 30,0; 37,7 and 101,1cm).  
 
- Also, 10 non radiological exposed workers (man and women different sizes) were measured for 
background and Minimum Detectable Activity Determination (MDA). 
 
For the analysis of gamma spectrum, Canberra Genie 2000 software, and for the dose calculation the 
“AIDE” (Activity and Internal Dose Estimates) program also obtained through ARCAL RLA/9/049 
“Harmonization of Procedures of Internal Dosimetry, were used. 
The principal radio nuclides measured are: 131I, 99mTc, 18F, 153Sm and 177Lu with the possibility to 
measure137Cs, 60Co. 
 
Results: 
 
- For the calculation of minimum significant activity MSA, (20cm distance detector-patient 
and 300 s counting time) the following expression was used: 
 
MSA = 1.56    √nb     (1+ts)  
             ----- *  ----- *  -------- 
               F        ts          tb 
 
 - And for minimum detectable activity (MDA) 
 
MDA =   3      +   2 MSA 
            ------ 
             Fts 
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Where: 
F = Calibration factor 
nb = background counts 
ts  = sample time counting 
tb  = background time   
        counting 
 
 
Table 3: List of MSA and MDA for selected radionuclide  
Thyroid 
 

Radionuclide 
Energy 
(keV) 

MSA 
(Bq) 

MDA 
(Bq) 

99mTc 140,51 15.9 33.2 
131I 364,02 16.2 33.6 
  18F 511,00 22.2 45.7 

Whole Body 
137Cs 

 
661,66 20.2 42.1 

60Co 1.173,24 23.7 49.1 
 
 
Table 4: Efficiency   

Radionuclide Energy (keV)
Efficiency 
Thyroid 

Efficiency 
Whole body 

99mTc 140,51 0,476 
 

0,377 

133Ba 356,02 
 

0,458 0,372 

18F 511,00 
 

0,445 0,368 

137Cs 661,66 
 

0,433 0,365 

60Co 1.173,24 0,391 0,353 

 
                Y  =   X   .   - 8,19 x 10 -5    +  0,487              Detector Nº 1: Thyroid 
 
                Y  =  X   .    - 2,31 x 10-5     +  0,380              Detector Nº 2 : Whole Body 
 
Calibration Factor for 131I in Thyroid:  0.57 (cpm/Bq) 
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An example of gamma spectrum is the BOMAB spectrum showing the different radio nuclides is 
presented in fig4. Since the detection system use scintillation detectors, the peaks have not enough 
resolution as a Germanium detector, we used the energy of 1173,2 keV in the case of 60Co instead the 
universally used 1332,4 keV for the possibility of overlap with natural potassium peak.    
 
Figure 4:   BOMAB gamma spectrum 
 

 
 
The normal procedure for “in vivo” measurement, include and external monitoring with a portable 
detector. In the case of some contamination was founded there is a special room for washing and 
decontamination and also the worker must to use some disposable coat as it is shown in fig5. 
 
Figure 5: Worker “in vivo” measurement 
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Actually, more than 300 measurements were carried out. Two years ago, the workers belongs to 
cyclotron laboratory presented rather higher levels of 18F, since the short half live of this radioisotope 
was very difficult to determine  fluorine in urine, so the in vivo measurements has permitted to 
improve considerably the operation procedures in the cyclotron laboratory and also in the 
radioisotopes laboratory for 99mTc and 131I production, other interesting radioisotopes determined were 
177Lu and 153Sm used in molecule bearing for pain treatment in bone cancer. 
 
In conclusion, now we have some calibrated and reliable detection system that will be available for 
any contamination situation with non sealed radioactive source and also in routine operation, in order 
to improve the internal dosimetry evaluation and maintain the radiological level of workers according 
ALARA criteria. 
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