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Table 1 Specification of dosimetry device
Dosimetry device
Specifications Area monitor Personal dosimeter
Rad-Eye G-10 Inspector DKG-21(EPD)
Measurement range 5 uSv/h ~ 100 mSv/h 0.01 ~ 1000 uSv/hr 0.1 uSv/h ~1 Sv/h
Linearity error 10 % +10 % T15%
a -2 MeV]
Energy range 50 keV ~ 1.3 MeV B -0.16 MeV ] 0.15 ~ 1.2 MeV
Y - 10 kev ]
- Compensated G-M Tube Compensated G-M Tube G ated GM Tub
ype (space scattered dose) (surface dose) ompensate ube
Detected radiation X, ¥ a B X,y v
) ) realtime dosimetry, accumulated
Measurement method realtime dosimetry realtime dosimetry .
dose dosimetry
Size 96X61%31 mm 150x80%30 mm 86X54X9 mm
Thermo scientific S.E.international ECOTEST
Manufacturer .
(USA,UK,Germany) INC(USA) (Ukraine)
Calibration date Dec. 1, 2014 July, 21, 2014 .
g3k =el =) 20159 #1384 A3E 239




Y A7|ET8E Vol 38, No, 3, 2015

3) 7F&(Chest) $1A]olA Apron d FAl| ©E £ UEhlaL, o|F A7t kel wet Ak B
A A7 AFEE Tase A4S Bt AA Asksies /49, 9,
7F o3 ZRARA AAIA O] S~ =0 Mk By E
P SI1ON 9 FHiE A, BAHE] A% el apron - I AL BHALS SN S AT SR
_ i = A = =2 Mk 7FAQ- 0 7t
51_}_9_] ;‘S]é_ ﬂﬂﬂ'o ~ 95 CHlLH _%7] —g/\é%}:%—r—_@_} %7}_ ME]‘ APTOH‘E]'T”ﬂe ﬂﬂ 07]'01] tﬂr‘_ a9 s 1
03— Thyroid 4o Beast 06+ Lung

0.25

0.20

£
=
& 0151
5
010/
0.05 {7
-
0.00 T —————— —— 00 — . . — —— — 00 T ——————————
20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 8 100 120 140 160 180 200
Distance (cm) Distance (cm) Distance (cm)
- Liver 45— Testis 304 Skin

00 T T T T T T T T T 1 0 0.0 T T T r T r T T T 1
20 40 60 8 100 120 140 160 180 200 0 20 40 80 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200

Distance (cm) Distance (cm) Distance (cm)

—a— Non apron —e— 0.25 mm —&— 0.5 mm —w— 0.75 mm —é— 1.0 mm —¢— 1.25 mm

Figure 3 Organ dose according to lead thickness of apron and distance when handling a source in
the lower abdomen position

07+ Thyroid Beast 16m Lung

00 +———r——r———7 1177 00t 777777111 T ——
0O 20 40 60 8 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 0 20 40 60 8 100 120 140 160 180 200
Distance (cm) Distance (cm) Distance (cm)

40- Skin 50+ Liver Testis

T T T T T T 1 00 T T T T T T )y 00 T T T T T T T T T 1
0O 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200

Distance (cm) Distance (cm) Distance (cm)

—&— Non apron —e— 0.25 mm —&— 0.5 mm —w— 0.75 mm —&— 1.0 mm —4—1.25 mm

Figure 4 Organ dose according to lead thickness of apron and distance when handling a source in
the upper abdomen position

240 Journal of Radiological Science and Technology Vol. 38, No. 3, 2015



PET/CT 9% 04 A9 313 Al Apron?] A=y B7}

Aol 49 -11 ~ 239 %, 74 2.6 ~ 36.1 %, H 1.9
~20.5%, 7+ 2.2 ~ 22.8 %, AHAA 1,2 ~ 62.6 %, TH
2.3 ~ 35,5 % & o} B A} B4 fJz|oA ] Atet
tha Aolgt 2uks B thFig. 5). Leu 9§ Aol 7
%, delFoR QA WHe] HA A1 EH s H
Hloju=z Aol QAo w2 AgF Hxo] ZJol= ulu|gh
2o 8 UEhT)

£ S&t Apron & EE0l [IE 32t HEE

ML 1>
H

@A) SJs o)) AHgSHe 71 418 27 olspector,
Rad—Eye G—10)&} B2 XA (EKG-21)E A1) Apron
o J e Ao w2 AHES S &4 S 23} A

30+ Thyroid 409

7 Ak S48 =2
APt doldrs B+t 3

o}, 12, Inspector®] 7-5- 0.,
Apron H] ARG A] Ht} oF 22 2% AFE] S7HE A
Kt} ol Apron} Ao] FE3IAL Y= 0 cm Aol A]
0,25 mPb Apron UlollA] HHIE 23 A7 S Algk B}
Apron o] A4 4] 2e} o 7o) 7] U] Ak Aow
Holrk 5 =4 W A 34 Al Bt SHHIRE A=
Inspector, Rad—Eye G—10, EPDQ] o4& =2 9FARS UE}
wom, olggt Afol= 4719 =27], SH7] AA| | 4
W) Apel= Ik Aew HIItkFig, 6).

NN O
DN
at
g
o
S~
%o
>
(@)
(@)
=
By
k)
2
X

Beast 6 Lung

T T T T T T T T T ) o T T T
20 40 60 80 100 120 140 160 180 200 0 20 40 60
Distance (cm)

Liver 121

T * T T T T ] T T T T T T ]
80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200
Distance (cm)

Distance (cm)

Testis 401 Skin

k%

M

T T T T T T T i o T T T
60 80 100 120 140 160 180 200 0 20 40 60
Distance (cm)

Distance (cm)

T T T T T T , 00 T T T T T T T T T !
80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200

Distance (cm)

—&— Non apron —e— 0.25 mm —&— 0.5 mm —w— 0.75 mm —&— 1.0 mm ——1.25 mm

Figure 5 Organ dose according to lead thickness of apron and distance when handling a source in

the chest position

Inspector Rad-Eye G-10 EPD

140 180 60

120 \\ 160 ‘\\ s T
§1uu '\\ 120 \ 20 \
g w0 100 —% \ '\\ \
RN 0 L\ o N
g 20 \\\\ 60 \\k\ w T

e S i -

[ 0 T T T T T u ~-—r% 0 T T T T T T

T Tt | : ;
0 5 10 15 20 25 30 40 50 100 150 200 0 5 10 15 20 25 30 40 50 100 150 200 0 5 10 15 20 25 30 40 50 100 150 200

Distance(cm)

—+—Nonapron —8—0.25mmPb  =&=0.5mmPb

Distance{cm)

Distance(cm)

——0.75mmPb —#—1.0mmPb —#—1.25mmPb

Faure 6 Spatial dose rate according to the lead equivalent in each distance using the dosimetry devices

oA A] 20159 A138W A3E 241



dabd7]&s218t Vol, 38, No, 3, 2015

m 10 &

UubH o0& 2k XA FoFel 419 Apron ARE-2 A oflY
A FFof| A A& Q] 3B A (Photoelectric effect)E ©]
B3t HEE T BAE A E 2|7} o] FofA|n, Aty
HoZ =2 YRS AMSE MojE BoloAls BHa
TRl olu gl HEZE G Compton effect) 2-2 AXAEAY

3 (pair production)®] WYBHES] 7HE QI3 Frel 1

APt o3 A B2 AREAY Hlgo] S7FSHAl Hck
olo]) 1 Qo)A Befa} Hok ) PET/CT 2] T30
Al 419 # Al Apron 2o thek aAE BrkskuA
RIS 7S 7o G meuH A
B BF AZ0) AL vln BAstIA Sl
7l kel e, Apron W 4] o 714 4
22 AU HF YA A Ao LTS,
o ASl} ol S48 e S e, o v
A7) W 2] Al HES] Z7he 9] 91319k Apronthe]
B AL 7P7EE QRN LA X 719 710
5 gk WA E= 23 AL BAAYHT R Z7H}
o], A7) U] A% B2} nlersiA S7kel Ao Az,
Aokl 2 PR DAL B U5 o W W
9] ol 27] A 371 o] Liehdl A0 wekgc,
o= FFZ 579 GateB 043 WY AT A A
T A3} o] Aprondh AEAE o|F WAE 27} A%

§ Ae] ol Aol 71215t Akl Ao

O] A

27 A

oy R

]IZJ., oﬂ;‘.[‘
N

=
=

hr&

2
o g
o QAHOR AgEl M 24 AHE BE A

p

ox
i)

o N

23}, Inspector®] 7, ThE 27 ulo] ula) 24
o Z7L A F, A% FRsa WA ER7F copt
S490% Aprons} 2 0 an XA BHo| FHS BA
3} 93} 7Ajo]) 7)1 GaFO. Aol AE Lkl A
FRECE IS

Bl 59, 0|44 599] Apronof it ¢lgto] W,
Aelg 3] 712] 1 m Aol PET/CT 2]
A Apron AFE Al 247 0.8 ~ 2.8 %, 17 %] Al
Uebieta el glon, & ael A%
gk 27 WOl 45.5 %2 A 248 1}
of e} ulmalel o S AFHLES et
o ol 2] SR Holek Al A1 )
Qolu} 9] Holz QIg Acw Were], ol A
sl Bl g o

ot I
0.
o_>ir

N ol
2

F; =

il

]_

fo 4
o
offt

¢

=
<
)
(N

ﬂl

Yo O pf o b

10 v

24 Eoﬂ ol 25} geol ezt A1zl
Dﬂl‘” ssAe] 119k 5ol b ey 4

J&‘l

2
v
-10

o 22 2aBrE 59 o] 7] @At e > Uk,
olg|3l o] g7 AlZuto gl Holst Ak wrtsly]o)=
7t Qirka Az, of} eaHE Beksh] 13 W
O o]FQl A AIFE THEI A ARt wol A

A2 o7 7] L5752 7 e 18 =R U
of A3 Yok, TEu, wmolAele] A Aol dig A2
gH AL g et A=A S Sl Sk FatolH,
2wl o] 49 AAA A dlole|et Zo] 7} gt
FE ek

[

o

E

A
=

2 AFoas modde B8l AR AL HF Al
2 YALF A8E Apron Y Gkl whE AU AR

9] AH3FS upolsto g2y AlA| &AL =3 ulelsl 4 gl=

el 152 71 A% 4 9102
2ol Z7lo] w2
A BAZ Qs 9 B0 A e,
F 2 U7 B AU Tl 43 A A1)

e o o] F719} FA0] Apron I tiE A7
4ag How Amec
v. &2 &2

PET/CT ﬂ‘ﬁ 37 Y A9 HF Al Apron?] o GEFo]

Zolake2 AMite] 2 A7} "ol Mekgol %
et BEE AR E8 2 R 0 AYSE

98] 5715l Apron W kel ALg L Blio] HHE AU
A5 S 15 AR fAsef 9 pelticia
EAA 0 E Aol Beg & 4 gloelet Az,
eIt Apron Y He F71ol 02 Q% W2 w47 7
A B3 mEiEolof S, 23 B AT 7| 2ARE
of Blojst o} Uelx] A HF Al W ARSI
Apron 't e %719k SAle]) esle] tigk A7} ofto]
Aok 2 Aoz AlREC} Lo} PET/CT 4=ak 1 &
Fuigt w28 2 4sjel7] $18) 2t ofmrleo] 84 At
B QRARo] e sz Te] 2g0] ojRs) o
o Aof 3 Ao ghoelct,

242 Journal of Radiological Science and Technology Vol. 38, No. 3, 2015



PET/CT AT 2F0ld A FF Al Aprono] A& 37}

. Pant, G, S., Senthamizhchelvan S,
Exposure to Staff in a PET/CT Facility, Indian Journal
of Nuclear Medicine, 21(4), 100—103, 2006

. Roberts, F. O,, Gunawardana, D, H,, Pathmaraj, K,
et al,: Radiation Dose to PET Technologists and

Radiation

)

Strategies to Lower Occupational Exposure, Journal
of Nuclear Medicine Technology, 33(1), 44—47, 2005
. Oramed Project, Version : 18, Guidelines for Reducing
Dose to The Hands during Standard Nuclear Medicine
Procedures, 2011

. Junchul Park, Sungjae Pyo : Study of External
Radiation Expose Dose on Hands of Nuclear Medicine
Workers, Journal of Korean Society of Radiological
Technology, 35(2), 141-149, 2012
AALRAIEFA 0 AESlerEgRIA A
2007-83%, 2007

. Myeonghwan Park, Deokmoon Kwon: Measurement
of Apron Shielding Rate for X—ray and Gamma—ray,
Journal of Korean Society of Radiological Technology,
30(3), 245-250, 2007

. Smart, Richard : Task—specific Monitoring of Nuclear
Medicine Technologists’ Radiation Exposure, Radiation
Protection Dosimetry, 109(3), 201-209, 2004

. Leide—Svegborn, S, : Radiation Exposure of Patients
and Personnel from a PET/CT Procedure with 18F—FDG,
Radiation Protection Dosimetry, 139(1-3), 208—213,
2010

. Donggun Jang, Sangho Lee, Hyungseok Choi, et al
. A Study on The Apron Shielding Ratio According
to Electromagnetic Radiation Energy, Journal of
Korean Society of Radiological Technology, 37(4),
247-252, 2014

10, Yonghyun Chung, Cheolha Beak, and Seungjae Lee

. Monte Carlo Simulation Codes for Nuclear Medicine
Imaging, Nucl, Med, Mol, Imaging. 42(2), 127136,
2008

11,
12,

13.

14,

15,

16,

17,

18,

KS P 14 : Agg XA B35 ¢Fx|ul, KS 6023, 2007
Dongyeon Lee Dose Evaluation of Childhood
Leukemia Using The Compensators in The TBI,
Master’s degree, Majoring in Radiological Science,
Graduate School of Life Science, Catholic University
of Pusan, 2014

Seongwook Lee, Seunghyun Kim, Bonggeun Ji et al,:
A Consideration of Apron’s Shielding in Nuclear
Medicine Working Environment, Korea Society of
Nuclear medicine Technology, 18(1), 110—114, 2014
M., Ruiz, N., Barth, I,

Recommendations to Reduce Hand Exposure for

Sans—Merce, et al.:

’ ’

Standard Nuclear Medicine Procedures, Radiation
Measurements, 46(12), 1330—1333, 2011

Carnicer, A,, Ginjaume, M,, Duch, M A, et al.: The
Use of Different Types of Thermoluminescent
Dosimeters to Measure Extremity Doses in Nuclear
Medicine, Radiation Measurements, 46(12), 1835—
1838, 2011

Blunck, C., Becker, F, and M, Urban : Simulation
of Beta Radiator Handling Procedures in Nuclear
Medicine by Means of a Movable Hand Phantom,
Radiation Protection Dosimetry, 144(1—4), 497-500,
2011

Boram Lee : Dose Evaluation of Selective Collimation
Effect in Cephalography by Measurement and Monte
Carlo Simulation, Master's degree, Majoring in
Radiological Science, Graduate School of Korea
University, 2010

Wanghui Lee, Sungmin Ahn : Evaluation of Reductive
Effect of Exposure Dose by Using Air Gap Apron
in Nuclear Medicine Related Work Environment, The

Korea Contents Association, '14, 14(12), 2014

g tEtslA] 20159 #1389 A3E 243



dabd7]&s218t Vol, 38, No, 3, 2015

*Abstract

Evaluation of Apron Effectiveness during Injection Radiopharmaceuticals in
PET/CT Work Environment

Yong-In Cho-Soo-Young Ye"-Jung-Hoon Kim"

Dept. of Nuclear Medicine, Dongnam Institute of Radiological & Medical Sciences Cancer Center
YDept. of Radiological Science, College of Health Science, Catholic University of Pusan

Health professionals in nuclear medicine were known that they get high radiation exposure, To reduce
radiation exposure, using shielding materials is needed. In this study, we analyzed the shielding effect
about apron during 18F-FDG treatment by using simulation based on Monte Carlo techniques and actual
measurement,

As a result, absorbed dose distribution of organ varies with handling position of the source, Dose re-
duction ratio by lead thickness of apron tended to decease, when handling position of the source come
close to organ and away from radiation source for simulation,

In the case of actual measurement with the dosimetry device, It showed that mean spatial dose dis-
tribution was different due to characteristics of dosimetry device, However, spatial dose rate was ex-
ponentially reduced according to distance with increasing lead content.

Key Words : Apron, Simulation, Body phantom, Radiation protection
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