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Estimation of Population Doses from Stomach Mass Screening, 1975
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The population dose from mass photofluorography of stomach have been estimated on the basis of
nation wide radiological survey. The number of photofluorographic examinations was 2.38 million
for male and 1.74 million for female, with a total of 4.12 million. The gonad doses were determined with
an ionization chamber, using a tissue equivalent phantom. The gonad dose for male was 10.4 mrad per
examination and for female was 150 mrad per examination. The active bone marrow doses at 32 points
of bone marrow in the whole body were measured with thermoluminescent dosimeter. The mean
marrow dose per photofluorographic examination was 450 mrad for male and 390 mrad for female.
The child expectancy factor and the leukemia significant factor were calculated based on the Vital Sta-
tistics 1975. The genetically significant dose (GSD) and per caput mean marrow dose (CMD) were cal-
culated by the formulae presented from the United Nations Scientific Comittee of Effects of Atomic Radia-
tion (UNSCEAR). The resultant GSD was 0.15 mrad per person per year. The CMD was 16.5 mrad
per person per year. The Leukemia significant dose (LSD) was determined by adopting a weight factor,
that is Leukernia significant factor. The resultant LSD was 14.5 mrad per person per year. These

population doses were compared with those from diagnostic medical X-ray examinations in 1974.
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Table 1. The datails of the size of samples for the nation wide radiological survey

Group of Al Sampled Answered Ratio Ratio |
Facilities | Facilities (X)) | Facilities (¥) | Facilities (Z) (Y/X) (Z1Y)
Al 35 3 35 .00 | 1.00
A2 12 12 12 1.00 1.00
B 489 98 T4 0.20 0.76

C 197 39 30 0.20 0.77 a

D 45 45 40 1.00 0.81 B

A-1; Japan Cancer Society
A-2; Deparptment of Public Health in Prefecture

B; Mass Screening Association (membership list by reginal groups)
C; Mass Screening Association (membership list classified by occupations)

D; Others
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(1) Radiography
1 Image system
(1) Lens Camera

(2) Miller Camera (3) Image Intensifier

(4) High rosolution Image Intesifier (5) Others
2 Xe-ray tube equipment

(1) Over tube (2) Under tube
3 Focus-Fluoroscopic screen distance. 00 em

4 Field size (at Fluoroscopic screen)
5 Exposure factors

COI= 00T em, 7] em ¢

Tube voltage Tube current

e %

PA OC0 kv T[] mAs or Photo-timer
Obliqu OO0 kv I mAs or Photo-timer
6 Position
(1) Upright Position Postero-Anterior Ba Filling method (UPAF).
(2) Upright Left Anterior Oblique Barium Filling method (ULO)
(3) Prone Position A-P Ba Filling method (APF)
(4) Supine Position P-A Double Contrast method (PAD)
(5) Supine Position Left Anteriol Oblique Ba Filling method (LOF)
(6) Supine Position Right Anteriol. Oblique Ba Filling method (ROF)
(7) Prone Position A-P Mucosal method (APM)
(8) Others
(2) Fluoloscopy
1 Time CCICT see

2 Mean field size

3 Image system

(1) Image Intensifier.
4  Fluoroscopic factor

(1) Tube voltage [[] [ kV

(3) Focus-Fluoroscopic screen distance

OOx0O0 em,

[0 em ¢

(2) Fluoroscopic screen

(2) Tube current [ ] mA

OO0 em

Fig. 1. Form of questionnairs for photofluorographic factor

B H oFFdri s 1 B o RS D ot i@ HMmlE
#2562 (48JEFs) % W LT RSS2 584
L, 38iagks HEELSE (81%). rofEhEx
Fig. 1w,
3. AEER

(1) #Pa%
#7r—7R] (A~D) OBEMS0FERIIT S
HESl, R0 Table2 DN in% .
LB, C, DZ A —7ROWTIHELE» EE
Eolllp, EBLIB, C/L—FONTIEFh
% 5% GhHEOME) LTvwb, Table2 ik
T X 5 WM o EERY o 48 23874, 4«
174T7 TSR b 40~4955 D 7 v — 7l b %
V.

(2) P

i omEo hot 115[i:% (50%) D4
OB 6708C 1 JEFRD 1 #:HT b
BEHEACENS. 828 L Tt T S — TR,
Fe# o $5EE % Table 3 1273,

(3) SR

PR T oW TEIZ D B0t T4l (32%)
TIL, MALIEEFER GLIEFRE) 2Rd %<, o3
WCEEMZIER 7EHE, SR SRR b
to. LRI FEEE S A% Table 4 1IR3,

(4) HPEERE

BERECOWTEEE O H o8R0k, B
b &oteDix 110KV Chots, fEdc X 5%
BEDEFRHE N4 Tables iIciR$. FHOWH
BERH 103kV ©Hot.

(5) ;R



WEFn524E 6 A25R

Table 2 The annual number of photoflucrographic examinations in Japan (1975)

581—(51)

M Age
ale
group | <19 | —24 | —29 | —34 | 30 | —44 | —a9 | —s4 | —59 | —69 | 70< | Total
A 427) 4,637 30,742| 57,896'133,066/213,629216,772/157,156 100, 161| 99,035 31,135| 1,044,656
B 3,185 11,148! 13,223 40,950, 94,001|126,631|129,823 107,078 67,383| 75,068 14,207| 682,697
C 328 1,100/ 10,591| 14,583| 39,524 75,358 73,093| 53,519| 29,619| 15,148 2,085 314,918
D 774 5,295| 16,305| 22,663 43,500) 76,957 77,110/ 51,456/ 26,805 16,368 4,408 341,641
Total 4,714| 22,180| 70,861/136,092|310,091/492,575/496,798/369,209273,968/1205,619] 51,805| 2,383,912
Female
group
A 340 2,566| 12,117| 46,499|121,536/179,436/176,699|149,936/108,014/120,953| 27,040 945,136
B 1,3000 5,882| 13,150| 39,391| 73,298/|108,954|113,937|100,648| 65,896 70,039| 9,674 602,169
c 230 520, 2,049 3_,01_3_3___6,840 14,747| 13,460 9,094| 6,073] 3,972 256 60,274
D 387| 2,160 2,736| 5,972 14,871| 28,135| 27,194| 19,458 13,231| 12,489 2,721 129,354
Total 2,257 11,128| 30,052| 94,895|216,545|331,272|331,290/1279,136/193,214[207,453| 39,691 1,736,935 |
Table 3 The numbe of exposure per photofluorographic examination.
exposure/examination
group Total | mean
4 5 6 7 8 9 10 12
A Facilities 15 19 1 3!? 5.60
exposure 75 114 7 196
B Facilities 1 16 18 1 1 1 i 39 5.84
exposure 4 80 108 7 8 9 12 223
c Facilities 6 11 1 4 | 2.‘? 6.90
exposure 30 66 7 32 10 145
D Facilities 8 9 1 18 5.60
exposure 40 54 7 101
Total Facilities 1 45 57 4 5 1 1 1 115 5.82
exposure 4 225 342 23 40 9 10 12 670
Table 4 Frequency of radiographic method
method
group - - total
UPAF ULO APF PAD LOF ROF APM 1 others
A 39 29 28 30 28 9 6 23 192
B, C 41 34 38 34 28 21 11 32 239
total 80 63 66 64 56 30 17 55 431
rate 0.19 0.15 0.15 0515 0.13 0.07 0.04 0.12 1.00
U: Upright O: Oblique M: Mucosal
R: Right F: Filling PA: Postero-Anterior
L: Left D : double contrast AP: Antero-Posterior
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Table 5 Frequency of tube voltage

HAEZRE MY S8EE 378 Z65

Tube voltage (kV) > 120 110 100 90 80 70
Facilities 8 18 4 1 4 3
Table 6 Frequency of image system
Image system Lens Miller II HI, II Total
Facilities 2. - 26 5 4 37

Rate 0.05 0.70 0.14 0.11 1.00

Lens; Lens Camera, Miller; Miller Camera, II; Image Intensifier, HI. II; High Resolution

Image Intensifier.

Table 7 The position of center axis in X-ay heam

UPAF UPAM APM APF PAF PAO
Number rof Film 99 100 93 50 100 99
Position of Lumbar vertebrase 2.2 2.1 1.1 152 1.4 1.2
Standard Deviation 0.99 0.99 0.94 0.91 0.95 0.87
Table 8 Conditions of fluoroscopy

Image system g‘:l:‘n[; kV mA E;i;:g FU
Fluoroscopic screen 50 90 1 59 0.75
Image Intensifier 80 70 0.35 89 0.25

FFD: Focus-Fluoroscopic screen Distance
FU: TFrequency in use
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Fig. 2 Geometry of Irradiation (cm)
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LB, Thicy FEFERE 0.916% 80T, M
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Table 9 Exposure at the skin of center beam (R)

[ Image system
Thickness of body Miller 1I HI. II Lens
X a X 4 X a ®
15—16 cm 1.39 0.8 0.06 0.02 0.04 = 1.62
18—19 cm 2.04 1.37 0.11 0.04 0.05 0.01 2.18
20—21 cm 2.89 0.95 0.36 — 0.09 0.05 3.65
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Table 10 (Gonad dose per exposure at skin (mR/R)

Tube voltage (kV) 100 70
?;clngilt)f;n‘(:fr‘beam center) L—I L—I L—IV L—I L—IV
Da (0.60) 1.2 4.6 0.7 3.1
Dg (1.00) 1.9 9.8 1.4 6.8
&515‘— (0.80) 1.55 7.2 1.1 5.0
D¢ (15) 31 132 18 9%
The value of L-T are estimated from the value of L—-] and L-[V
Table 11 Gonad dose by type of position
Position UPAF | ULO APF PAD LOF ROF | APM | Others | Xp; gd;
Frequency (P;) 0.19 0.15 0.15 0.15 0.13 0.07 0.04 0.12
Testis (M) 1.60 1.85 0.60 0.65 0.82 0.82 0.50 0.90 1.06
Ovary ((di'™) | 21 26 10 10 11 11 8 14 15

¢H0.96, 4r13mR, 70kV -¢5H0.70, # 9.5mR
Lied. “hEr s FIREFRE 0.915% BT
RFERIOKV ¢5B0.88, 12, 70kV ©H0.64, &«
8.7mrad Lis%.

(iii) 1#Edic h O TERRE (d)

(2) 8 1 RbichoLMHEERE D), F
BEsHE R) L PEERPEEn LD, 14
Hic b O&MEEE @) & dRn TRDHLR
5. ch&EziErwd— (2) (b)), 4— (1)
(i), 3—(2)wxo>TRdbhic. Md=0.96
mrad, P d=14mrad, R=1.54R, n=>5,82[E]» &
0d,= 8 6mrad, Wdg= 125mrad Lg%,

(b) BE 4— (2) (i) cRkDHBAhKI

R bl h o FHETERGRE d) &, 4— (i)
(ii) eR>d ORI 1 EHie b ORSHHE R &
3— (8) OMIEH (90kV) & II (70kV) 0%
BOMWBHEEST (p) 2 LAERDHRC X%
1 fdte b OISR ) 12 ) R, m
OROFH BB (907 23 1.8mrad, & (Fgd)
piosmrad Findh .
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Table 12 Bone marrow distribution for Japanese® and number of detectors (TLD).

Part Bone marrow weight (g) Number of detectors
Cervical vertebrae 22.3 1
Sternum 20.6 1
Scapulae 16.7 1
Clavicle 5.6 1
Ribs 104.5 7
Thoracic vertebrae 101.0 {
Lumbar vertebrae 35.8 5
Sacral vertebrae (5.8 2
Illiac hone 170.2 8
Total 33
Table 13 Bone marrow dose per exposure at skin (mR/R)
Tube voltage (kV) 100 70
Lumar vertebrae )
(position of beamcenter) L-1 L1 LV L-1 ‘ LW
UPAF (40) 46 69 33 49
UAPF (34) 37 33 19 21
PAF (32) 37 55 27 40
APF @n 30 26 15 17
S0 (48) 55 83 41 59

The values of L-1 were estimated from the L-T and L-[V values.

Table 14 Bone marrow by type of position

Position UPAF | ULO | APF | PAD | LOF | ROF | APM | Others | Ypd;
|
Frequency (p;) 0.19| 0.15, 0.15| 0.15| 0.13| 0.07 0.04 | 0.12
Bone marrow dese (d;) | 48 57 28 33 50 50 o5 37 42

U; Upright, O; Oblique, M; Mucosal, R; Right, F; Filling, PA; Postero-Anterior; L; Left, D; Double

Contrast, AP; Antero-Posterior,
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i (md) (342mrad & 705, Gl BAT &
®, BEZEE L THHED0.87/ & Li-.

(ii) &

FBROBE OB RS E Table 8 mfn < ¥

©90kV, IT 70KV, %R 130.75L0.25C 5
% . FERLT DO\ TALER D D 1o d DFER D s &
thbihb 0T, TOREMREOBELRAU & #
z Bififti (md) 1290kV -¢36mrad, 70kV -¢27
mrad L Uiz, & OEXHTERD WE OHFEH A
5, 1 Rplh OFERD HHEHHE (md) %
FtEs4mrad, G FD0.871% L L.

(iil) 14Ed7- b OFIGERiMRE (dm)
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Table 15 Child expectancy and future number of children in the population by age-group

Age-group Population Child expectancy Future number of |
(years old) X Wi (Wii) childrdren N, W

0 —14 | 13,546X10° 2.209 29,923 %X 10°

15— 19 4,150 2.209 9,167

20 — 24 5,135 2.176 11,174

25 — 29 4,737 1.671 7,916

30 — 34 4,44] 0.600 2,664

35 — 39 4,211 0.178 749

40 — 44 3,973 0.048 191
Male 45 — 49 3,346 0.016 54

50 — 54 2,305 0.005 12

55 — 59 2,501 0.0016 3

60 — 64 1,868 0.0004 0.7

65 — 69 1,459 (0.0002 0.3

70 — 74 1,093 0.0001 0.1

(oo 1,005 0.00003 0.03

Subtotal 53,320 x 10° 61,855 10°

0 — 14 12,890 2.105 33,448

15— 19 4,017 2.105 8,456

20 — 24 5,162 1.997 10,309

25 — 29 4,825 1.128 5,443

30 — 34 4,500 0.275 1,238
Female 35 — 39 4,234 0.046 195

40 — 44 3,559 0.0044 16

45 — 49 3,518 (3.00012 0.4

50 — 54 2,959 0.000000

55 — 9,316

Subtotal 54,980 x 10° £9,105 % 10°

Total 108,300 x 10° 120,960 X 10°

1 Rpich OPHERE, 5 (“md) 42mrad,
4 (®md) 36.5mrad X 4— (1) (i) <=k
bR (R=1.54R) 1B b
OFEBEEE (n) 5.82Em 6, 1{#hi=bo
SEEEEifRE (dw) 2 md-Ren TRisHh, 5
Mdy= 376mrad, 4 ®dn 327=mrad } 7%,

(b) B 4— (3) (i) tkdbhicl
R&»i- b OFEFHHE (md) & 4— (1)(ii)
TRD bhic R R) LERRECLS 3
—(8) oA L 1L FBROBMENTID (pi) M
5, EERDBERIC LS 1 {#EHi b OFEERER
& (md") 13 md, R, pi OF0F12 HF (Wnd")
T4mrad, 4 (‘F"m&’) gdmrad LA .

(c) FHERERE 1 bl oTEE IR

£ (do) 3 FRoBPoBE (md) LBROR
B md) ofkich, B (da®™) 450mrad,
4 (du®™) 390rarad Licb.

5. EEREODHEE

Bt (8D crsERBREONE L LGR
EAEME, B0 L AIURE TR & HEE
L, EbREMRECOWTLHEBTS.

(1) EEHFIEGE (GSD)

GSD (De) 1%19624F [FEELR F gt o &h i
BIF 2 PieEZ A4 (UNSCEAR) 1P & $iEHH Sh
Twb (2) R xoTRdAB.

2 %: (NSOWEDAGD +NEOW DA
TOOW+NPWE)

pE=

(2)
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per year, 4rff:¢ 0.124mrad per person per year
Eich, GSD 134&F 0.154mrad per person per
year Ligh,

(1) B & S a R

BRI X 5 AMPBERED 2 7 = X A 3fRY S
howigwedd, BEillgss, Fhciaiin o hucpd
HELTWBEEL bR TR, USCEAR o i
e 1 AY ) o FEEHRE (Dx) % 3K
TiHETH LI CHERIRTWSH?,
_?%(N}E‘Jdﬂ‘)+Nﬁ)d}f’)

: DN N

M

(3)
zofeamEFeET (L) 2258 LicAm
WA EGE (D) #E 4N Lo CRHR L.
2B (NRPRPLED + NP O LED)
D= E(’NﬁMJLiM)+NﬁF)L'(F)
" jk
(4)
(3) (4) FT Ny Niw (M) 35 208 (F) 1
(2) REAMU, di EEREAZT - AOH
BisgET4— (3) (i) wili-i=. ¥, |l
AR L 12 44ERIE 0 N0 EEaR &G,
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Rl o YRS 0 B R RAEIE D DRDTD §
D¢, Foffix Table 161K .
ch&offiz (3) X0 (4) R Ah i

FUIRER, Bk, ko PoEiitEs X oA
A EREE T h EhkomL ie2ik.

D{} =10.2mrad per person per yoar

DgP= 6.3mrad per person per year

D{IMJS, 8mrad per person per year

D{F) =5, 7mrad per person per year

(3) EeRifiE

Pl o XFASH T, FHGEPLTOEY
BT 4— (1) wXy, "EPLIE D b
1.54R, FHH 1 ST 2.1RTHB. H 1 kK
YT © D JREHEF 5130 X 30cm? L 3-hi, BilgEo

Table 16 Leukemia Significant FActor, L,

Age group Male Fernale
0 — 2 0.98 0.98
3 =1 0.99 1.00
8 — 14 0.99 1.00
15— 19 0.99 0.99
20 — 24 0.99 0.99
25 — 29 0.98 0.99
30 — 34 0.97 0.98
35 — 39 0.96 0.98
40 — 44 0.94 0.97
45 — 49 0.91 0.95
50 — 54 0.85 0.91
6 — 59 0.78 0.87
60 — 64 0.70 0.80
65 — 69 0.58 0.70
70 — 74 0.41 0.58
7% — 0.28 0.40

XA C ORI #H20X 20cm? Lics . FéE
Be 1 tkHic b ol 45,820 &3, 14
Bic b I 0 Z B REERES ©38,585Rcm? L
fo5h . Rk, FHTIE840Rcm?® LichT ek
b, BHKY 1EZ 5 LR EBR L0/ T
0.44R-m* DBGHERIEE B 2 Tl b
% . SRR 412757 (o XgREEEE . X5 B
LoT, BHShiEMofm 1.8X10°Rm?
Ligh, BAOAR%E 1LUEALThEER 1A
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Table 17.

significant dose (LSD) from stomach mass survey

HARESRERESMR B378 e o

Genetically significant dose (GSD), per Caputmean bone marrow dose (CMD), Leukamia

age group(y1) —19 | —24 | —29 | —34 | —39 | —44 | —49 | —54 | —59 | —69 | 70— | total
GSD p rad o | . g
per person | M*[0.894.15]10.2 | 7.0 4.7 |2.0 | 0.68 | 0.16 | 0.03 | 0.005(0.0004| 30
per year F*¥ 5.0 28 42 33 12.511.83 [ 0.05 | — o i — 123
total 6.9 32 52 40 17.2 1 3.8 | 0.73 | 0.16 | 0.03 | 0.005/0.0004) 153
oD, mrad | M| 0.02[0.090.30 | 0.57 | 1.30 | 2.07 [ 2.08 [ 154 1.15 | 0.86 [0.22 | 10.2
per year F 0.008 0.04 | 0.11 [ 0.34 [ 0.79 | 1.20 [ 1.20 | 1.01 | 0.70 | 0.75 |0.14 6.3
total 0.03(0.13]0.41 | 0.91] 2.1 3.3 3.3 |2.5 1.9 1.6 [0.36 16.5
LSD, mrad i
per person M | 0.02]0.09]0.29]|0.55|1.25|1.95 l..B‘J_ 1.31 ] 0.90 | 0.55 |0.09 8.9
per year F 0.008/ 0.04 | 0.11 | 0.33 | 0.77 | 1.16 | 1.14 | 0.91 | 0.60 | 0.56 [0.07 5.7
total 0.03|0.13]0.40 | 0.88 | 2.0 3,113.0 |2.2 1.5 1.1 [0.16 14.6
M#*=Male F#**=Female
Table 18 Comparison of Population Dose (mrad per person per year)
GS3D CMD LSD
Examination
male | female | total male | female | total male | female | total
Radiography* 6.38 | 4.72 | 11.10 21.1 15.9 37.0 18.1 14.0 32.1
Fluroscopy* 1.45 3.98 5.43 38.6 31.4 70.0 33.2 28.0 61.2
Photofluorography 0.03 0.12 0.15 10.2 6.3 16.5 8.9 5.6 14.5

# Data in 1974
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AR 18/ 1.6=11.2mR k75,
6. & =
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P (19694F) ¢ 183F{F ChHot bo 4t 4
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FHERD AT\ 35EEFMG O N X5 GSD i
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FREEEONADRE OB L ocbDTHS, X
Ehfis, BRSO B LET.
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