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ABSTRACT

Fluorine-18 used in PET/CT scans is a radioactive isotope that emits positrons, and high energy annihilation
gamma rays and beta rays cause exposure to radiation workers. In this study, as part of a plan to reduce the
exposure dose of radiation workers working in the Department of Nuclear Medicine, the cause of the low
shielding efficiency of Apron for F-18 was identified, and the effectiveness of the Apron double-shielded with
acrylic was evaluated. L-Block, Aprontacrylic, Apron, AcrylictApron, and Acrylic five shields are used to
measure the dose, and the tendencies were compared by performing a Monte Carlo simulation. As a result, it was
found that the shielding rate of Apron double shielded with acrylic was about 4 to 8% higher than that of Apron
single shielded. To the extent that it does not significantly affect the user's activity, double-shielded personal
protective clothing with an appropriate acrylic thickness could help reduce radiation workers’ exposure.
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Fig. 1. Distance between source and shield and subject
during manual distribution work.
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Fig. 2. A syringe containing a radiation source on top
of bipod assembly mount.

Froz A9 29 A= Fig. 33 2o 5 mm
23} 0.5 mmPb Aprons ©]-83}FSith

A, 7+ A A S GEo 7 ALEsa T HAZ,
walel ApEAS soEy] s olade
F2sta o) % Apvste] A s}

MJ mz

o}
kil
A5
Apron %, FH
Sk
BT, SoAd mE AFEAe TS @
e15}7] €3l 50 mm L-Blocks 83
42 5 ThermoAle] 317}
Apasg o, AEA
Q1 AFFE Table 17} .

W

ol

\

'
—

Fig. 3. Radiation Shields established in consideration
of the possibility of Bremsstrahlung.
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Table 1. Specification of dosimetry device

Dosimetry deivce

specification Area monitor Personal dosimeter
Fisher 40G-L 10 TruDose BG
Hp(10)
Measurement 500 nSv/h to 100 1 uSv/ to = 10 Sy
range mSv/h Hq(0.07)
500 uSv to 10 Sv
Linearity error + 10% + 10%
Type Proportional Counter Multiple PIN diode
Detected
radiation Xy B.v
realtime dosimetry,
Me;s;ﬁe;gent realtime dosimetry accumulated dose
dosimetry
Manufacturer Thermo(Germany) Thermo(Germany)
Calibration June, 2020 June, 2020
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Fig. 4. Spatial dose rate measurements by radiation
shield.
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Fig. 5. Cumulative dosimetry by radiation shield.
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1.8 cm

Fig. 6. A syringe containing a radiation source.

Shield: 5 em L-block

Air
a) 20 em Wem
8 > * Point of interest
F-18 Source
Shield: 0.5 cm Acrylic
Air
(b) 20 em 20 em
8_ > +_ Point of interest
F-18 Source N
Shield: 0.05 ¢m Pb
Air
(e) 20 cm 20 ¢cm
| } + ) Paint of interest
F-18 Source I
Shield: 0.5 cm Acrylic + 0.05 cm Pb
Air
(d)

() Point of interest

B 20 cm 20 cm

F-18 Source

Shield: 0.05 cm Ph + 0.5 cm Acrylic

Air
(e) B 20 cm 20 cm

F-18 Source j

Fig. 7. The Geometries used in MCNP simulation by
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Table 2. Shielding rate calculated using spatial dose rate

N 2+ X 24 0 244 &
(uSv/h) (uSv/h) (%)
L-Block 10 11221 £ 252 006 = 0.04 99.50
Acrylic 10 11242 =293 101.50 + 4.25 9.71
Apron 10 11097 321 9491 + 4.05 14.4
ff{y“" 10 11231 £279  90.17 + 226 19.69
pron
/jfm“,* 10 112.43 + 1.63 92.94 + 1.4 17.32
crylic
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Fig. 8. Comparison of shielding rates by spatial dose
rate.
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Table 3. Shielding rate calculated using cumulative dose

N 25 X 24 0 219 &
(uSv) (uSv) (%)
L-Block 10  109.02 + 0.75  0.18 = 0.02 99.84
Acrylic 10 10976 + 156 104.63 + 0.58 4.66
Apron 10 109.96 + 1.06 10443 + 0.73 5.02
Acrylic 16 10956 + 138 100.28 = 0.99 8.46
e . . . . .
Apron +
Pront 10 10928 £ 124 10059 £ 166 7.94
crylic

= XHo  —weiE

120 9984 100

=B M Bhepsv)
1S (%)

L-Bock Acrylic+ Apron Apron+ Acrylic Apron Acrylic
Shielding Material

Fig. 9. Comparison of shielding rates by cumulative dose.

3. MonteCarlo Simulation Result
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Fig. 10. Dose rate according to the shielding materials.
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