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SUMMARY

Since 1964, at the times of their biennial ABCC/
RERF radiological examinations, all Adult Health
Study (AHS) subjects have been interviewed
for their exposures to medical X-ray in insti-
tutions other than RERF to estimate the numbers
of examinations and corresponding doses to
which they were exposed. These data are than
stored on computer tapes together with the
doses these AHS subjects received during their
radiological examinations in the RERF Depart-
ment of Radiology. Thus, their medical X-ray
doses are available along with these subjects’
T65 atomic bomb doses during assessments of
the role of ionizing radiation in the development
of diseases they may contract.

The doses incurred at RERF were assessed by
means of phantom dosimetry. Those at other
institutions were studied by incorporating
numerous factors, including phantom dosimetry
data, and results of several surveys for radiological
trends in Hiroshima and Nagasaki. For A-bomb
exposed groups and control groups (not-in-the
cities), average marrow doses per person were
1,204 mrad and 892 mrad; male gonad doses
were 226 mrad and 189 mrad; and female gonad
doses were 1,745 mrad and 1,258 mrad respective-
ly, by the end of 1982.
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The results for Hiroshima and Nagasaki were
similar.  Sixty-five percent of male subjects’
medical X-ray bone marrow doses ranged from
10% to 250% of their T65 doses in the 1-9 rad
T65 dose group. Thirteen percent of male
subjects’ medical X-ray bone marrow doses
ranged from 10%-250% of their T65 doses in
the 10-99rad T65 dose group. In the greater
than 100rad T65 dose group, medical X-ray
exposures were proportionally less. Female
bone marrow and gonad doses were similar in
magnitude to the male bone marrow doses.
Medical X-ray exposures affected male gonal
doses less than those of females, but in the
1-9 rad dose group, 18 % of male subjects’ medical
X-ray gonad doses ranged from 10%-100% of
their T65 doses.

INTRODUCTION

Ever since ABCC was established in 1948,
diagnostic radiological examinations have been
performed for A-bomb survivors to assist in the
ongoing evaluations for late effects of the
A-bombs.

The Unified Program, conceived in 1955 and
a fixed population sample (Life Span Study
extended) was selected from the A-bomb
Survivors Supplementary Schedules of 1950
National Census, originally consisted of approxi-
mately 110,000 persons in Hiroshima and
Nagasaki. Since 1958, the AHS, a fixed sub-
sample of LSS-extend sample, originally consisting
of nearly 20,000 persons,"2 has been followed
for long-term clinical examinations for any late
ionizing radiation effects of the A-bombs. AHS
participants are thus provided complete physical
examinations and laboratory tests during their
viennial “‘cycle” visits to the ABCC/RERF
clinics.

In assessing the late effects of the ionizing
radiation of the A-bombs at ABCC/REREF,
T65 doses®™® are used, and these tentative doses
are now being reassessed.”’”® To avoid erroneous
conclusions in the studies for late A-bomb
effects, the potential ‘‘contamination” by
medical X-ray exposures must be taken into
consideration.

A medical X-ray dosimetry program was therefore
begun in 1962.1% Doses incurred to the surface,
active bone marrow, gonads, and other organs
during various radiological procedures have
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been calculated based on phantom human
dosimetry.'° ' Radiological practices in other
hospitals and clinics,'®'¢™® and trends in
radiological practice have been assessed in
Hiroshima and Nagasaki.2°’22 The reliability of
AHS subjects’ responses to questions during
interviews and the changes in use of fluoroscopic
apparatus from conventional to image intensifier
types are among the topics which have been
studied because of their marked influence on
the doses incurred.

All medical X-ray data are being entered and
stored on computer tapes, including subject
identification, date, site and type of examination,
hospital name, and bone marrow, gonad, and
skin doses. Medical X-ray doses from radiological
examinations inside (RP 7-86) and outside
(RP 8-86) RERF are routinely recorded, and are
available for periodic analysis. This is a report
of the initial analysis for potential contamination
of A-bomb doses by medical X-ray doses received
by the members in the AHS sample through the
end of 1982. Radiation therapy doses are
extremely high compared to those from diag-
nostic exposures, and are dealt with separately.

MATERIALS AND METHOD

Reliability of Reporting by AHS Subjects
Among diagnostic radiological procedures, fluo-
roscopy incurs relatively high exposure doses.
In order to assess the reliability of AHS subjects’
positive reports of their exposures to fluoroscopy
examinations at other hospitals, the A-bomb
Survivors Welfare Center, Red Cross (A-bomb)
Hospital, and Funairi Hospital, all in Hiroshima,
were selected for review of their records. The
records at these hospitals are relatively well
kept, especially those concerning upper gastro-
intestinal (GI) series, which many AHS subjects
reported receiving. The numbers of subjects
whose medical records were reviewed, the
numbers of exposures reported to have occurred
at each hospital, and the reliability of subjects’
responses are shown in the Results section
(see Table 2).

Doses from Exposures Inside RERF

At ABCC/RERF all AHS subjects routinely
received posteroanterior (PA) and lateral radio-
graphic examinations of the chest during each of
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their biennial (cycle) visits. Other radiological
examinations were performed when clinically
indicated by symptoms, physical signs or
abnormal laboratory findings.

Since 1948 in Hiroshima, and 1949 in Nagasaki
all technical factors of exposure employed during
each radiographic and fluoroscopic exposure
and examination conducted in the ABCC/RERF
Department of Radiology have been recorded on
technique cards by the radiological technicians.
Each radiological exposure and examination
made from 1968 to 1970 was reproduced
by phantom dosimetry which provided bone
marrow, gonad, and skin doses.!s These
doses have been assigned to all radiological
exposures and examinations received by AHS
subjects at ABCC/RERF. The examination
date, exposure procedures, and corresponding
doses incurred are stored on computer tapes.

Doses from Exposures Outside RERF

Contacts during the follow-up examinations of
AHS participants have provided the only means
of studying subjects’ exposures to medical
X-ray procedures in other institutions. The
subjects’ biennial visits to ABCC/RERF provide
the opportunities for determining the times and
locations of the interval medical X-ray exposures
they received, and an avenue leading to periodic
surveys of responsible hospitals and clinics when
necessary. The case of radiation therapy is a
good exarrlple.m’25

Since 1963 all AHS subjects have been interviewed
for all the radiographic and fluoroscopic
exposures they received in other hospitals and
clinics during the intervals between their ABCC/
RERF two-year cycle visits. The examination
dates, types and sites of exposures, and hospital
names are stored on computer tapes (Tables la-c,
and Figures la and b). These data, together with
the following exposure doses are used to arrive
at subjects’ total doses.

Diagnostic radiological procedures are generally
categorized as fluoroscopic, medical and dental
radiographic, and mass examinations. Doses
from fluoroscopy are generally much greater
than doses from radiography.
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TABLE la FLUOROSCOPY MODALITY AND DOSES; UPPER GI SERIES BY INSTITUTION AND CITY
Fla XGEMKRERBOR LA, b GURTE, RAHRM & UHH5

Total Dose / Exam. (mrad)
Commenced Image

City Apparatus Hospital Physician Botie Gonad Intensifier Use
Skin _—
Mazosr Male Female  Year Month
Hiroshima Conventional Type All All 13000 340 34 640

Image Intensifier Large Hospital Radiologist

A 12000 160 7.0 230 1972 7

B 9800 150 5.1 180 1966 12

& 9200 140 53 180 1966 4

D 10000 160 5.6 190 1966 11

E 13000 190 7.6 250 1970 1

F 12000 170 6.7 220 1970 9

G 11000 180 6.0 200 1970 7

H 10000 160 5.7 200 1977 8

I 10000 160 58 200 1969 9

J 8900 130 52 170 1969 9

K 7600 120 43 140 1971 4

L 15000 220 9.3 310 1972 2

M 14000 200 8.3 280 1967 1

N 11000 160 58 200 1966 12

(¢] 10900 160 6.2 210 1969 2

P 10900 160 6.2 210 1970 11

Q 10900 160 6.2 210 1967 )

Small Hospital Radiologist 9000 230 21 160 1973 1

and Clinics Nonradiologist 8600 180 14 390 1976 7
Nagasaki Conventional Type All All 17000 440 43 780

Image Intensifier Large Hospital Radiologist

A 12000 180 6.9 230 1977 6

B 12000 180 6.6 220 1975 8

C 9600 150 5.0 180 1978 4

D 8800 140 4.7 150 1974 4

E 6000 92 3.2 110 1972 10

F 7100 110 3.6 130 1979 5

G 12000 170 6.9 230 1975 4

H 9900 150 5.3 180 1970 4

Small Hospital ~ Radiologist ~ 13000 360 32 820 1974 1

and Clinics  Nonradiologist 8400 220 19 510 1974 1

Conventional Type: Fluoroscopy apparatus without image intensifier.
it % o B FLEEMRL LoERERRR.
Image Intensifier:  Fluoroscopy apparatus which intensifies the light gathered from the fluoroscopic screen,
7 b R R AR and transmits the latter to an optical system.
EHAs—yhow s kA, ¥ ATLARSERRERMN

Radiologist: Physician who is a graduate of Radiology Department.
X 4 FHE R T Sob o 0 e R R L A R AL

Nonradiologist: Physician other than radiologist.

9F X BB Al X FAFHEE M DL o PR
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TABLE 1b FLUOROSCOPY MODALITY AND DOSES; BARIUM ENEMAS BY INSTITUTION AND CITY
#1b XHBEMMEBBOR L @IE; /50 AENRTE. BN R O

Total Dose/ Exam. (mrad)

City Apparatus Hospital Physician B Gonad
Skin one
Marrow  Male Female
Hiroshima Conventional Type All All 7300 330 191 1920
Image Intensifier Large Hospital ~ Radiologist
A 4300 260 100 1200
B 3600 220 94 1000
& 2300 140 58 630
D 6400 420 260 1800
E 4900 320 160 1500
F 4900 290 120 1400
G 5200 310 130 1500
H 7400 460 170 2100
i 3900 230 96 1100
Others 4600 290 127 1310
Small Hospital ~ Radiologist 3200 200 77 910
and Clinic Nonradiologist 6800 410 160 1900
Nagasaki Conventional Type All All 7300 330 191 1920
Image Intensifier Large Hospital ~ Radiologist
A 6000 330 180 1700
B 3700 230 100 1100
Cc 3700 250 260 970
D 3300 210 120 920
F 3000 190 77 860
G 7200 450 210 2100
Others 4600 280 160 1280
Small Hospital 3200 200 86 860

and Clinic

See Table 1a footnotes. # 1 a ¢y Bji: 22 B4,

TABLE 1c FLUOROSCOPY MODALITY AND DOSES; CHESTS BY INSTITUTION AND CITY
Fle XHUEPMERFEOR & BN Noiis S, PR BY B O # iy

Total Dose / Exam. (mrad)

City Apparatus Hospital Physician Bone Gonad
Skin Marrow
Male Female
sl Conventional Type All All 990 28 0.28 1.2
and Nagasaki M : :
Image Intensifier Large Hospital All 140 7:9 0.19 0.81
Smigll Hospital All 470 17 0.25 1.4

and Clinic

See Table 1a footnotes. % 1 a ()i % .
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FIGURE 1a INCREASE IN USE OF IMAGE INTENSIFIER FLUOROSCOPY APPARATUS BY
YEAR, HIROSHIMA

Numbers of Apparatus Installed in
55 Institutions Selected at Random {-~")
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Fluoroscopy Doses. Fluoroscopy is used for
radiological diagnosis mainly in large hospitals.
Since 1966 the conventional type fluoroscopy
apparatus have been replaced by those with
image intensifiers (Tables la-c}. Doses incurred
by image intensifier type units are generally
much less than those of conventional type units.
The period during which this transition occurred
is therefore a very important factor to be
considered in making dose estimates. Use of
image intensifier type apparatus was determined
by surveying each hospital; the corresponding
bone marrow, gonad, and skin doses incurred
were estimated by means of phantom dosimetry.
For smaller hospitals and clinics, the mean
month and year during which a 50% changeover
of apparatus from conventional to image intensi-
fier type occurred was obtained for radiologists
(8 in Hiroshima, 5 in Nagasaki) and nonradio-
logists based on the increasing trend described
by the numbers of image intensifiers installed,
by the numbers of such apparatus sold by
manufacturers, and by surveys establishing the
ratio of image intensifier to conventional-type
apparatus in use during mid-1974% (Figures
la and b). Dose tables were compiled based
on the technical exposure factors obtained
during a previous hospital and clinic survey.?!
Dose tables were compiled according to types
of apparatus in the institutions. Doses were
assigned to each of the large institutions and
these are indicated alphabetically in Tables la-c.

Radiography Doses. As anticipated, doses from
radiography were much less than those from
fluoroscopy. In the present study, the following
were applied as mean doses per examination
for general radiography: 23.3 mrad bone marrow
dose, 4.84mrad male gonad dosc, 30.2 mrad
female gonad dose, and 757 mrad skin dose.??

Mass Survey Examination Doses. The following
doses in mrad have been estimated for mass
survey examinations:

ERRECLIAHE. BEHERAEIEL L TRBO
K &5 VIEEE T, XEBRCHVShTna. 1966%
CIRE, FEROBMRBAERTICbTF L BRI Y
mEAHWSNAE I AT &R (Fla-c) . I,
FLEBMBEROHAERORMO L O 5D BB
Teat, iR, FOk, IO PR OELR
DIFWNE, Mt AHEE T A LT EE s
TEAKT L5 A, 7L EEMMERE RSO SN O
HMEE Bk Ao, FT e P AR R
Al BT BTG, AT R OOk RN
BHEAE L. AR BERERTC LT, R
BEEEO L O 6 T L EEMAAS0% bR L AT
AR, ERENATLEBRER OB, WE
AL - gk, 1974 R o) 7 L VR L O B R O
Mz T AMHOEG W T AN IZLT
FE N A N B A S, Bk EHE A OB 8 7,
BS54 Ut B oS sk 222 (1 1 a
Bt h) . R E I LUEITAT b A - R R TR
Sk XEnant & fh Ao LT, DRNERE TRENT s 11
TORHBOMMIZIELTEENA. T 7Ny b
MO & KRBl B At la-c 1R L Th 5.

BEIEREEE. MR II Lo TZUAMAE,
FMLTOAELE I CERBT LT T
FLoARWE T, R XSO LA
SRS LT B 23, 3 mrad, U3 A A AR
4.8dmrad, MR R IR 30,2 mrad, B DT

idt 757 mrad & Hlwv 2P

AR HEE.  EHRZ O MR EEE fifi 12
mrad BALTHRT ERDLIIZE 5.

Gastric® Chest'®
Gonad Male 20.6 0.285
Female 140.0 1.62
Bone Marrow 231.0 40.7
Skin 5730.0 646.0




Dental Radiography Doses. Dental radiography
doses have been studied in detail.?’~2° However,
they have not been considered in the present
analysis because, though appreciable for the
thyroid gland, they were negligible in their
contributions to doses to the bone marrow and
gonads. Doses incurred by medical and dental
radiological procedures to the thyroid and
pituitary glands and other organs are currently
under investigation (RP 8-84).

RESULTS

Reliability of Responses of AHS Subjects

Table 2 shows the subjects’ reliability as obtained
by comparing dates of GI examinations as
reported by AHS subjects in 1982, and dates
on which they actually received the examinations
at the hospitals involved. Positive responses were
regarded correct when they agreed completely
with hospital records, and within three months
(before or after) of the examination date. They
were regarded in error when the subject’s response
and the hospital record were at variance beyond
this range, or when there was no record of the
examination at all at the hospital. By 1982, for
GI fluoroscopy alone, there was 81% agreement
of subjects’ responses with the records of the
hospitals responsible for their exposures.

Distribution of Medical X-ray Exposure Doses
Figure 2 shows the distribution of medical
X-ray doses to the bone marrow and gonads
for all Hiroshima and Nagasaki subjects, male
and female, living and deceased. Among all
living and deceased subjects, two peaks for
medical X-ray doses were observed at 1-2.5 rad
and 0-0.1 rad for male and female bone marrow
doses and for female gonad doses, respectively.
A peak at 0-0.1rad was observed for male
gonad doses. However, a small minority, namely
18 subjects for bone marrow doses and 92
subjects for gonad doses, were exposed to
medical X-ray doses greater than 10rad. A much
larger number of these relatively high doses were
incurred to the female gonads.

Tables 3a-c show the distribution of medical
X-ray doses—bone marrow and gonad doses by
T65 dose groups in Hiroshima and Nagasaki,
for males and females, living and deceased.
There was no statistical difference among the
T65 dose groups themselves, but medical X-ray
doses were significantly higher among A-bomb
survivors in total than among persons not-in-the
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cities (NIC), ie., the control groups, except HATREFHBENC), ¥+ h b MLy, B

for gonad doses in the deceased male, as in a Wk 2 (K 00 [ERE R X S0 T AV RE LS e 7290
previous study.?® For bone marrow doses and . f" . I A' o o
gonad doses, the difference between the NIC A S AR RO A, TN # & B
and A-bomb exposed was at the 0.1% level of FOZZEFLTVEIHRECIZ0. 1%L NV THIE
fignifictfmce ior livinfg SEbiects, and at the 1% gy, FECHBECH AU It & 4 1 2 AR 45 it
evel of significance for bone marrow and female ) g o e iy e L

gonad doses, even in the deceased group. Tl L% b T TR 2o

TABLE 2 RELIABILITY OF RESPONSES OF AHS SUBJECTS FOR GASTROINTESTINAL
FLUOROSCOPIC EXAMINATIONS IN THREE LARGE HOSPITALS

#2 SARFBRETO LS BB SR D0 T O AR 8 # o B O T

TOTAL SUBJECTS (%)

Verifications
Hospital Subjects Reparted Reliability
xaminations
Correct Erroneous
A-bomb Center 75 78 61 17 78.2%
Red Cross (A-bomb) Hospital 58 66 47 19 71.2%
Funairi Hospital 107 133 117 16 88.0%
Total 240 277 225 52 81.2%
FIGURE 2 DISTRIBUTION OF MEDICAL X-RAY DOSES
(NIC + A-BOMB EXPOSED, HIROSHIMA + NAGASAKI)
(2 [R5 0 A
(N ATEE T+ IE i, TR B+ Eo)
BONE MARROW DOSES (Male+Female) GONAD DOSES (Male) GONAD DOSES (Female)
Living (12126) Living (4208) Living (7918)
28 _
W (3415) 50 —4—9- o 26 1
2065, 24
7 == 11904)
20 20 40 -
20 115’3} (235'4___,‘ 20
15
14
r;gs; 20 e (7120)
10
10 - 8 1275) 10 - 7 7
e 10 & 1551) 1515)
- 1444
1165) <1 ik =
o [EETR 1 | ) 5,
30 ~ sofF, ] 30
Deceased (2985) ,; 51 Deceased (1408) Deceased (1577)
- e (725 23
27 (518]
(815) ] 21
18 a0 @
20 b (536) .t 20 17
— 1 (271
14 19
1430) 20k  lt260) 12
1192)
8
Wr lzze L) N P ”
195) (72) 189/
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41, 18 (1),

0
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Medical X-ray Doses (rad)
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TABLE 32 DISTRIBUTION OF MEDICAL X-RAY EXPOSURE DOSES BONE MARROW DOSES
(HIROSHIMA + NAGASAKI, MALE + FEMALE)

#3a [EFH XSHEBRLONMG; BHHRE (L &, 5 +%)

Living Deceased
X-Ray Dose
(rad) K - ” Average ~ - Average

0.25 1.0 25 2.5+ (mrad) 0.25 1.0 25 25+ (i)

NIC 1049 996 690 255 892 286 211 149 48 821
(35) (33) (23) ) @1 Go (22) (D]

A-Bomb Exposed

ToSD 951 1178 1123 472 167 302 297 230 79 973

0-9 rud (25) (32) (30 (13) (33) (33 (25 9)

T6sD 636 806 803 391 1257 228 232 183 69 961

10-99 rad 24) (31) 30) (15) (32) (32) 26) (10)

T65D 565 780 675 281 1184 199 203 152 44 912

100+ rad (25) (34) (29) (12) (33) (34)  (26) (€]

T65D 136 130 124 19 1292 26 23 17 1 1118

Unknown 29 28) (26) (M) (36) (3D (23)  (10)

A-Bomb Exposed

Total 2288 2894 2725 1229 1204 755 755 582 199 950
(25)  (32) @0y (3) (33)  (33) (25) 9)

Difference
between NIC and
A-Bomb Exposed

()%

3 = 165.46>16.27 [0.001]

X3 = 16.86>11.34 [0.01]

TABLE 3b DISTRIBUTION OF MEDICAL X-RAY EXPOSURE DOSES GONAD DOSES
(HIROSHIMA + NAGASAKI, MALE)
23 b [ NGRS S o i R R B+ R, 5
Living Deceased
X-Ray Dose —
(rad) " o - - Average N i _ Average
0.01 0.1 0.5 1 1+ (mrad) 0.01 0.1 0.5 1 1+ (mrad)
NIC 271 314 345 75 25 189 108 89 92 35 16 226
(26) (30 (34) I 3 (32)  @e) @27 U0 ()
A-Bomb Exposed
T65D 280 340 503 129 29 288 113 113 140 55 18 242
0-9 rad (22) 27 (39) 10 (@2 (26)  (26)  (32) (12) (4
T6SD 164 203 338 94 33 244 66 65 97 36 19 296
1099 rad (20) (25) (40) (@ (23) (23) (23) a3 M
T65D 189 224 340 92 26 218 75 70 97 35 15 265
100+ rad 21 (26) 39 a1 @3 (26) (24) (33) (1)  (3)
T65D 38 48 81 23 1 263 15 11 22 4 2 247
Unknown a9 24) 1) 12y @ 28 Qo @n M @
A-Bomb Exposed
Total 671 815 1259 338 95 2126 269 259 356 130 54 263
2n (25) @wo  an @) (25) 24 G349 a2y S

Difference
between NIC and
A-Bomb Exposed

()%

X3 = 33.60>18.47 [0.001]

x5 = 8.58<9.49 [0.05]
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TABLE 3¢ DISTRIBUTION OF MEDICAL X-RAY EXPOSURE DOSES GONAD DOSES
(HIROSHIMA + NAGASAKI, FEMALE)

# 3 [ERHMXERBETOST; ERlgmet (LB + e, &)
Living Deceased
X-Ray Dose ——
(rad) " " N ~ Average Average
0.01 0.1 0.5 1 1+ (mrad) ~0.01 ~0.1 ~0.5 ~1 1+ (mrad)
NIC 550 120 271 302 717 1258 132 12 36 55 119 1199
(28) 6) (14) (15 37 (37) (3) (10) (16) (34)
A-Bomb Exposed
T65D 417 162 311 377 1176 1712 123 11 52 80 203 1555
0-9 rad an (7) (13) (15) (48) (26) (3) (11 (17) 34)
T65D 28 129 214 261 922 1866 113 18 41 77 180 1461
10-99 rad (16) (7 (12)  (14) (1 (26) ) (10) (18) (42)
T65D 222 103 166 255 690 1685 83 13 36 58 116 1301
100+ rad (15) 7 (12) (18) (48) @n (4) (12) (19) (38)
T65D 62 20 33 40 117 1553 9 1 2 1 6 1089
Unknown (23) (€a] (12) (15) (43) 47) (5) (11 (5) (32)
A-Bomb Exposed
Total 982 414 724 933 2905 1745 328 43 131 216 505 1451
(16) (7) (12) (16) (49) Q2mn 3) (11) (18) (41)
Difference
between NIC and x:' =154.85>18.47 [0.001] x: =15.21>13.28 [0.01]
A-Bomb Exposed
():%

“Contamination” of T65 Doses by Medical X-ray
Exposure Doses

Figures 3a-c compare the magnitude of medical
X-ray doses with that of T65 doses. Three
T65 dose ranges; the 1-9rad, 10-99rad, and
100+rad T65 dose groups are shown. The
percentages of total subjects are listed vertically;
the medical X-ray doses are compared with
T65 doses, horizontally. Similar trends were
obtained for Hiroshima and Nagasaki.

For bone marrow doses of living subjects (Figure
3a), in the 1-9 rad T65 dose group, 65% of the
subjects’ medical X-ray doses ranged from 10%
to 250% of the A-bomb doses, and 20% of the
subjects’ medical X-ray doses ranged from
50% to 250% of the A-bomb doses. In the
10-99 rad T65 dose group, 56% and 13% of the
subjects’ medical X-ray doses ranged from 1%
to 9.9% and from 10% to 250%, respectively.
In the 100+ rad T65 dose group, medical X-ray
exposure played a lesser role.

ERAXIRBE RO T65D (234 3 103
3a-c [ZEBEH X &4 4o TESD 12 oh 4 A8 4 o
L THa. TEED & LT, 1—9rad, 10—99rad,
100+rad O = >OEUBTHRLTHS. 2L HD
ER EHERN, & RSN X St TE5D (2
THOEHTHEEMIIZE>TH A, MM L Afm»
Iy, Bt oA 5 R 4,

BEHFL TSR FEORHMS W (M3a) 1220 T,
TE5D 1—9rad T, HHHEDE5% 3217 Bl
HIX A AR A LB W D 10% &0 & 250% 122 72 1),
X H 7 20% ) 0145 b1 B RS0 % A 5 250% (2
HYF 24D TH- 2. TEED 10—99 rad # Tl b2
HO56% AT BN A X B A AL, TED D 1%
25 9.9%1240, AR EDI% A TEED D10%
25 250% IHHY T B EREHME A Z O 2 LIl b,
TE5D 100+ rad B 12 &5 v Cid, [RHEH X St o
HITEIZ & o f2
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DICAL X-RAY EXPOSURE DOSES

FIGURE 3a CONTAMINATION RATE OF T65 DOSES BY ME
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FIGURE 3b CONTAMINATION RATE OF T65 DOSES BY MEDICAL X-RAY EXPOSURE DOSES

GONAD DOSES (HIROSHIMA + NAGASAKI, MALE)

)

N
bl

Il

3%

st £

i

o MR R AR R ()

PO R =R bl

@ TE5D

F X0t e B ik

i

(2 75

X 3 b

B

(%) SL23rans 1vLiol

*®
o
s
a o
3
2 o
5 ¢
T©
En 2
i o
e R A
Ko o
w -—
Pl
n
o —
- 3
-
=]
- =
S
=8
.
7]
28
~
26
o=
vy
N
P
i
PN e
SN P
N ~E
. =
o
0
—— nw -
N
0
H oo R
= £ Sanhe T
£ O £5¢ -
3 g LN i P
<4 O DR L] P~
res ol =
¥ Gy -
iy R g 4y
= TR -
ha M @ o
Rt -0
| RSN =
=) =) =] =]
2 5] = o R s

LIVING

3 7 B 20 9 7 18 4 3
2) (s) 16) (15) {7) (5) {14) (3 (2)

1
(R}

% 10 5 5
8) (4 (4

No.

DECEASED

e

- £ o
o

o

33 =
o W
-

&

-

.

e

LY

e ——}

[ DOOCIN ~T
O SOOSSN I
L = =
X mJ
o 2
Ao
Ny mo
s N
Ol =
=
(=} —_
R
-
g =
.f'r'lrd alf..-aﬁi'vr(lp‘rfllt-..r Tt D. E.Ola.
R LS -0
‘l .. -llr'paralr!ralaaldl"vp'rpr —
o :
=] =] =] o
] ~ w ® =2

(%) SL23r8Ns IvLOL

32
(=]
S
]
=)
B
~
o
=]
=
o
o
i

N

-0

V=
=
-

)

o

©oN

14 16 17

15
(124)(119) (134) {139) (5

LIVING

1
(3)

1 3 2 9 16 8 15 15 7 3
() (8] (5) {26) (44) (23) (43) (43) (20) (a)

20
{56)

%
No.

DECEASED

L .rl:alrlrl

100+ rad
T65D Group

100 250 500%

25 50

1
10

25

Khiala'aiaty

DX IO
L O A

OO0

Faoa s s s O

.25

e e ey

.05

.025
12

.01

.005
23

[=] o
~ -

(%) $103r8ns 1v.1ol

o

13 17 19 9 3 1
5)

(29) (108) (113) (148) (167) (74) (28)

3

%
No. (199)

LIVING

13 18 10 5 1 <1
137) (53) (29) (14} (3) (1)

MEDICAL X-RAY DOSES/TE5D x 100

% 29 3 g 13
No. (84) (B} (25) (38}

DECEASED

14



RERF TR 16-86

FIGURE 3¢ CONTAMINATION RATE OF T65 DOSES BY MEDICAL X-RAY EXPOSURE DOSES

GONAD DOSES (HIROSHIMA + NAGASAKI, FEMALE)
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Among living subjects, for male gonad dose
(Figure 3b), the effect was less than for bone
marrow dose, but in the 1-9 rad T65 dose group,
18% of the subjects’ medical X-ray dose ranged
from 10% to 250% of their T65 doses. Among
living subjects, for female gonad dose (Figure 3c),
however, a trend similar to that for bone marrow
dose was evident; in the 1-9 rad T65 dose group,
69% of subjects’ medical X-ray doses ranged
from 10% to 250% of A-bomb doses, and 32%
of subjects’ medical X-ray doses ranged from
50% to 250% of A-bomb doses. In the 10-99 rad
T65 dose group, 48% and 20% of subjects’
medical X-ray doses ranged from 1% to 9.9% and
from 10% to 250%, respectively.

Among the deceased, the percentage of the total
was 23% (1112/4858) in Hiroshima; 16% (356/
2183) in Nagasaki; and 21% (1468/7041) in
total. Though there were fewer deceased than
living subjects, the contamination patterns of
the deceased closely resembled those of the
living, by site, sex, city, and T65 dose group.

DISCUSSION

Pilot studies of the reliability of subjects’
responses concerning fluoroscopic examinations
they received outside ABCC/RERF were
conducted.®®  First, from 5 to 13 July 1966, a
self-administered questionnaire was completed
by 100 consecutive AHS subjects, without
assistance. Secondly, from 23 November 1966 to
16 January 1967, 454 AHS subjects were
interviewed by a specially-trained staff, who
assisted subjects, showing them photographs
of various types of X-ray apparatus used during
examinations. All fluoroscopic examinations
they received in the past were reported by the
subjects. In the later survey, much higher
reliability was achieved. This type of interviewing
was continued throughout 11 cycles. All past
survey data were analyzed. Subjects were later
interviewed for examinations they received
during the most recent two-year cycle. The
relatively high subject reliability achieved during
the present study (Table 2) appears to have
resulted from subjects’ better understanding of
the interview material because of their repeated
interview experiences.

Trends in use of medical X-ray procedures were
determined®®?! for the period from the end of
World War II until 1970 based on records of
hospitals and clinics in Hiroshima and Nagasaki.
A steady increase in the use of X-ray for reasons
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of health care was demonstrated in both cities.
This trend is most likely continuing for a variety
of reasons, such as the periodic authorization
of payments for an increasing variety and
number of radiological examinations. Both
A-bomb survivors and NIC subjects have been
receiving ever-increasing numbers of radiological
exposures for prophylactic health care and
for diagnosing diseases. Reassessments must
be made to update the data obtained to
1974. Medical X-ray doses of A-bomb survivors
are greater than those of the NIC subjects
(Tables 3a-c), as observed in a 1965-67 study.3°
This discrepancy could be due to more readily
available medical care for the A-bomb exposed
than for the nonexposed, via A-bomb Survivors
Handbooks.??

The importance of this series of studies of
medical X-ray exposure is underscored by the
early demonstrated impacts of medical X-ray
exposures causing chromosome aberrations
which persisted more than 72 hours,® and
results of more recent similar studies of in utero
exposed.34 In the present study, the medical
X-ray contamination dose rate of the A-bomb
doses in the 1-9rad T65 dose group, attained
65% for bone marrow doses and 69% for female
gonad doses in a range greater than 10% of the
T65 doses and 20% for the former and 31%
for the latter in a range greater than 50% of
T65 doses (Figures 3a and c). For this group,
it is no longer possible to determine the effects
of A-bomb exposure without considering medical
X-ray exposure doses. Even in the 10-99 rad
T65 dose group, the contamination rate reached
13% and 20%, respectively, in the range greater
than 10% of the T65 doses. Only in the 100+ rad
T65 dose group did medical X-ray exposure play
a lesser role. Medical X-ray doses actually
exceeded A-bomb doses among survivors having
relatively low T65 doses. In the future, the role
of medical X-ray doses will become greater, and
unless medical X-ray exposure doses are carefully
considered, the effects of A-bomb exposure
cannot be reliably assessed.

Problems remain, such as how to consider
cumulated doses from repeated medical X-ray
exposures as opposed to single A-bomb exposure
doses. The effects of small repeated doses to
the bone marrow are difficult to assess. The
incidence of radiogenic leukemia peaked about
seven years after the A-bomb, and its frequency
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returned nearly to normal 15 years later.>® This
is in marked contrast to most radiogenic solid
tumors which have latent periods of five or more
years and increase in incidence for 20 or even
30 years.36 Obviously, doses to the internal
organs including the female gonads, of 1 to 5 rad
from medical X rays are too small to influence
effects of doses of 100rad or more from the
A-bomb, but they may alter the shape of the
dose-response curve in the 1 to 10rad range.>”

Individual medical X-ray doses are now available
for use not only in 1) analyses of contamination
rates by medical X-ray doses, but 2) for retro-
spective assessments of exposures of persons
who contract diseases and abnormalities attrib-
utable to ionizing radiation exposure. Among
AHS subjects, 18 (bone marrow dose) and 92
(gonad dose) subjects were exposed to medical
X-ray doses greater than 10rad (Figure 2).
These cases with relatively high medical X-ray
doses serve as examples, and underscore the
need for analyzing such medical X-ray doses to
determine their effects on A-bomb doses of such
subjects.
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