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The purpose of this study was to evaluate the effectiveness of the radiation shield of
radionuclide syringes and the personal dose equivalent by performing a simulation of
radionuclides used in nuclear medicine diagnosis. In order to evaluate the dose depending on
the distance between the radiation source and the ICRU sphere against the thickness of the
shielding device, the distance at which a nuclear medicine worker may inadvertently come
into contact with radiation from the radiation source was set at 0 cm to 30 cm according to the
thickness of the shield, thus fixing the ICRU sphere. For a dose evaluation, Hp(10), Hp(3),
and Hp(0.07) measurable in specific depth of the ICRU were evaluated. It was found that a
dose measured on skin surface of nuclear medicine workers was relatively higher, that the dose
varied in relation to the thickness of the radiation shield, and that the shielding effect de-
creased for some radiation sources such as 7Ga and '!In. It proved necessary to increase
thickness of shielding device to the radiation sources such as ’Ga and 'In. It is also consid-

ered that a study of proper shielding thickness will be needed in future.
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INTRODUCTION

Nuclear medicine workers are commonly ex-
posed to radiation from radioisotopes and radio-
pharmaceuticals due to the nature of their job which
includes the compounding, distribution, and injection
ofradiopharmaceuticals [1]. For these reasons, studies
on reducing the amount of radiation to which nuclear
medicine workers are exposed have been conducted
continuously. The most popular radionuclide used for
diagnosis in the field of nuclear medicine is **™Tc but
various others including '8F, 1311, 1231, 20171, 7Ga and
Ty are used as well [2]. Each radionuclide has its
own unique combination of energy emission and
half-life, so the exposure dose that a nuclear medicine
worker may receive differs according to the different
physical characteristics of each radionuclide being
handled [3]. Accordingly, it is necessary to use proper
shielding devices with regard to the gamma-ray en-
ergy being emitted from the radionuclide used. Vari-
ous types of syringe shields used to reduce the expo-
sure dose to hands when transferring and injecting
radiopharmaceuticals have been developed and are
currently used commercially [4].

In some studies, it was reported that many nuclear
medicine workers of medical institutes actually did not
use any radiation shields because of discomfiture or in-
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convenience, or they felt that using them hampered
their work efficiency, so they often performed their
tasks overlooking radiation exposure to their hands. Al-
though the personal exposure dose of nuclear medicine
workers is measured quarterly with a calibrated per-
sonal dosimeter, doing so is restricted to measuring ex-
posure of the whole body rather than any specific ex-
tremities [5, 6]. In addition, the personal exposure dose
is different corresponding to the work environment of
each institute, skill of workers, and how the shielding
devices are used, which makes it difficult to be confi-
dent in the dosimeter for evaluating the personal expo-
sure dose by energy and direction dependency [7].
This study is intended to simulate the personal
dose equivalent depending on the thickness of a typi-
cal syringe shield used in a typical nuclear medicine
institute and a dose in accordance with distance when
injecting radiopharmaceuticals, thus providing basic
data about the effectiveness of shielding devices and
radiation protection of nuclear medicine workers.

MATERIALS AND METHODS

Monte Carlo simulation

The Monte Carlo simulation is a method of sim-
ulating the behavior of neutrons, photons, and elec-
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trons in various 3-D structures of materials to solve - Taom meeung
statistical problems by random sampling [8]. In this = 3 om
study, the simulation was performed using MCNPX 06 Cm—
(Ver.2.5.0) developed by the Los Alamos National 108 em

< ®  Radionuclide

Laboratory (N. Mex., USA).

The International Commission on Radiation
Units and Measurement (ICRU) has suggested opera-
tional quantities for the purpose of measuring or moni-
toring the effective dose. Among them, the personal
dose equivalent Hp (d), used for the purpose of personal
monitoring is defined as a dose equivalent to the depth
dose Hp(10), lens dose Hp(3), and skin surface dose
Hp(0.07) at 10 mm, 3 mm, and 0.07 mm depths from the
outer surface of the ICRU sphere [9]. The sphere is
30 cm in diameter; it has 1 g/cm’ of inner density and
comprises tissue-equivalent materials including oxy-
gen 76.2 %, carbon 11.1 %, hydrogen 10.1 %, and nitro-
gen 2.6 %. In this study, the existing sphere suggested
by the ICRU was simulated as shown in fig. 1.

A commercially available syringe shield that is
popularly used when injecting radionuclides for gen-
eral diagnosis of nuclear medicine uses a tungsten (W)
plate that is 1~2 mm thick, has an atomic number of 74
and a density of 19.25 g/cm’. In order to evaluate the
actual effectiveness of such a shield, the syringe shield
used in this study was formed from a tungsten cylinder
as shown in fig. 2 and simplified to place a uniformly
sized radiation source inside.

Dose assessment

The radionuclides used in this study included
mre, 121, 20171, ©’Ga, and "'In, with the energy and
occurrence rate of each radionuclide selected using ra-
diation source information as shown in tab. 1 [10].

o
Hp(0.07)

Hp(3)
Hp(10)

Figure 1. Simulated diagram of the ICRU sphere

Figure 2. Simulation of radionuclide and syringe shield

Table 1. Radionuclides data

99mTc I23I ZOITI 67Ga I]IIIl
140.5(0.89)159.0(0.83)| 68.9(0.27) | 93.3(0.37) 274.0(0.94)
18.4(0.04) | 27.5(0.46) | 11.8(0.11) |184.6(0.20)[173.0(0.08)
18.3(0.02) | 27.2(0.25) | 80.3(0.11) |300.2(0.16)
31.0(0.09) | 167.4(0.10)|393.5(0.05)

eangy 31.7(0.03) | 79.8(0.05) | 91.3(0.03)
(yield) 529.0(0.01)| 82.6(0.04) |209.0(0.02)
[keV] 11.9(0.04)

135.3(0.03)

13.8(0.02)

12.0(0.02)

11.6(0.01)

Half life) 6.01h 132h 2.8d 3.261d 2.8d

First, in order to evaluate how the dose changes
in relation to the thickness of the shielding device,
three thicknesses were chosen (non, 1 mm, and 2 mm)
and the distance between each radiation source and the
ICRU sphere fixed at 10 cm, which was defined as the
surface radiation dose in compliance with Korea
Atomic Energy regulations. Next, in order to evaluate
the dose depending on the distance between the radia-
tion source and the ICRU sphere against the thickness
of'the shielding device, the distance at which a nuclear
medicine worker may inadvertently come into contact
with radiation from the radiation source was set at
0 cm, the surface area, to 30 cm according to the thick-
ness of the shield, thus fixing the ICRU sphere. For
evaluating the dose, the dose of depth Hp(10), lens
Hp(3), and skin surface Hp(0.07) measurable to spe-
cific depths of the ICRU were evaluated. For Tally
specification cards, the absorbed energy per unit mass
[MeVg '] was obtained by using the F6 Tally and con-
verted to the personal dose equivalent when working
for one hour, considering 37 MBq (1 mCi) of radiation
activity for the same dose evaluation to each
radionuclide. In order to reduce the statistical error of
calculation below 3 %, the simulation was repeated
1-10° times.

RESULTS

Dose according to the thickness
of the shielding device

As a result of measuring the dose at a fixed dis-
tance of 10 cm between the radiation source and the
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Table 2. Dose according to thickness of syringe shield in injecting each radionuclide (unit: [pSvh’l])
Hp(10) Hp(3) Hp(0.07)
RN* NS° I mmW 2 mm W NS I mmW 2mmW NS 1 mm W 2 mm W
99m 8.688 0.191 0.005 9.543 0.196 0.006 10.06 0.200 0.006
1231 8.696 0.587 0.239 9.950 0.611 0.250 10.59 0.625 0.256
7 5.341 0.134 0.011 9.498 0.139 0.012 1542 0.143 0.014
Ga 11.83 3.965 2.124 12.41 4.156 2.220 12.68 4.247 2.266
"'n 18.51 8.532 3.992 19.50 8.946 4.166 19.95 9.142 4252

* RN (Radionuclides), and ® NS (Non syringe shield)

ICRU sphere to evaluate the dose according to the
thickness of the shielding device when injecting each
radionuclide, it was found that the depth dose
Hp(10) was 8.688 uSv/h for *Tc, 8.696 pSv/h for
121, 5.341 uSv/h for °'T1, 11.828 pSv/h for “’Ga, and
18.509 uSv/h for ''In when using no syringe shield.
When using 1 mm tungsten (typical of a commercially
available syringe shield), it was found that the depth
dose Hp(10) was 0.191 pSv/h for *™Tc, 0.587 pSv/h
for '*1, 0.134 pSv/h for *°'T1, 3.965 uSv/h for *'Ga,
and 8.532 uSv/h for ''In, and the effectiveness of the
shielding according to radiation sources was in order
of ?™Tc, ' T1, 'L, ’Ga, and ""In. For the lens dose
Hp(3) and skin surface dose Hp(0.07), it was found (as
shown in tab. 2) that the effectiveness of a 1 mm tung-
sten shield was in the same identical order of *™Tc,
20071, 1B, “’Ga, and '"'In. It was also shown that the
shielding effect of a2 mm tungsten shield for the depth
dose Hp(10), lens dose Hp(3), and skin surface dose
Hp(0.07) showed a similar tendency as can be seen in
tab. 2.

Dose to distance between the
radiation source and the ICRU sphere

As a result of measuring the dose according to
the distance between the ICRU sphere and the radia-
tion source, it was found (as shown in fig. 3) that at the
0 cm point at which the distance from the ICRU sphere
was the surface, the depth dose was 34.939 uSv/h for
99mTe, 34.894 pSv/h for 1, 20.944 pSv/h for *°'Tl,
48.161 pSv/h for “’Ga, and 75.830 uSv/h for '''In. On
the contrary, as the depth dose 30 cm from the
ICRU sphere was measured as 2.526 puSv/h for
9mTe, 2.529 uSv/h for 1, 1.549 pSv/h for *°'TI,
3.431 pSv/h for ’Ga, and 5.359 uSv/h for ''In, it was
suggested that when the distance increased, the dose
decreased, and the lens and skin surface doses showed
an equivalent tendency to the above results.

When using a I mm tungsten shield (as with a typ-
ical commercially available syringe shield), the depth
dose at the point of 0 cm of which the distance from the
ICRU sphere was the surface, was measured as 0.527
uSv/h for ™ Te, 1.963 pSv/h for %1, 0.389 pSv/h for
2IT1, 14.137 uSv/h for ’Ga, and 29.794 uSv/h for 'In.
On the contrary, it was shown that as the depth dose at

30 cm from the ICRU sphere was measured as 0.063
uSv/h for *Tc, 0.181 uSv/h for '*1, 0.043 pSv/h for
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Figure 3. Dose according to distance between the ICRU
sphere and the radiation source in using no syringe
shield: (a) Hp(10, (b) Hp(3), and (c) Hp(0.07)
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2171, 1.184 pSv/h for ’Ga, and 2.556 pSv/h for ''In ra-
diation source, the dose equivalent decreased according
to the increase of the distance despite the presence of the
shielding device. It was also found that the lens and the
skin surface doses showed a similar tendency to the pre-
vious results, and the reduced dose ratio among the radi-
ation sources was higher by as much as 1~1.5 times for
Ga and ""In (fig. 4).

Despite using an increased thickness, 2 mm
tungsten, it was found also (as shown in fig. 5) that
when the distance increased, the dose decreased, and
the reduced dose ratio was higher by as much as 1~1.5
times for '*I (fig. 5). In addition, it was suggested that
the reduced dose effect was higher in order of skin sur-
face, lens and depth dose regardless of thickness of the
shielding device.

40
. * 99m
T: 30 + i
B A 201
= 25 Tl
° '
[%] 67,
§ 20 = Ga
15, ~x ™
x
10455
5 Xx
x " v
x % % 3
0 @@ririnds & % . 4 & %
0 5 10 15 20 25 30
@ Source to ICRU sphere distance [cm]
40
'T: 35 * 9mT
f?) 123
= 30 |
2 ' A 201
8 25 TI
20 5 Ga
% '
15 E . My
10 x
X " :
5 X s .
x % % %
0 POeeiy & e & & %
() O 5 10 15 20 25 30
Source to ICRU sphere distance [cm]
40
—g 35 @ somp .
@
2 30 123|
(]
g " A 201
a 25 T
20 3 . 5Ga
x '
15 * i
X
10 X
x
X x
5 X = y :
3 v X
0 POWGEE & L 2 & & 3
0 5 10 15 20 25 30
(c) Source to ICRU sphere distance [cm]

Figure 4. Dose according to distance between the ICRU
sphere and the radiation source in using 1 mm tungsten
shielding device: (a) Hp(10), (b) Hp(3), and (c) Hp(0.07)
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Figure 5. Dose according to distance between the ICRU
sphere and the radiation source in using 2 mm tungsten
shielding device: (a) Hp(10), (b) Hp(3), and (c) Hp(0.07)

DISCUSSION

In this study, it was intended to evaluate the per-
sonal dose according to the thickness of the commer-
cial syringe shields currently used in departments of
nuclear medicine and the dose according to the dis-
tance when injecting a radionuclide. The results
showed that there were some differences in the doses
according to the thickness of the syringe shield and
these results showed that the emitted gamma ray was
reduced due to the shielding effect of the tungsten
shielding material. It was suggested that in the radia-
tion sources with energy distribution of gamma rays
over 200 keV such as “’Ga and '"'In, the probability of
photon interaction was lower than that of a radiation
source in a low energy area, so the shielding effect was
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reduced more relatively. For the skin surface dose, it
was considered that as the dose was measured at a
shallow point of 0.07 mm depth into the ICRU sphere
and the number of photons absorbed and scattered in-
side of the sphere was less than that of the lens and
depth doses, it was measured higher. As a result of
measuring doses according to distance between the
ICRU sphere and the radiation source, there was a ten-
dency that as the distance increased, the dose de-
creased, and it was found that the reduced dose ratio
according to shield thickness and by radiation sources
was different, respectively. Namely, it is considered
that as the distance from the radiation source in-
creases, the dose decreases from the inverse square of
the distance. In several previous radiation studies on
nuclear medicine workers, it was reported that the ef-
fect of shielding was different due to differences in
work environments and as for radiation evaluation,
various errors such as underestimation or overestima-
tion of doses might occur depending on the wearing
sites and types of dosimeter [11,12]. As a method to
complement these errors, a simulation performed in
computer virtual space, an ideal condition, has been
evaluated as one of the useful tools able to reduce vari-
ous errors [13,14]. In the simulation of Working Pack-
age 4 under the ORAMED Project and other studies, it
was mentioned that the thickness of any shielding de-
vice handling *™Tc should be atleast 2 mm of tungsten
[15-17]. In this study, similar results were shown and
additionally, the effect of the shielding device was
compared considering physical characteristics by
radionuclides. As a result, it seems that in case of other
radionuclides such as ’Ga and "'In, an increased ap-
plication of the shielding device is necessary by their
physical characteristics in spite of the lower applica-
tion frequency. This study is significant in that it iden-
tifies the effectiveness of syringe shields and personal
dose tendency through simulation testing for
radionuclides currently used in general diagnosis of
nuclear medicine and provides basic data concerning
radiation protection of nuclear medicine workers.

CONCLUSION

As the results of the test on syringe shields
through a Monte Carlo simulation, it was identified
that the skin surface dose of nuclear medicine workers
was relatively higher and there were differentiated
dose reduction effects by radionuclides according to
the thickness of syringe shield used. Accordingly, on
the basis of these results, it is recommended that nu-
clear medicine workers do not overlook application of
the syringe shield and radiation to protect their hands
and it is also necessary to increase the thickness of the
shielding device to protect against radiation sources
such as “’Gaand ''In. It is considered also that a study
for proper shielding thickness should be done in the

future. In addition, it is considered that workers should
shorten the time required in handling the shielding de-
vice through simulation training and skills improve-
ment and always be mindful of taking all necessary
precautions to protect against personal radiation expo-
sure through obligatory application of shielding de-
vices and wearing of proper protective gear.
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Jour-Un YO, Yanr-Cy KUM, Jyur-Xyn KUM

MNMPOINEHA E®EKTUBHOCTU 3AHNTUTE MITPUITEBA
IIPU PANY CA PAIMOPAPMAILINMA

Lwnm oBor paga je mporeHa e(eKTHBHOCTH W 3alITHTE Of 3padera KOf MINpHUIeBa ca
PaMOHYKJIMIMMa | MPOLeHa JIMYHOT JO3HOT €KBUBAJIEHTa CHMYJIAlNjOM PaJiOHyKINla KOpPUITheHnX Y
AUjarHOCTUYKO] HyKJeapHO] MepuimHu. Kako Ou ce MpoleHHo ofgHOoc m3Meby fo3e, Koja 3aBHCH O
pacrojama n3meby nzBopa 3pauema u ICRU cepe, n ne6rprHe 3aITUTHOT MaTepHjala, 3a pacTojame Npu
KOMe TeXHW4ap ofieJbea HyKJeapHe ME[UIUHEe MOXe CIy4dajHO AohM y KOHTAaKT ca pajHoOaKTHBHUM
U3BOPOM y3eTo je pacTojame 0-30 cm mpema Ae6IbUHY 3alITUTHOT MaTeprjaja, yuMe ce (pUKcupa IMojaoxaj
ICRU cdpepe. 3a npoueny go3se, mepenu cy Hp(10), Hp(3) u Hp(0.07) na cnerucpuuanum gyounama y ICRU
chepr. YoueHO je fa je 7o3a Ha MOBPIIMHE KOXKe TeXHIMYapa BUCOKa, Aa Ce 103a MEHha Y 3aBUCHOCTH Off
neGibrHE 3alITATHOT MaTepyjajia | fa ce 3allITUTHU epeKaT CMamyje 3a HeKe pagroakTHBHE N3BOpE Kao
wro cy 9Ga u''lln, Te je 3a oBe paguomsorone noTpeGHO NoBehaTu A€6HUHY 3AMITHTHOT MaTEpHjaa.
3akipydeHo je Takobe ma je yOymyhe moTpeOHO WM3BPUIMTH JleTajbHY CTYAUjy AeOJbMHA 3allITUTHUX
Marepujana.

Kwyune peuu: ICRU cgpepa, 3awitiuitia 00 3payersa 3a wiipuyese, AU4HU O03HU eK8UBAACHIN,
PAOUOHYKAUO



