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source for internal calibration at known doses 
determined by Fricke dosimeter(12). The ESR 
measurement parameters were: center field 
334.8 mT; modulation amplitude 0.6 mT; 
microwave power 10 mW; magnetic field 
sweep width 2.1 mT; sweep time 12 s; scan 
number 5; gain 2; Phase 180. The serial 
interfaces directly capture the reading 
parameters of the dosimeters as Hpp-signal 
from spectrometer and software calculates Sn 
as  ܵ݊ = ୌ୮୮୫                                                            (1) 

where Hpp is the peak –to-peak height of the 
dosimeter ESR signal, and m is the dosimeter 
weight in milligram. The calibration curve 
coordinates absorbed dose to Rc value given 
by: ܴܿ = ܵ݊ ݇௥௣௘ ݇௠ (1 + ( ௘ܶ௧௔௟ − ௜ܶ)்݇)          (2) 

Sn – dosimeter response 

krpe – correction factor of ESR spectrometer  

km - correction factor of spectrometer 
variation during measurement period 
(assuming that this variation is linear)  

Ti – temperature of dosimeter irradiation  

Tetal – main irradiation temperature of 
reference dosimeter 

kT – temperature correction factor  

The software chooses automatically the best 
polynomial fit with RMS, F-value and r2 
criteria. Calibration parameters are directly 
stored under a data base to be available for 
absorbed dose measurements without any 
transcription error. 

3. RESULTS AND DISCUSSION 

Vertical dose distribution just in front of the 
central part of the source plane is presented in 
Fig.2. The dose distribution shows a small local 
minimum in the center of the source, because 
source rods are placed in the frame at two 
vertical levels. Absorbed dose maximum is at 
90 cm and 120 cm distance from the bottom of 
the box carrier. The position at 90 cm from the 
bottom of the box carrier was chosen for 
alanine dosimeters irradiation since it was the 
most convenient for placing dosimeters. The 
place with dose rate maximum was also chosen 
to maximize the sensitivity of absorbed dose 
measurements by alanine dosimeters. Since 
the dose rate maximum is at this place, it is 
expected that it can only be lower during 
source transit. In the same time, it is expected 
that the dose rate increases at the bottom of 

the box carrier, but the upper limit is the 
maximal dose rate measured at the selected 
distance from the source. The maximal 
increase in dose rate corresponds to the 
decrease at the place of maximum dose rate 
during source transit and this is the main 
reason for choosing this place for further 
measurements.   
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Fig. 2 Vertical dose distribution at a distance of 
approximately 7 cm from the central part of the source 

plane, as measured by ECB dosimeters 

Fig.3. presents the absorbed dose measured 
by alanine dosimeters at 90 cm vertical 
distance from the bottom of the box carrier 
and approximately 7 cm from the central part 
of the source plane as a function of irradiation 
time when the source transit is included in 
measurement of irradiation time. The function 
is linear, as expected. It is obvious that the 
dose rate in this place is 287 Gy/min, which is 
17.2 kGy/h. The same result was obtained by 
ECB dosimeters (Fig.2.). 

The function presented in Fig.3. is 
extrapolated to zero time and under. The 
absorbed dose for zero time actually represents 
the absorbed dose during source transit in the 
place of alanine dosimeters. As the time of 
source transit is included in irradiation time, 
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the absorbed dose in selected place has to be 
less during source transit than without it when 
the source is in position for irradiation and the 
dose rate value is constant (287 Gy/min). This 
is a reason why the sign of absorbed dose is 
negative in Fig.3.  
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Fig. 3 Absorbed dose at a distance of approximately 7 cm 
from the central part of the source plane and 90 cm 

vertical distance from the bottom of the box carrier versus 
irradiation time, as measured by alanine dosimeters 

The graphical extrapolation to zero time 
gives the result of 154 Gy absorbed dose during 
process interruption in the nearest place of 
irradiated product with regard to the source, 
where the influence of source transit to 
absorbed dose is the most. This value of the 
absorbed dose is the upper limit of the 
influence of one irradiation interruption to 
radiation sterilization process. It can be said 
that the effect of one process interruption to 
absorbed dose in irradiated product is not 
greater than 154 Gy when the source activity is 
5.41 x 1015 Bq in the Radiation Plant in Vinča 
Institute. Knowing that the sterilization dose is 
25 kGy, the influence of process interruption is 
not greater than 0.004%, i.e. it is negligible. 
Compared with the uncertainty of irradiation 
process which is ±3.5%(13), the number of 
process interruptions should be more than ten 
to be noticed in direct measurements of 
absorbed dose in sterilization process. 

It should be noted that the time of source 
transit can be determined using the linear 
regression extrapolated to the x axis presented 
in Fig.3. The absolute value of the x intercept is 
the equivalent of the transit time.  In this case 
the transit time is 32s. 

In conclusion, the above-described method 
allows the determination of absorbed dose 
during source transit and its effect of process 
interruption by graphical extrapolation to zero 
time of irradiation, as presented in Fig.3. For 
this method it is important to determine the 
position of the dose rate maximum at the 
selected distance from the source.  
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