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Table 1. Specifications of monitoring room

Location ground level

Height above sea-—level 30m

Inside dimension(cm) L—250, W-200, H—200

Inner shielding

Materjal _ iron

Thickness 2 0cm

Shield grading lead 3mm, copper 0.5mm

Inside finish polyvinyl chloride
Ventilation system | filtered ocutside air

‘Heating/cooling system air conditioning
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Monitoring

room

Photo.2 General view of whole —body counting

system with subject
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Table 2. Specifications of the detector system

Cristal ! NaI(T1)

Shape 57 x4
Detector Window : LO0mm(AZ)

Phototube = RCA 4525

Type T 8SG—2016, SER. No0.3E3511 { Fuji electric }
Pre amp. TYPE PA—12(Fujielectric)
Main amp. {ORTEC) 471
High voltage (FLUKE} 415B 01V~3000V
Analyzer {ORTEC) Model 6240 Multichannel analyzer 1024 ch
Read—out unit 1. Degital recorder (H/P) 50554

2 X—Y recorder (H/P) 7004B
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Fig. 2 Circuit block diagram
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Fig.4 Variation in efficiency to gamma —ray of
various nuclides (Point source)
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Fig. 6 Capsule source for caliblation
of lung

Photo.3 Capsule source for caliblation
of lung



Table 3. Specifications of calibration source

Type ¢f phantom
Nuclide Chemieal form Box phantom * Remeal phantom Rando phantom
Activi Vel v Forck .
c( nlé’f)ty o(cﬁne Activity ?clcl)lme Activity Organ
{Organ) {(uCi) {Organ) {(nCi)
20
I—-131 Nal—-H:0 - — 180 (Thy roid) - —_—
Nitrosil 286
Ru—106 Ru nitrate 123x10° 5.11x10¢ 275x10° (Kidney ) —_— —_—
511x10¢4 1.68x103
‘ 203 {Whole body ) 216 {(Liver)
Co—60 CoCl2—H; O 45 Lung
o - 216 286
{Kidney?)
511x10¢ 168x1032
175 {Whole body ) 243 {Liver)
Cs—137 CsCé,—H:0 42 Lung
286
243 {Kidpey ¥
- — 3 511x104
K—40 KBrQ;—Hz20 1.12x10 (Whole body ). _— _ _
Ce—144 CeCEs—HzO — —_— —_— PR —_ -

*k, ok Solusion of RI,
F4k  Capsule source,

(at Cct, 1977 )
(at Feb, 1976 )

ET—6.—T1F8N



N841—-790—13

32 77 ki
BIECHERA L7 v b3, XET &=V 28O BAD ARSEM7 7 ¥ b A

(T F7rvira)d, KET Y -V vHBOBEERBREEZET L7725 v 787
FY b VAANT s YA )BLY, IFLGHBALSEBERN 7 s Y PADO3ERT
b, 575 AOABEES Photo. 41T, 77 ¥ FADEEE Table 4 iR
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LAahAT v b, BREE, i, BREAREL, BRRIOLTE 131,

I IC D0 T Co—60&ECs—137, B XUBRIC > T Co—60& Ru—1060D &K
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Table 4. .Specifications of the phantom

Type Material Specifications
{ Maker )
Plastic Organ(Volume ;cc), Height ; 170cm, Weight 735ky
Remeal . : 148(R)
(Transparent ) Thyroid(20) , Heart(330), Liver (16507, Kidney (1 3g(L) )
Tenite—I Spleen(114), Pancreas(100}, Stomach(215 ), Bladder (283),
{ Aldersen )
2~3ms thickness Testis{ 100)
Organ(Volume ; cc )
Box— type Polyvinyl chloride Head{4000), Neck (500), Chest(9700)

{ Fuji electric ).

5mm thickness

Abdomen( 7200}, West(lOlTOO), Thigh{(8500)
Leg and foot (6000), Arm{5000), Whole body{ 51600}

Rando

{ Alderson )

Radicequivalent
to corresponding

himan material
Z $ 1730

P L0985

Height; 17 5em., Weight 73.5 kg
Effective atomic mmber:7.30
Mass density of lung : 032

With human skelton

gI—6L—1V8N
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Fig.7 (a) Bed geometry of Box phantom

Fig.7 (b) Chair geometry of Box phantom.
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Fig. 8 (a) Bed geometry of Remcal phantom

Fig.8(b) Chair geometry of Remcal phantom
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7& Table 5.

CALIBRATION DATA

Detector/” Spectrometric Integral |Radio— Energy band Net Net
Technique resolution background [nuclide pulse Contribution from
background
) ) ] {(0.2~2.0MeV) Lower|[Upper | Band rate
106 137 5 4 106 a7 60 40
Ru[**Cs| #9C0o | 49K Timit{ Iimit|width Ru | 1%7Cs Co K
#w)/ |@| @@ | @ | (com) (6) | (1) | Mev) |M1v) | (cpm) | CPRA TP | (e | Com /| opm, s

10} 93 | 84 7.1 5872 106R 057 | 068 | 011 541 080 — 38 1.7 007
1370 g 059 | 0.74 | 015 b88 53 059 —_ 2.3 0.09
60C o 123 [ 142 | 019 247 48 001 0 — 012
40K 1.38 | 1.54 | 01586 255 037 0.01 0 037 —
1440, 010 | 015 | 005 942 087 0.9 2.2 30 020

Box phantom. Organ : Whole (Bed geometry )

El-6L—T¥%8N



Table 4. CALIBRATION DATA

Detector,” Spectrometric Integral Radio— Energy band Net Net Contribution from
Technique resolution backgrognd nuclide background pulse
106g,|1370 ¢ [ 600, | 40K (02~20Me7 I-lv;:;f Fiill)ietﬂ 3?;311 rate 106R  137C s 0 Co| 49K
H)/ | @) @) @ | (com) (6 | 1) 016y [oev) | (epm | Cepm Hlepm Alepm 2} (epmd | (com S
10 10 7.9 77 5561 106R 4 057| 068 | 011 493 049 —_ 33 15 007
137Cy 059 074 | GI5 587 3.5 044 | -— 20 009
50Co 1.23] 142 7 019 234 31 001 0 —_ 011
10K 1.38]| 1.54 | 016 246 028 0.00 0 027 —
144Ce 010} 015 | 0.05 942 056 0.9 2.0 2.7 019

Box phantom, Organ:Whole body { Chair geometry)

E1—6L—178N
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Chair geometry

1440 ¢ (0,134 MeV)
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r—ray energy(MeV)

Fig.9 Variation in sensitivity to gamma—ray energy
ol various nuclides and geometries
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FmJObBbm5$5KH%®&KK%&%§%Aﬂ,NwFﬁi)bUKﬁMT,
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Table 7 CALIBRATION DATA
Detector ./ Spectrometric Integral Radio— Energy band Net Ne t
Technique resolution background nuelide background | pulse Contribution from
hospy|137Cs |50Co | 40K (02~2.0Me7) | Lloi‘:; [ijriftr v]:f;fh rate  fieegy | 13705 | %0Co
w) |@ @ | & e | (com o | o) (o) e | repm) | (CRI| (eEm ) (emnd | GEm
10 | 84.| 60 7.0 6212 106Ru 057 | 068 3 011 59.2 — I 42 6.5
3¢y 059 | 074 | 013 728 16 —_ — 9.2
80Co 1.23 | 142 ; 019 27.2 14 — 0 —_—
40K 1.38 | 1654 | 0.16 25.1 _ — 0 046

Remcal phantom; Organ @ Liver (Bed geometry)

gT—6L—T78N
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Table 8 CALIBRATION DATA
Detector / Spectrometric Integral Radio — Energy band Net Net
Technique resolution background |nuclide background| pulse Contribution f{from
w50 [137 60 . (0.2~2.0MeV) Lower (Upper | Band rate o5
1 137 60
RuP¥Cs(*°Co K limit | limit | width (cpm (R“/ { C;/ C"/
- cpm CDIT Cpl {cpm
(% )/ (@ @) @ (o {cpm) () |(MeV) |(MeV) |(MeV) {cpm) nCi)| nCi)| nCi) nCi)
10! 89 71 7.0 6118 106R y 057 068 | 011 593 — e 21 3.2
137C g 059 0741 015 703 7.9 i _— 9.2
60C o 1.23 142 | 019 271 6.7 - 0
$0 1.38 1.54 | 016 247 — _— 0 0.46
"S8e 024 | 032 008 —_ 11
Remcal phantom ; Organ ! Liver (Chair geometry )

ET—6L—TF8N



Table 9 CALIBRATION DATA
Detector” S pectrometric Integral |Radio— Energy band Net Net
Technique resolution background |nuelide background pulse Contribution from
(0.2~2.0MeV) Lowed Upper |Band rate
106Ry[137Cs | 89Co | 19K limit | Limit | width %Ry \PTCs | *°Co
y {cpm/ | (cpms | (cpm/ | (cpm/
91 |88 7.0 7.0 6212 108R y 057 | 068 011 592 056 _— 20 29
137C 5 059 | 074 | 015 728 44 047 —_ 9.2
80Co 123 | 142 | 019 212 41 004 o —_—
40K 1.38 | 154 | 0186 25.1 0007 — 022

Remcal phantom, Organ:Liver (Bed geometry )

g1—-6L—1T¥8N



Table 10. CALIBRATION DATA
Detector /| Spectrometric Integral |[Radio— Energy band Net Net
Technique resolution background nuclide background Pulse Contribution from
toso|1ar o 10 {0.2~2.0MeV) Lower | Upper [Band rate
Ru"Cs | Co | TR | limit | limit |width Ry [1%7Cs | °Co
. - (cpm/ | (Cpmy |{CPM/ {cpm ~
(4 )/ I 4] @) () ( cpm ) ) (0MeV) | MeV) | (MeV) {cpm ) nCi) nCi) nCi) nCi)
11 99 ;65 7.0 6111 106R y 057 | 068 011 593 029 — 1.0 1.8
13170 059 074} 015 703 21 024 S 2.4
i @75 &18
50Cq 123 1.42| 019 271 24 002 0 —
40K 1.38( 154| 016 247 — 0003 0 017

Remcal phantom

; Organ @ Kidney (Chair geometry )

ET—6L.—TF8N



Table 11. CALIBRATION DATA

Detector/] Spectrometric Integral Radio — Energy band Net Net
Technigue resolution background | nuclide background | pulse Contribution from
va1 1 (0.2~2.0M¢&V) Loweq Upper |Band rate w0x
limit | limit|width
%)/ | @ (cpm) ) {01 o) e | Cormy | SR U
104 131 ™ |0320 | 0430 | 0110 101 60 0.11
131§ %0320 |0430 | 0110 838 99 | —

%  Remcal phantom ; Organ : Thyroid (Bed geometry)
sk ” # P # ( Chair ” )

E1—6.—17% 8N



Sensitivity

(cpm/nCi )
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T—ray energy (MeV)

Fig. 10 Variation in sensitivity to gamma—ray energy

of various nuclides and geometries



N841—79—13

4.4 WMBEBRA
HEHEHRCB VT, v 2739 Y Fatl®B%E 0, (cpm), ZDRERMZE ty
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Fig. 1155, 28K H—SHT5Cs—137D5EA 1 0 4rHiE T} L50Ci, 3 34
BET L1 nCi HRHBREL %,

oT, 7-mTU NIRRT BHT, 1 nCiBi#o Cs—137IKETIHEERT —
RAEEZCEFEAMELTAETZ2HEEGKE, 3 VA LDOHERMEPLETHS. —
%, BRABRERORNEL SV TH L EERERS D BB i3, Cs—137 it L



N841-7913

TI10ADRAERBETERLERAESTHEEEL 5,

Table 5 %5 Table 11 OBEEH (cpm/nCi);»~v 7 75y v FEEEE, 3)
REBOTTs =10 BLT 335 (20008), Toidsww 2259y FENESS
HOBRBREFFEELTE20T, 83342 (50008, kidd3okick 3 2RA
LT, YA A PJEDOVTHER I ~THRHEBRHBBR, BLU ICRP-2 TR
ENTWHWIRATFEGAANE (Maximum permissible body burden ) % Table
12 L& EHTHRT | '

Table 12405, HEHBEICSVT, Ny FO4 2 P RDOTELNZABERIE,
1~15nCiofficah, Co—60 (£5) K2 TIEIMPBB® 9 F4d1, Ru—
106 (&£8) TETHD1, Cs—137 (£8) Ko TiF2h40 1, Ce~144
(28) K2V TR 180040 1KY TS, Ru~106 2Cs—144 DI 7B
HEEDONCEEZREBAIECLING, CHOoDKBIRONT, REBHEREE

MPBB & 0 W% Cs~137 LRSI T2 picid, AEBEEEL 755 EDEE
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Minimum detectable amount (nCi)

10 : ;

Nuclide : Cs—137
@ Detector position

Source ”
@ Detector position
Source ”

: Brust

: Lung

: Brust

: Whole body
(Tb = 833min, k=3)

~ Fig. 11

Counting time (Ts) {min)

Relztion between counting time and minimum

detectable

amount

e1—6L—178N



Table12. Calibration data and minimum detectable amount
Background Net pulse Minimum de‘-neetable Muxuflum.
Nuclide Organ Geometiry rate amount  (nCi) permissible
body burden
(cpm ) {cpm /nCi) t, =33min. ty =10min.
. {(uCi)
Bed 255 037 7.7 14 -
K—40 Whole body
Chair 246 024 16 25 _
. Bed 247 4.8 058 1.1
Whole  body Chair 534 31 12 19 10
Co—~60 -
Lung " Bed 250 91 042 065 _
" Bed 54.1 080 5.1 94
o6 Whole body Chair 497 049 11 17 10
R —
" . Bed 592 056 10 16
Kidney Chair 503 029 20 31 3
Bed’ 101 60 012 019 T2
I-131 Thyroid : (@z 5
Chair 834 99 069 11 =
Bod 58.8 53 11 5
Whole body ° ! 30
Cs—137 Chair 59.7 35 1.7 26
Lung Bed 494 10 051 081 —_
.Bad 942 087 6.1 11
Ce—144 Whole body 20
Chair 942 056 95 17

EI—6L.—TF78N
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2 (BRIT, HAOME, B, ERE) RELRENCELALRTTICLBLET,
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By, BELEEORLZRE 2B ABLETH S,
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Appendix

I_z#f:Vﬁ%EDﬂﬁﬁ%é7?ybAﬁbﬁbﬁ&EEﬁ@bh«@ﬁﬁEob
T

TrY bahoROMKEERE . e OFMBCHEATEE, 77~ AN KHES
ik, e rOBAKRHESTOZESBELLS, 22T, b FOKABFESHZIE
BTA2BMHT, RF +=Y7 %72

ZF VIS RBRAXFig IRBNLEBE»SRY, 3V A—202Y v MEEO
~20mDMTERTES, BEF, RV » MEZSamiCRE L, FEHTIC 5 enflE
TLEERRAF 4=V I TE, AR vy IhoBonBHEOIMEE, ERLULE
BLzo ¥, BLULZORBLENKOL EB R LOoBHRIONERELRE
T3,

g BEROWThmrdEb L0KE, JBb LB omFrer—24%2L D, &
EAMIEF MBS A OEX VEVEAC I BB~ OLEO TSR LHBiTE 5,

L L, AErEREROMKICE, BAIEK (N—P ), SBEX(T—B) %, BB
%Kfﬁﬂ%ﬁ%ﬁﬂﬁé%5kb,%@&Eﬂ&@ﬁ%ikﬁ%%KE%ﬁQT%@
ERETLFEHEL L, -7, WHBREASRD, ANTORNEYREOBIHHE
BB (ER%3~58) KB THENET 5 ¢ & HSUETH B,

AXTCH~FHER, B—EE, BE—KBKO2O TRk bDTHs0 5, HET S
OB ELIBECHNEDESEEL TV EEA (FIAERHE TR, e BiRE
REIKE, ax—4%2A0T, EALTV3ESOASKRHEES2 BADTEHEANK
ABES5NUTAHAM) ZREL, TOBBLTWAEBBIKOW Tk BREEREZEH
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M. EEECLDIAHEDEOTIIEDINT

7Y FabbELNEREERFE MiCHAT 254, (KA~ MELIID, B
FEALETr¥ bake b OEBEDNE LTS, 22T, BARROZE, BOH
EHLINBBETEAMIEOVT, AEDORKEVWFORRELTEEZ Y V7 ¥ P oaZ,
NEOHOREELTLES ¥ F7 7 Y P2 2A0T, AHBZORVASEFHEBHEIE X
FTREAEET, FALLT7 7 b AOEEE Table I-LCRT, RF AKX Table
DIV KT Y PADBRRTH P eV BEEERALL, W77 ¥ P2ZAVTED
nk%ﬁﬁﬁéﬁmmﬂ—zwﬁTo%wmn—zw%&%@vm%ﬁﬁﬁﬁﬁ<ﬁb,
ﬁﬁﬁvF777bbméﬁén%%ﬁ%$ﬁ,%%7TVFA#B%BM%%§ﬁ$
X0 Cs—1370062MeVicH L T2 0%, Co—600D 1.33MeVICHLTH1 THZ
NENKEEILE B0 H-T, BEI Y F7 7 Y P 2 oB AR REERE B
ERAURE, ABECE-TETITMREIN2 0BLEHDI LB TE S,

Tablell—1. Conparison of reference man and rando phantom
Reference man Reference Japanese | Rando phantom
Sex
{ ICRP Pub.23) ( G. TANAKA ) ( Alderson)
Hight Male 170 165 | 175
(cm) Female 160 152 163
Weight Male 70 59 735
{ky) Female 58 51 54




Table[—2 Comparison of calibration data with difference phaniom
Net pulse Minimum
Nuclide Organ Phantom rate detectable amount
{cpm/nCi) (nCi)
Rando 3 10 0.81
Cs—137 Lung
Rando % 12 0.68
Rando & 0.1 0.65
Co—60 Lung
Rando % 11 0.54

ET1~-6L—1T78N
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M, #ECERLEZMIOBEICOL TOHRHE
FXFig.9 CRLErTBIsv ¥ —LREDOS 7705, MIECERLLMADK
B2 T REEHERDICENBTE S,
BEAETBIEBOTRETARET, v—VEF 4 A0V OMREUZEE BT
ﬁ@®%#2Fmdﬁ—lw,it,&E&TﬁI$W¥—&%@Hm%g%gébf
Tablell — 1 iTFRT .
ﬂmwm—1mﬁbtmm%é&Fmﬂ@¢a7@5Rwﬂn3,u~14L2rﬁ&
Nb—95, Ba—140, Sb—125 K DWTHBIC L - TROLBEER &, &~ OFAT
TANE-—NYFONY IOV EF, BLUTTHODEDR BHEIC X » TRH IR
RBAMEAE Table M~ 2ICE LMD TRT,
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Fig.M—1 Relation between cooling time and alcz3:ivity
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Tablel—1 Characteristics of neuclides

at reprocessing facility

Nuclide Half— life r (MeV) I (%)
Zr—95 65d 0.724 49
0.757 49
Nb—95 35d 0.766 100
Ru—Rh
Ru—103 396d 0497 88
0610 6
Rh—103m 5Tm
Ru—106 367d —_—
Rh—106 30s 0512 21
0622 11
1.050 L5
Sb—125 27y 0176 6
0427 31
0463 10
0599 24
0636 11
066 3
Cs—137 300y 0032 5.1
N662 85
Ba— La
Ba—140 128d 0.030 il
0163 6
0305 6
0438 5
0537 34
La—140 40.22h 0329 20
0487 40
0752 43
0815 19
0923 10
1596 96
253 3
Ce—Pr
Ce—141 33d 0.145 48
Pr—141 1.9ns
Ce—Pr
Ce—144 284d 0.080 2
0.134 11
Pr—144 17.3m 0.695 1.5
1487 029
2186 0.7
K—40% 1.26x10%y 1460 11

% PEKK=00118%

Specific activity=7.1><1()‘6Ci/g

—4 5—




Table —2 Calibration data and minimum detectable amount

. Minimum
Nuetide Peak energy Energy region B .G Sensitivity detectable
{MeV) (MeV) {cpm) ( cpm’nCi) amomt. ¥
(nCi)
0724
Zr—95 066~ 082 5045 6.1 1.2
0757
Nb—85 0.766 070~ 083 3860 6.1 L1
Ru—103 0497 045~ 054 5413 58 1.3
0428
Sb—125 040~ 049 5450 2.7 2.8
0463
Ba—140 0.537
046~ 056 5710 49 L6
La—140 0.487
Ce—141 0.145 013~ 017 71785 3.2 2.8

*
Organ:Whole body, Ts=10min

E1—6L—1¥%8N
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TableV—

1 Results of whole body counter in human subject

Net counts per minutes of each energy band ( cpm)

T otal
{ 0.15~2,00MeV}

A(154~200MeV) | B( 1.34~1.54MeV) | C{0.72~1.3d4MeV } | D{ 0.60~0.72MeV ) | E{0.15~060Me V)
Mean
% 083 3944 4071 1370 9728 18177
Standerd
deviation .17 3.94 529 323 1842 2665
(7
)_(+30' 434 5126 5658 2339 15254 27174

n=276

E1—~6L—TF8N
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