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Abstract. In nuclear medicine, the accurate knowledge of the activity of radio-

pharmaceuticals which will be administered to the patients is an important fac-

tor to ensure the success of diagnosis or therapy. The activity measurements are 

performed in reentrant ionization chambers, also known as radionuclide calibra-

tors. These equipments are sensitive to changes in radioactive sample geometry 

and its position within the chamber well. The purpose this work was to evaluate 

the behavior of radionuclide calibrators by means of vertical displacement of 

radioactive sources in the well and to determine experimentally the correction 

factors for each radionuclide, recognizing the specific positions in which the 

measurements must be made to ensure the highest sensitivity. The highest activ-

ity was obtained between 6 and 8 cm from the bottom of the well for both radi-

onuclide calibrators utilized at this work. 

1   Introduction 

      The quality of radioactivity measurements in the nuclear medicine practice, from 

radionuclide production to patient administration, plays an important role for the suc-

cess of the diagnostic or the therapy procedures [1]. In order to optimize the dose 

received by the patient, a careful activity determination must be performed using reen-

trant ionization chambers, often referred to as radionuclide calibrators.  

      These equipments usually consist of a well type ionization chamber (or Geiger-

Müller detector) coupled to a digital electronic system, which allows direct readings in 

unit of the activity for the radiopharmaceuticals in analysis. The radioactivity source is 

positioned along the longitudinal axis inside a cylindrical shaped cavity, surrounded 

by the gas volume, in order to maximize its efficiency [2]. The passage of ionizing 

radiation through the sensitive volume of the radionuclide calibrator ionizes this gas, 



producing an electrical current, which magnitude is directly proportional to the source 

activity being assayed.  

      Inappropriate performance of these equipments could provide underestimation or 

overestimation of the activity, leading to unreliable clinical results, ineffective treat-

ments and increased absorbed dose [3]. Radionuclide calibrators are instruments that 

require regular checks and adequate operational procedures. For this reason, quality 

control programs for activity measurements in nuclear medicine must be established in 

clinical routines. Guides and recommendations of international and national organiza-

tions suggest tests for evaluation of various aspects of quality control such as geome-

try effect, the precision, the accuracy, the reproducibility and the linearity of its activi-

ty response [4-7].  

      These regulations provide the limiting values to assure accuracy in the measure-

ment of the activity of radiopharmaceuticals prior to their administration [8]. The 

International Atomic Energy Agency, for example, recommends a maximum deviation 

of ±5% [4]. In Brazil, the National Nuclear Energy Commission, through the standard 

CNEN-NN-3.05, established that the correct value of the activity of radiopharmaceu-

ticals must be known within the 10% uncertainty range [7]. 

      The radionuclide calibrators are sensitive to changes in the radioactive sample 

position within the well, showing a dependence of chamber response on measurement 

geometry. For this reason, it is important verify the correct positioning of the radioac-

tive sources, as part of acceptance testing procedures and routine quality control prac-

tice [2]. According to Zimmerman and Cessna, in order to obtain the accurate activity 

measurements, it is fundamental to use the appropriate corrections factors for the 

radionuclide in the specific geometry in which the measurement is to be made [9]. 

      According to Santos et al [2], this geometry test is important for: source optimiza-

tion within the radionuclide calibrators, as a tool for quality control tests, and perfor-

mance verification after repair interventions [2].  

      The purpose this work was to evaluate the behavior of radionuclide calibrators by 

means of vertical displacement of radioactive sources in the chamber well and to de-

termine experimentally the correction factors for each radionuclide, recognizing the 

specific positions in which the activity measurements must be made to ensure the 

highest accuracy. 

 

2   Experimental procedures 

2.1   Radionuclide calibrators and radioactive sources 

      The measurements were made in ionization chambers of two manufacturers, 

Capintec and Biodex. The main characteristics of the radionuclides calibrators used in 

this study are given in Table 1. These equipments were submitted to quality control 

tests (accuracy, precision, reproducibility, linearity and geometry) and the results have 

been analyzed following the national and international recommendations [4-7]. A 



generic scheme of the radionuclide calibrator showing important geometrical parame-

ters is presented in Figure 1. 

Table 1. Characteristic of the radionuclide calibrators used in this study. 

Radionuclide calibrator CAPINTEC BIODEX 

Model CRC-15R ATOMLAB 500 

Gas Argon Argon 

Well Dimensions (cm) 6.1x25.4 6.4x26 

Shielding (mm lead) 3.2 6.3 

Accuracy > ± 2% > ± 3% 

 

      To determine the effect of measurement geometry on response calibrator were 

used radionuclides with different photon energies: 
57

Co, 
60

Co, 
133

Ba, 
137

Cs, 
99m

Tc, 
18

F, 
201

Tl and 
131

I. Their characteristics are reported in Table 2.  

 

2.3   Measuring Procedures 

      For this study, an adapted sample support (Figure 2) was used to improve the 

position reproducibility of the source inside the radionuclide calibrator and to permit 

variations on its position. 

      Radioactive samples were inserted within the well and displaced along its longitu-

dinal axis. The first measurement was taken with the source located on the bottom of 

the well (position 0 cm). Using the same radioactivity sample, this procedure was 

repeated until reached the position 10 cm (with steps of 1cm).  At each of these posi-

tions, ten consecutive activity measurements were carried out and the mean value was 

calculated.   

      The correction factors were determined by following expression:  

 

                                                                                                               (1) 

 

where Ai is the  measured activity in the position i and Aocm is the value obtained in 

the position 0 cm. Thereafter, the correction factors were plotted as a function of radi-

oactive source positioning in the radionuclide calibrator. 

 

 

 

 



 

Fig 1. Scheme of the radionuclide calibrators and glass vial geometry. 

(A)  Sample holder. (B) Radioactive sample. (C) Lead shielding.  
 

 

Table 2. Radionuclides used in this work, energy (E) and emission probabilities per decay (P).  

Radionuclide Half-life
a Gamma Ray  Geometry 

E (keV)
b 

P(%)
b 

 

Co-57 271,80 ± 0,05 d 122,06 85,51 Polyethylene vial (27mL solution) 

Co-60 5,271 ± 0,001 a 1332,49 99,98 Polyethylene vial (27mL solution) 

Ba-133 10,540 ± 0,006 a 356,01 62,05 Polyethylene vial (27mL solution) 

Cs-137 30,018 ±0,025 a 661,66 84,99 Polyethylene vial (27mL solution) 

F-18 1,8288±0,0003 h 511 193,72 Glass vial (5mL solution) 

Tc-99m 6,0067±0,0010 h 140,51 88,50 Glass vial (5mL solution) 

I-131 8,0233±0,0019 d 364,49 81,20 Glass vial (5mL solution) 

Tl-201 3,0421±0,0017 d 167,45 10,00 Glass vial (5mL solution) 

 
a
Laboratoire National Henri Becquerel [5] 

 b
 Nucleide Alpha and Gamma Library [10] 

 

 

 

 



 

 

  

 

   

Fig 2. Adapted support for radioactive sources used for verify the positioning influ-

ence inside the radionuclide calibrator. 

 

3   Results and Discussion 

      The experimentally determined correction factors for the specific positions used in 

this study are presented in Figures 3 and 4. The results confirm the significative de-

pendence of radionuclide calibrator reading on the measurement geometry, showing 

an underestimation of the activity in the position 1cm (manufacturer-supplied position 

for measuring of radioactive samples). This behavior can be observed for both radio-

nuclide calibrators. In order to ensure highest efficiency in the measurements, the 

radioactive samples should be positioned between 6 and 8cm. 
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Fig 3. Correction factors for different positions of the source, relative to the 0 cm 

position, for the CAPINTEC CRC-15R radionuclide calibrator.  
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Fig 4. Correction factors for different positions of the source, relative to the 0 cm, for 

the BIODEX ATOMLAB 500 radionuclide calibrator. 

 



4   Conclusions  

      The correction factors for measuring solutions of 
57

Co, 
60

Co, 
133

Ba, 
137

Cs, 
99m

Tc, 
18

F, 
201

Tl and 
131

I were experimentally determined for the CAPINTEC, CRC-15R, and 

BIODEX, ATOMLAB 500, radionuclide calibrators of the Northeastern Regional 

Centre for Nuclear Sciences (CRCN-NE), in different positions geometries.  

      An important aspect this study was that regardless of manufacturer’s equipments, 

the most sensible region inside each radionuclide calibrator should be determined in 

order to minimize the sample position influence in the activity measurement. 

      To insure the highest efficiency of the activity measurements, the radioactive sam-

ple should be positioned between 6 and 8 cm from the bottom of the well. Similar 

results are reported by Yoshioka et al [11] in the radionuclide calibrators quality con-

trol program in Japan [11]. 
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