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ABSTRACT

Apron is one of the radiation shields, generally
the apron used in radiodiagnostic installations is
made of lead. However, lead aprons have
disadvantages such as toxicity and relatively
heavy weight. Therefore, it is necessary to
innovate apron materials that are better than
lead. This research was conducted by modelling
an apron made of Bi,O; with polyvinyl chloride
as a coating and Pb as a standard apron. The
used energies are 60, 90 & 120 keV for X-rays,
662 keV for Cs-137 (gamma ray), and 1173 and
1333 keV for Co-60 (gamma rays). The
thickness of the radiation barrier is from 0.5 to 4
cm, and the distance of radiation source and
detector is 45 cm. Bi:O; apron geometry
modelling was carried out using the MCNPX
program. The modelling results show that at X-
ray energy of 60 keV, the Bi»O; apron can
replace the Pb apron at a thickness of 1 cm to 4
cm. While at X-ray energy of 90 keV, the Bi»Os
apron can replace the Pb apron at a thickness of
2.5 cm to 4 cm, and at X-ray energy of 120 keV
Bi:Os apron can replace the Pb apron at a
thickness of 1,5 cm to 4 cm. From these results
it can be seen that the technology apron made
from Bi»O; with polyvinyl chloride as a coating
with a certain thickness can be a non-lead
radiation shielding material that is more
environmentally friendly. But at the gamma
energy of Cs-137 of 662 keV. Co-60 of 1173
keV and 1333 keV, Bi,0O; apron cannot replace
Ph apron because the absorption of gamma rays
is smaller than the absorption of X-rays.

Keywords: Bi>O; apron, X-ray attenuation,
Gamma ray attenuation, MCNPX

INTRODUCTION

Currently, radiation using gamma
rays and X-rays are widely used for the
diagnosis and treatment of various diseases
in medical physics, so radiation workers are
at risk of receiving higher amounts of
radiation exposure. A dose limit for
radiation workers so radiation shields are
needed for radiation protection. Protecting
the body from the harmful effects of
ionizing radiation in particular regulating
and controlling exposure to ionizing
radiation is one of the goals of radiation
protection. To achieve this goal, it is
mandatory to apply radiation protection
requirements which include justification,
dose limitation, and optimization of
radiation protection and safety. As know
that to reduce radiation exposure, there are
somethings to do, the time of exposure, the
distance from the radiation source, and
shielding from radiation. The most
important is shielding [1].

One of the radiation protection
devices is an apron. So far, the apron used
in radiodiagnostic installations is made of
lead. One of the disadvantages of lead-based
aprons is toxicity [2]. Some of the uses of
aprons in radiation protection by researchers
such as those carried out by Cheon [3] in
interventional pain management focused on
lead aprons and thyroid shields. Hyun [4]
explored the efficiency of protective lead
aprons. Livingstone [5] carried out the study
of Radiation-Protective Apron among
Interventionists in Radiology. Taniguchi [6]
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reported the use of effective shielding
materials in nuclear medicine.

This encourages research on the
exploration of alternative materials that can
be used as a comfortable apron material but
without leaving their protective function. In
previous studies, several researchers have
conducted research on the characterization
of materials using a Monte Carlo simulation
of lead-free and lead-free X-ray shielding
materials [7-10].

Bismuth has a high atomic number
(Z 83), high density (8.90 g/cm?), and an
atomic mass of 208.98 AMU, and also has
the capacity to interact with photons that
can be generated during X-ray and gamma-
ray emission processes. For radiation
shielding, metal elements that have a high
atomic number and high density can provide
protection against higher radiation exposure.
In Bi203, the total elemental bismuth in the
bismuth oxide component reaches 89% by
weight and therefore can increase the
efficiency of both X-ray and gamma-ray
protection compared to lead oxide.
Therefore, in this study, Bi2O3z was chosen
as the lead-free apron material.

The use of bismuth as a radiation
shield has been widely used. Mehnati [11-
12] assessed the effect of bismuth (Bi)
shielding on dose reduction and image
quality in computed tomography (CT).
Verma [13] synthesized bismuth oxide
(Bi2O3) nanoparticles for X-ray shielding
and antibacterial. Tijani and Al-Hadeethi
[14-15] performed the study of influence of
TeO; and Bi>O; on the shielding ability. The
use of bismuth is also studied for gamma
shielding application [16].

This research was conducted to
determine the effectiveness of an apron
made of Bi;O; with polyvinyl chloride
(PVC) as a coating. PVC coating is a
method often used to structure flexible
fabrics used in clothing. The fabric provides
strength and the PVC coating creates a
leather-like material.

METHODS AND MATERIAL

In this radiation barrier modeling
system, apron was formed into a slab. The
used material of apron as radiation shielding
in this study is apron made of BiO; with
polyvinyl chloride as a coating and Pb as a
standard apron. The used energies are 60, 90
& 120 keV for X-rays, 662 keV for Cs-137
(gamma ray), and 1173 and 1333 keV for
Co-60 (gamma rays). The thickness of the
radiation barrier is from 0.5 to 4 ¢m, and the
distance of radiation source and detector is
45 cm as shown in Figure 1. The study was
conducted with variations in the rate of
radiation dose without a radiation barrier to
determine the initial dose that comes out of
the radiation source. Then proceed with
measuring the dose rate using a radiation
shield. The radiation dose rate was
measured using a radiation detector placed
22.5 cm from the radiation barrier location.

The steps in apron modeling in this
study was carried out using the Monte Carlo
N-Particle  eXtended (MCNPX) by
designing geometry, then determine the
surface boundaries, and enter the required
material data along with the parameters to
be searched, then run, and calculate the
attenuation value using the material
absorption dose value.

Energy source

Shielding

Detector

Figure 1: Experiment set up modelling

RESULTS AND DISCUSSION
X-Ray Energy of 60 keV

The attenuation transmission value
can be calculated by comparing the intensity
that passes through the barrier with the
previous intensity (I/L,). At the X-ray energy
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of 60 keV, the transmission value is shown
in figure 2.

09 ;

0.7

06 = Bi 108 Apron
0.5

04

03 b Py Apron
0.2

0.1

0 :30-—0—0—0—0—0—0

0.0 05 10 15 2.0 25 3.0 35 40 45
Shielding thickness (cm)

Transmission (I/To)

Figure 2: Transmission value (I/L,) of X-ray energy of 60 keV
in shielding thickness variation

It seen that the transmission value of
the Bi»Os apron is slightly higher than the
transmission value of Pb apron due to the
absorption power of Pb is greater compared
to the absorption power of BixOs;. The
thicker the Bi>O; apron has a very small
difference in transmission value with Pb
apron. The calculation of the absorption
capacity of radiation shielding materials at
an X-ray energy of 60 keV is shown in table
L.

Table 1: Calculation of absorption at X-ray energy of 60 keV

Thickness Absorption of Bi,0O; | Absorption of Ph

(em) (%) (%)

0.50 9331 99.40
1.00 9836 09.96
1.50 9940 09.99
2.00 9993 100.00
2.50 99.97 100.00
300 9999 100.00
3350 9999 100.00
4.00 9999 100.00

It seen that the absorption power of
Bi:05 apron material is almost equivalent to
the absorption power of Pb apron, at a
thickness of 1 cm has a difference of 1.59%.
The thicker the apron, the higher the
absorption. So that at X-ray energy of 60
keV, Bi20; apron can replace Pb apron at a
thickness of 1 cm to 4 cm.
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Figure 3: Transmission value (I/L) of X-ray energy of 90 keV
in shielding thickness variation.
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Figure 4: Transmission value (I/L,) of X-ray energy of 120 keV
in shielding thickness variation.

Trend of the transmission value of
the Bi2O3 apron is slightly higher than the
transmission value of Pb apron, not much
different at the X-ray energy of 60 keV. The
similar trend is also seen for its the
absorption power (can be shown in table 2
and 3 respectively).

Table 2: The results of the calculation of absorption at X-ray

energy of 90 keV
Thickness Absorption ofBi;0; Absorption of Pb

{em) (%) (%)

0.50 75.88 99.81

1.00 89.28 99.99
1.50 9457 99.99
200 97.79 100.00
250 98.73 100.00
3.00 99.19 100.00
350 9946 100.00
400 99.64 100.00

Table 3: The results of the calculation of absorption at X-ray

energy of 120 keV
Thickness | AbsorptionofBi;0; | Absorption of Pb

X-Ray Energy of 90 keV and 120 keV (em) (%) (%)
050 8825 9835

At .X-Fay energy of 90 anc.l 12.0 keV, 50 9615 Y]

the transmission value is shown in figure 3 150 9851 9997
. : 200 9964 99.99

and figure 4 respectively. 5o 085 555
300 9992 100.00
350 9996 100.00
400 9998 100.00
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Gamma Ray Energy

The transmission of gamma ray
energy of Cs-137 of 662 keV, Co-60 of
1173 keV and Co-60 of 1333 keV are

shown in figure 5(a), 5(b) and 5(c)
respectively.
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Figure 5: Transmission value (I/I) in shielding thickness
variation for gamma ray energy (a) Cs-137 of 662 keV ; (b)
Co-60 of 1173 keV : (¢) Co-60 of 1333 keV

If the transmission value in X-ray
energy tends to be slightly higher, in this
gamma ray energy, the transmission value
of the Bi»O3 apron is much higher than the
transmission value of Pb apron in all of
energy. Likewise with the absorption power,
at this gamma ray energy Pb absorption is
also much greater compared to Bi»O3 due to
the different attenuation coefficients. The
difference of absorption for Bi>O; and Pb
apron at 0.5 cm thickness is about 9.2%. So

that the Bi»O3; apron cannot replace Pb
apron. The linear attenuation coefficient of a
material depends on the type of material.
The calculation of the absorption
power of radiation shielding materials at
gamma ray energy Cs-137 of 662 keV, Co-
60 of 1173 keV, and Co-60 of 1333 keV are
shown in table 4, 5 and 6 respectively.

Table 4: Calculation of the absorption power of gamma energy
for Cs-137 of 662 keV

Thickness Absorption of Absorption of
{em) Bi 0 (%) Pb (%)
050 17.70 2693
100 31.60 4492
1.50 4295 57 .80
200 5265 67.75
250 5981 7426
300 6495 T8 45
350 69.00 81.57
400 7231 84 .04

Table 5: Calculation of the absorption power of gamma energy
for Co-60 of 1173 keV

Thickness Absorption of Absorption of
{em) Biz0s (%) Pb (%)
0.50 1202 1659
1.00 2235 20.84
1.50 3153 40.83
200 39.80 50.36
250 4651 5753
3.00 51.75 62.71
350 56.12 6687
4.00 59.87 70.28

Table 6: Calculation of the absorption power of gamma energy
for Co-60 of 1333 keV.

Thickness Absorption of Absorption of
(em) Bix0s (%) Pb (%)
0.50 1117 1526
1.00 2090 27.73
1.50 2961 38.26
200 3759 4749
2.50 44.13 54.59
300 4931 59.82
350 53.66 64 08
400 5743 67.62

CONCLUSION

The simulated apron modeling using
MCNPX shows that the Bi2Os apron can
replace the Pb apron as simulated at X-ray
energies of 60, 90 and 120 keV. The apron
technology made from Bi>O3 with polyvinyl
chloride as a coating with a certain
thickness can be a non-lead radiation
shielding ~ material  that is  more
environmentally friendly. However, in these
simulations with gamma radiation sources
of Cs-137 of 662 keV, Co-60 of 1173 keV
and 1333 keV, Bi20Os apron cannot replace
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