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Medical Irradiation in Japan

— Stochastic Risk Estimation and its Reduction-—
Tadashi Hashizume

Division of Physics, National Institute of Radiological Sciences

9-1 Anagawa 4-Chome Chiba-Shi 260 Japan

Research Code No.: 302
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Carcinogenesis, Organ and lissue dose

Nationwide surveys have been carried out on medical uses of ionizing radiations and radioisot-
opes in Japan since 1957. The recent data showed that the annual frequency of diagnostic X-ray
examinations and the annual number of radiographs was about 95 million and about 340 million,
respectively, in 1979, and that the annual frequencies of other radiological procedures were about 0.54
million for administrations of radiopharmaceuticals in 1977, about 0.077 million for radiotherapeutic
treatments in 1978, about 33 million for chest mass screenings in 1975, about 4.1 million for stomach
mass screenings in 1975 and about 100 million for dental X-ray examinations in 1980, respectively.
In Japan, the radiological examinations, particularly X-ray diagnostic examinations go on increasing
in frequency. The aim of medical and dental radiology being to provide maximum benefit to the
population served, any increase in frequency of radiological examinations must be justified,

With increasing emphasis in recent year on the somatic effects of radiaticons, somatic risks to an
individual and the population from medical irradiations were estimated using risk factors determined
from the data on excess deaths due to leukemia and malignant diseases for atomic bomb survivors in
Nagasaki, leukemia and malignancy significant factors determined taking into consideration the latent
periods of these diseases after radiation exposures and the life expectancies of persons received medical
irradiations, and organ or tissue doses related to the diseases. On the other hand, the benefits to
the population were defined as life-saving rates of patients expected from X-ray diagnoses. As an
example of results of risk-benefit assessments for X-ray diagnoses, it was recognized that both chest and

stomach mass screenings cannot be justified for persons less than 30 years old.
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The stochastic risks to the whole population of Japaneses were estimated using the population doses
such as the genetically significant dose and risks from radiological procedures. The results showed
that about 340 persons for genetic effects, about 300 persons for leukemia and about 1,260 persons for
malignant diseases will annually receive some fatal risks from diagnostic X-ray examinations, respectively.

In order to reduce patient exposures as low as reasonably achievable, the physical and biological
studies were made on the possibility of deose reduction in the specific X-ray diagnoses. The cost for
the dose reductions was estimated socioeconomically to be 2,000 to 3,000 yens per man rad for male to
the X-ray diagnoses.

"The results of risk-benefit and cost-benefit assessments showed that for all the N-ray diagnoses,
particularly for stomach mass screening and other X-ray radiographys of digestive organs, the uses of
image intensifier system and higher sensitive recording systems should be urgently promoted, and that
education in patient protection for radiologists and radiographers, researchs and developments of X-ray

diagnostic technology, and physical and biological studies on the reduction of patient exposures should

be actively encouraged,

1. # ¥

BORR O K EHRC X » TRFicEEN S &
o, BARETHZ LB LBEIR T
T, RIS LR L T 5 S P E MF &
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i Y A 7% ROl o EEREY N HEL
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) o FhEh 3, HutEEIER (19717,
1977°94E) o 2@ETHBH. o, BEEIRONK
HHEOFIHAE ~ BNk 7o & D, 1960FHTC g
L CHZE T X9 10f%, #EHk2H80f%
bigo T, HAEOEA S R TIiSh
LERO Sz — vERRLTWS, ZOfcd ICRP
CIREFERICO\WTY, BEEACEB LTS
MEEHRAER] o, #lRo ME4HE] & [k
W) w o WTEDNERETRA LT3, &
hEo sk ZR L ARG, =7 ERERO
WELBIED [FEE] %, R\ CEREHRC X%
[VA27 ] %, fVTHIEEBEEmE» b [IE4EE]
%, PR EREEIR & R D [Hl{ls] O
BABET 5.
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Table 1 Frequency of X-ray exposure, examination
and fluoroscopy (¢ 10%)

447—(39)

Zhucdeios @8 S ML Tw5. R¥
B 19574E2700 58 125 7o b O A ITIEIT I
34,0008 # iz GHEBRITT0T T EL T
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XBCHRARZ T D D, kg
Lichasl, EaAxigic UcE, SRR
BiE 2t L RBAAS, FtAxRgc Licd
BChah, ARARAERTIbI N~ & LIBR
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KPR TR BT BT T2, HEud
fehs oo, BRI EERR VR MEAT » TS,
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HBIC X THEBEST bR Tr bIiXaiucm LT
Wh. Hx ORETE TIXIRFNZ0ED b D 5 RO
F3.2100, 4200, 4600, 54007574 & SduzHim L

L 1959 | 1969 | 1974 | 1979 fo. L UBEARRECHSOKEWINEOL
| exposure 3800 | 17800] 20400] 34300 SR I e D, FRRMOMEE X b /N 3R
| examination 1570 | 6400 7300 9600 AELTy~ny) vBEED 15L (—il4F
&), P cEERA L LT 2 g (—i 344D 1
fluoroscopy 480 | 1400| 1450[ 1770 Rotz e, %EEGD{EE?E%E%@i% Lz b ie
Table 2 Frequency of X-ray exposure sex and age (x10%)

Age 0—9 | 10—19 | 20--29 | 30—39 | 40—49 | 50—59 | 60—69 | 70— Total

Male 5.6 | 11.8 | 19.6 | 29.7 | 39.2 | 35.8 | 28.7 | 22.8 194.5

Female 4.1 8.4 | 12.0 | 16.8 | 28.3 | 28.9 | 26.4 | 23.4 148.3
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Table 3 Frequency of X-ray examination and exposure by sex and type of examination (3¢16°%)
Male Female
examination | exposure ;ﬁf;?;;:am examination | exposure gig?;q:am
1 Head ) 7.3 3.2 1.6 5.6 3.4
5 Chest 22.5 30.2 1.3 16.3 21.8 1.3 i
7 Barium meal 7.7 89.3 11.6 6.1 66.0 10.8
8 Gall 1.2 4.8 3.9 1.4 5.2 3.7
10 | Barium enema 0.4 4.0 9.5 0.5 5.1 9.9
12 Lumbar spine 3.2 9.3 2.9 2T 8.1 3.0
14 Urography 1.0 3.7 3.7 0.6 2.2 3.8
17 Pelvimetry — —= — 0.3 0.4 1.4
20 Hip & Joint 0.7 1.0 1.4 1:1 1.4 1.3
24 Angio Cardio, 0.04 0.5 13.9 0.02 0.3 15.9
25 Tomography 0.6 3.8 6.8 0.3 1.9 6.8
28 Computer Tomo. 0.9 8.9 10.2 0.5 5.8 10.3
Others 11.9 31.7 2.7 11.6 24.5 2.1
Total 52.4 194.5 3.7 43.0 148.3 3.4
Table 4 Annual frequency of X-ray A Dl i S 3 i AR X - T X i
examination by country EZFTwAHEY, BEOLS To b2 iR o k%
counizy 1962 1972 1977 Ex o LR DS, HBFHIE56%, 4%
ﬁgﬁ 150 — = ZR LT\ 5O L EHE R AYA 1395 %1 -
— 171 -y - —
D :I‘% SR LT 5,
UK 280 310 - %_&;%’TL
Sweden 290 - 540 (i) Bk
Switzlands 310 — 1350 BORARERC X - TRERAAYDEN S,
Japan 410 610 676 HE, #V)—ta—r, R0o—oE I i 4
— - gi fg o IR R S LSRR OTER 1
rme 1 5 y ) EA 3t LAY S
Neowsianss 0 510 Tis6 VOC, BB I &% B O EIRE b i
Egypt - 5 - T, 19694 DIRFE T 1 R80T h T
Taiwan — 39 = T DN ITEFENT N 23875, 2 174T5 B Et 412754k &
Tailand — 43 — BHLI™. ZOWS, SERFIOHSA Table 5
India 36 — — B [l

LD, —RRACSERRBRED I o totod, B
FNS04FIZ 1333005 /A L =, 19754EDZHRE
DIEMI A% 2% & Table 5 w752,

(3) Hstiss
TBEHARERI K & < BI OB AE - %
BRI X5 BB e P S0 X B iaHkpE

Taiwan 5 Annual frequency of photofluorographic examination by age and sex.

Age —10 11—15|16—18 19—24/25—29 30—3435—39‘40——44’45—49 50—54/55--59| 60— | Total
Chest Male 0.7 0.6| 23| 33| 2.4 2.1| 1.8] 1.8] 1.6] 1.1] 0.5/ 0.5 18.4
(X10°) | Female | 0.6 | 0.6 | 2.3| 2.2 1.8 1.6 | 1.4| 1.4| 1.3 1.1| 0.3) 0.4| 15.1
Stomach | Male 0.5 2.2 7.1|14.0 (31 |49 |50 |37 |27 |73 | o238
(%10 | Female 0.2 1.1 3.0 95|22 (33 |33 |28 19 |61 174
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TH BIRR I X s Lic. 2ok, B
FNSSLELE D B X IR OFIF A KX LT & fehH
£Td “Co MJEBLELFIAZIhTB. ZDF

R Hk % Table 6177

1977T4E DR

¥x77,000A%°, D BHEHEGE 1,775,000[E T
H5. - OEFIRI97IED 1,779,000[E" EFEA

Table 6 Percentage of irradiation source

Co-60 |Conv. X| HE-X | HE-E
1961 24 66 — —
1971 63 7 18 12
1977 55 1 38 6

Table 7 Annual frequency of patients by
sex and type of disease.

Type of disease Male | Female
Buccal cav. and Pharynx 2680 1530
Digestive organs 5930 2270
Respiratory system 12790 3520
Bone, Skin and Breast 1490 9090
Genito-Urinary organs 3330 | 15700
Lymphatic Tissue 3240 1870
Others and unsp. sites 6110 5960
Non Malignant 600 930

Total 36170 | 40860
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(ii) FEEDERIE

“2Ra D§HEL IR OWET T SEAF
BIUEERTE R ERT W, L L*Co
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DR D 2\ EEL NGB IR HOE S h,
19784E DA T2 TIXAERM O B EFEUL 197 1451
DR D 25,3000 Th - 7. G, ElGE, B
FER DR A Table 8 RT.
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—r = APFEREOBRRCELAVbhB LS
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30%IT < oo Tuvh, X 2CE o THkE % B
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B X h T %IRRT O FIRLTTR
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F DR, FiHO4EE Table QwRd. 2o
Bl T ik B H PAu A EIS0MEH ST
foo 1 fEdHic b OFEHEFE4.8mCi ThH 5.

(4) MEtEERER

HoHEE SRR g0 L 2% EET19655R1TH)
1054, 18714 17H8E L4 U3o8fn LTy
7o, *=Tc PR—Ric S B FHIENRS X 5wk
S ThbEL, 1977TF T4 AH L,

Table 8 The annual frequency of brachytherapy treatments by age-group and type of
sealed source.

1 Male Female
Type of source Total
0 -—14[15—29| 30—44 | 45— |Subtotal |0 -—14[15—29| 50—44 | 45— |Subtotal
Radium 226 i = 40 470 510 | 120 | 120 570 | 8,420 | 9,230 9,740
Cobalt 60 - — — 460 460 | — - 460 | 8,820 | 9,280 9,740
Cesiurn 137 e = = 50 50| -— . 520 | 3,460 | 3,930 4,030
Strontium 90 -— 40 190 410 640 | — — 220 650 870 1,510
Gold 198 == 120 100 220 | — — — 20 20 240
Tolal -— 40 350 1,490 | 1,880 | 120 | 120 | 1,770 | 21,370 | 23,330 | 25,260
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Table 9 Annual frequency of treatments of Thyroid using I-131 by sexamd age.

Age —14 15—29 30—44 45—59 60— Total
Male 0 2 462 708 135 1378
Female | 0 377 2593 2196 441 5607

Table 10 Annual frequency of diagnostic examination and annual amount of Radiophamaceuticals.

BQmTc 1311, 1281 201'1‘.1 I’BAu ?Sse B?Ga loa:[.lg lﬂiixe llll‘m SImK:r (Dthers TOtaI
Number of |Male | 164 48 52 |13 18| 4| 2| 1| 1] 1] 28
Patients | permale| 119 94 3118 9 |12| 4| 1| 2| =1 1] 28
Activity Male 952 5 10 8 3 35 1 16 2 5 — | 1037
©o Female | 743 9 50 9| 6 |2¢| 1] 8| 2| 2| 2] su
Table 11 Annual frequency of X-ray Dental examination by sex and age (10%)
0—14 15—29 30-—44 45-—-59 60— Total
Male 4.0 10.8 13.5 10.6 4.8 43.8
Female 3.9 15.3 18.1 13.1 4.9 55.3
Table 12 Annual frequence of X-ray Dental examination by sex and age
Molar ’ Pre. M Canine Incisor Panorama Total
Male 8.3 | 9.0 5.6 7.4 5.0 43.8
Female 20.9 J 15.9 4.7 9.1 4.7 55.3

FE1875Ci 1wie o 7.

19774F DAE A5 & fliFA % Table 10 7R+,

(5) BEFl

PPk R MR 1319804 D FAE CI3H935, 000G
7RV B Y FEM OMEHINT 0PI TRI90005 1
7 7= THII000 IR LT\ 5. Foip), 4
IR DWH% Table 11 13,

(6) MEHRIC & 3 Bl d & URERD SRS
B LUEH
(D~EIR Ut B O 52 %y ¥ &
T Table 13 o575,
3. EEMBIcLiURY

et AR Bics & KB LT 2 88 o
BB BN, WIOh LB E b 0TIzt
GERRE). To— 2ol W dhlc ot & 210

B HEM TR W), Kfkies s 280
Mo X5, HarfiEE cilBErinus, b5

[LEWE] 282 % L3 8bh, FOmREEE
DB BT 5 [IEMERAIE ) &, BImEse
BRSSO LREREED X 5, fHEosins
ZOMEOEBE T3/, F0MBORETS
MEROEIMBIRL [LEE] Dy [HEREY
WE] ThrY. (thEoEEoH s EMREY
CZZTRYAZEES).

IEMERA B OR, W OBEME Tl WIRE
50, FIBEE2EET, Zh& 1 EgE o
B orem PETHY, ENETIE 1 ERREH1500
rem f&E L Ih T2, ERERCIE BEOCY
BB DY, BECl o o kg
P e 7R,
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Table 13 Annual frequency of medical irradiation (10%)
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Date Examination exposure

X-ray Diagnosis 1979 9800 34000

Fluorocopy 1979 1770 1770

Mass-screening Chest 1975 3300 3300

Stomach 1975 412 2400

Dental 1980 G800
A s Diagnosis 1977 54 (1950 Ci)
Radiopharmaceutical Therapy 1977 06 (27 C)

Beam Therapy 1978 (2 178

Brachy Therapy 1978 2.5 6

TERMEENL - h 2 BB R & SRR B R=Ro+D«$ - (3

MFTHEzbhs. BEIIRME & b ic b i
WERT L HBEFRARERL, borfEORANRE
BEIR O FE AT B 35 L 3hTw
5. NEHRIRE ERE AR AN BRI 5 3 MR
2ffi, B, FRBOBEEETHD. hEOE
TR TH B T, BT X B R
FET AL, BRERORk-s/ A — Aok
PR ORERA il 2 Db ik aiie e, —JF
& (D) 8 (B) o (D, (DRom
{FZ 2 bh™ R OFLKRE, KER TR
MEindoT, EEFRO XS /MR (Irad )
T) cikgicRoicEEr D, BRMC/HE
LB BRI e 5 Bh 5 %.

E=aD+b G(t) D? L €))

Tje — 1 +e" T

G=2 i"ﬁ%%ze
Lot

a, b 1 ZEHK

t  SEEEIE R

T : RSy
BRIEGER I LS RN VA2 (R) RHEEL
T, ¥THHEROBENFA ET e b ETEE
Tw5 (2 CRBEA LT 5 1 2WTI00HA
Hich lrad pichd VA2 [ZhEZ 2T
A7 Ro) L 5] R, KTEDY A
7 BMRT B (Bl BE: SRR ©
W R (D) #F L, W L smERET
(8) [l 38z sk FHto B B
BT 5] RFELTHIROML LTRDLRS.

BRI X 5EER X OHER Y A 2 @on
TZ® Ro+ DS %3R5,

(1) BERY A2

(i) v 785

R O BAVFHE T s BT TR
NAREBOKE T L TEDHEBEE, 2R
ERAFRCTHETFEITRXTHROZFEICLTE
¥, MBS X » T OfEH% 2 fSIeiED 55
&, IuEingErBc - TRkbde behT
R %k LA h D, UNSCEAR CllfmiiEsd
SE450.3Gy (30rem) & HESE'Y LTish, ZoOff
PESRR, EEERCs UTEHENEERS T
111Gy (100rem) & LT3, fEFhniiEs1Gy &
Lict D4 FNTL BFH (D 0V A
7%, lrad Bico foffinbaERTL 51005 A
DTt (F) Hiche3A, FHIRBTISALL
Tb, ZZTERZOfER Y A 765 GRe) &
L, #h*hn063.10°rad?, 185+ 10+ rad™* &
#3. XNEEHSHREZE RS (ICRP) T 1@
ADOYVAZELTHRO RECTHEZY A7 FEY
100 « 10 « rad 3 LT 542,

(i) BEFEETF (G

Tl Tl A A % T\ PR OMHERY Y A 7 11k
IRGRCBERLEFETHD. 2OV A LFRE
AUER T ek DRER I B S IR LT B,
k 3o AOTFRAE P OB R A OTFHEOE
Tl iy BEAERT G &35, BAE
AD19794E0 G DfEi4 Table 14jziR-39,
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Table 14 Genetically Significant Factor

Age 17 22

27 ‘ 32 ’ a7 42 a7 52 57 62

Male 0.99 0.97 0.72 0.34

0.092 | 0.019 | 0.004 0.001 | 0.0003 —

Female 0.99 0.92 0.48 0.13

0.007 | 0.003 | 0.0001 = =

=~ |

(i) AFRl A
ARREFRRD | 1k CEOBERB O w & 55
RO #HREY S Hich O ARG % Table

15, 16, 17Tz,

Table 15 Gonadal dose per examination
for X-ray Diagnosis. (mrad)

Male Female
Head 0.08 0.06
Chest 0.02 0.11
Fhotfluorography 0.06 0.21
Stomach 8.5 302
Photfluorography 7.4 106
Lumbar spine 3.4 150
Pelvis 57 162
Urography 23 360
Hip & Joint 285 130
Femur 63 30
Tomo (Chest) 0.7 0.5 [

Table 16 Gonadal dose per examination
for pharmaceuticals (mrad)

Male Female
“=mTc  Pertechnetate 160 186
Phytate 6 19
Pyrophosphate 145 186
5Ly Nal 18 20
Alburin 230 190
1231 Nal 2 3
%Ay Colloid 13 130
51Ga Acid 570 680
"5Se Methyonine 2600 6500
'3¥e  in soline 18 14

(v) HADY A2
AFERR T 1rad Bicstcki@E o A DOV 2213
3Rn » Gi ’535 D s f—tfﬁﬁﬁ@ Eiﬂiﬁﬁ e sDk }:@'
MEZDADY 2 7 (6Re) 13 (DROWL 5.
6Re=gRo + Gr+ gD .. (4

Table 17 Gonadal dese in mrad per 100 rad at
the surface for field size 10cmx 10cm.

[

| Co-60 | 200 kV-X | 10 MV-X | 10 MeV-E
Lug 90 109 92 62
Stomach| 134 209 120 68 f

KIFZMC XL 5 HIEAND Y A 213 Table 14 o
fiEve A= AR &SRO BAD Y R 2 G55 (100 -
10°) #EFHE IV, B0 E o cigs
ADYV A 271%0.0085% 100X 10 &7 Bhst 0.85
X10°Ei0 %, 42D At Foffiic Table 14 o
fE0.019%FE U1.6 X107 L I 5.

W) R Y = 2
Wk LSRR DBED U 2 213 (B)ROM < R
Wwhihsb,
eRp={ Ej:gl (o104 (G40 N3y 0
o D™ G Ny} X g Rore+(5)
ol
JBHox 17
NIE AR o
M), (F) 3FhEns, o

KEDO BEDY A 7 675 Ro) 13185« 107«
rad™ H{ERT 5. o BRI h T B E
FREME (GSD) 12 &0 { )} offiv + o
=TI DI F TR B o CE - -1l
ThHB.

XBRWNC X 5 BEEFRGEOE L D% Ta-
ble 18 ik

T DMMDEFEHER, BOHEBEIER™, SRk
BUGRHEY, BEVMREIARS?, #E®R220D, i
RI2Wr® 12 & 5 MEEEHRED 445 % Table
19z w4,

REMYR AL OBETBR T\ 2
FRBREEZ B D2 Table 20 i @49
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Table 18 GSD for X-ray Diagnosis in mrad
person™ year™ (x10%)

Male i Female | Total |
Head 0.16 0.08 0.24 |
Chest 0.13 0.55 0.86
Photoflu, 0.007 0.025 0.032
Esophagus 0.16 0.07 0.23
Ba. Meal 25.3 295.5 320.8
Photoflu. 0.03 0.123 0.14
Abdomen 24.3 70,9 | 95.2
Ba. enema 70.3 206.8 | 277.1
Lumbar spine 18.1 115.4 | 133.5
Pelvis 52.5 12.7 | 65.2
Uropraphy 34.3 18.2 51.5
Bladder 3.6 42.4 46.0
Hystero o 35.4 35.4
Pelvi. & Obst.] — 34.0 34.0
Hip & Joint | 184.4 113.1 297.5
Femur 41.6 3.5 45.1 1
Comp. Tomo. | 13.6 3.5 16.2 |
Others 25.4 6.0 341.4
Total 535.6 | 965.2 |1501.2

(2) AIMFEDOY A2
(i) VA 7G58
R OERE (hH:FR1ER ) o
PR X % FIED VY A 7135745 335rad o PWIRE
Z— 736« 107 « rad™* (1005 man rad T36
AN) THrH, 145, 703 LU 20rad o s 7
A—=FDY A7EEhEhel, 16, 14x10"rad™ &
o TWBY,  ZoOffin b 1rad BE OPERE O
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Table 19 GSD for medical irradiation.
(@ rad person™ year™)

| — 1

I Male |Female| Total

| X-ray Diagnosis 5400 9600 | 15000

Radiopharmaceuticals 180 180 360 |
| Beam Therapy 40 20 60 !
| Brachy The. 0.3 1.2 1.5]
| 1 8 24 32
. Mass-survey (S]t]:)i;tach 0 123 153 :
| Dental 8 64 72_|
! Total 5666 | 10012 | 15678 |

) A7 EAETH L1310 erad? Lish. ZZ
TV HBBERARCHID D —-~ThHBb.

RIGOFIRE 06, HRED H — (B & Bl
R & DB CE50.61, HAZREANTO0.69
Wi ADTHW ) drad B h OV A2 1L #920 -
10 e rad™? Lich. ZoOffix HEA DOV A 2,
Bl B MR35 U A 7850 (bRe) &35,

(i) AIFEAEERT

KBy « Kl o SR g% orh o B IR T E D
RS Fig. 1o a(t) fhikom s, o
DOHEE D 7 L — FiERMEE A o< T
BHOT, 1 UHEHC X 2BEMENIR 5%
THE LWz a—7 GREN) 2%2% LA
FTOFEEE C) fhig o fed LHEEZ LS.
LB s — 70 LRI 2 B LT h iz
D 7N — 7 DR e BRI A IR O FE AR 1
b(t) HhEEOIN< TeB = EAVHES hh. HEEA

Table 20 Frequency of X-ray examination and GSD by country.

1962 1972 1977

country - =
N* GSD** N SD N GSD
Germany 560 18 601 14 1530 41
USA 250 55 475 7 669 20
Japan 410 39 610 26 676 17
Netherland 350 7 810 20 1186 28
UK 280 14 310 i 9 540 46

N*; Number of examination per 1,000 of population group.

GSD**; m rad.
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Fig. 1 Schematic drawing for explanation of deri-
vation of leukemia significant factor. The rela-
tive excess mortality was eftimated from ab-
solute mortality risk’” for luekemia in Hiro-
shima and Nagasaki. c (1) represents the hypo-
thetical mortality on the basis of assumption that
no persons received ionizing radiations died at
all. a (t) and b (t) show the relative excess
mortality for a group of survival rate A (t) and
B (), respcetively. p (t) represents the relative
excess mortality for a patient group of survival
rate P (t). The elapsed time represents a num-
ber of years after exposure.

DEFER MR T %, B 7 A — 7 OFIEA M
Dl AMFERERT (Le) &3 HuE Lotk (5)
RTHELDIB I,

LG:=S:5b () dt/szsc(t)dt.................. (5)
Le ofis Table 21 273,

(i) Effisi

BURBRC X % B U5 O B 38 AR Bl o i %
BRLEETHLEEZEZ RS Y, FOTEHIILS
DHLTEY, LOWE, AHEEBIPRC X T
Rick. BARECOBRO»CEH LEARAD
IREEEIO A% Table 22 iR, BE#E
ROBE LRI 5 DT, BBYUHOEE
RKIDREWEC D, b LEIMFEO Y A 7 2
WCEFPNC G U, & Ok b ldiiest L

FE Zvabs b,

HARES NS 5418 %58

Table 22 Active bone marrow distribution

pac B
Skull 55.6
Mandible 1.8
Cervical vertebrae 22.3
Sternum 20.6
Thoradid vertebtae 101.0
Lumbal vertebrae 85.8
Savral vertebrae 65.8
Rips 104.5
Scapulae 16.7
Clavicles 5.6
Tliac bone 170.2
Ferur 87.0
Arm 28.0

Total 765.0

TR—DREZW,R BB ETHE VA 21386
DFREEEIRE D) WHMTH EZHT X,

bD=}i__.'m1d1fZ]m|; e (6)
otk

my (LFRL § DR AR O R

di FERAZ 1 O E il o W
XHR2WeY, BAHEBEIRR®%0 1 HHEH 57
h DFED uD % Table 23, 24, 25, iR

(iv) EAD Y 2 7

BEIEE B R A 320 P K e D A D LA D F3 1finsfs v e
THIVAZ GRe) BRDBIIL, HFTR0O ML
D ANOHEEHEE D) &, FHpIZL2E
BHET ) ) 2 78 GRe) # T hd x
Laie

tRe=pRs » Lg » sDik ceeene (7)
HFXBUNC X HRMBAD Y & 213 Table 23,
24, 25 OFHFREC ) 2 7 55020 - 10° Fh
HTIX16.3x10° & 7 b, 40D A

Table 21 Leukemic significant factor by age.

Age 12 ‘ 2 32 © 52 62 72
Male 0.9 | 0.8 0.97 0.93 0.87 0.56 0.38
Female 099 | 0.9 0.98 0.95 0.90 0.69 0.46
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Table 23 Bone marrow dose in mrad per examination
Male Female Male Female
Head 26 25 Pelvis 36 | 36
Chest 9 8 Urography 90 76
Photoflu. 33 31 Hip & Joint 12 20
Ba. meal 815 760 Femur 8 9
Photoflu. 450 390 Tomography 68 61 |
Lumbar spine 44 45 CT (Head) 240 240 |
Table 24 Bone marrow dose in mrad per investigation
' Male Female Male Female
#¥mTc  Pertechnetate 220 186 118 Nal 5 5
Phytate 56 56 1%Au  Colloid 1040 2400
Pyrophosphate 510 500 %Ga  Acid 1370 | 1400
Ly Na I 44 44 7Se Methyonine 2900 7300
Albumine 230 185 ¥e in soline 18 14

Table 25 DBone marrow dose (rad) per treatment
(100rad at the surface, Field size)10cm X 10cm)

Co-60 | 200kV-X [10MV-X]| 10 MeV-E |
Lung 2.8 3.1 4.2 1.4 |
Stomach 7.0 7.9 8.1 1.3 ‘
Uterus 6.2 6.8 6.9 1.05 ‘

1L% iz Table 04270 Lk 0.93% 3 U T15.2X%
10%& 7 5.
) DY A2
HRER R Lic) A7 GRe) 1 F AU X
S TRDBIB?,

tRp= {22 (:Du™- L™ N+
+bDjkm"L}km' N}hm)}e.Ro"""( 8 )

e dTESRAE R & h T o I A B (LSD)
BEsxo { } WEAncEhE v, BAA
DXEEZHnc X % LSD™ % Table 26 7R
O bR EEIES, EERY, & RO B
FO0, WEVIMRERIE? © X 5 LSD o fitE
Table 27 =759,

T ks EERER RS © WA TUX per caput
mean marrow dose (CMD) LT, BHMFEAE
HAF#E TR WEED E GRo « Dx) AT
WABDT, Moo Table 28 i3,

HARRBRLEELR LTSS, LOKIBS
g TH D, BOELECTHETS L4 T
vERHE L GERCTHE. KRELIRERCH
HEDARE D\

Table 26 LSD by type of examiation for X-ray Diagnosis (mrad person™ year™')

Male |Female| Total Male | Female | Total
Head 0.37 0.28 0.65 Urography 0.55 0.32 0.87
Chest 1.20 0:94 2.14 Bladder 0.14 0.11 0.25
Esophagus 1.28 1.05 2.33 Histero — 0.30 0.30
Ba. meal 34.8 25.0 | 60.8 Pelyimetry Obstetric —_ 0.15 0.15
Abdome 0.91 0.82 1.73 Hip & Joint 0.12 0.13 0.25
Ba. enema 4.09 4.32 8.41 Tomography 0.22 0.11 0.33
Lumnar spine 0.99 0.86 1.85 Computer Toma. 1.73 0.79 2.52
Pelvis 0.05 0.07 0.12 Others 1.61 2.55 4.16

Total 48.1 37.8 85.9
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Table 27 Leukemia significant dose for medical irradiation (mrad person”! year!)

Male Female Total

X-ray Diagnosis 48.1 37.8 85.9
Radioharmaceuticals 0.9 1.1 2.0
Beam Therapy 6.8 23 29.8
Brachy Therapy 0.12 2.5 2.6
Chest 5.2 4.1 9.3

Mas-oveY [ —Sromach 8.9 5.6 14.5
Dental 0.54 0.64 1.2
Total 70.6 74.7 145.3

Table 28 per caput mean bone marrow dose for X-ray diagnosis by country. (mrad P Y-!)

Japan Netherland Sweden UK USA.
] Chest 2.8 8.1 — 1.8 S2HN
| Photoflu. 9.7 3.8 9.9 7.8 3.2
I Ba. meal 76.7 0.1 12.0 1.2 24.3
Photoflu. 16.5 — — — _
i Rectum 10.8 3.1 15.0 2.2 21.2
Others 16.2 14.9 53.1 21.1 54.3
Total 132.7 30 % 32.3 103.0
Total(except for)stomach 39.5 29.1 78 31.1 78.7
@) EHEFEHO Y 2 2 10, < 100
(i) BARFRTF (MSF-Mi) = Mo [ y
K - REOFBHRE O LEMFELSAD WAV .
BB O JB38 03 19604EEE s & Hilh o Yk e 1Y 8 o \{3%“3‘”\*‘: fﬁ“’ 1
MU ORCHEO AR person year rad Br= & v TN
DCRTL Fig. 2 ORBMOML Ko h. WKED & AT Y
CED X SRECTENIAWTH B, EmE  E | NN R
D X5 ICYEBED LTHAEA DA Fig. 2 o 0 2050 - % 70 80 °

C(t) ifRomies &T5L, FRkEOA
DHREANCHT 5 FHEAT M) 7R L
Z Fo:h-é“’;o o

Z Ofi% Table 29175,

(i) Y 22765 (uR)

Fler D R o> b CREANS24E~ S54EET s & HR
B, B, B, FLAAEMNRLE L, B Xos s
A X HELBIECRIARE DX &/ » THIBAD
o, BB ERIZERT (RERF) OFE 1 X %

Elapsed time (years)

Fig. 2 Schematic drawing for explanation of de-
rivation of malignancy significant factor. The
relative excess mortality was estimated from zb-
solute mortality risk®® for malignant diseases in
Hiroshima and Nagasaki. b(t) represents the
hypothetical morality on the basis of assumption
that ne persons received ionizing radiations died
at all. b(t) shows the relative excess mortality
for a group of survival rate B(t). The figure
the right-hand side of the symbols b and B re-
present the age at whice a person received me-
dical irradiation. The elapsed time shows a num-
ber of years after exposure.

rate

Survival .
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Table 29 Malignancy significant factor by age and sex
Age 2 12 22 32 42 52 62 72
Male 0.93 0.87 0.74 0.54 0.34 0.18 0.05 0.004
Female 0.94 0.91 0.82 0.65 0.45 0.26 0.10 0.02
Table 30 Risk of fatal malignancies
: . Absolute |Risk per kerma|Risk per kerma , sy
Organ or tissue with mortality Rk R/K RATAe | Risk per }’:;‘gﬁ“‘“g
IC‘I‘ESP"“ to malignant risk (107 rak™)  |(10° rad™") dose R/D |y
isease 10°PYR® | " 1945—1978 | 1945—" *
Lung 0.34 9.5 23 0.75 30 0.20
Stomach 0.48 13.4 32 0.65 50 0.30
Larpe intestine 0.09 2.5 6.1 0.60 10 0.06
Other digestive 0.21 5.9 14.1 0.66 23 0.14
Bladder & Urinary organs 0.13 3.6 8.7 0.63 15 0.08
Lymphatic & Hema
topiegic (except Leukemia) 0.12 3.4 8.1 0.64 13 0.08
Thyroid 0.04 1.1 2.7 0.69 4 0.02
_ Breast 0.23 6.4 15.4 0.71 (20) 0.12)
Total 165 1.00
Leukemia 13.0 13.0 0.69 20

a) PYR: per pear year per rad in tissue kerma in air.
b) The total number of death in future including the numbers up to date.
¢) RATA represents the ratio of organ or tisiue dose to tissue kerma in air.

k- 19784F. % ¢ Person year Rad (PYR) Hizbh @
dnsoHEEAET-FuE Table 30 o 2 FFHOML, Fl
S AEMA AT 0.34 - 10PYR Lo b, 19784 %
TOBBETEEITEOM s, 5L L
Fig 2 on FEr=E W% & 75 LH¥EADOTET
FHOFNLE D2.4f% L 1B D¢, Table 30 © 417
Bofi s, o CERLTWIHRERY -~
ThhHnb, kRl g o & 0B
s s Tk 51T Ho RATAY % (R L&
s 1rad b DV A 7FBE LTHEETHD
fi% B85 EnHED. ToaFHEHEETIEN -
10°°CHM:TI145 - 10°TH 5.

(i) FERhkR R

TR e BE B It &, EE
RO X 5 WCRFTERTH T ad, TD) A
2 F P T B fo s D EhEL R (D) 1255 8
R Lo ThHhLBHZ EpHsksn,

mD ==;} Dp - Wr

Z &C Dr WS OWIRE, WriX, &4
MBS hic k&, Bk (T) oRghc X
HIERMBEO Y 2 7D, VA7 kT 5 8
HrFEHLTHIERK T, BEEROSBEZ T
Wi He> Table 30 D TITHD W flid 5.
XERZH 1 Blb e b O, RO BRI A
(Dr) % Table 31 1o 773, LSRR
ImCi #5855 7o b Off% - #illiikas Table 32
R,

= S O JEEE ST ARG L RIEGRE L OB
E LTk IR 1 b7 b ORghiRE D) &
Table 33, 34, 351753,

(v) @BADY A2

BRI 2 2 10 T kR A DA @ BHEREES
B0 A7 uRe) ZRBHBIT, FoK oW
{, FDADFEDHE D) &, M XBh
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Table 31 Organ and tissue dose and effective dose per exposure (mrad) ——Male—

Radiography Fluolo.
Organ or Tissue g H

Thy. | Lung |Stomach| L.Int- | O.D. | Blad. | Lym. | DyWy | DoW,

Head | 32 1.8 0.02 0.02 15 0.03 12 4 57
Chest (P-A) 1 L 11 3.5 0.02 1.0 0.01 7 5.9 168

(Lateral) 7 36 9 0.05| 3 0.03| 15 o '
Barium meal 0.3 17 50 3 51 5 23 29 850
Barium enema 0.04 0.63 | 19 150 23 40 39 3 680
Lumbar Spine 0.31 31 105 105 54 65 8 59 890
Urography 0.25 3.1 | 155 95 69 33 9 66 740
Hip & Joint 0.14 0.1 10 110 9.6 49 7 16 210
Tomography (Chest) 0.2 240 177 0.7 65 0.3 40 112 ==
CT (Head) 26 3 0.3 0.17 | 40 0.1 26 10 =
Photofluography gt}‘;?;; " 5 94 15 6.8 10 1 33 28

3 70 210 10 195 15 43 110 165

Thy.: Thyroid, L. Int.: Large intestine (except for rectum), O.D.: Othe, digestive organ,
Blad.: Bladder and Other organ in the pelvic region, Lym.: Lymphatic and hematopoietic.

Table 32 Organ or tissue dose for pharmaceuticals (marad/mCi)

Thy. Lung IStonc:ae:h L. Int. | O.D. Blad. Lym. | Breast
#mTc  Pertecchnetate 384 18 3 22 20 | 20 23 11
Phytate 14 18 20 21 20 | 20 16 11
Phyrophosphate | 16 25 25 25 150 18 62 13

o | Nal 23 550 260 240 230 230 470 32
Albumin( x [0%) 21 22 24 24 23 24 22 18
Hippuran 11 10 12 12 12 10 10 9
3197 Nal 2610 129 28 26 25 26 50 26
18 Au a7 790 710 840 4600 790 3420 29
Se (x10%) 113 130 94 94 87 90 91 45
“Ga _ 210 260 360 300 670 240 790 | 180

Table 33 Effective dose per examination of X-ray hiagnosis by type of examination (mrad)

Male Female : Male Female
Head 16 17 Pelvis 67 51
Chest 10 10 Urography 155 266
Photoflu. 28 31 Hip & Joint 28 25
Ba. Meal 1140 1010 Angio Cardio 1200 1430
Photoflu. 1190 915 Femur 11 12
Ba. enema 1200 1020 Tomo, (Chest) 950 1090
Lumbar Sp. 183 165 Computer Tomo. 102 113
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Table 34 Effective dose per examination of pharmaceuticals by (mrad)

Male Female Male Female

9mT¢c Pertechnetate 440 380 al Hippuran 0.5 0.6
Phytate 180 140 i) NI 57 59
Phyrophosphate 160 160 % Au 1360 1020
1] Nal 4170 4170 "Ga 5300 2200
Albumine 186 245 “"Se 610 620

Table 35 Effective dose in rad per 100rad at the surface for the field sixe

10cm x 10cm.

Co-60 200 kV-X 10 MV-X 10 MeV-E |
Lung 3740 3380 3820 170
Stomach 8530 6450 11610 420
Uterus 3425 3140 4250 340

Table 36 Malignancy significant dose for X-ray diagnosis (mrad person ‘year™)

Male |Female| Total Male | Female | Total
Head 0.3 0.2 0.5 Urography 0.9 0.4 1.3
"~ Chest 0.5 | 04 | 0.9 | Bladder 0.05 | 0.05 | 0.1 |
Photofiu, 2.9 | 2.3 | 5.2 || Hysero — 026 | 0.26 |
Ba. Meal 16.6 12.6 29.2 Plevimetry & Obsteric = 0.11 0.11 |
Photoflu. 0.6 | 0.5 | 1.1 | Hip & Joint 0.06 | 0.07 | 0.13 |
Abdomen 0.3 0.2 0.5 Femur 0.01 -— 0.01
Ba. Enema 0.9 1.2 2.1 Compjter T. 0.73 | 0.29 | 1.02 |
Lumbar Sp. 1.6 1.3 2.9 Others 2.15 1.82 3.97
Pelvis — 0.1 0.1 Total 28.0 [21.9 |49.9

BREATF (M) o, HADY A 7 HH aRA
ZERTHIIRD LR 5,
MRe=nRo + Mg + 5Dx ©))

X Rl X % BN OBIEREHEEE D v ~
7% Table 33 DRI DAEIC165 « 107°%
hiERoohznt, §TRISS - 10°%E7ch, 42
BDAD ) A 21% - OfEiz Table 29 ¢ My 0.34
TIELTE4X10°C L0 5.

W HH oY A 7ERME HRwC Lic VA2
wRp 13105, TR B 51,

wRp= {g; (eD; L0, MH(M)_‘NH‘{M)+
+ £Da - M Nin®) }em Roreo(

IEBPARERE (MSD) 1351080 { } %
AP TERERD NS, HAADXZMIT X
% MSD % Table 36 =7~

T Of, BEHEEIRGE, EEPY, RS
TR, BEVINEFR 1 X 5 MSD % Table
Bl

(4) EAOHEY A2

TG X a2, XILEEEZT 5 LEsH T
TIRBGRT LIci S Kig /AN DBER Y A 2 & 4
) A 2 BARFCSET 5 2 Ll 50T, A
ELTENEDEHD YV A7 BEL BLEND
5. BEOY A7 3HE 4R, AMFEETR, »
AREIRC I - TRDBLRS, HbkFDAD
By A7 (Re) BE1IROML 5.

TRe=cRr+LRex+mRi=3Ro « Gk + {Dx+uRo »
Lk » oD+ mRo « Mg » mDi an
Z 2 C gRoy bRoy mRo 1X-FHF11100, 20, 165 (X
10%) CH 5,
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Table 37 Malignancy significant dose for Medical irradiation (mrad person™ pear™)

Male | Female | Total Male |Female | Total

X-ray Diagnosis 24.1 19.0 43.1 Mass survey Chest 2.7 2.8 5.5
Radiopharmaceuticals ‘ 1.7 1.5 3.2 Stomach 0.6 0.5 15T
Radiation Therapy 1.0 3.0 4.0 Dental 0.4 0.6 1.0
Total 27.4 57.9

Table 38 Total RISK for X-ray examination (x10°%)

Age SM 12 22 32 42 52 62
Head 2.9 2.5 2.2 1.8 1.3 0.9 0.5
Chest 1.7 1.6 1.3 1.1 0.7 0.5 0.3

Photoflu. 5.2 4.4 4.0 2.7 1.6 0.8 0.2
Ba. Meal 205 176 156 117 79 48 19

Photoflu. 73 65 56 42 28 17 7
Ba. Enema 222 199 176 130 | 88 58 30
Lumbar Sp. 32 28 24 18 11 6 2
Uuography 59 52 44 3 20 11 4
Hip & Joint 41 40 39 19 3 2 0.5

. Tomo (Chest) 140 122 104 76 48 26 ]

Table 39 Total RISK for Radiopharmaceuticals Mal (x10°%)

l Age SM 12 22 32 42 52 62
" 9mTc¢  pertechnetite 93 84 74 48 29 17 6
Phytate 31 27 23 17 11 6 2
Phyrophosphate 43 41 38 25 16 12
| Nal 690 600 513 373 235 125 35
Albumine 58 54 49 28 14 9 4
Ly | Nal 9.7 8.5 7.3 5.3 3.5 1.8 0.5
iSe 418 406 384 199 94 69 37
| 17Ga g 959 835 728 517 324 182 59
| 1eeAn 246 217 188 141 96 58 23

Table 40 Total RISK of isometric irradiatation for whale body (10-%)

SM 2 12 22 32 42 52 62 72
Leukemic 20 20 20 20 19 [ 19 17 14 6
Malignant 145 | 135 | 126 | 107 78 | 49 2 7 0.6
Male ™ Genetic 100 | 100 100 97 34 2 0.2] —
| Total 265 | 255 | 246 | 224 | 121 | 70 43 21 7
Leukemic 20 20 20 20 | 20 | 19 18 16 11
Malignant 165 | 155 | 150 | 135 08 | 75 43 17 P
Female ™ Gepetic 100 100 100 92 12 3| -
_ Total 285 | 275 | 270 | 247 | w0 | 61 33 13
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RT5HENRE N, ZOLEXFCEDY R
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AR X B, R EE R EA T
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Table 41 Radiation-induced effects during Pregnancies.

Prior to

Phase jmplantation Embryo Foetus
Risk 8x107 5x10™ 2.3x10™
Ba. meal (morning sickness) 300 mrad 150 % 107
Chest (0.1 mrad 1x10°
Pelvimetry and Obstetric exam. 1 —2 rad 230—460>107°
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Table 42 Total RISK for Medical Irradiation.

Male | Female| Male |Female| Male |Female| Total
i . Radiography 4.5 5.5 18.5 14.3 9.5 7.0
Xeray Dinguosia. =5 ooy 0.8 | 4.2 | 29.6 | 23.5 | 14.6 | 12.0
Radiation Therapy 0.04 0.02 6.8 15.9 1.0 3.0
Radiopharmaceutical 0.2 0.2 0.9 1.1 1.7 1.5
Mass surve Chest 0.01 0.02 5.2 4.1 2.7 2.8
YY" | Stomach 0.3 0.12| 59 | 3.8 | 4.8 | 4.0
Dental 0.008] 0.006] 0.5 0.6 0.4 0.6
Total 5.6 10.1 67.4 63.3 34.7 30.9
Risk factor 185 185 20 20 165 165
Risk per 10° person 1.04 1.87 1.35 1.27 5.73 5.10 16.4
Risk of all Japanese 339 305 1261 1905
BEDOWTHRT 5. DR (6 2 b, BEIMFXILHA TREE
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T BRI X o TR Lic B i UL ER B
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Table 43 Life loss and life-saving as a function of age for chest mass screening. (x10°%)

Age 12 22 32 42 52 62
Male 119 73 42 22 11 4
Life loss -
Female 181 130 " 78 45 17 6
Male 6 16 40 90 190 340
Life-saving
Female 6 13 30 60 120 190
1635 T T T E I |
-~ F Chest -—eMale —— = .|
i F - ---0-- Female L, /_‘: - Diagnosis cost
E 16‘: -H“‘H: S oL ’_//.V’ = i / 1
S E — h)(::r = ~1000 i
© = 0. - - — =]
° T /%%x;\\ ] § L ’// Male 3
o | ~ == — - ]
3165 /ﬁ” \::-\\\ ‘,.'i /I -1 o _.11."0
= E = 3 — - 27 F -
§ o ”/ ‘\R E | Treatment cost / y - emgle |
e L R 7 B Pandd
= < ===l =
16° ¥ =
10 20 30 40 50 60 70 100
Age 10 20 30 40 50 60 70 80
Age

Fig. 3 Comparison of life-saving and life-loss as a
function of the age as which a person received
a chest mass screening. The symbols B and R
represent the benefit of life-saving and radiation
risk from the chest mass screening.
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Fig. 4 Comparison of cost for chest mass scree-
ning and cost for treatment of tuberculosis as a
function of age of patients.
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Table 44  Life loss for stomach raass screening (10°%)

Age 12 22 32 42 52 62
Male 450 290 170 70 20 5
Female 490 350 200 100 30 10
Table 45 Life-saving for stomach mass screening.
Age 12 22 32 42 52 62 72
Disciie mite Male 0.63 1.26 4.76 18.5 78.0 222 452
(107%) Female 0.63 1.26 6.47 18.7 43.7 95 200
Life exnectancy | M 62 53 43 3 25 18 10
1 CXPECNSY I Female | 67 58 ) 38 29 21 12
Life-saving Male 19 34 103 317 1008 2014 2278
(10"year) | Female | 22 37 156 358 640 1000 1200
A=PDg {f (1-w)+(1—) (1-w)} ex P Stomnach  ~——Male ===Female
...... (15) EI C - 1
= —WD er e > 2 ,
B i_- PDk (l vv ) Ek (16) E: 10-2: ;/.¢‘=EI'_:
T = 3: 5 3——:: - A:‘o.‘— 3
PRMRZZ AR o [ %:%-.. A -
Di 13 kDA DH A BBR & 2 \ﬁ,‘fz’
£ BRI OH 7 A EBR o107 G N =
W R TR R S hic B A 8% OhRRER > 5E =i \Q\ .
\ R - e, 1
W’ RBEA R B 5 A B ORER o 2 34 AR
Lictio T (Y) 1BI7ROMmL 7t 5. 510°: :
Y=B—A=P.D-f.ep (W=W"-o (17 5C : :
i - ¢ ) 0 10 20 30 40 50 60
CHhEDHEIT WTHT L +oTeiED L 0 Age
IR, & & TRROBCARES 5. Fig.5 Comparison of life-saving and life-loss

£=0.9, w=0.73, w'=0.17
D% Table 45 » 2, 3%|H

T hEED fED HEHE Lic #25% Table 450,
6. 71T HiemT.

Table 44 D4 L Table 45, D{FEL%H Fig. 5
T, kL FERY Bkl ~32% T XX T
5. (B = OBHRE L LD BEET H
b, BaNEERECWE Lich Dohciio o
25 EOBEAVDEL LTwWB30 L 5 0
T, FRHEETOERSDETHS. M E
SRRE, BREED I 2EHA LT3 BEro
EII0A Tl 2843 550 T, 2084
ThAFVARLNWAZ LIl 5.

reseived as a function of the age as which a person
reseived a stomach mass screeing. The symbols
B and R represent the benefit of life-saving and
radiation risk. The real lines and the broken
lines represent the life-saving and radiation risk
from the stomach mass screening by means of
mirror camera systems. The dotted line repre-
sentls life-saving and risk from the stomach mass
screening by means of imaging intensifier system
for male.
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Fig. 6 Comparison of life-saving and life loss as a
function of age for chest and life loss as a func-
tion of age for chest and stomach mass screeni-
ngs. B,, B, and B, represent the life-saving from
stomach mass screening received once a year,
once two years and once three years, respcecti-

vely
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12 (BaR)/n o fHxHE 2 (n ERHEREED & %)
RILTHON X, Pl 2EEIR3FEE, -+
OWE 2EHE LTAORLRE 1 0XFE LT 5 ik
baps (Zo O LEESE (DOBEERT
B OHEC HHHBEOFERNLHE LS
DTHB).

(3) —fgrchn

(i) #%

X X 2 EERY, XIEH X hHGOR
% (Fx) 34EBROEE L RRCEHIZRIC X b K
bhb,

Fi=pRo » tDk + Lx (er—rti) +mRo
M (ex—mtx)

I THEBIERR LA L THS.

FAEpOFHORLE H LI oWT, HEF
iz Table 46 =773

HoBnc X5 Y A 21T BHPEE T1.6x107
TR O F351.1x10° X b #945% 8 W75,
Jaigo v & 2k BHSEE T 1.6 X 1075C,  [aldsn
F04.5x10°D#1/3TH B.

(ii ) B

H O XA & 32 e A DR Tl ORI F 5
FOFEZMBRT Wit WEE, XIC ko TR
AR BRI NITTFE30% CHh - o, FDH20
YD EMEEE & L, HolELSIT i AR ER
D & &0 FERPIRERY By, WERS % 6%

SPRDr:

Table 46 Life loss for X-ray Diagnosis

Age 12 22 32 42 52 62
Male 4.5 2.8 1.5 0.61 0.19 0.08
Stomach (10"%)
Female 732 52 32 150 0.47 0.03
Male 4.0 2.6 1.4 0.57 0.19 0.08
Chest (107%)
Female 6.9 5.0 3.0 1.5 0.45 0.03
Table 47 Disease rate of out patient (10*)
| Age 22 42 52 62
Male 0.09 0.40 1.3 3.1 15.4
DR.,
Female 0.09 0.52 1.3 3.0 6.6
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Table 48 Life-saving for X-ray examination (107%)
Age 12 22 32 42 52 62
Male 0.7 2.6 6.0 11 38
Stomach
Female 0.8 3.7 7.6 13 19
o Male 0.36 3.2 8.0 10.6 15 17
est
Female 0.46 2.1 5.0 9.1 13 18
(0.3%0.2) & L& xORBRY Table 47155 10° & J
___"_,)-—__‘_:'.... 5
";-- 10_1 = | - ::: Lt P =12
BB RREN, B LICAD féro ER o g T
[ B ” -2
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D13 B XMHRE 0 § 554 ORRER g0t ~ 1
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e X KO AR g T e "
Wi #EER 0.17) 210°p e Js
i OB GBI OBE L Ak, HKfo 1077C 1
0 10 20 30 40 50 60 70 80

R (Y) 3§08l bhs,
Y=(ex—tx)P « mP (va—1m) -+ (20)

oP (REBORERR) 2REE O 3 RER
Wi E D120 E Lic L5, fhoRinids
HgzgoBaELA LT 5.

WP OHERy O F &% Table 48 153,
Table 46, 48% Fig. TR+

N DA 13207 A58 & FuX 10005 Ll L 0 FIs
DD, HOBEIEL EDED DL D30
BUETHD. L LEEILE OB ITEED
FREBDVRADRROBE DD, WBOBE bk
BNl A DFRS B 52, WP oBex
BfEhEiey, BRI, XERELTHERE
REBO T HISMIROZE (Be-Re) itk
T, S0 02 B okiRiz L
EIWDT, 2h#0.6& L, BB X608
Mz L D 210% & LT {#25% #89% Fig. 7T o
RO My, 258UT O ATHFD S
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Fig. 7 Comparison of life-saving and life-loss as a
function of age for chest and barium meal radi-
ographic examinations. The symbol B,’ repres-
ents life-saving for stomach diseases other than
stomach cancer. B, and B, represent lifesavings
expected from barium meal and chest radiogra-
phic examinations, respectively., R, and R, re-
present life-loss from barium meal and chest
radiographic examinations, respectively.
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Table 49 Back ground dose in mrad of various districts in Japan.

District Dose District Dose District Dose
Hokkaido 70 Hokuriku 93 Shikoku 90
Tohoku 67 Chubu 90 North Kyusnu a5
North Kanto 84 Kinki a0 South Kyushu 77
South Kanto 56 Chugoku 84 Okinawa, 70

Table 50 Occupationale exposures in Japan
Number of workers| Collective Dose Mean Dose
(10%) (man rem) (rarem)
‘ . Male 5.2 5125 68.2
Medical
Female 28.6 888 31.0
Mal |
NDI = 3.7 446 120
Industr Female - — —
naus
y Male 22.0 274 12.5
Others
Female 0.93 8.6 9.3
1 . 5 "
Reserch & Education Male il SIS 8:2
Female 1.9 2.8 1.5
Atomic Ene aale 18.0 aa 4
‘ s L Female 0.24 0.41 1.7
Nuclear Power Male 34.2 13320 389
‘ i Female — R -
Table 51 Population doses from occupational exposure. (¢ rad person™! year™)
GSD LSD MSD
Ma I
Medical le 24.1 18.3 7.0
Female 1851 3.4 1.9
M ]
‘ NDI ale 2.7 3.6 3.4
Female _— - -
Industry
l Male 3.1 3.3 1.9
Others
Female 0.02 0.13 0.04
Ma
Research & Education n F Dy D24
Female 0.014 0.02 0.014
. Male 3.2 3.0 1.6
A E
tomic Energy Fomale = 0.002 —
N. Power Male 102.7 104.5 51.9

) BEFIIRB L0l BAOER
DR TE 2 HAKSRO 1000 FTtH 5.

5) AETEFEYS T FER 3 Ra o R
TE 7o, BIER0.02~0.1m rad fETH
5. 7V ELFEROHTIRIEA EEGARES.
LiAbe B o iz L - Tk lm rad %
Wz Hb0bhs NEEEMHCTHELCE VD

OBy, v Y= LEHIC Lo TUTERK
Higw RE BB DOLES.

6) FrEREREEE I HNE o gy ZUTw
5. EMEHCERRPRERE & TI9iE % Table
50 kRO, RS o BRRE 20 FE %
Table S1icim-T.
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Fig. 8 Genetically significant doses and leukemia
significant doses from natural radiations and
various man made radiation sources,
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Fig. 9 Correlation between the annual incidence
rates of large intestine cancers for women and
meat-consumption rate for 23 countries’?,
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Table 52 Loss of life expecatancy due to various causes

Cause days Cause days
Being unmarried (inale) 3500 Pipe smoking 330
Cigarette smoking 2250 Motor bicycle accident 207
Being unmarried (female) 1600 Alcohol (UAS) 120
Being 30% over weight 1300 Average job (accident) 74
Being a coal miner 1100 Medical irradiation (Japan) 11
Being 20% over weight 900 Natural Radiation 8
Army in Vietham 400 Coflee 6
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647 H o< 11,400~40075 & 7 5.
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12,1105 ~10FM &7eh, Licdis THIFTE (Z
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5. EEOBMTEY T 2,340 M, HAADERH
Ak B LT 5 & 52,440 5 L is b,
FIT%%E 2 il hu¥s, 8305 M &7 5.

YT TSI X DFGERY Y A 213 Table 40 ©
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HEROMELIE L FET-% Table 54 © 2, 397iIC
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LETE LALER O 2513 Table 52 o 10#% ko
iz ARs. 347H®D B+R % man-rad F iz
D OELS L 7 BB 0 gk — 70RO BAEE 51T man
rad 7z D 32501, FeE2068 0811019 &7 5.
BERESROERC X AR CEL ST ET S
& man rad Bl b 2450 i s, EOHET
—f o h iy < n. PEOFHE T man
rad iz b O 2000 X %.

(2) BRRI-LIFEEOIER

(i) BEERE~ 11 HA

B OB KBTI ERIC I F—h AT L
THbhTWwa, i59—h A5 0X514H72D
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Table 53 Benefit per person (Male)—x10° yen—

Age Income T. income RIS 61—72 Total Interest Benefit

0 0 82.5 20 24 127 121 5.4

10 0 82.5 20 24 127 116 10.7

20 0.5 82.5 20 24 127 105 21.5

30 1.0 75 20 24 114 78 36.2

40 2.0 60 20 24 104 54 49.7
50 3.0 35 20 24 79 35 44
60 4.0 0 0 24 24 8 16

70 2.0 0 0 0 4 0.1 3.9

Average 88.3 23.4
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Table 54 Benefit per person (Japaneses)
w | OET | R [ [EEL T e
(B) (R) (BXR) ™ (10
0 10.7 255 2.73 2.2 6.01
10 21.5 246 5.29 1.8 9.52
20 36.2 224 8.11 3.1 25.14 i
30 49.7 121 6.01 4.5 27.05 i
40 44.0 70 3.08 6.6 20.33 i
50 16.0 43 0.69 6.2 4.28 i
60 4.0 21 0.08 5.3 0.42
70 — 7 0 4.5 0
Total ' 26.0 37.7 92.7
Average 3.25 2.45
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Fig. 10 Relationship between the number of radio-
graphs and the relative amount of medical infor-
mation expected from the radiography.
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Fig. 11 Biological data on the number of dicen-
trics per cell for human lymphocytes irradiated
with 80kV X-rays of various dose rates.
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Table 55 Benefit due to the decreased population dose for X-ray Diagnosis.

Genetic Leukemic Malignant Total
Present (marad p™ y™) 15 86 43
Aim (mrad p™* y) 5 26 13
Decrease ” 10 60 30
All Japanese (10* rad) 115 696 348
Risk factor (107%) 100 20 165
Death 115 140 575
Benefit (10%en) 27 33 135 195
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