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Stochastic Risks in Stomach Mass Screening
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The population doses and the stochastic risks from stoamch photofluorographic examinations were estimated
on the basis of a nationwide survey. The annual number of photofluorographic examinations was 2.14 million for
male and 1.96 million for female, with a total of 4.10 millio. Organ or tissue doses related to the stochastic effects
were determined with a phantom measurement using X-ray apparatuses of stomach mass screening. The average
organ or tissue dose per full examination was evaluated from the experimental data by assuming mean technical
factors such as X-ray tube voltage and body thickness of preson, based on the results of nationwide survey.

The collective effective dose equivalent from stomach mass screening was 16, 135 man Sv, which was
calculated according to the ICRP recommendation. The per Caput mean effective dose equivalent was 0.37 cSv
for male and 0.42 for female, including skin cancer.

The annual population doses were 1.8 Gy for genetically significant dose, 117 4Gy for per Caput mean bone
arrow dose, 100Gy for leukemia significant dose and 79.4 Gy for malignant significant dose. The population
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risks, which were calculated using the population doses and risk factors of stochastic effects were 3 for genetic
effects, 24 for leukemia and 153 for malignant diseases, respectively, for the whole population of Japan, The
individual stochastic risks from photofluorographic examinations for stomach mass screening were lower than the
risks from radiographic examination for stomach X-ray diagnosis.
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Table 1 The details of the size of samples for the natiowide survey

Group of Total number Sampled Answered __Eti_o__

facilities of facilities(A) facilities(B) facilities(C) B/A C/B
A 47 47 37 1.0 0.79
B 90 45 31 0.5 0.69
& 197 59 29 0.3 0.49
D 352 70 38 0.2 0.54

A Japan Cancer Society ; B: Department of public Health in prefecture and Mass

screening Center ; C: Mass screening Association(membership list classified by occupa-
tions)and D : Mass screening Association(membership list classified by regional group).

Table 2 The annual number of photofluorographic examinations(Stomach Mass Screening)(in thousand)in

Japan, 1980, by sex and age group

Age group
Facilities sex Subtotal
-19  20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-69 TO-

Male 0.42 7.30 35.75 66.04 124.62 202.61 221.55 219.15 136.69 118.09 33.43 1,165.65

A Female 0.24 1.87 12.23  54.06 125.08 189.66 204.283 199.21 159.54 155.61 33.12 1,134.90
subtotal 0.66 9.17  47.98 120.10 249.60 392.27 425.83 418.36 296.23 273.70 €6.55 2,300.55

Male 0 0.84 3.61 8.94 21.23 44.02 52.33 49.20 28.81 15.10 3.68 227.76

B Female 0 0.15 1.20 8.11 16.90 28.64 34.01 30.24 21.96 17.70 2.89 161.80
Subtotal 0 0.99 4.81 17.05 38.13 72.66 86.34 79.44 50.77 32.80 6.57 389.56

Male 0 1.33 3.15 11.45 31.81 104.29 66.64 43.41 23.45 6.68 0.87 293.08

C Female 0 0.19 2.45 5.62 14.29 44.12 36.50 18.66 6.75 2.62 0.16 131.36
Subtotal 0 1.52 5.60 17.07  46.10 148.41 103.14 62.07 30.20 9.30 1.03 424.44

Male 0 0 8.39 16.67 30.26 79.14 95.81 77.43 59.3%8 68.63 16.96 452.67

D Female 0 0 5.37 20.84 36.66 74.29 97.53 93.99 87.13 99.58 13.70 529.09
Subtotal 0 0 13.76  37.51 66.92 153.43 193.34 171.42 146.51 168.21 30.66 981.76

Male 0.42  9.47 50.90 103.10 207.92 430.06 436.33 389.19 248.33 208.50 54.94 2,139.16

Subtotal Female 0.24 2.21 21.25 88.63 192.93 336.71 372.32 342.10 275.38 275.51 49.87 1,957.15
Subtotal 0.66 11.68 72.15 191.73 400.85 766.77 808.65 731.29 523.71 484.01 104.81 4,096.31
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Table 3 Average number of exposures per examination by type of X-ray

projection
Type of projection**
Facilities® Nf;‘;n}’fr :Jf Total
HHes AP PAA RAO LPO Others
A 35 1.9 1.9 1.5 0.5 0.3 6.1
B 29 1.8 1.9 1.4 0.9 0.3 6.3
C 26 2.3 1.7 1.4 0.8 0.8 7.0
D 27 1.8 2.2 1.3 0.7 0.6 6.6
Average*** 19 1.9 14 0.7 0.4 6.4

* see foot note of Table 1.,

**A-P : Antero-Posterior ; P-A : Postero-Anterior ; RAO: Right Antero-Oblique ;

LPO: Left Postero-Oblique.

***Average values weighted by the number of photofluorographic exarinations

given in Table 2.
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Fig. 1 Technical factors for stomach photofluoro-
graphic examinations. These data were obtained
from a nationwide survey.
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Table 4 Doses at entrance surface of X-rays by type of photofluorographic apparatus
. ) - ” Radiography Fluoroscopy
: maging ocus-table
X-ray Unit system Type of table distan::e(cm) Tube Dose at Tube Dose at
voltage(kV)  entrance(cGy) voltage(kV) entrance(cGy)

A MC* Under-tube 45 110 1.90 90 4.8

B MC Under-tube 45 110 1.63 110 3.5

C MC Under-tube 40 110 1.32 110 4.8

D MC Under-tube 45 110 0.97 110 2.2

E MC Over-tube 80 110 1.64 110 2.8

F MC Over-tube 7 110 1.69 110 3.5

G MC Over-tube 7 110 1.52 110 4.2

H MC Over-tube i 105 1.28 110 4.2

| | Under-tube 45 80 0.33 80 2.5

J II Under-tube 45 80 0.36 80 2.2

K 11 Under-tube 45 80 0.115 80 1.90

L I Under-tube 50 80 0.138 80 1.92
M I Over-tube a0 100 0.058 100 1.09

*Mirror Camera , **Image intensifier.
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Table 5 Distributions of active bone marrow and bone mineral component
in average Japaneses used for evaluation of mean bone marrow dose and

bone surface dose

Bone Minaral Component

Active bone

Bone marrow Male Female
weight (g) -
Weight(g) Fraction Weight(g) Fraction

Skull 55.6 694 0.165 632 0.198
Mandible 3.7
Cervical Vertebrae 30.9 59 0.014 44 0.014
Sternum 19.98 21 0.005 16 0.005
Scapulae 16.47 129 0.031 97 0.030
Clavicle 5.69 50 0.012 38 0.012
Ribs 143.64 307 0.073 230 0.072
Thoracic Vertebras 75.6 172 0.043 134 0.042
Lumbar Vertebrae 80.25 146 0.035 110 0.034
Sacral Vertebrae 60.62 83 0.020 62 0.019
Illiac Bone 158.41 354 0.084 280 0.088
Femur 87.56 781 0.186 571 0.178
Arm 28.28 284 0.068 190 0).059
Patella 28 0.007 21 0.007
Tibia 443 0.105 324 0.101
Fibula 104 0.025 76 0.024
Feet 229 0.055 167 0.052
Radius 90 0.021 €0 0.019
Ulna 112 0.027 76 0.024
Hands 107 0.025 72 0.023

766.7 4,200 1.001 3,200 1.001

(2) BEmEE Hueiz,

ICRP D121z ki, EREE LB E Iz
HERERESLETHS, BFREATLEHIC
SHLTEY, BHADOKERNEMIES X OE
FHEICH HMCBERLT\5, Zoid, ICRP
EORHEAH10um ¥ TOE S OMAMIz 2T
DEHEXEEEARE L TH 2 2BEL T
%,

ZZT, BRAOREGBEERCEFRTS &
L, BRLYRRGE L -FERSAEE T, B
BEORGAERDI, 0L E, BoOBEL—
EEEE LT, Table 5ixFh b0ERY T,

BREDH10um OB TOFHEEL KD
HZEHEEETHD, 77 v ahOBORES
OfE, FHEL, ToREREAOBEERES
%$E&®ﬁﬁ$mﬁ&$®a.:®ﬁﬁkuﬁ
T A EXYEUCEHEEEREXE LT
%, 80~110kV o X Ricxd3 5 f B & LT2.5%

(46)

(3) 8 - HRE

ICRP O EZFE M E LY & FE BRIk
VAEBRABBREDE L', BRGEE
B U rchifias « Mo BA T L, B
BMFEYRDD EE, HERITHTDEDMORE
oML LT, EELAKEVWEEDLRSE,
fif, KBBLER, BEMEXOEBO S5 SR EAL,
25 MO E L, X CT B VYE2EE LT
prabie, i, B, iz kERERTIE5 ~10
Ao TLDFEFEDRIL Ty M L, EEYEIE
(B

37 -h AT HROBERE/REHGCCAEL
BRI OB ST AR  HBREOKE
% Table 617”7, & OEE CIIIEFE 110KV, B
BV OFBIETTbhBDOT, EBRTLF
MITHE 5T,

(4) EHhiRELE

AARRMsE 8478 15



Aull & fh 9 4

977

Table 6 Organ or tissue doses from Photofluorographic examination(stomach mass screening)determined with
a phantom measurement. Stomach photofluorographic apparatus used for the phantom measurement was a
mirror-camera system which was composed of a X-ray generator(DRX 190D Rotanode manufactured by
Toshiba Co., Ltd.)and a mirror camera(CXMS-70 manufactured by Cannon Co., Ltd.)

Radiography (110 kV, one exposure)*

Fluoroscopy (90 kV, 2mA, 1 min)**

0{%:;? AP OB ## PA ##3 AP CB PA
Dose Ratio Dose Ratio Dose Ratio Dose Ratio Dose Ratic Dose Ratio
Lung 390Gy 3.8 X107 290Gy 2.8x10°* 380Gy 3.7 x107% 1960pGy 3.5x10°% 1340.Gy 2.4 x107* 1800pGy 3.2 x10-*
Thyroid 40 3.9 %107 9 8.7 ®10* 8 7.8 x1000 187 3450070 52 9.3 x10-* 63 1.13%10-%
Breast 460 4.5 ®10°* 161 1.56%10°* 165 1.60x10°* 2800 5.0x10°* 1000 1.75%107 1300 2.3 X107
Liver 4000 3.8 =107 2300 2.2 X10°' 3500 3.4 x10°* 18900 3.4%10°" 11600 2.1 ®10°" 16800 3.0 X107
Stomach 6700 6.5 x10°' 2100 2.0 x107" 2100 2.0 *10°* 31600 5.7x10°" 11000 1.97x10°" 11000 1.97%10°!
Large Intestine 1050 1.00%10* 570 5.5 X107 900 8.7 %107 5000 9.0%10°* 2800 5.0 %10-* 3600 6.5 x10-*
Rectum 83 8.1 ®10-* 127 1.23%10°* 119 1.16x107* 520 9.3x107* 600 1.08x107* 1000 1.80%10-*
Bladder 143 1.39x107 122 1.18x10°* 115 1.12x107* 1150 2.1x%10°* 380 1.04x10"* 980 1.76%10-%
Bone surface 270 2.6 =107 330 3.2 x10* 350 3.4 X107 1600 2.9%10°* 1740 3.1 ®107* 1160 2.0 X100
Bone marrow 480 4.7 =107 590 5.7x10% 610 5.9 %107 2900 5.25107* 3200 5.7x10-* 3100 5.6 %10
Ovary 500 4.9 %107 420 4.1 ®107* 520 5.0 X107 2400 4.3»107* 2600 4.7 x107* 250 4.4 xX10-*
Testes 85 8.3 %10 26 2.5 X107 24 2.3 %107 370 6.6>10°% 96 1.72x%107* 109 1.96% 10

*Dose on the skin exposed to X-rays: 10.30 mGy ;
# Antero-posterior ; i## Oblique ; ### Postero-anterior
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**Dose on the skin exposed to X-rays: 55.70 mGy ;
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Table 7 Effective dose equivalents determined using the weighting factor recommended by ICRP and
Effective dose determined using a modefied weighting factor which was prepared for the calculation of
malignant significant dose

Photofluorography (110 kV)

Antero-Posterior Oblique Fostero-Anterior
Quantity Sex Ratio Ratio Rati
) atio
HeorD: g, Dyp, HiorDs g pyp, HeorDe  p plp
Effective dose Female 1030k Sv 1.00x10-! 560uSv 5.4%x10°2 690 Sv 6.7x10-2
fgﬁ‘galem Male 920 9.0%10-2 460 4.5%10-2 560 5.5%10°
Effective dose Female 2540 Gy 2.5%10! 970Gy 9.4x102 1090 Gy 1.06x10-!
Cartcinogenesis Male 2490 2.4X10 950 9.2x10" 1070 1.04X10!
Fluoroscopy (90 kV)
Antero-Posterior Oblique Postero-Anterior
Quantity Sex Ratio Ratio Ratio
HeorDe g, p/p, HeorDe gy pyp, HeorDe y poip,
Effective dose Female 5090.Sv 9.1x10-2 29904 Sv 5.4x10°2 2890Sy 5.1x10-2
eqiivaleat Male 4580 8.2x10 2370 4.2x10 2830 5.1x10-2
Effective dose Female 12200uGy 2.2%10! 5010 Gy 9.0%10°2 56104 Gy 1.00x10-!
Cartcinogenesis Male 11900 2.1x10! 4900 8.8x10-2 5450 9.8x10-2

Ds: Dose at entrance

Table 8 Average organ or tissue doses, effective dose and effective dose equivalent per X-ray exposure or
mean fluoroscopic examination for stomach photofluorographic examinations, and average organ or tissue
doses, effective dose and effective dose equivalent per full stomach photofluorographic examination

Gonadal dose Effective dose  Effective dose
Type of oo on the skin at  (€GY) per  Bone marrow (eGy) per equivalent (cSv)

exgg?: a(:ifa i ig:fé&g entrance ﬁminami d%séerg;r(l}g;:)iopra‘er examination  per examination
. Testes Ovary Male Female Male Female
Photofluorogranh Mirror* 1.5¢Gy/exposure 0.036 0.44 0.53 1.26 1.29  0.57 0.66
o - 0.23 0.0040 0.069 0.083 0.17  0.18  0.077  0.087
Fluorosco Mirror* 1.8¢Gy/examination 0.0077 0.082 0.096 0.26  0.26  0.110 0.128
by 1** 0.70 0.0021 0.028 0.039 0.090 0.091 0.039  0.043
Average*** 0.022 0.27 0.33 0.78 .80 0.36 0.41

*Mirror Camera System ; **Image Intensifier System. )
***Average values weighted by the frequency of use of imaging system(0.415 for mirror camera and 0.535 for image
Intensifier)
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T&RbL, ASEMERECT 582 - S o, ERGECEASEDHELELEHT 509
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75717 my LT, 80kV D ASEHES 5 TR L,
B+ 5% - ABRECL#HELL., Th 4,2, EMEPHBEYE

(48) AHERSE #5478 HT15



Fl [EF 94 979
Table 9 Significant factors used for calculation of population doses
Child expectancy Leukemia significant factor Malignancy significant factor
Age group
Male Female Male Female Male Female
—19 1.717 1.773 0.99 0.99 0.87 0.91
20—24 1.672 1.626 0.98 0.99 0.74 0.82
25—29 1.280 0.849 0.98 0.98 0.65 0.74
30—34 0.542 0.203 0.97 0.98 0.54 0.65
35—39 0.1226 0.01967 0.95 0.97 0.45 0.54
40—44 0.01724 0.00293 0.93 0.95 0.34 0.45
45—49 0.00424 0.0000894 0.90 0.93 0.26 0.34
50—54 0.001193 — 0.87 0.90 0.18 0.26
55—59 0.000357 — 0.69 0.87 0.10 0.18
60—69 0.00000133 - 0.51 0.63 0.035 0.075
70— = == 0.31 0.42 0.002 0.012
Table 10 Population doses from photofluorographic examination(stomach mass screening) in 1980
GSD CMD LSD MSD
gﬁ)g:p % 10~¢ ¢Gy per person %10-° ¢Gy per person *10-% ¢Gy per person %10-* ¢Gy per person
Male Female Subtotal Male Female Subtotal Male Female Subtotal Male Female Subtotal
—19 0.18 1.32 1.50 0.12 0.07 0.19 0.12 0.07 0.19 0.25 0.15 0.40
20—24  3.86 11.02 14.88 2.70 0.63 3.33 2.65 0.62 3.27 4.70 1.24 5.9
25—29 15.90 55.35 71.25 14.53 6.07 20.60 14.24 5.95 20.19  22.19 10.82 33.01
30—34 13.64 55.19 68.83 29.43 25.30 54.73 28.55 24.79 53.34 37.33  39.64 76.97
35—39 6.21 11.66 17.87 59.32  55.07 114.39  56.35 53.41 109.76 62.71 71.68 134.39
40—44 1.81 3.03 4.84 122.75 96.10 218.85 114.16 91.30 205.46 98.25 104.25 202.50
45—49  0.48 0.10 0.58 124.54 106.27 230.81 112.08 98.83 210.91 76.08 87.09 163.17
50—54  0.11 0.00 0.11 111.08 97.64 208.72 96.64 87.88 184.52  46.97 61.20 108.17
55—5%  0.00 0.00 0.00 70.88 8.60 149.48 56.70 68.38 125.08 16.65 34.10 50.75
60—69  0.00 0.00 0.00 59.51 37.49 97.00 37.49 40.10 77.59 4.90 14.21 19.11
70— 0.00 0.00 0.00 15.68 14.23 29.91 7.37 4.41 11.78 0.07 0.04 0.11
Total 42.19 137.67 179.86  610.54 517.47 1128.01 526.35 475.74 1002.09 370.10 424.42 794 .52
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Table 11 Comparison of population doses in 1980 with population doses in 1975
GSD(uGy/person year)  CMD(uGy/person year) LSD(uGy/person year) MSD(uGy/person year)
Year
Male Female Total Male Female Total Male Female Total Male Female Total
1975 0.3 1.2 1.5 102 63 165 89 56 145 i —
1980 0.42 1.38 1.80 61.1 51.7 112.8 52.6_ 47.6 100.2 37.0 42.4 79.4
Table 12 Population risks from photofluorographic examination(stomach mass
screening) in 1980
Type of risk Sex Population dose Risk factor Population Risk
Genetic Male 42.19%10~°Gy 185 % 10-°Gy~! 89.39x10° 0.70
Female 137.67x10°*% 185 10-® 89.39x 108 2.3
Total 179.86 % 10-*° 185> 10-° 89.39x 108 3.0
Leukemic  Male 5.26 X10~*mGy 20 <107 mGy? 116.32 X 10° 12.3
Female 4.76x107® 20x10-° 116.32 X 108 11.1
Total 10.02x10°* 20<10-° 116.32 X 108 23.4
Malignant  Male 3.70 X107 *mGy 165 % 10-°*mGy~" 116.32 X108 71.0
Female 4.24 %107 165 x10-° 116.32 108 81.5
Total 7.94 X103 165x10-% 116.32x10°  152.5
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Table 13 Individual risks from photofluorographic examination(stomach mass screening) in 1980

(Risk level : 10-%)

Age and Sex
Type of risk 22 32 42 52 62 72
Male Female Male Female Male Female Male Female Male Fernale Male Female
Genetic 2.1 25 0.7 3.0 0.022 0.045 0.00153 — — o == o
Leukemic 6.5 6.5 6.4 6.5 6.1 6.3 5.7 5.9 4.5 5.3 2.0 2.8
Malignant 95 108 69 86 44 59 23 34 6.4 13.2 0.3 1.6
Total risk  103.6 139.5 76.1 95.5 50.122 65.345 28.70153 39.9 10.9 18.5 2.3 4.4

Table 14 Comparison of individual stochastic risk from stomach photofluorographic examination and

from stomach radiographic examination'

Age 22 32 42 52 62

Sex Male Female Male Female Male Female Male Female Male Female
Photofluorography (P) 104 140 76 96 50 65 29 40 11 19
Radiography (R) 166 176 110 121 75 85 46 54 20 28
Ratio R/P 1.60 1.26 1.45 1.26 1.50 1.31 1.59 1.35 1.82 1.47
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