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Trial Production of Water Substitute Phantom
Considering the Effect of Light

Tatsuya Fujisaki', Takeshi Hiraoka?,
Hidetoshi Saitoh?, Masaya Kimura®*,
Akio Kuwabara®, Hiroshi Muraishi!,
Shinji Abe!", Katsuyuki Nishimura'’
and Tetsuo Inada"

We have produced a novel water substitute phantom suitable
for film dosimetry, while retaining the radiological property
of a conventional water substitute phantom. The novel phan-
tom excludes the effect of light, which is known to affect
the accuracy of results on conventional phantoms. The ef-
fect of light was eliminated by appropriately adjusting the
quantum of the carbon black to that of a conventional phan-
tom material. Through comparison of the novel phantom with
a conventional phantom it was shown that the absorbed dose
determined by conventional phantom was 15% higher for
10 MV X-rays and 18% higher for an 18 MeV electron beam,
attributable to the contamination of Cerenkov light.

Although the net optical density of the film increased with
time owing to the optical permeability of the phantom, that
of the novel phantom did not vary with time. The novel
phantom was therefore shown to be unaffected by such lo-
cal light and by the optical transmission of the phantom.

Research Code No.: 203.9

Key words: Water substitute phantom, Tough water
phantom, Film dosimetry, Light effect

Received Jul. 3, 2001, revision accepted Jan. 17, 2002

1) Department of Radiological Sciences, Ibaraki Prefectural University
of Health Sciences

2) National Institute of Radiological Sciences

3) Tokyo Metropolitan University of Health Sciences

4) Kyoto Kagaku Co.

5) Cancer Institute Hospital

RIRIESKSE

T300-0394 iR fREERF R AT R4669-2
SR AL BRSBTS T

e Eh

NIPPON ACTA RADIOLOGICA 2002 ; 62 : 86-91

U &I

BRGSO T EBIE I BT, MENIZERE
HATEFALTHENETAZ LIZHAHETHAL. F07:
B, NMEOEEMELTH B AHA & FMR K2 EH L7 HbE
HIEDHER SN TWAY, L L, 2KTCHESTHA 7 4
WVAZEFEH L TKRTHRESAZWET S Z & 3EHER
HETHLHIO, —MRISKEFMZERT 7> FAHPEHS
NTnb2,

Y794 —577 A (FEREHR D WE) I, WA
RMTHEICENR T B KREMOBER7 7~ b A L LTEL
HENTWBEY, ZOKEMT7 7> bk 74 IVvLEHW:
i MEREE LTI, 9, KEM7 7~ b AFISE
WaEINILFANy 7 74 IVA(T Sy Z7#BX-Omat
V)EIEALE, HAMELRE TS, KIZ, WALLY
4 VA BICEMAEES P OEERELT, SLVHRELYE
WA, BEUH L7714V ADORILE L EEEREET
BoONLRIEEOMBREMAZ LT, 74 VA LDRL
FES AT % 2 RTCOPNR BN LR T B EDTES.

ZOT7ANVAEIZEBHEL, FOEREALEHETHE
¥DATZ ETH DA, 74 IV L ORI L
THILEBEMENT VB, ZOl), 74 VLADRE
Try FAWETINITER Ay FIZHAL, 744
HWENTEL 77 FabhEy FHHEENTVAESD,
T4 NV LIZ K BBERIEX, B, FLAIOZ ANV F—KEF
B X HMEEE R ED S F EF RMENEH S TY
DT AL EREINEICB T A A HEER T2 B
BRELHFLRETLIENTLET LV, —F, 74V A4DA
77 PARICHALTCREEZITHIHE, 77U N
HEDBEEOB VT 7 PANTIRF = L ¥ 2 TS
LBENET 4 VAEBRETAI LML T WA 0, F
2, 77V ahky FREDEEE, 77 AR
DXEAVMBEE 2 5.

bbb, ¥79+—%77 > FADOFHFBEIZIEH
L, BLANF-XHEBIUETHRO 7 1 L AEIZL A
FIZBWT, 74 VLEHEET 77 P AANFATRERK
77> baERMELE FLT, 7400777 b

AARERSE Ho2k H25




W EW fbs A 87

AFESEEMESE 7 2 VAEIZ L AHIEICBWT, ik
DTFY I LERELE 77 PARERLTF LY
T & ERIC L BRDOFEE L E L-OTHRET 5.

% ik

1. 77> bLDOEME
FrLWAKEL7 7~ FAORERL, ¥ 704—5 77>~
b ADFERRTCHE L B BREO—HEWELE TSI & TIT
ofz. FERINCE, 792 —F 77 FALIEIZRE-T
RTHEELTBY, RIS 2 WL 77 +
—& 77 haLIFIZR—ETFHIS N

HLWw7 7y bAOBER, B TI4—F T 7>
b A DRI TH B TR F THHR(GY-260) EIZH LT,
H—FRr TS o (FrA7TIvs . TEFLYTSv S
100%) % 3wt% A LIEHRHT LI L TIRF LTI v o~
—AMEBETS, RIZ, TOZRFLT Ty =2 b
%77 v b ABYRICLELREDGY-2601ZHA LIEHET 5.
DEDOBAL R EDTRE, F77+—5 777 PADHE
mLFE—TdH5.
FIIAd—FT 7 bAERIELAT 7Y FAIZDW
T, BE, ABEBHRICETIEDETFES B LUBTHE
Iz, BOR#Rica3 2WEefette L CEER AT A
NF =T B B EEIHRE (w/p (cmYg) ) L EFZ AV F
=2 s B M EHZEIERE(S/p (MeV em?/g) ) % FHH L IR
L7, FHECE, SKENIST (National Institute of Standards and
Technology) D7k — A= FIZBWTHT-OWEET— ¥
N—ZAXCOMB L VBT DM T — & X — Aestar &
LTiTo 7z,

2. XOFEDOAE
2.1 FrlL lakicLsps

Frl a7l rEEONEIR, S F LT —
10MV X ## & 18MeVE Tt & F64 9 5 EMINHR: (FEZA 7
1 #1)v, MEVATRON KD2/65) % L TiT>72. %77
*—F 77 bALRIELIKEM7 7> baxFERL
T, 10MVX# ¥ —ADSTD 100 cm, FE4TEF10 x 10 cm?,
RS SemlZ BT &S &, SSD 100cm, FESTEF10
x 10cm?iZ B} 2 M ES A & JE L7z, FikIS, 18MeV
BT — L DSSD 100cm, HBEHTEF1S X 15cm?, #EE 3cm
2B AEhRES AT L, SSD 100cm, FBETEF15x15em?iZ
Bl B EERESA 2 PE L7z, BACE — AR i %
ERLT B 70D 7 4 v L BEEHE, ESHESARIE & Rk
1247V, RIEH# T 4 ROZEATEB LA T/, B
EELEFIZL, B2, 74 NVLAEFATAE T 7> P AED
$5%0. 1 mmELT 0K (2 = A H, FRE) THY,
BEHREE— LB TAIET, Fxlb a7 XoFEEs
HlzE L7z,

74 VAiE, TSR T HEHREER 71 v (a3
v 748, X-Omat V)& L 74 /%y 7 @ENPSHY H LT

ERE 1442 A 25 H

Ty FAMICIEAL, ¥—2A8A7 4 VAT L THE
HB X OFATHATHRE L. @7 7>~ b aBoflim
12, A7I94 A7 —=7(a=hH, #9385) TS & UH
EL7:. BEENI-74 0003, BHBER(ELAT1 2
VY AT L, FPM2500) #30.8°C, A WLHERFREI00F TH
R L7-. BALEEL, EfL.6mmD 7 /S—F v 4 X%
A9 DEAREET (7 = Vv 7 7408, WP102) TlllE
Lz, F72, 74 VAR—ALE TORIFEDOEH I,
77— —EHEE (PTWHE, 30001) 2fFEH L 7.
2. 2 XBEBICLBHTE

Fig. II27 7 ¥ FADNEBIZ L 2 F B WET L7200
BUZEHEEEZRT. 74 VALEIC77 Y FAlemZD
&, HEOBSHNE T ) B/ELZFEHLT, 77
LOWEBEWMEL.. 777 FAEHIZA TS 4 AT —
TTEXRBIUEEL, B lemEDO7 7 FAa kT
A NVAEICH L TIZIZEREASFE 2D X)L 72,
T A NVLABHEPODNEFFIET 5720127 4 WV ATHESE
FL7z. 77 ¥ FANOBEESEOF NI, TELO ASE
Mz 1~7 0B ET1 SHBETELS . BELORE
(&, BREERF CRERY Fatitt B, FLX-1334) 2fEH L Tl
EFLZ7 Y FARIHEHIZBWTISOxTH - 72,

Tt 7 4 Vv I, BURWHE, ILECCRERH (2= H%
8, PDA6S) ZfEH L CTELELZMEL::. EHLA7 10
LRBUGMPE, [2. 1 FI L aATRICEHFE|LMF
FETH 5.

# R

1. 77> bLOEME

Fig. 21213, # 774 —% 77~ bALEIEL2KE M7
7Y MARRT. SMRIE, 77 FAEEDILAGNSE
Wil DHRTHA, Table 11Z1Z, LD 77 ¥ b
LOYEAFEER R T, B, BRI T 5 EET
F5B LOBTHEIZIZZA—T, ERETHRHE(u/p (cm?
g)) & BB IERE(S/p (MeV cm?/g) ) 1325 MeV £ TD K
IANF—ITH LT, HROSUDERTH .

2. XOZEDAE
2.1 FrL akicLdEE

Fig. 31&, Y'— A@hiZxf L CHEE LM THRE S hz10MV
XHL1SMeVET-HORE SO 7 74 VERT. RIRDK
SFEio~ A S AFAIEIRERRTH Y, Fo L a7z
L BREEIRT. 1I0MVX#EL 1SMeVEFHIZBWT, ¥
TF—FT 7 hATIREAHISU LEHI8UDENED
ARSI, BMEL-7 7 > P ATIEEMEIZBW
T1 %L TTHo7.

Kz, Fx L rya 7L ALY T %
TJrrbhalckarazrAnk, L7 7 Ak
5707 7 A4 V& RE-FERIE AR CHELIRE O
B0 % Fig. 4\7R T, 10MVX#HB L 18MeVETFH#ICE

25



88 WD A I LKl 7 7 >~ b A0

Fluorescent lamp

5m
L ) Fig. 2 Photograph of a Tough Water phantom (left side)and the
/ Moving light shield water substitute phantom (right side). The colors are milky
. — . white and black, respectively.
{0l Phantom (1em thick) P y
Film
Light shield

Fig. 1 Experimental setup used to evaluate the light permeability
of the phantom.

Table 1 Atomic composition of phantom material, density, effective atomic number and
electron density of phantom.

[ Atomic composition of materials
! Element
[ Tough Water phantom Produced phantom
H 0.0821 0.0807
5 c 0.6633 0.6691
N 0.0221 0.0217
(@] 0.2065 0.2030
Cl 0.0040 0.0039
Ca 0.0220 0.0216
. Density (g/cm?) 1.017 1.014
Effective atomic number Zr¢ 7.44 7.40
Electron density (e/g) 3.25 x 10% 3.25 x 10%
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Fig. 3 Comparison of off-axis density profiles between the Cerenkov light effect(left side)and shielding light effect(right side)in the

Tough Water phantom and the novel water phantom.

A: Data for 10 MV X-ray measurements made at a 5 cm depth for a 10 cm x 10 cm field at 100 cm STD.
B: Data for 18 MeV electron measurements made at a 3 cm depth for a 15 cm x 15 cm field at 100 cm SSD.
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Fig. 4 Comparison of off-axis dose profiles between the Tough Water phantom and the novel phantom. The profiles were converted to

a density-dose calibration curve and normalized to the central-axis dose. The calibration curve measurement was done using

an ion-chamber.

A: Data for 10 MV X-ray measurements made at a 5 cm depth for a 10 cm x 10 cm field at 100 cm STD.
B: Data for 18 MeV electron measurements made at a 3 cm depth for a 15 cm x 15 cm field at 100 cm SSD.
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Fig. 5 Comparison of central-axis depth dose curves between the Tough Water phantom and the novel phantom.

A: 10 MV X-ray; 10 cm x 10 cm field; 100 cm SSD.
B: 18 MeV electron; 15 cm x 15 cm field; 100 cm SSD.
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