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Table 1. Dimensions for the Reference BOMAB Phantoms[14].*

Phantom Height (cm) Fill Volume (cm®)
4-year child 106 13,970
10-year child 142 28,590

Reference female 161 40,990
Reference male 170 58,720
95th percentile male 184 74,600

“The thickness of shell walls is 0.5 cm

Fig. 1. Different sized BOMAB Phantoms. From left to right 4-year child,
10-year child, adult female, and adult male phantoms.
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Fig. 2. Counting efficiency of the FASTSCAN when standing at the
ground level of the whole body counter.
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Table 2. Standing Position of People by Height for the Measurement
Condition 2.
Height Standing Position
Group
(cm) (cm)
Group 1 =170 0
Group 2 160 = Height (170 4
Group 3 150 = Height (160 8
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Group 8 100 = Height (110 28
Group 9 90 = Height(100 32
Group 10 80=Height(90 36
0.025
— L
0.020
0.015 -
Z -
g 0.010 }
9
E) 0.005 |-
g 0.000 P R R R R R

(o] 200 400 600 800 1000 1200

Fig. 3. Counting efficiency of the FASTSCAN when younger person
standing at higher position.
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Fig. 4. Relative bias of counting efficiencies of measurements and radia-
tion transport simulations.
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Fig. 5. Relative counting efficiencies of a whole body counter by human
body size. The efficiencies were normalized by efficiency of adult
male.
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Table 3. Classification for Body Size Correction by Object BBI.

BBI Classification for Body Size Correction
6.4=BBI(7.6 95% male
6.0=BBI(6.4 Reference adult male
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Fig. 6. Scaling factor of counting efficiencies by human body size.

3.3.2. QWA =71 wE AAAFT] Aeas B
A

A7) 2 Al AREEE 71RESR] 2294
ATEgs ol8dte] vt SAWES Wred=s
B7ret7] Sfal Al A7l whE AT Aras B
AAE =Eedirh. =Ed BRI S A &
ato] 7 AHgsl7] Sl B Alragl ek <

51 JOURNAL OF RADIATION PROTECTION, VOL.39 NO.1T MARCH 2014

A 2718 AFEge] vl o2 ALteik(Fig. 6 3
Z). W AA Z7) BAJMAE H83HA] G 44
M o] A7) dFshe Ale 718 AFEgs S35}
Aoz SAHAAT} AR oF 2u) o)) ¥d
AL}, o]i= ANSI N13.3000|14 AASH= AHESHH =
Azt 71520 25%004 SonE Bloluh= oz =4
o] Agter} ufe Jri1g], et AFEso] 4
2ko] BBIO| W2 1E2HWZ I7|BHAIAE Hgdte] =
Aot Afols SAUWG A Asagd folrt &
AEA HEZ FA447e] FFg=E =d & drh

B o

4, 28

ol g3 Yo dre] 4 A g P77 s
= AU oAl A7)ol e AgEge] Wels 1y
glopaict, webr ® Ao dAASFTe 54 A
Swg P77 s BEHTIER AHES o835t
AU QA A7|9} 4 Ao W AFEeS F
7}k it

ARAF71e] AFrEg H7HE H3 7 7 54 4
2 z70lM QA =70 e AFass Aitsth
B Aol A8k FASTSCAN HAAS7]9] 4%, =4
tde] HalA7] vietel] A Qs oAM= Al A7)
7} 743tel] whet AlEago] S7Fs), 44 ZotollA]
£ A Zaste], QA Z7)0) 12 AFES Wite] o
w0l APAS L&l ofelgol inh wekA 7]
7} 2A&FE Sk APt dojRls EAE Hekst

|

L IA A7)0l mE Al EE] dHHY BEHE =
=371 Hlsl, AW RS 2dsto] A9

AFEES FrRtth 54 tde] 718 aEste 54
G2 AAAF7] v 28 A Eold A e
28] A5 71E 20 viE] ASase] 2A ST
on, ZA o] Al 7|7t HelAFE AlFagol
A&H o2 F7hete AEES 7Hh AXE dAaA
719 AgEg 234E vgoR S tide] A 27]
ztolel ofgk WHOAE 7k Al 574 oA =Y < 3
= A 7] BARIAE EEalth &EE BARIA =
A7) S43e] Fate] S W d=E
A B 5 o, FFHos WARAALAL Al HAl
AF71E olget R dxe 4 AL s IA F

ke =

B AT s drtE st oA FaE] WA 1
232 27 7]E 7 (No. 50581-2013) Aol Ao
2 FYEJAFU



-

6.

10,

\=
LA

S

Li C, Wilkins R, Dai X, Sadi B, Ko R, Kramer GH,
Canada's efforts in developing capabilities in radio-
logical population monitoring. Health Phys.
2011;101(2):112-117.

International Atomic Energy Agency. Rapid mon-
itoring of large groups of internally contaminated
people following a radiation accident, ITAEA
TECDOC-746, Vienna, Austria, 1994,

Genicot JL, Koukouliou V, Carinou E, Monte Carlo
calculations applied to the parametrical studies in
a whole body counter, Radiat, Prot,
2008;128(1):49-61.

US Centers for Disease Control and Prevention,

Dosim,

Population monitoring in radiation emergencies: a
guide for state and local public health planners.
Atlanta USA. 2007,

Carinou E, Koukouliou V, Budayova M, Potiriadis,
Kamenopoulou V. The calculation of a size correc-
tion factor for a whole body counter. Nucl Instrum
Meth A. 2007;580(1):197-200.

Palmer HE, Roesch WC. A shadow shield whole-
body counter, Health Phys, 1965;11(11):1213-1219.
Toohey R, Palmer E, Anderson L, Berger C, Cohen
N, Eisele G, Wachholz B, Burr W, Current status
of whole body counting as a means to detect and
quantify  previous exposures to radioactive
materials, Health Phys, 1991;60(S1):7-42,

BM. Report
Fastscan systems for

Oginni on the use of Canberra
in-vivo assay of a general
population, Canberra, 2011,

Krstic D, Cuknic O, Nikezic D. Application of
MCNP5  software for
whole body counter,
657-663.

Moraleda M, Gomez-Ros JM, Lopez MA, Navarro
T, Navarro JF. A MCNP-based calibration method
and a voxel phantom for in vivo monitoring of
“Am in skull, Nucl Instrum Meth A, 2004;

520(3):551-559.

efficiency calculation of a
Health Phys. 2012;102(6):

11,

12,

13.

14,

15,

16,

17.

18.

R o] 491 QIAl A7)el| mE AT AFEs Bt

Gualdrini G, Daffara C, Burn KW, Battisti P,
Ferrari P, Pierotti L, Monte Carlo modelling of a
voxel head phantom for in vivo measurement of
bone-seeker nuclides. Radiat. Prot, Dosim. 2005;
115(1-4);320-323.

Panero J, Zelnik M, Human Dimension and
Interior Space: a source book of design reference
standards. Whitney Library of Design. New York.
1979,

Canberra, Model 2250 FASTSCAN high-throughput
whole body counter, 2002,
Standards
Specifications

Institute/Health
Physics  Society. the Bottle
Manikin Absorption Phantom. McLean, VA: Health
Physics Society; ANSI/HPS N13.35. 1999.

Briesmeister JF. MCNP-A general Monte Carlo code

American  National

for

for neutron and photon transport, LA-7396-M, Rev.,
2. Los Alamos, 1986,

Kramer GH, Burns LC, Guerriere S, Monte Carlo
simulation of a scanning detector whole body
counter and the effect of BOMAB phantom size on
the calibration, Health Phys. 2002;83(4):526-533.
Schlager M, Dederichs H, Lennartz R, Hill P, Hille
R, Babenko VI, Nesterenko AV, Nesterenko VB,
Intercalibration and intervalidation of in vivo mon-
itors used for whole-body measurements within
the framework of a German-Belarussian project.
IRPA 11. 2004 (Published on CD-ROM),
American National Standards Institute, Performance
Radiobioassay. ANSI/HPS N13.30.
Health Physics Society, 1996,

Criteria for

JOURNAL OF RADIATION PROTECTION, VOL.39 NO.1 MARCH 2014 52



R o] 491 QIAl A7)l mE AT AFEs Bt

Assessment of Counting Efficiency of a Whole Body Counter by Human Body
Size and Standing Position Using Monte Carlo Method

Min Jung Pak™ ", Jae Ryong Yoo™ ", Wi-Ho Ha", Seung-Sook Lee", and Kwang Pyo Kim*
“Korea Institute of Radiological and Medical Sciences, *KyungHee University

Abstract - For the case of radiation emergency, it is required to assess internal contamination of the public, including children
as well as adults. The objective of the present study was to assess counting efficiency of a whole body counter by human
body size and standing position of the measurement person. In this study, the FASTSCAN whole body counter used at
National Radiation Emergency Medical Center of Korean Institute of Radiological and Medical Science was simulated by a
radiation transport computer code, The simulation results of the counting efficiencies agreed well with measurements within
the 2% of discrepancy for 4-year child and 5% for adults. The standing positions of the people were adjusted by body size
to find the consistent trend of the counting efficiencies by human body size. Body size scaling factors of the whole body
counter were derived to consider human body size and improve the measurement accuracy. The counting efficiency
assessment methodology in this study can be successively used to improve the measurement accuracy when using a whole

body counter for the case of radiation emergency.

Keywords : Radiation emergency, Internal contamination, Whole body counter, Counting efficiency, Monte Carlo method,
Scaling factor by body size
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