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CHARACTERIZATION OF DOSIMETERS USED IN 
RADIATION PROCESSING 

 
B. Šećerov, I. Janković, M. Dramićanin 

 
Vinča Institute of Nuclear Sciences, University of Belgrade, 11001 Belgrade, 

P.O.Box 522, Serbia 
Abstract  
Aérial L-alanine pellet dosimeter is characterized as the dispersion of dose 
measurement values in order to determine the level of uncertainty caused by 
dosimeter itself. The results of repeated measurements indicate that the uncertainty 
of 1.2% could be attributed to the homogeneity of alanine in dosimeter pellets. It 
was obtained by analyzing the results of measurements of the different dosimeters 
from the same batch that the uncertainty due to difference in dosimeter mass is 1%. 
The total uncertainty due to dosimeter itself is 1.5%. 

Introduction  
The quality of products treated in radiation processing depends on absorbed dose in 
product. During irradiation process all parts of product have to receive an absorbed 
dose within certain prescribed limits. The integral part of absorbed dose 
measurements in radiation processing is uncertainty (a parameter associated with 
the result of measurement that characterizes the dispersion of the values that could 
reasonably be attributed to the measured or derived quantity). In order to establish 
the accuracy of an absorbed dose measurement it is necessary to first identify and 
then quantify all possible sources of uncertainty. Hence, the uncertainty associated 
with an absorbed dose measurement can be estimated by considering the individual 
components together. There are some international guides for estimating the 
uncertainty of absorbed dose measurements [1, 2, 3], but there is no 
recommendation for exact measurement of uncertainty. In this article we have tried 
to determine the uncertainty due to dosimeter itself experimentally. 

Experimental 
L-alanine pellet dosimeters (diameter 3 mm, thickness 1.5 mm and mass between 
37.5 – 37.6 mg) were purchased from Aérial (Illkirch, France). In the first 
experiment, the alanine dosimeters were put together with ethanol-chlorobenzene 
(ECB) dosimeters in the standard cardboard boxes filled with products for 
irradiation. Boxes were irradiated in common sterilization cycles in Radiation Plant 
of the Vinča Institute [4]. 40 pairs of alanine - ECB dosimeters were irradiated with 
nominal dose of 25 kGy and six pairs were irradiated with nominal dose of 12 kGy. 
In the second experiment, the alanine dosimeters were irradiated by 60Co laboratory 
source [5] of about 1012 Bq activity. The dosimetry at the source was done by 
Fricke solution. Four alanine pellets were placed in polystyrene vial. Dosimeters in 
vials were irradiated with doses between 5 - 30 kGy and each dose was repeated 
three times.  
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The absorbed doses were measured by the oscillotitrator OK – 302/2 for 
ECB dosimeters, while the alanine dosimeters were measured by MiniScope 
MS300 ESR spectrometer using Aer’EDE Version 2.0.4. software for dose 
calculation. The measurements were repeated each day for five days after 
irradiation. 

Results and Discussion  
The results of absorbed doses measured by oscillotitrator and ESR spectrometer are 
compared for the pairs of alanine and ECB dosimeters. The differences in all 
examined pairs are less then 2% for 25 kGy nominal dose. For 12 kGy nominal 
dose the difference is slightly higher. This is expected since the calibration curve 
residuals for ECB dosimeter have the same trend [6], with the relative error being 
higher when the measured value decreases. 
The results of measurements of alanine dosimeters that were repeated each day for 
five days after irradiation were analyzed. They can give us the information of 
homogeneity of alanine in dosimeter pellets. Aer’EDE Version 2.0.4. software 
calculates absorbed dose taking into account the correction factor of spectrometer 
variation during measurements using reference dosimeter. The standard deviation 
of reference value is 1.4% for all measurements. This value can be attributed to 
standard uncertainty due to instability of instrumentation. 70% of measured 
dosimeters showed the standard deviation of absorbed doses in this range. 91 % 
dosimeters have standard deviation of absorbed doses up to 2% and 9 % of 
measured dosimeters standard deviation between 2 % and 3 %. As the greater part 
of dosimeters has standard deviation near the midpoint, the standard uncertainty 
due to difference in homogeneity of alanine in dosimeter pellets is determined as 
type B [1] and the value is 1.2%. 

The results of absorbed dose measurements of alanine dosimeters 
irradiated by laboratory source are presented in Fig.1. It is obvious that the 
standard deviation for all measurements is up to 3 % with no dose influence. In this 
case, the standard deviations of measured absorbed doses were calculated using 4 
pellet dosimeters, so beside the homogeneity of alanine in pellets there is the 
difference in mass of dosimeters. The standard uncertainty is determined as type A 
[1]. The obtained value of 1.5% is the total uncertainty. As the total uncertainty is 
the square root of the sum of the squares of the individual components, it is 
obvious that 0.2% standard uncertainty in mass gives rise of up to 1% standard 
uncertainty due to the difference in mass of dosimeter pellets. The uncertainty due 
to the difference in mass of dosimeter pellets is in very close connection with the 
measurement parameters of ESR signal. When the measurement parameters are 
adjusted to give us high intensity of ESR signal (in this case modulation amplitude 
was 6 G and the noise was reduced by 5 passes), i.e. the highest measurement 
sensitivity, the value of uncertainty due to difference in mass of dosimeter pellets 
was also the highest. If the sensitivity of measurement is less it is more difficult to 
detect the difference in mass. However, the total uncertainty of measurement is not 
getting smaller by reducing the sensitivity of measurements, since the uncertainty 
due to instability of instrumentation increases. 
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Figure 1. The relative dose response versus the absorbed dose. The error bars represent the 
standard deviation. 

Conclusion 
The uncertainty due to dosimeter itself can be determined by observing the 
absorbed dose measurements during the actual use of dosimeter in radiation 
processing. The total uncertainty of Aérial L-alanine pellet dosimeter is 1.5%. The 
components of this uncertainty are the uncertainty due to homogenity of alanine in 
dosimeter pallets (1.2%) and uncertainty due to difference in dosimeter mass from 
the same batch (1%). 
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