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Abstract 

Beta Secondary Standard 2 (BSS 2) provides beta radiation fields with certified values of 

absorbed dose to tissue and the derived operational radiation protection quantities. As part 

of the quality assurance, metrology laboratories are required to verify the reliability of the 

BSS2 system by performing additional verification measurements. In the CDTN 

Calibration Laboratory, the absorbed dose rates and their angular variation in the 
90

Sr/
90

Y 

and 
85

Kr beta radiation fields were studied. Measurements were done with a 23392 model 

PTW extrapolation chamber and with Gafchromic radiochromic films on a PMMA slab 

phantom.  In comparison to the certificate values provided by the BSS2, absorbed dose 

rates measured with the extrapolation chamber differed from -1.4 to 2.9% for the 
90

Sr/
90

Y 

and -0.3% for the 
85

Kr fields; their angular variation showed differences lower than 2% 

for incidence angles up to 40-degrees and it reached 11% for higher angles, when 

compared to ISO values.  Measurements with the radiochromic film showed an 

asymmetry of the radiation field that is caused by a misalignment. Differences between 

the angular variations of absorbed dose rates determined by both dosimetry systems 

suggested that some correction factors for the extrapolation chamber that were not 

considered should be determined. 
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1.- INTRODUCTION 

 

Reference beta radiation fields produced by radionuclide sources to be used for calibrating 

and determining the angular response of protection level dosimeters were specified by the 

International Organisation for Standardisation, ISO (2006). The Beta Secondary Standard 

(BSS2) calibration system was built for disseminating the absorbed dose in the depth of 

0.07 mm in tissue, DT (0.07), which is the most relevant quantity for beta radiation 

dosimetry. The operational radiation protection quantities called the personal dose 

equivalent, Hp(d) and the directional dose equivalent, H’(d) at the depth d of 0.07 mm in 

tissue can be derived and used for dosimeter calibration purpose. The BSS2 system 

establishes the traceability of measurements performed with a calibrated dosimeter to a 

primary standard and it complies with the ISO requirements for reference beta radiation 

fields (Ambrosi, 2007). 

Periodic verification is part of the metrological confirmation procedures to assure the 

reliability of a calibration system (ICRU 2006). Although the BSS2 is provided with a 

PTB/Germany primary laboratory certificate, it requires to be periodically verified by 

measuring the absorbed dose rate or any derived protection quantity, for instance.    

A review of the measuring techniques stressed the feasibility of the extrapolation chambers 

(ICRU 1997 and radiochromic films (Benavente et al. 2012) for dosimetry of external beta 

rays for radiation protection. 

The aim of this work was to study the feasibility of using an extrapolation chamber and 

EBT Gafhromic films to carry out a verification measurement of the absorbed dose rates 

and their angular variation in the 
90

Sr/
90

Y and 
85

Kr beta radiation fields of the BSS2 system 

in the CDTN Calibration Laboratory.   

 

 

 



ISSSD 2015 
September 26-30, 2015 

Leon, Gto. Mexico 

 

268 
 

2.- MATERIALS AND METHODS 

 

2.1.- Measurements with the extrapolation chamber 

The 23392 Böhm model PTW extrapolation chamber used in this work is composed of two 

main parallel plate electrodes, one of which can be moved by an external micrometer. Its 

collecting electrode is made of PMMA with graphite coated surface, 30 mm width diameter 

and surrounded by a 14.8 mm width guard ring. The distance between the chamber 

electrodes ranged from 0.5 to 10.5 mm, with parallelism accuracy of ± 1μm, which 

corresponds to a variation of the chamber volume from from 0.353 to 7.422 cm
3
. The 

chamber window is graphite coated Hostaphan (mylar), with 0.75 mg.cm
-2

, and 60.5 mm 

diameter (PTW, 2002). 

 

With the 23392 PTW extrapolation chamber, the absorbed dose rates to air at 0.07 mm 

depth, 


airD (0.07), were determined based on the values of the angular coefficient of the 

extrapolation curve “ionization current versus chamber depth”, according to Equation 1. 
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where,  

 ̅  ⁄    is the quotient of the mean energy required to produce an ion pair in air under 

reference conditions and e is the elementary charge equal to 33.83±0.068 J·C
-1

 

(ISO, 2004); 

k'  is the product of the correction factors that are independent of the extrapolation 

chamber (Reynaldo, 2015); 

aef  is the effective area of the collecting electrode equal to 7.07 cm
2
 (PTW, 2002);  

ρ  is the density of air at the reference conditions of temperature, pressure and relative 

humidity equal to 1.19740±0.0005 kg·m
-3

 (ISO, 2004); 

     ⁄  is the angular coefficient of the the ionization current, I,  corrected by the factor k 

and x is the chamber depth; 
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k  is the product of the correction factors that are dependent of the extrapolation 

chamber (Reynaldo, 2015); 

)07.0(T is the transmission factor to correct absorbed dose rate to air at the surface of the 

chamber to the 


airD (0.07) (PTB, 2003). 

The 23392 PTW extrapolation chamber was positioned in the 
90

Sr/
90

Y, 
85

Kr beta radiation 

fields generated by the BSS2 system, at incidence angles from 0 to 60-degrees, as it is 

shown in Fig.1. 

Figure 1. – Absorbed dose measurement with the 23392 PTW extrapolation chamber in the 

beta secondary standard system. 

 

 

2.2.- Measurements with the radiochromic film 

The Gafchromic EBT model radiochromic film, manufactured by International Specialty 

Products (ISP), NewJersey, USA, was used for mapping the 
90

Sr/
90

Y, 
85

Kr beta radiation 

fields.  Films were irradiated with 200 mGy absorbed dose on a surface of a 30x30x5 cm
3
 

PMMA phantom for incidence angles from 0 up to 60-degrees (Fig. 2). 

Evaluation the radiochromic films followed the procedure established by Benavente et al. 

(2012). Films were digitized in a Microtek Scan Maker 9800 XL scanner in transmission 

mode. The scanning parameters were: scanning resolution of 72 dpi in RGB mode (red–

green–blue) and pixel resolution of 16 bits per channel; files were saved as TIFF (tagged 
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image file format). Image analysis was performed with ImageJ program based on the 

intensity values in the red channel.  

 

 

Figure 2 – Setup for irradiation of radiochromic films on the PMMA phantom surface in 

radiation fields of the beta secondary standard system. 

 

 

 

3.- RESULTS 

 

Results of the absorbed dose rates in air,  ̇ar (0),  normalized to the date of 2013.09.20 are 

shown in Table 1. Values were obtained with the 23392 PTW extrapolation chamber with 

all available corrections for standard conditions for 
90

Sr/
90

Y and 
85

Kr  beta radiation beams. 

Uncertainties values were expressed for the coverage factor equal to 2.  
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Table 1 – Absorbed dose rates,   ̇ar (0), at standard radiation conditions, determined with 

the 23392 PTW extrapolation chamber in comparison with certificate values given by PTB 

(2003). Uncertainties are expressed for k=2. 

Beta radiation beams 
 ̇ar (0) (µGy.s

-1
) on 2013.09.20 

Certificate (PTB, 2003) This work 

90
Sr/

90
Y at 11 cm 83.48 ± 1.3 84.3 ± 5.9 

90
Sr/

90
Y at 20 cm 26.15 ± 0.4 25.8 ± 1.8 

90
Sr/

90
Y at 30 cm (w/o filter) 11.61 ± 0.2 11.62 ± 0.81 

90
Sr/

90
Y at 30 cm (with filter) 7.60 ± 0.12 7.59 ± 0.53 

90
Sr/

90
Y at 50 cm 4.15 ± 0.07 4.27 ± 0.31 

85
Kr at 30 cm 21.56 ± 0.5 21.5 ± 1.6 

 

 

The comparison with those correspondent values provided by the PTB certificate (PTB, 

2003) showed that differences varied from -1.4% to 2.8% for 
90

Sr/
90

Y  and -0.3% for 
85

Kr  

beta radiation beams. Results might be considered acceptable for quality control purpose 

but the differences suggested that there are some corrections factors related to the 23392 

extrapolation chamber that should be determined to reduce the uncertainties and systematic 

errors.  

 

Figure 3 shows the results of the angular variation of the absorbed dose rate,  ̇ar (0), at 

angles from -60 to +60-degrees, determined with the 23392 PTW extrapolation chamber, 

for standard conditions of the 
90

Sr/
90

Y and 
85

Kr  beta radiation beams. 

 

Results shows an anisotropy of the values relatively to 0 degree that might suggests a bad 

alignment of the extrapolation chamber in the beta radiation beam. When compared to the 

ISO values (ISO, 2006), the results of this work for the 
90

Sr/
90

Y and 
85

Kr beta radiation 

beams agreed within less than 2% for angles of incidence lower than 40-degrees but the 

difference reached 11% for higher angles.  
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Fig. 3 – Angular variation of the absorbed dose rate,  ̇ar (0), determined with 23392 PTW 

the extrapolation chamber for 
90

Sr/
90

Y and 
85

Kr beta radiation beams. 

 

Figure 4 shows the results of the angular variation of the grey scale arbitrary units, at angles 

from -60 to +60-degrees, obtained with the EBT Gafchromic films on the PMMA slab 

phantom, for two standard conditions of the 
90

Sr/
90

Y and 
85

Kr  beta radiation beams. 

 

Results shows that, relatively to 0-degree, the reading in terms of grey scale of the 

Gafchromic film in all incidence angles was lower than 2% for 
90

Sr/
90

Y and 10% for 
85

Kr  

beta radiation beams. None anisotropy was shown in these results since values were 

obtained in a small area in the center of the film. 
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Fig. 4 – Angular variation of the EBT Gafchromic film on a PMMA slab phantom for 
90

Sr/
90

Y and 
85

Kr beta radiation beams. 

 

Results of the mapping of the 
90

Sr/
90

Y and 
85

Kr beta radiation beams are shown in Figures 

5 and 6 at normal incidence angle. It was cleared observed that the 
90

Sr/
90

Y beta radiation 

beam was not aligned in the irradiation plane.   

 

Fig. 5 – Mapping of the 
90

Sr/
90

Y beta radiation beam in the irradiation plane at normal 

incidence angle, determined with the EBT Gafchromic film on a PMMA slab phantom. 
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Fig. 6 – Mapping of the 
85

Kr beta radiation beam in the irradiation plane at normal 

incidence angle, determined with the EBT Gafchromic film on a PMMA slab phantom. 

 

 

4.- CONCLUSIONS 

 

Considering the small values of both the assessed uncertainties and the differences when 

compared to ISO values, the technique based on the extrapolation chamber showed to be 

feasible to be used for absorbed dose rate verification measurements of 
90

Sr/
90

Y and 
85

Kr 

beta radiation fields of the BSS2 system. The results of this work has stressed that some 

correction factors of the extrapolation chamber should be reviewed if uncertainties and 

systematic errors are to be reduced.  

Measurements with EBT Gafchromic films showed to be useful for verification of the 

radiation beam alignment and for relative responses. 
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