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The Fundamental Study on Whole-Body Counter
By

Tadaaki Ohmori
Department of Radiology, Chiba University School of Medicine, Chiba, Japan
(Director: Prof. Hirotake Kakehi, M.D.)

The whole-body counter is now actively utilized for the health physics services, the research medicine
and even for the clinical medicine. _

For the clinical use only, it is not necessary to build such a large counter of which purpose is the de-
tection of very low level radioactivity in the human bocly. The patients will be given known radioactivity
in relatively high dose level. 'With these ideas, we built a whole-body counter for the detection of medium
level radioactivity. The counting room has the concrete wall instead of iron, and 8 sodium iodide crystals
of 3¢y % 3’/ size are aligned on and below the couch (4 upper and 4 lower detectors.)

The characteristics examined are as follows. _ )

1. Inexpensive and simple construction of the counting room gives less anxiety to the patients th_a_r_lr' =
the closed iron room.

2. The influence of the uneven distribution of the radioactivity in the patients body is lessened .by
the both-side detectors with the integral counting methode. v

3. Because of the simple schielding, the background count is relatively high. But its daily variation
was very little and its standard error of a month was 4.169,. L

4. The minimum detectable amount of radioactivity is 0.1 uCi with standard error of 0.3%, in 99.59,

confidence limit.
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METHBHE, Eio, HRTOBMENLTNL
W rEoRANEB. Thiext LT, HEAR
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Fig. 1. Block Diagram of M
Whole Body Counter
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Fig. 2. The whole body counter has sodium
iodide crystals of 3''¢h x 3'" size (4 upper

and 4 lower detectors).

Fig. 3. The counting room has the concrete

wall instead of iron,
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Fig. 4. These are preamplifier, medical

spectorometer and scalor.
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Fig. 5. Response of ' point source in air.
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Fig. 6. Response of "I point souce in water.
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Fig. 7. Response of *Sr point source in water,
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Fig. 8 Response of *Fe point source in water.
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Fig. 9. Diagram of phantom.
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Fig. 10. The phantom is made up of 13 synthetic
resin water tanks.

Table 1. Demensions of phantom

Dimensions (c¢m)
Section
Width Length Height
Head 14.4 18.7 18.7
Neck 8.7 8.4 10.2
Chest 28.3 19.8 20.8
Abdomen 24.8 19.8 17.6
Pelvis 28.3 23.0 19.5
Thigh 1.7 31.5 13.9
Leg 8.1 37.5 9.8
Foot 931 6.5 17.0
Arm i 7.1 50.0 8.7

(ii) 7 5 v b — 25
FHKK7 v v b — A COREN A5 1
Hic, B, B8 45 L Ot ¥Fe & LI (104Ci)
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Fig. 11. Response of '¥'I point source in

phantom.
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Fig. 12, Response of **Sr point source in
phantom.
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Fig. 13. Response of **Fe point source in

phantom.
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R (Fig.11, 12, 13).
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fEFiL, Peak region pJIEXHEDE X D
EHE <, THo X5 B0 cinis
EA & ROCBES B bR, ZhiciL
T, Integral 3¢ J ©F Scatter region FillCiL &k
DE X L i BRI B WEEES A5 &
iz,

3) TEESHOFECOWT

BIE & COERETNTERIEN 77 v+ — 4
DHLEDDIHETHBH, FRRAC T AR
EEERCABEE ST 5. F2 T, LToE
B 54T T ABES AR OB oW TR L.

(1) 77 v —Al2oWwT

A) IR X L HEE

53, Kb o SO x0T L AR
OHEE R~ Fc. Tichb, KigE0enn K4 H
WT, KEFiX D 3cm, 6cm, 10cmod & X T
B GHRRIR (10pCh) 2 BB X2 10cnflF cHE L
7o, RKEOHOE TR 2 10emic 13 % s st
LT, oS ToFdEEROLT I Rdte. JE
J5#Eix, Integral (50KeV~) 35 X 0F Differential
(Peak region 280~ 450KeV) =TT\, Fiu
Zh ETHH OB ER Lic e &, kF
OO L FR LEE L% J:bﬁi L= (Fig.
14).

ZOER, ETX o ET 5 & EEoMET
HEE L LTHEHEROEEIA L, Fic
Integral FHITET X b IETEL 0T+
10% & T & didodote,

B) oA &

FHRKZ 7 v b - arho BT SRR X O
R OS2 2 T, FEE oZB #F7 5~
. &3, TE0 M FerpAuAfivEx
THAMEFE X hJE Liz. B 7 @HLE»
B DHEOFHRCHT B Mo kg %
FEED AR, HAi0E X D BIEDEEY
N

Ric, AED B H 7 ersy BT 570 25
Z, ¥, NEREDL UTIEEERE & U &S
BrlvflEl, FHEoZES) %~ (Table
2).
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Fig. 14. The alternation of response was exam-
ined by the difference of I point source

depth in a water tank.
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Table 2. The alternation of response was exam-
ined by the difference of '*'I point source dis-

tribution in the phantom.
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CH =1 1—=

00
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960
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91.2
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HARESZHRHRESMER §208 565

Z fE5., Peak region FHAlCIIAA OXEic k

b aHEUiE

OEBNE, 1.5~25% LkE\vh, Int-

egral 35 ) UfScatter region F1{fll, ¥z Integral
AlcuasfioE X 55 BEOEENL, 2~ 6.2
% & ey i,

(i) EEERFzoWT

A) RE L EHE

IR REMAE 0 B YT ] % 7 2 A-50uCi %
Bk & ¥ 7405048 0B o T, HE EFHE
DRAfRA TN, Ticbb, AR 2 RHEE s
FHULZh S O BEDFEY 1008 LTHEAD
ATHUE A R, Integral (50KeV~) 3s X U° Diff-
erential ( 280~ 450KeV) Fill wout, Fh
EnETHGORBRELER LS L, Eho
bDODOZEER Uicha & 2 i L7 (Fig.15).

Fig. 15.

The alternation of counting rate was

examined by the body weight difference of pa-

tients administered **'I capsule.
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Differential F#ll& $icfFEORE \~» HRFTE{EL
KEWEATHS. Lrl, itFE XS0
&L, fwe Integral FHEITIR93~ 108% L W)
DA TL.

B) Ao & EUE

A) oL oWTIEER Y =7 AF
¥ v fiieug Ao B ERST o RE 2 2
B, FAHMOER L BEHEYEDETCOTH
e

FE L, BEIFEE SBFCSM LT
% Diffuse Type, Rz Peak % F8: %5 Thyroid
Type, BHifiic Peak # ¥ 7% Stomach Type 35
X Oz Peak %323 % Bladder Type o 4 43
HEHT TR, FLT, zoHfmE & FH
MBI il 5 T & Fl o BED %
100& L& oo ol Eh ThoFiafEx R
M7z (Table 3).

Table 3. The alternation of counting rate was

examined by the difference of radioactivity
distribution in the body.

Int. Diff.
u.l. u. ul. u.

Diffuse Type 1000 | 972 | 994 | 969

e T e

Thyroid Type 988 | 1021 | 1003 | 1048

Stomach T,

mey P 1 1005 | 1039 | 975 | 926
T

BledderType | 1008 | 949 | 1082 | 1002

Z ofEEx, Integral TLETF X hIIE LcGE
W, DAFOEC X HFBUEOERNL 0~ 1.4% &
FEH A, oFHTTE TR BB O ZE B H
0.2~ 8.2% LA LRKEWZ Ebbhoiz.

C) PSR DIRRSAYZEED & FHEUE

T, B % 7z a50uCi PIIRER X 3045
T 2.5BE E CIE L, PSR ORRHYZEE)C
X BEHEEDE LR TNt Tinioh, Integral,
Differential FHll-¢HFhZh BT OB ¥ i
EhozombaaciiEl, MRk 2 REgEoFE
R 100& L, FEfE0ET A F~7c (Fig.16).

CofER, EholEERoReERLCEL
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Fig. 16. The alternation of counting rate was e-
xamined every 30 minutes after administration
about 6 patients.
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A HFEL LT 2 v 2 ) — FREECHER
ERTWABETT, Ay 275 v FEEEETFTR
DREW. FIT, Ay 277V FRDOWTEHRN
Lz,

(i) Sy 275 v FitERO AR X

—5E pCi oA ERHE L HE, Sy
7 75 v PR n ERH BRI LT Eofio
E &t b B R TR

EfRo3cen x 1 x25cm K U AF v —LEL10 L
R, codkedLiopCi OR 1% Ah#
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Toble 4. Net count and background

L ' Int. Diff.

N.C. B.G. N.C. B.G.

| 6.7x10° | 1.4x10° |17.2x10¢| 2.8x10¢
“Sr [ 6.5x10° | 1.4x10° |10.5><10"

1.5x10*

“Fe | 7.1x10° | 1.4X10° | 7.8x10*| 1.1x00¢

counting time: 200 sec
source: 20 #Ci in 201 bottle

R E DBYE A #H~Jz (Tabled ). <y 7 75y
Fix, Integral CIEBREIHE pFY/;, Differential
THIYe L ATHL DK &\,
(i) Ay 275 v FOXEH

N 2770l s BEo T8 A 5 -,
Integral (50KeV~) s J O Differential ( 420~
620KeV) e T, Sy 2 75 FRJIELE
6, 017 AROFHHEL, Integral 3l
95,800¢/40sec., Differential Ef{i]-¢10,160c/40sec.
Thh, BERERThLht 4.2%, + 0.8%
TH27-.

5) BHRE woWT

B0 &L, Ry 275 v FEHEGERATR D
REWD, BRCER Li-Sa1+40 ol ciilE

Table 5. Minimum detectable amount.

Int. Diff. :

u.I. ‘ u. u.l. u. |

w1 | .09 0.13 0.13 0.19 |
Sr | 0.09 0.13 0.14 0.20

“Fe | 0.09 | 0.13 0.16 0.22 |

Counting Time: 200 Sec,B.G.: Int.(u. 1.)140,000
¢/min.
(u. 1.: upper and lower detectors,
Limits: 99.7, u.: upper detectors)
Am =55 (34, 9 3m0)
& ngt

Am: minimum detectable amount

n, : net ¢/m

ny, : background c/m

Ao : source in uci

L : counting time

Confidence

AAREZBRAHESME H20% o6

TELNESPAMETES. Thbb, BB
HEEC W T2 . Wiy 2 75 v
FOBECHEM L104Ci 0 &8 & 5 RI5ERE R
(Table 4) 2365, WERE+ & OBHREE R 5.
Hi L7 (Table 5) '
BoMEHUREEx, Integral FHIC LTS5 ok
HEF2 R L 84, EEMX 0.3% T 0.1
#Ci Tz b, Differsntsal FHjifpkc 4 fEEHE |
GBLLTFTH 0.2uCi THB. Tickhb, KB
I, 2008FEHEI X D #9 0.3% o EEHERE
0.1xCi ¥ CRIFERHETH 5.

5 & &

1) ZEEo#ETSWT

SEHFHEEE E Loy, B Ucifize o
HEENEREIhD. Fhia, BASHHEOE
#, Sy 277 v FrlEs IS Likth
b, ZO B BE v okt
BHADBELLY, TokdIEHcEliitd o
8%, TOR, 2v 7)) — rERIEGECH D,
FEwmA S BR U e BE S 2 5 0E
AL UL, Ay 72 75 v VEFER IS
W T, IESRATECESRE CBA, HHRE S E
¢ Fp BHDID

e, e oWTE LB EFoR, FHA,
BHHCIBBEFC L V4 ORERDH B, &
R Z DB HHRREE 2 Infilie LW, TE%H%H o
LI T3 0h0b i TEIRTWS
'*JH”E’:JZ') b 1)(!.!12}.

INbDOREEL, FEBIKHREL KSR
O EF, TEEsHoEEY s3T5
Tedb &, FBEFEMAYEL T, BE TRV
y— bCHEREL, MRy ETwEE LR (8
i) & L.

2) RESAz 2T
Fl—fRE A2 E T 2R ST & 18 B
1, BHBORES BEY T2 0E RS, Z o
ik, #HER & RIRE oM, wREHBRED
BEHE % 7203051, BB \WidBE oS Tk
E: bhnb DHE)
FEETE, RESEY ETeg4akSo%@EL
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fodd, EiEi ET2h 2 hisEEmmestm e
THbH., LicpioT, MEE LD O AR L
KL OPERECHB. T, RHEBOEML
BRM & OREEET LA <, 55~T5mTh B,
Ewwix, SHhtEoS oMo bttt b
REAMC X VB ey s JE L, Fh
DALY B RESMHAHE bhichbd Th
5.

BRANERC S 5561, TN, #ELSe X
DREAMIKE SHBLZT S, tokw, 2
KPR WCTRWEES B L T KPTIR
RomfERieiks o, HEKdeh 24T
BUWEEAMMAESRS X 5 BB L2
L.

3) 77 vi—aERIOWT

PERAERNZ 5 20, REoMB X » &k
DEERPIBoMEo B X D EL, T
DOWE R FZ TR BEREDHT5. £ TA
BT EDREDRENMIESN D2 M5 e
BIL7 T v b= 2KBETiookh, ThcizA
FHRDRETEN7 7 v b~ a2 EBBERD
5. Linl, AMEoBifciiEeSEmE s b
CHEBTS CERATETHEND, ok
WEEERHR D B k5 e AR i B ok 7
T v —nwERLLEH L.

B, 88 133 iER CAER BTV B0, PFeix
BT = A F =T D 0 TRR RO
%. Peak region FHllCi3EHENIA UTH %28,
I, BSr o RREEE 2RI, F e —iRE
Scatter region FHifillix, Integral FHfll L b H{ko
B AMEL , #5F Integral I 3 FAE L 3
—ERVBES 2B T 5.

4) TEELH MoK EwoWT

IR ERAY I, SRR B C R
TH B\ IEERR & LRt B, 15,
§F, &, B, &, mEFcTH%cHmT5b
BThad. ZDX35RINFTHEHMHLT
% &, FHEECRIE oFMN w5 (2| o bt
v, ThbbTNEES OB ELZ T CERTS
DT, ZOWEDTEBRFTAWRIEGENER
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Eha.

ZoHMNL, BE oFEM ATk LD (arc
system, chair system), ¥R & EE OFEHEAE
Lich, R BEHEO AL LT 4K
XD WESTSED, BRHES @7 A BEh
SRR BET 5EOT RN EhTLHL0e
12
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