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Abstract. The study confirms the impact of aluminum plates added in 5-10 MeV electron irradiation method on dose 
uniformity of a spherical object. It was found that the maximum dose uniformity throughout a spherical volume can 
be achieved in computer simulation by varying the initial electron energy from 5 to 10 MeV and modifying the 
thickness of aluminum plate from 3 to 5 mm. 
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1. INTRODUCTION 

These days radiation technologies are applied in a 
wide range of areas, including irradiation therapy and 
medical diagnostics, sterilization in transplantology 
and pharmaceutical industry, as well as irradiation 
treatment of chemical substances and foods.  

It's a common trend to use electron accelerators for 
irradiation of organic and non-organic objects [1] since 
the dose range absorbed by the irradiated object and 
the processing rate during electron irradiation are 
higher to compare with radioactive sources, such as 
60Co and 137Cs [2]. However, it may be difficult to 
ensure dose uniformity in objects thicker than 4 cm as 
a result of a low depth of penetration in irradiation 
with the electron energy lower than 10 MeV. 

Dose uniformity is the ratio between the minimum 
and maximum values of absorbed dose throughout the 
irradiated volume. While the majority of medical tools 
require the dose uniformity of around 0.5, foodstuffs, 
including chilled and processed meat and fish, fruits 
and vegetables, call for a higher dose uniformity of at 
least 0.8 [3] - [6].  

Nonuniformity of the absorbed by the object dose 
distribution can be caused by nonlinear electron dose 
distribution or uneven distribution of objects in the 
package, complex geometry as well as structure, 
chemical composition and density of irradiated objects. 

It is possible to increase the uniformity of the dose 
distribution by treating the objects with electrons of 
different energy in several irradiation sessions [7]. 
However, repeated irradiation increases the time of 
treatment, which is undesirable for the objects that 
have to be stored in cooling chambers. Therefore, it is 
important to develop a method which would allow to 

increase the uniformity of the dose distribution in 
irradiated objects of complex geometry in one 
irradiation session. 

The study focuses on a method for increasing dose 
uniformity in spherical objects using aluminum plates 
during electron irradiation treatment. 

2. MATERIALS AND METHODS 

The simulation method used in the study provided 
for bilateral irradiation of spherical water phantom 
with the diameter of 4.6 cm and the density of 1 g/cm3 
with the toolkit Geant4. The phantom was irradiated 
with 5 – 10 MeV electrons. The electron source was a 
5 cm square located 2.5 cm away from the phantom. 

 

Figure 1. The bilateral irradiation method involving 
simulation of 4.6 cm diameter spherical water phantom, 

irradiated with electrons, with aluminum plates on both sides 
of the phantom 
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Figure 1 shows the electron irradiation method with 
3-5 mm thick aluminum plates and without them. The 
initial direction of electron flow was parallel to OZ axis 
of coordinate system in the center of the sphere. 

Computer simulation involved a cube with the edge 
of 4.6 cm which was split into 40 х 40 х 40 cells and 
had the same center as the spherical water phantom 
(Fig. 1). Each i cell was estimated as a sum of energies 
Ei absorbed in i cell as a result of the electron 
interaction with the matter contained in the i cell to 
determine the absorbed dose distribution in the water 
phantom. The simulation also determined E2

i values 
and the number of interactions Ni in i cell. 

The simulation allowed to estimate the dose 
absorbed by each cell and standard deviation to assess 
absorbed dose error: 
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 is the sum of energies lost in i cell, Ni 

is the number of events in i cell, and mi is the mass of i 
cell,  = ij

N

j Ei 2

1
 is the sum of E2

i values in i cell.  

The uniformity of dose distribution in the water 
phantom irradiated with electrons was estimated as 

max

min

D

D
K =

 where Dmin and Dmax are the minimum and 

the maximum dose values observed in the water 
phantom. The surface cells which were partly filled 
with water were not taken into account. 

The irradiation uniformity coefficient (was 
compared for different scenarios with and without 3, 
4 and 5 mm thick aluminum plate for 5 - 10 MeV 
electron energy. 

3. RESULTS AND DISCUSSION 

Table 1. K values for different irradiation configurations. 

Irradiation 
configurati

on 

Without 
a plate 

3mm 
thick 
plate 

4mm 
thick 
plate 

5mm 
thick 
plate 

5 MeV     
6 MeV     
7 MeV     
8 MeV     
9 MeV     

10 MeV     

As it can be seen from Table 1, increasing electron 
energy from 5 to 10 MeV causes the dose uniformity in 
the water phantom to rise from 0.335 to 0.641. The 
standard deviation of K did not exceed 0.5% from each 
value. 

Including an aluminum plate in 5-10 MeV electron 
irradiation significantly increased the uniformity 
coefficient (K). For the electron energy 5 MeV the 
coefficient (K) decreased with the increase in plate 

thickness. Including a 3 mm aluminum plate in 6 MeV 
electron irradiation raised K value to 0.658, which is 
2 times higher than irradiation without a plate. When 
an aluminum plate was integrated in the irradiation 
with 7 MeV and 8 MeV electrons, the coefficient (K) 
went up with the increase in plate thickness ranging 
from 3 mm to 5 mm. For the electron energy 9 MeV the 
maximum value of K = 0.567 was registered when a 
5 mm aluminum plate was added, while the addition of 
a 3 mm plate during 10 MeV electron irradiation 
brought the coefficient (K) up to 0.649. 

Overall, adding a 5 mm aluminum plate in 7 MeV 
irradiation raised K value to 0.714, which is the 
maximum uniformity achieved for 5-10 MeV electron 
irradiation of spherical water phantom with the 
diameter of 4.6 cm. 

Including aluminum plates in the electron 
irradiation method modifies the initial monoenergetic 
spectrum towards lower electron energies, shortening 
their path in the water phantom, which causes the 
absolute value of the minimum absorbed dose to 
decrease. The coefficient (K’) was introduced to assess 
the impact of the added aluminum plate on the 

minimum absorbed dose as 

min

min'
D

D
K

plate

= , where 
plateDmin  

is the minimum absorbed dose with a plate of different 
thickness, Dmin is the minimum absorbed dose without 
a plate. 

Table 2 shows the coefficient (K’) for different 
configurations with and without 3, 4 and 5 mm thick 
aluminum plate for 5 - 10 MeV electron energy. 

Table 2. K’ values for different irradiation configurations. 

Electrons 
energy, MeV 

3mm 
thick 
plate 

4mm 
thick 
plate 

5mm 
thick plate 

5 MeV    
6 MeV    
7 MeV    
8 MeV    
9 MeV    
10 MeV    

 

As it can be seen from Table 2, adding aluminum 
plates in 6-8 MeV irradiation increased the absolute 
minimum absorbed dose by 8.1 – 31.3% while for the 
electron energy 9 MeV and 10 MeV the absolute 
minimum absorbed dose decreased by 2.6% and 10.4% 
respectively. 

Thus, a 5 mm aluminum plate added in 7 MeV 
electron irradiation of spherical water phantom with 
the diameter of 4.6 cm increased the dose uniformity 
up to 71.4% which could not be achieved for irradiation 
without plates. At the same time, adding the plate 
decreased the absolute minimum absorbed dose by 
10%. 

4. CONCLUSION 

Adding aluminum plates in electron irradiation 
method allow to increase the dose uniformity of a 
spherical object. It is possible to achieve the maximum 



S. Zolotov et al., Spherical objects irradiation dose uniformity, RAP Conf. Proc., vol. 7, 2022, 1–3 
 

 3 

dose uniformity throughout a spherical object by 
varying the initial electron energy and the thickness of 
aluminum plate in simulation. 

Acknowledgements: This work was supported by 
the Russian Science Foundation (Grant No. 22-63-
00075) for Lomonosov Moscow State University. 

REFERENCES 

1. T. Kume, S. Todoriki, “Food Irradiation in Asia, the 
European Union and the United States: A Status 
Update,” Radioisotopes, vol. 62, no. 5, pp. 291 – 299, 
May 2013. 
DOI: 10.3769/radioisotopes.62.291 

2. А. С. Алимов, “Практическое применение 
электронных ускорителей,” Препринт НИИЯФ 
МГУ но. 2011-13/877, 2011. 
(A. S. Alimov, “Practical application of electron 
accelerators,” Preprint MSU SINP no. 2011-13/877, 
2011.) 
Retrieved from: 
http://www.sinp.msu.ru/ru/preprint/8277 
Retrieved on: May 10, 2021 

3. Statement Summarizing the Conclusions and 
Recommendations from the Opinions on the Safety of 

Irradiation of Food adopted by the BIOHAZ and CEF 
Panels, vol. 9, no. 4, EFSA, Parma, Italy, 2011. 
DOI: 10.2903/j.efsa.2011.2107 

4. Н. Н. Исамов и др., “Применение радиационных 
технологий для обеспечения безопасности 
продуктов животного происхождения,” Все о мясе, 
но. 1, стр. 11 – 15, 2017. 
(N. N. Isamov et al., “Using radiation technologies to 
provide safety of foods of animal origin,” All about 
meat, no. 1, pp.  11 – 15, 2017.) 

5. А. Н. Павлов и др., “Технологический процесс 
радиационной обработки пищевой продукции и 
дозиметрическое обеспечение,” Радиационная 
гигиена, том 13, но. 4, стр. 40 – 50, Декабрь 2020. 
(A. N. Pavlov et al., “Technological process of food 
irradiation and dosimetric support,” Radiat. Hyg., 
vol. 13, no. 4, pp.  40 – 50, Dec. 2020.) 
DOI: 10.21514/1998-426X-2020-13-4-40-50 

6. U. A. Bliznyuk et al., “Computer simulation to 
determine food irradiation dose levels,” IOP Conf.  
Ser.: Earth Environ. Sci., vol. 365, 012002, 2019. 
DOI: 10.1088/1755-1315/365/1/012002 

7. R. B. Miller, Electronic Irradiation of Foods: An 
Introduction to the Technology, 1st ed., New York (NY), 
USA: Springer, 2005. 
DOI: 10.1007/0-387-28386-2 

 

 
 
 

http://www.sinp.msu.ru/ru/preprint/8277

