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Investigation of dose distribution inside Lo Ren Star apple irradiated
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Tom tat

Investigation of electron absorbed dose distribution inside a Lo Ren star apple irradiated by 10 Mev electron beam has
been performed based on Monte Carlo simulation using the MCNP4c code. Dose uniformity ratio (DUR) inside the Lo
Ren star apple has also been evaluated and optimized using additional medium density fiberboards (MDF) outside the
carton box. The DUR inside the fruit without using the additional MDF boards was estimated of about 2.47, which is
excessively high for fruit irradiation compared to a desirable value of less than 1.5. By optimizing the arrangement and
thickness of the MDF boards, the DUR inside the fruit can be reduced to about 1.42. This is a desirable value for fruit
irradiation.
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Abstract

Nghién ctu khao sat phan b6 liéu hép thu trong trai vt stta Lo Rén chiéu xa béng chum dién tir 10 Mev duogc thuc hién
bang cac md phong Monte Carlo st dung chwong trinh MCNP4c. Hé s6 dong déu cua lidu hap thy (DUR) trong trai va
sita Lo Rén ciing duoc khao sat va tdi wu hoa thong qua viée st dung cac tim chin MDF. Két qua cho thay hé sé DUR
bén trong trai vi sita khong st dung cac tam chén MDF la khoang 2.47, kha lon dé ap dung cho chiéu xa trai cay so vdi
gia tri mong mudn duéi 1.5. Théng qua viéc t01 uu cach sap x&p va kich thude cua cac tdm chin MDF, hé s6 DUR c¢6
thé giam xudng 1.42. Pay la gia tri mong mudn trong chiéu xa thyc phdm phuc vu xuat khau.

Tir khéa: Va sita Lo Rén; hé sb dong déu lidu hap thu; chum dién tar.
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1. Introduction

Star apple, one of the agricultural specialties
of the Mekong Delta in Southern Vietnam, is
being favored in both domestic and
international markets. A mature Lo Ren star
apple has an average mass of 200-300 g and the
diameter of about 5-7 cm. The quality of Lo
Ren star apples can only be preserved for 3-5
days after harvest in ambient conditions [1] [2].
Therefore, it is a challenge to preserve the
quality of the fruits long enough after harvest
for the exportation activity. lonizing irradiation
using gamma ray, electron beam or X-ray is a
powerful technique to lengthen the postharvest
life of fruits by preventing the growth of living
organisms [3] [4] [5]. The effect of irradiation
depends on the absorbed dose. For instance,
irradiation dose greater than 1.0 kGy can
prevent the fungal infection. The doses in the
range of 1.0-10 kGy reduce microbial loads on
food. The doses from 10 to 25 kGy kill most of
fungi and bacterial pests. While doses higher
than 25 kGy sterilize medical equipment,
hospital food and pet food [5]. However, the
dose greater than 600 Gy could reduce the
quality of the fresh fruits, e.g. sensory quality
of odor, flavor, appearance and vitamin content,
while higher doses would cause more damage
[5] [6] [7]. According to APHIS 2016, the
exported fruits from Vietnam are required to be
irradiated at a minimum absorbed dose of 400
Gy using one of the three irradiation sources
[8]. Therefore, it is desirable to irradiate the
fruit by a minimum dose of 400 Gy, whereas
the maximum dose should be lower than 600
Gy to preserve the fruit quality. This means that
the dose distribution inside the fruit should be
kept uniform, and the dose uniformity ratio
(DUR), which is defined as the ratio of highest
to lowest doses inside the product, should be
lower than a desirable value of 1.5.

The present work aims at investigating the
absorbed dose distribution inside the Lo Ren star
apple irradiated by double-sided electron beam
based on Monte Carlo simulations using the
MCNP4c code. Since the size of the Lo Ren star
apple is quite small (diameter of 5-7 cm)
compared to a desirable value of about 9.6 cm
used for food products irradiated by 10 Mev
lectron beam, the dose distribution inside the fruit
would be nonuniform, and the DUR would be
excessively high. To treat the nonuniformity of
dose distribution, the use of wooden boards, i.e.,
medium density fiberboards (MDF), arranged
outside of the carton box of the fruits has been
proposed. Monte Carlo simulations have been
conducted to optimize the arrangement and the
thicknesses of the MDF boards in order to
minimize the DUR inside the fruit.

2. Materials and methods
2.1. UERL-10-15S2 linear accelerator

The UERL-10-15S2 linear accelerator
supplied by Corad Service Ltd, Russia is a
common system used for industrial irradiation
applications of foods, fruits and medical devices,
etc [9]. This facility was equipped at Research
and Development Center for Radiation
Technology in 2012 for generating 10 MeV
electron beam with the intensity of 1.5 mA. The
maximum power of the EB is 15 kW. Fig. 1
depicts the cross-sectional view of the UERL-
10-15S2 linear accelerator. The system consists
of double-sided EBs from upper and lower sides.
The irradiated products are transported by a
conveyor system. The irradiation dose for
specific purposes can be controlled by setting up
the operation parameters. In particular, to
produce the irradiation dose of 400 Gy of each
beam, the system was set up at pulse beam
frequency of 35 Hz, scan width of 500 mm,
conveyor speed of 0.85 m/min and time duration
for each pulse of 4 ps.
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1 - Accelerating structure (diaphragmatic waveguide);
2 - Chamber of a scanning electromagnet;

3 - Chamber of banding and scanning electromagnet;
4 - Electron beam canal;

5 - Scanning electromagnet;

6 — Banding and scanning electromagnet;

7 - Bending electromagnets;

8 - A box with irradiated products;
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9 - The conveyor dragging irradiated boxes through
ribbons electron beams;

10 - Electron gun pulse transformer;

11 - Electron gun;

12 - Ferrite isolator (circulator);

13 - 16 - lon pump;

17 and 18 - Magnetic induction sensors of beam current;

19 - Beam stops.

Fig. 1 Cross-sectional view of the UERL-10-15S2 electron beam facility.

2.2. Monte Carlo simulation

Monte Carlo simulations have been
performed using the MCNP4c code to design
the arrangement of the MDF boards to treat the
nonuniformity of the absorbed dose distribution

inside the fruits [10]. The simulations aim at
optimizing the arrangement of the MDF boards
to reduce the DURs to lower than a desirable
value of 1.5. The parameters considered in the
design process include the number and
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thickness of the MDF boards and their
arrangement outside the carton box. Fig. 2
displays the arrangement of the MDF boards
selected to treat the nonuniformity of the
absorbed dose distribution inside the Lo Ren
star apple irradiated by double-sided electron
beam. Then, the design parameters which need
to be surveyed are D1, D2, D3, R1 and R2 as
shown in Fig. 2. In the MCNP4c simulations,
the number of particle history was chosen as
2.7x10° to obtain the statistic error of the
calculated absorbed dose rate within 2%.

e e

Fig. 2 Model of the Lo Ren star apple with MDF boards
using MCNP4c code.

3. Results and discussion

3.1. Dose distribution inside the fruit without
MDF boards

Monte Carlo simulation has also been
conducted for the Lo Ren star apple irradiated
by double-sided electron beam without the use
of MDF boards to investigate the absorbed dose

distribution inside the fruit. Fig. 3 shows the
absorbed dose distribution inside the Lo Ren
star apple without the MDF boards. The
absorbed dose distribution inside the Lo Ren
star apple is relatively nonuniform with high
values inside of and on the surface of the fruit.
The highest dose is about 1011 Gy is found at
the surface of the fruit. This value corresponds
to the DUR of about 2.48. Compared to a
desirable value of 1.5, the DUR of 2.48 is
considerably high for fruit irradiation. Thus, a
treatment of dose nonuniformity is necessary in
the irradiation of the star apple.
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Fig. 3 Dose distribution inside the Lo Ren star apple
without the use of MDF boards.

3.2. Dose distribution inside the fruits with the
use of MDF boards

In order to treat the nonuniformity of
absorbed dose distribution inside the fruit and
reduce the DUR, the use of MDF boards
arranged outside the carton box as shown in
Fig. 2 has been proposed. Table 1 summarizes
the design parameters of the MDF boards
selected from seven cases in this survey. Fig. 4
shows the absorbed dose distribution inside the
fruit obtained from MCNP4c simulation
corresponding to Cases 1-4 of the MDF
arrangement. The DURs are reduced to 2.02,
1.65, 2.05 and 1.96 corresponding to Cases 1-4
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of the MDF boards. Fig. 5 displays the same
quantity as in Fig. 4 but for Case 5-7 of the
MDF arrangement. It can be seen that the
absorbed dose distributions inside the fruits
become relatively uniform with the use of MDF
boards compared to that without MDF boards
as shown in Fig. 3. Fig. 6 depicts the
comparison of the DUR values obtained with
the seven cases of MDF arrangement. It can be
seen that the DUR is reduced from 2.48 to 1.42-
2.05 by using the MDF boards outside the
carton box. The lowest DUR value of 1.42 is
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found with Case 6 with the design parameters
presented in Table 1. The results indicate that
by using the MDF boards with the optimal
arrangement  designed by Monte Carlo
simulations, the nonuniformity of the absorbed
electron dose distribution inside the fruits can
be treated effectively. The DUR value of 1.42
for the Lo Ren is less than the desirable value
of 1.5.

Table 1: Summary of the design parameters
of the MDF boards.

Case D1 (cm) D2 (cm) D3 (cm) R1 (cm) R2 (cm) DUR
1 0.4 0.8 0.8 2.3 3.8 2.02
2 0.8 0.8 0.8 2.3 3.8 1.65
3 0.8 0.8 1.2 2.3 3.8 2.05
4 0.8 0.8 1.2 2.3 4.2 1.96
5 0.8 0.8 1.2 2.3 4.6 1.79
6 0.8 0.6 1.6 2.3 4.6 1.42
7 1.0 0.8 0.8 2.3 4.6 2.03
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Fig. 4 Absorbed electron dose inside the star apple with seven models of MDF boards.
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Fig. 5 Absorbed electron dose inside the star apple with seven models of MDF boards (continued).
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Fig. 6 DURSs inside the Lo Ren star apple obtained from MCNP4c simulations.

4. Conclusions

Investigation of the absorbed dose
distribution inside the Lo Ren star apple
irradiated by 10 MeV electron beam has been
conducted based on Monte Carlo simulations.
The Lo Ren star apple with the diameter of 5-7
cm were assumed to be irradiated by the
double-sided electron beam. The DUR of the
absorbed dose inside the fruit is estimated of
about 2.47, which is excessively high for fruit
irradiation. In order to flatten the absorbed dose
distribution and reduce the DUR to lower than
1.5, it is proposed to use additional MDF
boards outside the carton box. The arrangement
and thicknesses of the MDF boards have been
surveyed and optimized based on the MCNP4c
simulations. The results show that by
optimizing the arrangement of the MDF boards,
the nonuniformity of the absorbed electron dose
distribution inside the fruits can be treated
effectively. The DURs can be reduced to about
1.42. This wvalue is desirable for fruit
irradiation.
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