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SUMMARY

Medical X-ray exposure was swdied as a possible
contaminant in the long-term evaluations of Atomjc
bomb survivors for late radiation effects. Partici-
pants in the ABCC-INIH Adult Health Study were
the focus for these investigations, An average of 23%
of Hiroshima and 12% of Nagasaki Adult Health
Study subjects received X-ray examinations in other
institutions during the 3 months preceding their
visits to ABCC. Medical X-ray examinations were
significantly more frequent among A-bomb survivors
than comparison subjects in the Adult Health Study,
but not to an extent to cause bias between these two
categories.  The magnitude of cumulated medical
N-ray dose approximated thar of the A-bomb ar
distances from the hypocenters of 2200 m in Hiroshima
and 3200m in Nagasaki. ABCC X-ray examination
doses were calculated for each Adulr Health Study
subject, and routinely updated with each examination
for comparison with each subject’s A-bomb dose.
Each subject’s reported exposures to fluoroscopy,
photofluorography, and radiation therapy in other
hospitals are recorded for future reference.

Activity of radiologic practice in Hiroshima and
Nagasaki increased steadily since 1948, and was

markedly differenc by city. For the years 1946-63

bone marrow integral dose was 1269 and 454 g-rad in
Hiroshima and Nagasaki respecrively. Gonadal
doses were 118 and 37.4mrad for males and 1652 and
413mrad for females of Hiroshima and Nagasaki
respectively, Corresponding skin doses were 43.5 and
12,8 rad for the two cities respecrively.

INTRODUCTION

Early in the use of X-ray, dose from examinations was
afforded little attention except in unusual cases of
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heavy exposures, and for physicians who were
their examinations of
patients. During the 1930°s the possibility of genetic

damage from relatively small doses of X-ray was

heavily exposed during

recognized. The advent of nuclear reactors prompted
greater concern for population exposure. Afrer the
end of World War [I, skin and gonad dose Ffrom
diagnostic procedures was investigated. In the late
195(0"s attention was focused on dase to the bone
marrow because of its possible contribution to the
development of leukemia,

During investigations of late A-bomb radiation effects
by ABCC, it was obvious that other sources of
ionizing radiation might be concomitantly acting as
contaminants. Medical X-ray is the most prevalent
source of such exposure, Some diagnostic and most
therapeutic X-ray exposures result in significantly
high doses to patients. It is also possible that,
because of experiencing the A-bomb, some indivi-
duals might receive more medical X-ray examinations
than other members of the Hiroshima and Nagasaki
populations.

With the inauguration of the ABCC-JNIH Adule
Health Scudy in 1957, a fixed sample of the Hiroshima
and Nagasaki populations originally consisting of
20,000 came under derailed biennial
surveillance (Table 1).1

members
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XHmErZUHCOAWHENA & 5.

ABCC -~ FFOMARERENIITHEICERLTHLY
m20,000AD 5L 2008 - EMoBEADOLERIz2ED
LUMELRZEZHITVA (#£1).?

TABLE 1 COMPOSITION OF ADULT HEALTH STUDY SAMPLE, 1958, BY SEX, CITY, AND EXPOSURE GROUP!

#1

BN R AL BRE O, 19584F: 1% - #l -

R R

Exposure Component Group Hiroshima

i)

Nagasaki 5 Total it

2 F 1B W Male % Female # Totai? Male #  Female % Total #t Male % Female = Total #
0-1999 m
With symptoms EERD 1 1312 2116 3428 678 B87 1565 1990 3003 4993
Without symptoms ik % L 2 1312 2116 3428 877 883 1560 1989 2999 1988
Distal exposed® 1 B 8 5 3 1313 2120 3433 674 885 1550 1987 3005 4992
Nonexposed Bl 4 1313 2120 3433 676 B83 1559 1989 a003 4992
Total &t 5250 8472 13722 2705 3538 6243 7955 12010 19965

* For Hiroshima, 3000-3499 m; for Nagasaki, 3000-3999 m.

The Adult Health Study population is parc of a
random sample of 100,000 Hiroshima and Nagasaki
subjects being observed for abnormalities and cause
of death.? The Adult Health Study is unique and
permits detailed observations of this relarively large
number of who were instantaneously
exposed to various doses of ionizing radiationat
varying distances from the hypocenters. [t also
affords an unusual opportunity to assess the degree
to which its members have been exposed to other
sources of ionizing radiation. Being part of a random
sample, it is representative of the city populations.

survivors

8T 118000~ 34 m, BT IE3000— 3999 m
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DREHEBL VI P2 282 0BELHE
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During the early years of these follow-up investi-
gations, some technical procedures used in Hiroshima
and Nagasaki radiologic practice caused patients to
receive relatively high doses compared to members of
other populations.  For example, frequent use of
fluoroscopy when film was scarce and use of lower
peak kilovoltage (kvp) and less added filtration
resulted in relatively high doses., [se of radiation
therapy for benign disease was another concomitant in
these ongoing programs. [t was therefore imperative
to study in detail the individual exposures of Adule
Health Study participants, both at ABCC and in other
institutions, and to estimate exposure of the general
populations of Hiroshima and Nagasaki, as well,

Dosimetry studies elsewhere are of general interest
and concern populations of countries, or are restricted
to roentgenology of patients in radiology
departments. National dose estimates for Japan and
those for other institutions could not validly be
applied to the populations of the cities who experi-
enced the A-bombs. Therefore, the dosimetry
investigations  subsequently described  differed
markedly from dosimetry studies elsewhere.

s50me

In 1961 this detailed ongoing investigation of medical
X-ray exposure among Adult Health Study subjects
and the general populations of Hiroshima and
Nagasaki was begun. The primary purposes of these
studies were to:

Determine the frequency with which Adult Health
Study subjects were being examined and treated
with X-ray in other institutions;

Ascertain the frequency of medical X-ray exposure
according to A-bomb exposed and nonexposed
groups;

Establish characteristics of radiologic practice in
both cities;

Estimate the cumulative effect of medical X-ray
since 1945;

Compare the overall magnitude of medical X-ray
exposure with that of the A-bombs;

Calculate and update doses received during Adult
Health Study
at A BCC;

subjects’ repeated examinations

Provide dose data for their estimated exposures in
other institutions,

The latter two are sources for reference in evaluating
causes of diseases or abnormalities among A-bomb

exposed possibly associated with exposure to
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ionizing radiation. Numerous adjunce studies were
also a part of this program,

METHOD

Dose to Adult Health Study subjects in other
hospitals and clinics was first assessed. Most
institutions retain films and records for limited
periods according to Japanese law,3 Study of ABCC
roenigenclogic procedures was postponed in favor of
those of other institutions lest their records no longer
be available. Detailed assessments of ABCC
procedures and their use among Adult Health Study
participants were later made. Continuous monitoring
of dose from all X-ray procedures experienced by
Adult Health Study subjects in other hospitals is
obviously impossible; they have been assessed
periodically  with  slighely  varying  procedures
each time.

Basically, swdies of Adult Health Study subjects’
exposures in other hospitals consisted of:

Subject Surveys. At ABCC subjects reported
diagnostic and therapeutic exposures, and occupa-
tional exposures, indicating their time and place.

Hospital and Clinic Surveys. Personnel of
hospitals where subjects were exposed, verified
the exposures and furnished the rtechnical
factors used,

Dosimeiry.  The verified diagnostic procedures
were reproduced ar ABCC, using the same
technical factors and a phantom human. Hospiral
units  were surveyed for radiation output and
quality to correct for any discrepancies between
them and the experimental X-ray apparatus,
Radiation treatments were evaluated for outpur and
quality using the units of the hospitals which
performed them. Air doses or skin doses and,
when possible, depth doses were estimated
according to hospital records.

Additional  surveys of community institutions
established trends in radiologic pracrice for earlier
yvears during which no dosimetry was performed, to
assist estimations of dose to the Hiroshima and
Nagasaki populations. Substudies including those of
basic phantom dosimetry, active bone marrow
distribution, and fluoroscopy exposure were suppor-
tive to this program.

EQUIPMENT

X-ray Apparatus. The following ABCC X-ray

apparatus were used:
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General Electric (GE) radiography-fluoroscopy unit,
type 8, 130kvp, S00ma; KX-§ transformer; Regent
table with Scholz spot-filmer; side-rail suspension of
overhead radiography tube with tomography and
stereoscopy capabilities,

GE Fluoricon image intensifier, 6-9 inch tube, with
mirror, vidicon closed-circuit television, overhead
crane tube suspension; 150kvp, 500ma.

Franklin head radiography unit, 100kvp, 200 ma.

Thirteen fluoroscopy and seven photofluorography
units in Hiroshima institutions were used in addi-
tional phantom dosimetry .

Electrometers. A Baldwin-Farmer electrometer
(Figure 1) with Memorial ionization chambers was
used for bone marrow and gonadal dose measurements.

An Electronic Instruments, Limited (EIL), Model 37 A
electrometer? (Figure 2) was used to monitor
radiation ourput and to verify surface doses, Dose
rate and cumulated dose are obtainable with
this apparatus.

Victoreen condenser R meters, Models 70 and 570
were used to assess output and dose from therapy
apparatus,

lonization Chambers. Memorial 1ecc ionization
chambers (Figure 3) were used with the Baldwin-
Farmer electrometer.  Their relatively small size
permitted their placement in marrow cavities or
regions thereof. The measurable dose range with
this equipment was 10-500 mR. Their characteristics
included high sensitivity, relatively uniform response
throughout the diagnostic energy range, and freedom
from directional dependence.

Electronic Instruments, Limited, 35cec ionization
chambers® were used with the EIL electrometer
( Figure 2). Surface doses and radiation output were
obrained with them. The range of measurable dose
with this equipment was 0,1-1,5% 10% mR.

Victoreen ionization chambers of 25,100, and 250 R
capacity were used with Vicroreen condenser R
meters to measure output and dose from high energy
X-ray and cobalt-60 therapy apparatus.

Standards. Reference chamber, Baldwin-Farmer,
1 volt/R, 0.6 cc capacity; Radium standard, Victoreen,
2 mg.

FFilm Monitors. Eastman Type-M industrial film was
used to monitor surface dose during fluoroscopy and
spot-filming. Packaged in lighttight envelopes.

GE # Bl E#EHE—2H%EE, 85, 130 kvp, 500 ma,
KX —8 | 5> A: Scholz JHEMREF = Regent il
i BB SR RBERY, FL-VBENX 4 — 3
~ .y FEER

GE #8 Fluoricon # /il MiEEdm ({2 —v - 4 »
FrFpdX=)06 -04 »+E, &8, ¥V
Xig7ve, BEBEAA - =~y FEIR, 150 kvp,
500 ma.

Franklin SAERX &35, 100 kvp, 200 ma.
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tilms were joined to form jackets which were affixed
toa phantom human.

Densitometers. MacBeth-Ansco Color Densitometer,
Model No. 12; MacBeth Quantalog Densitometer,
Model TD-102.

Radiation Output and Quality Monitor, A poreable
enclosure accommodating a 35cc EIl. ionization
chamber and a remotely controlled revolving aluminum
disk with 0, and 0.5, 1.0, 2.0, 2.5, 3.0, 4.0, and 5.0mm
thicknesses of aluminum was used to assess
radiation quality by half-value layer approximation,
and radiation output of hospirals’ and clinics’
apparatus(Figure 4).

Phantom Materials. Small block phantoms of plain
Mix-D macerial were used for basic studies of
response of ionization chambers and electrometers
(Figure 5)

A large Mix-D block phantom in two sections with
spaces at 5, 10, and 15e¢m depths for Memorial
ionization chambers within it was used in measure-
ments of depth dose and scattered radiation near the
margin  of the direct beam of X-ray (Figure 6).
Lathe-turned Mix-D chamber receptacles exactly fit
the 2.8 cm holes in this phantom. One end of each
receptacle  also consisted of bone equivalent
material (54% paraffin, 38% calcium phosphate, and
8% carbon) in 2, 4, and 7 mm thicknesses to represent
bone cortices.,

A phantom human simulated an average-size adult
Japanese, 162em in height, consisting of Mix-D,
containing a complete human skeleton, with beeswax-
impregnaced cellulose for lung tissue (Figure 7).
A  drawer system accommodated the Memorial
ionization chambers, afrer the method of Laughlin
et al (Figure 8).7 Chamber locations included:
Skull vertex; C-4, T-6, T-12, 1.-5 vertebrae; body of
sternum; lateral portions of both sixth ribs; boch
iliac crests; trochanteric regions of both femurs:
symphysis pubis; the female gonads; and one
position for the male gonads. A removable Mix-D
abdominal block allowed insertion of a similar block
containing a simulated stomach and duodenum
(Figure 9) for monitoring fluoroscopic procedures.

A skeleton phantom described quantities of active
bone marrow by a 3-dimensional lattice to facilitate
dose calculations according to X-ray beam size and
projection( Figure 10).
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Figure ! Baldwin-Farmer electrometer

Figure 2 EIL electrometer with 35 ee chamber connected™®

Figure 3 Memorial ionization cham ber®

Figure 4 Wooden box containing remotely controlled disk of varying
thickness of aluminum for assessment of output and quality of radiation
M1 Baldwin-Farmer ¥ 3
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3 Memorial HTMET
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Figure 5 Plain Mix-D material to accommodate Memorial ionization
chambers (A) and EIL chambers at surface (B)

Figure 6 Plain Mix-I phantom with inscriptions on superior su rlace of
varying field sizes (A) and receptacles inserted into Mix-D phaniom(B)

HS5 Memorial MEEHE ANEZALOES Mix-D 75 F=24(4A)
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Figure 7 Entire Mix-D phantom containings skeleton

Figure 8 Pelvis and hip of phantom with insert accommodating ioniza-
tion chamber removed

Figure 9 Skull, thorax, and abdomen of phantom with insert containing
simulated stomach and dusdenum

Figure 10 Lattice system to describe active bone marrow disiribution’®
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B8 Torb—nBREFEHSLUBMMEAAST FHL

E9 Z25y¥b—-Lni¥ MM, NgsotfoltzoRss0
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RESULTS

Since ABCC roentgenological rechniques have been
relatively uniform with time and technical factors for
and
permanently filed, there was no immediate need to
study doses they incurred. Attention was devored
instead to Adult Health Study subjects’ exposures in
other institutions lest records thereof be discarded
because of the S-year period required by law.? In
the meantime, gonad and bone marrow doses for the

examinations are routinely recorded in detail

frequently performed ABCC examinations were
estimated8  according to another investigator's
data. 9,10

ABCC Subjects’ Exposure in Other [nstitutions

Subject Surveys. The first subject survey in 1961,
established the frequency of Adult Health Study
subjects’ medical, dental, and occupational exposure
elsewhere, and the methods by which they might
best be surveyed. For economy of time and effort of
the existing ABCC staff, nurses in the medical elinic
interviewed subjects in the initial survey.!l A roral
of 1862 subjects reported receiving 1456 exposures
to diagnostic X-ray on 1080 occasions. Only one
reported — in
Hiroshima. The period of subjects’ memory recall
was 1 year, and the survey lasted 3 months. The
study indicated a higher frequency of medical X-ray
among those proximally exposed (Groups 1 and 2) and
showed subjects could not accurately recall exami-

radiation  therapy exposure was

nation details beyond a 3- or 4-month recall period.
This swdy also pointed our the need for trained
interviewers for such surveys. The data obtained
were not sufficiently dependable to form a base for
subsequent hospital surveys and dosimerry.

In a second subject survey!? from 15 July te 16
November 1962, 406, of 2503 ABCC subjects inter-
the Department of Radiology, each
reported receiving 1 to 4 X-ray examinations. These
tesponses were not analyzed for reliability. The
period of recall was 3 months, and radiation therapy

viewed in

was excluded because only one subject reporced
such exposure in the previous survey., One Nagasaki
and 14 Hiroshima subjects, all employed in the
medical profession, reported occupational exposure.
This survey's data were the basis for the first
hospital and clinic survey and dosimetry.

The third survey of ABCC subjectsl3 was for
medical, denral, and occupational exposures in other
institutions, and was conducted in the Department of
Radiology from 1 February 1964 ro 31 January 1965.

Within a 3-month recall period, 5293 [liroshima
subjects reported 1506 occasions; 2221 Nagasaki
subjects, 244 occasions of exposure to medical

10
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X-ray. Twenty-eight percent in Hiroshima and 11% in
Nagasaki reported exposure in other institutions —
more marked a difference by city than in 1962.
Chest examinations were most frequent; fluoroscopy
was very infrequent in Nagasaki —and only for upper
gastrointestinal series, [liroshima subjects reported
150 occasions of radiation therapy, 102 (68%) of
which were for benign disease (Table 2). Of the
remaining 48 (32%), only 10% were thought by
subjects to have been for malignant disease., Qnly
two Nagasaki subjects reporred exposure to radiation
therapy. These differences by city could not he
traced to artifacts in study methods and were aceri-
buted to basic differences in radiologic practice. In
Hiroshima only, subjects who experienced the
A-bomb (Groups 1-3) reported a small but signifi-
cantly greater frequency of exposure to diagnostic
procedures than those who did not (Group4), but
there were no significant differences by distance
from hypocenter or history of radiation symptoms.
The data of this study were used in a subsequent
survey of hospitals and clinics and for dosimerry.

Hospital and Clinic Surveys. The firsc hospital and
clinic survey,14 from 20 November 1962 to 18
January 1963 in Hiroshima and from 4 to 8 February
in Nagasaki, was based on
survey. 12 A wide variety of equipment and rechniques
was encountered, complicating calculations of dose

a previous subject

per exposure (Table 3), particularly for fluoroscopic
examinations.
sex, institution, and city are shown in Figure 11.

Number of examinations by body site,

A wider discribution of body sites was encountered in
Hiroshima partially due to the greater number of
Hiroshima subjects. Chest radiography predominated
in both cities, and detailed analysis of exposure
factors was made for this type of examination. [n
Hiroshima generally higher kvp and lower mas were
used in hospitals than in clinics (Figures 12, 13).

Clinics in both cities used longer exposure times
than hospitals. TRound cones were most
multiple plane collimators were more frequent in
clinics, in both

popular;

hospitals; cones  in

cities(Figure 14).

square

Eleven by fourteen inch film was more frequently
used or males, 10x12 inch, for females. Added
filtration used is shown in Table 4.

In Japan, 2.0mm aluminum equivalent was legally
required, Concerning added filtration, and assuming
inherent filtration to be 0,5 mm aluminum equivalent,
as many as 93 installations were not meeting the
legal requirement, five of which used no filters ar all.
A detailed summary of numbers of subjects, for all

examinations, by exposures, by type of institution,
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TABLE 2 DISTRIBUTION OF

#* 2

SUBJECTS REPORTING RADIATION THERAPY BY BODY SITE AND DISEASE,

ﬁﬁﬁﬁﬁ&%wtamﬁm:ﬂ&nxam$m,m&”

HIROSHIMA 12

Tatal Disease 5 %
Ste ) Benign Malignant Unknown . <<
i R E N i J;& tumor T
. ' e A R
Head Hypophysis F#fk 2
R Eyes ... 2
Parotid BB L. 2 Rhinitis M % 1 Cancer # 1 Tumor W/ 3 4
Nose Bsnloimann 1
Tongue N e 1
Mandible  F#............ 1
Neck Lymph node ) ¥ 7866 ... 27 Goiter FEE Ii b 11
L Thyroid g 11 Lymphadenitis > o5 4 27 Cancer #f 2 1
Laryny 3
Chest Breast 1 SN 4 Preumonia B # 2
Wi & Lung | 3 Fibroadenoma #H#EIRE 1
Trachea R i 1 Asthma B 8 1 Cancer # 3 1
Intercostal nerve WM et 1 Neuralgia & 55 1
Abdomen Uterys E 5P 18
i Spleen MR 3
Stomach e & Myoma % If 9
Kidney L SO, 2 Peritonitis ¥ i % 2
Ovary AR i 2 Ulcer iff i 1
Peritoneum BEA% 2 Tuberculosis ##4 1 Cancer # 9 Tumor B/ 1 10
Vagina 1 Appendicitis o 4 % 1
Appendix 1 Hemorrhoid 1% % 1
Rectum 1 Neuralgia & i 1
Anus 1
Bladder |
Mesentery 1
Extremity Knee 1 Arthritis [ 5 % 1 1
and spiie Fuoot 1. Periostitis 0 3 1
P IE & &
¥ ke Periosteum 1 Spondylitis FF H 5 I
Spine 1
Skin Hand (]
P Feet 3
Pubis 3 Athlete's foot 7 i 18
Neek 1 Eczema i T 9
Shoulder R 1 Keloid v a4 F 5
Anal 18] (T 1 Wounds {8 3
Serotum L - S 1 Ringworm 1% 3
Unknawn P s 27
Other Unknown Eat! & Hypertension & MfLIE 1 3
= O Sterility A~4T4E 2
Total & it 150 102 15 4 29




TABLE 3 DIAGNOSTIC X-RAY APPARATUS BY MANUFACTURER, TYPE, AND EXAMINING FACILITY

HIROSHIMA + NAGASAKI"

£3 PHMXHEE: WHERE - BN BUS, KB+ B
WaniEalbirer Hospitals  #ifz i Clinics  Efx
Wik it Transformer Condenser Taotal Transfarmer Condenser Total
FEA E & it TEMX 2 at
A 18 0 18 12 6 18
B 16 i 16 6 3 9
Cc 8 0 5 3 0 3
D 3 [ 3 ] 6 11
E 0 1] 0 5 1 6
F 2 0 2 0 0 0
G 6 0 6 4 3 7
Taotal # 50 0 50 35 19 54
TABLE 4 ADDED FILTRATION., DIAGNOSTIC X-RAY APPARATUS'
F4 MR, BUTHE XipsE
Added filtration Hiroshima  [& #% Nagasaki i
8 3 A Hospitals #iF% Clinics Bz Hospitals #ikz Clinics [z
Number of apparatus 34 41 16 13
il OBY
None % 1 f 1
L2 mm Al 1
0.3 mm Al 1
0.5 mm Al 9 27 8 B
1.Omm Al 13* v 7 3
L.5mm Al 3 1 1
2.0 mm Al ] 1
2.5 mm Al 2
5.0 mm Al 2
0.1 mm Cu+0.5mm Al 1
0.2mm Cu+ L.0Omm Al s

* Additional technigue: One hospital uses 0.2mm Cu+ 1.0mm Al filter for high KV chest radiography
MBI R &5 DB WA GEREEIZ, 0.2mm Cu+ 1.0 o Al BEBIEAEHENT 5,

FIGURE 11 NUMBER OF EXAMINATIONS BY SITE, SEX, AND CITY"

Bl RRES: 856 - 1 - W
' Hiroshima 172 B % 3 Head i H Nagasski 5 K
[+ Seapula B H1
i Rib Iit
1:' Routine chest Rig &B 06 s 488 2 y
‘I.!‘ Tomography ehest 16 &5 UF % H
‘C‘_ Esophagus, stomach o3, W E
a Gall bladder [EE S n
H Abdomen T 46
H Small intestine, colon < j8 /8
H Thoracic spine g HE
e 7 :' Lumbar spine IE HE
T 77 Female H Pelvis iz
i Urinary bladder 7t B e gg :
g Kree (3
] Fvelography ok
. , , i ¢ H Dreutal th # ch ;
50 An a0 20 10 U ] n 20

13



FIGURE 12 NUMBER OF CHEST EXPOSURES BY KVP, FACILITY AND CITY"
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FIGURE 13 NUMBER OF CHEST EXPOSURES BY MAS, FACILITY AND CITY"
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and city was compiled. The study provided detailed
data as a basis for dosimetry.

The second hospital and clinic survey, based on an
earlier subject survey,!3 was conducted from 1 July
to 31 August 1965 in Hiroshima, and from 13 to 28
September 1965 in Nagasaki. Results have been
reported separately for radiography and fluoroscopy 15
and for photofluorography, 16 The body sites
examined using radiography and flucroscopy!? are
shown in Figure 15 by sex, facility, and city.

Chest radiography again outnumbered other exami-
In 1962, the number of examinations per
subject was (.09 in Hiroshima; 0.05 in Nagasakil;
comparable figures for 196415 were 0.1 in Hiroshima;
0.06 in Nagasaki. In Hiroshima in 195214 upper
gastrointestinal series were much less frequent than
chest radiography; in 196415 their frequencies were
more nearly the same. In Nagasaki their frequencies
remained unchanged. Numbers of films per exami-
nation were 1.96 in Hiroshima and 1,69 in Nagasaki.
The Hiroshima value agreed with the ratio of 1.90 for
Hiroshima Red Cross Hospital, 17 Previously, ratios
of rtoral examinations to total films were 1.3 in
Hiroshima and 1.23 in Nagasaki.l5

nations.

Chest radiography and upper gastrointestinal series
were the most frequent examinations in both cities.
Age and sex distributions far chest radiography were
essentially the same as in the previous srudy.l‘i
The 48-59 kvp range in the previous survey increased
to 60-79 kvp. The testes were infrequently exposed
by the direct beam, but the ovaries frequently were.
Added filtration used is shown in Table 5.

Assuming 0.5 mmAl equivalent inherent filtration, as
many as 122 units appeared not to have been
complying with the legal requirement of 2.0mm
effective filtration,? Three of these apparacus had no
filters. Positions of the anodes of the X-ray tubes
are shown in Table 6.

Though the anode is preferably caudad to minimize
gonadal dose, only half the tubes were so positioned,
and a considerable number were horizontal. As in
the previous study, 10x12 inch film was more
frequently used for females, though 11x14 inch film
was generally the more frequent.

Upper gastrointestinal series exposure factors were
analyzed in detail. There was a nearly equal
distribution age.
Kvp used in hospitals was higher than that in clinics
for both fluoroscopy and spot-filming; for spot-filming,
lower mas was used in hospitals than clinics. For
fluoroscopy, 3 ma was most frequent in both cities;

of this type of examination by

4.0 ma was used in some Hiroshima institutions.
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FIGURE 15 NUMBER OF EXAMINATIONS BY BODY SITE, SEX, AND CITY ¥
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TABLE 5 ADDED FILTRATION IN DIAGNOSTIC X-RAY APPARATUS FOR
ROUTINE CHEST EXAMINATIONS BY CITY'"

#5 Mg EBHMHERZ T © 5 0B B IR XA I o 0 DI - BT S

Added Filtration Hiroshima 156 Nagasaki L&

R Hospitals Clinics Others Huospitals Clinics Others

Wik £ 2Ok Wik EEx + i

None 4 L 1 2 0 0 [ 0
0.5 mmAL 14 48 1 6 15 0
LOmmAL 6 17 2 2 1 i
LimmAL 4 1 0 by i] 1
2.0 mmAL 1 1 1] 2 0 1
ZHmmAL 0 0 0 1 0 0
3.0 mmAL 1 0 0 0 0 4]
0.2mmAL+0.1 mmCy 1 0 0 0 0 0
LOmmAL +0.1 mmCu 1 0 0 1] 0 [i]
L.OmmAL 40,2 mmCu 1 0 [0 1] 1] 0
5 mmAL + 0.3 mmCu 0 ] ] 1 i] 0
Total Apparatus
LR 30 69 3 13 16 2

TABLE 6 ANODE POSITION FOR ROUTINE CHEST EXAMINATIONS BY CITY'*

F6  KoARWEIRE B A MBI e
Anode Position Haospitals ~ Exposures Clinies Exposures Others  Exposures
FES it ey 37 i b ¥ WRR [ Bt ¥ e 2 Zofb {it B2
Hiroshima 55
Head Sfl ......ocoeinon 15 53 23 40 1 2
Foot RM ........ 12 57 24 44 2 31
Horizontal &7 ... 4 14 16 36 0 0
Unknown i8] ... 0 (1] i} 12 0 0
Nagasaki Fiiy
Head 40 4 18 3 1 0 0
Foot FENY ... 6 16 2 3 2 3
Horizontal 41" ... 3 27 9 12 0 0
Unknown A8 0 (1] 2 2 0 ]

Few facilities kept good records of their fluoroscopy
Five- and 10-minute times
especially

times, fluoroscopy
predominated, in  Hiroshima
Though most Hiroshima hospitals used 5 minures or
less for an upper gastrointestinal series, a few
reported times of 20 or 30 minutes. Fluoroscapy
times were shorter for hospitals than clinics in
Hiroshima, but the reverse was crue in Nagasaki.
Spot radiography occurred approximarely five times
per examination Seventy-seven
units had less than 1,5 mm added aluminum filtration,
one had none.

in borth cities,

O e s

clinics.

- |

MbEBEF o EEMECEL ASMA EIEIZ DL
TOABHREIE AL Gh o — IS5 1050 8
(FLLEBOERTEL -~ KEHOEEOFET
EEAENE RS L AEMEsaE At E LT
bhokd, BorOWRTIE05E A E0NEET S &
ELEME S -1, BEOHFEOERSMEERELE 12
Hibhord, BMTREIORMTE A, HMEE—FEY
EOOHBRERSISET S 605 ETH -, Hoar
EEOS L 1L.5ml TFTOTNL = ASEHE L T
VIDHFTTEHY, IE1EEEL Do,



Exposure factors for other examinations were also
analyzed, As in an earlier survey,!2 Hiroshima
subjects not in the city (Group 4) ar the time of the
bomb were less often exposed to medical X-ray than
were survivors (Groups 1-3), but such exposure did
not correlate with distance from hypocenter or acuce
radiation symptoms. Nevertheless, this suggested
a need for more information concerning individual
medical X-ray exposures of survivors to strengthen
studies of atomic radiation effecr,

factors in
photoflucrography was reported separarely.!®  This
was also based on an earlier survey!3 in which 674
of 5293 Hiroshima and 96 of 2221 Nagasaki subjects
reported photofluorography exposure. Only 88 of the
Hiroshima subjects could identify the institutions
because the majority of Hiroshima
The
institutions responsible for the examinations were
traced through schools, employers, and health centers.
Seventy-eight percent of Hiroshima and 74% of
Nagasaki reported examinations were confirmed.
Photofluorography data for the institutions identified
were studied concurrently with those of radiography
and fluoroscopy (Table 7).13

A survey of institutions for technical

responsible,
examinations were performed by mobile units.

ORI H T SHRE LML HNE. foREDIBS L
BL<,"” Baosh, BRETRIZLE2-AH
(BAE) BHIESE (F1—38) CHASTERMX SR
ERTSEMIE LA H, HIRECOWTIRF DM
BRI G LSO A S 0SB R RE R &
DM o= LaLads, FERESOBEC
M+ a@ELELENE 121, BBEEODLEIVEDD
EREXAHRECIMT 2L 2 0RBARETS S 2
E AT ENLS,

FHEA BT 2 MEREOMBEEOFEESER LM I®
HLAE ChifiOWAETIZHRICLOTED, KB
TAEE293 A 674 A, el T (22221 Arh 96 A AF RHE
BEZZUHLLREL L. BBOHRE0 b THES
FUHABRAERM-TWVADRSBALITH- L. 20
Hilr e LTI, BEBCHEAET ORI LEFRR
HENLA2BTHS., CNEOBRBYERL -S4 H
MNADIC, FEH, BEMELIORMAZLFMETTE -
. fEENLbO0 IS, IRBT8%, RIGETIZ74%
AR CE L, WMRESLA R WERE - 412,
EEMELsVCERBRTOMB LI ISR
(#F7).1

TABLE 7 OCCASIONS OF CONFIRMED EXPOSURE TO CHEST PHOTOFLUOROGRAPHY 'f

F* 7 BEED RS o) REAE M AR 0
S S—— — . Perioés — Interval from Confirmed Exposure to Interview
Photofluorography or Location f;':{:; &‘g?_‘:‘u‘;i ';:)';:g; ’ Millah/-BEroHBECOMEM
MR HE B o) k0 AR 2 12 B R o0 A = 5 < 3 Months >3 Months Outside City
NN IpALA 3sALLE i

Hiroshima Specified by subject
i3 HEEMBEELALD (e &8 1 July—31 August, 1965* 48 8 0

Mot specified by subject

MREFBELED S ZLED .. 595 28 February — 10 June, 1966 414 93 3

Total

. N R s 683 462 101 3
Nagasaki Specified by subject
F:3 HEABEXHUELELD e 98 13.28 September, 1965 72 10 0
* Combined survey with radiogeaphy  FLIRH B & 0 [0]0% 3 35

Photofluorographic apparatus was classified by MBS L 2 ORI, BUE S, MERE, EHME

type, manufacturer, examining facility, sponsoring
organization, number of exposures, and by city, Two
or three manufacturers predominated in both cities,
More one-third of the Hiroshima but only
one-fifth of the Nagasaki units were mobile. Only
three subjects in Hiroshima reported stomach exami-
nations, though four of the 52 Hiroshima units were
performing this type of examination in addition to
chest phorofluorography. Seventy-five to §5 kvp was
most frequently used in both cities, whereas 60 kvp

than
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e, MifEEEoe S CICWMERBIZAEL A, WL T,
ZOBESHORRCE-TEB R T VA, EBTH
35O 1L ESEEBELHETE - 24, BHTEHTH
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HOMBREMEL2UIAZEIANATITH . 0
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~ MERE C TS —8kvp AR THRL 2 A




had been most frequent for chest radiography. 13
Square cones predominated and the gonads were not
in the direct X-ray beam except in the case of one
Hiroshima unit with a round cone. All units had
filters and 0.5 or 1,0mm aluminum was most fre-
quently added.

2.0mm aluminum equivalent.

Japanese regulations required a
Because of wide
variations in cooling oils and rube windows in use,
no further investigation of filtration was made.

Anodes were positioned cranially in most Hiroshima
equally cranially or caudally, in
Nagasaki. Whereas 35mm film was mainly used in the
past, 60 or 70mm films predominated at the time of
this survey.l¢ Condenser units of 1.0pf capacity
with wave-tail cut-offs were most popular. There
were 17 Hiroshima and 9 Nagasaki transformer units,

installations;

and 30 mas was most frequently employed. Exposure
techniques of the units responsible for the three
stomach survey examinations were ascertained. In
Hiroshima a large number of mobile units belonging to
a few private organizations performed most of the
chest photofluorography; in Nagasaki, most exami-
nations were by companies and schools. Many
Nagasaki ABCC subjects had chest photofluoro-
graphy ar a hospital belonging to a large shipbuilding
company. Frequency of photofluorography peaked in
May-June and October-November in both cities, as
was the for large
Hiroshima hospital.17 Relatively few examinations
occurred in those over G0 years of age, unlike the

case photofluorography at a

chest radiography which was frequent in this age
group, 14,15

Active Bone Marrow Distribution. To define the
quantity of active bone marrow irradiated according to
beam margins and various projections and depths,
active marrow distribution was calculated according
to a three-dimensional lattice consisting of Scm
cubes, an example of which is shown in Table §.18

The active marrow values of Ellis!? were applied to
this distribution lattice and results are shown in
Table 9. They were used to calculate bone marrow
integral dose from diagnostic procedures.

Dosimetry. Dose to the gonads and bone marrow
from chest roentgenography at ABCC and other
institutions were calculated in 1963,20 according to
the data of Epp et al.? The latter were applicable
only to ABCC examinations as far as technical
exposure factors were concerned. The data of Epp
et al%10 were unsuitable for those of other institu-
tions in
varied widely.

the two cities, whose exposure factors
Gonadal dose at ABCC was nil
because doses for
ABCC and other institutions are shown in Tables 10

and 11.

of collimation and shielding;
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TABLE 8 A METHOD FOR DETERMINING ACTIVE BONE MARROW '

#8 mEMONEL"

Section NEumhlfor Part % Section NEnmtﬁer Part %

il ERTTE 25 Bl HEHE [ & 5 b
H 17 Clavicle {right) 1 # () 40 1 11 f foRl o Lo
18 c7 # T 20 12 Rib 5 (left) wSibE (42 a
18 T1 LR 80 13 Scapula (left)  ®HWiH (4) 17
18 T2 F2hake 60 13 Rib 4 {left) FAmE (16
18 T3 W3 40 13 Rib 5 (left) Sl (A 30
16 Rib 1 (right) % 153 (4 5 13 Rib 6 (left) 5 EWE (1 10
18 Rib 1 (left) 1 UL S 5 15 Scapula (right) WP () 5
18 Rib 2 (right) ®2mwH (4) 5 15 Humerus (right) Eeg (&) 60
18 Rib 2 (lefty  wzmm (1) 5 16 Scapula (right) WP (4] il
18 Clavicle (right) s # () 10 16 Rib 2 (right) % 2i0fF (&) 5
18 Clavicle (left) # # (/) 10 16 Rib 3 (right) WA () 32
19 Rib 1 {left) Wm0 93 16 Rib 4 (right) @4t () 23
19 Clavicle (left) & % (/9 40 16 Rib 5 (right) 5 I (1) 3
20 Secapula (left)  H&H (40 20 17 Rib 2 (right) oM (5 B
20 Rib 2 (left) S2WhE () 30 18 T4 a5 4 b 1M
20 Rib 3 (left) @ ARH () ) 19 Rib 2 (left) @ zBit (26 h
2{) Clavicle (left) # # (4 40 20 Scapula (left)  BH®H () 5
21 Scapula (left) Wt (40 15 20 Rib 2 (left) # 2 (5} 5
2] Humerus (lefty Lt (1) 4 20 Rib 2 (left) & 3 () 32
21 Clavicle (left) & 4 (40 10 20 Rib 4 (left) At il 23
24 Rib 1 (right! S L0 (450 2 20 Ril 5 (left) W5 (A 3
25 Sternum Ht 33 21 Scapula (left] WP (4 5
26 Rib 1 (left) LI (40 2 21 Humerus (left) LWk (4 60
I 2 Scapula (right) s (40 3 23 Rih 31rightl w3 ili'?'t lﬁ.‘ 2
2 Rib 5 (righty @ sinfi (1 2 o :': i B
2 Rib 6 (right) & 6t o 5 b 3 (right) Tﬁ:s ik ¢ e 8
4 Scapula (right) ¥HHE () P 25 Sternum g_f,.a-{- 27
3 Rib 5 (right) & sitd () 5 26 RFL 2 (left) 4 2fh (4 15
3 Rib 6 (right}  @as (4 15 26 Rib 3 (left) WA (e 8
3 Rib 7 (vight) W7 (&) 3 2 Rediley asmpoy 2
4 Rib 6 (right) & 6408 (4 2 J 5 Scapula (right] B8 () 2
4 Rib 6 (left} bR i ] 2 2 Rib 8 (right) a@ e (G 10
4 T5 G E e 3 3 Scapula (right) MW (L) 2
4 Té AR R 3 3 Rib 7 (right) & 7 (4 22
5 Scapula (left) W9 (40 3 3 Rib 8 (right) B (45 20
A Rih & (left) b RS 5 3 Rib 9 (right) bl o 9
i) Rib 6 (left) 5 6 b () 15 q Rib 7 {right) Eiial Ui N 3
5 Rib 7 (left) 0T RERCAD 3 4 Rils 7 {left) Ol N S 3
6 Scapula (left) ¥ (1) 3 4 Rib B (right) om0 3
6 Rib 5 (left) B S (A 2 4 Rib 8 (left) S () 3
(] Rib 6 (left) B 5 4 Rib % (right) alhi (4 2
9 Secapula (right) W (4 17 4 Rib @ (left) TORRH (A2 2
9 Rib 4 (right) #4040 15 4 T7 & TR b 5
9 Rib 5 (right) @ 50t (60 30 4 TS W B 8
] Rib 6 {right) & 600t (i) 10 5 Scapula (left)  mes (4 2
10 Rib 5 (right) & 5808 ({0 9 5 Rib 7 (left) el 22
11 Rib 5 {right) @it (60 10 5 Rib 8 (left) WA (20
11 Rib 5 (left) 5 e (A 10 5 Rib 9 (left] 9 W (e g
11 Rib 6 (right) 36 it ( ) 8 6 Scapula (left)  HHF (#) 2
11 Rib 6 (left) W 6 Rt () g 6 Rib 8 (left) wald (5 10
11 Rib 7 (right) & 7 #h# () 2 9 Rib 8 (right) el (H) 15
11 Rib 7 {left) 57 M A 2 9 Rib 7 (right} BT 1 6) 30
1 T4 (anterior ) @ 48RTIRY 60 g Rib 8 (right)  #amw# (&) 15
11 T4 (posterior | +WHGERD 20 11 Rib 7 (right) & 7in4t (1) 3
11 T5 54t 47 11 Rib 7 {left) a0 3
11 T6 G R 97 11 Rib 8 (right) sk () 5




TABLE 9 DISTRIBUTION OF ACTIVE BONE MARROW (GRAMS) '*
£9 FEWOHH(g) "

%lhe vSku{I <— Craniad Transverse Sections Caudad —» 5 Iscl%ium; 'I(;ug?
(1 a — pree rox. emur [¢]
KE#s @ e i L o, ERCRRA G
C 3] E F. G H I J K L M N O P Q R s

1'

2 .10 0.99 1,18 0,59 0.14 4.00

3 2.49 124 0.76  1.86 2.95 1.96 0.90 14,41 7.63 34.20

4 4.97 (.22 0.83 248 432 256 1.31 0.95 0.956 978 36.19 T0.55

5 2.49 1,24 .76 1.86 295 1.96 0.90 14.41 7.63 34.20

[ .10 0.99 1.18 0,59 0.14 4.00

?‘

8 2.53 1.60 4.13

9 J.B3 671 293 2,11 248 0.34 9.32  B.56 10.00 4.00 50.28
10 249 B.70 497 2.49 3.32  0.43 0.44 071 0,48 26.16 24.77 13.05 5.83 03.82
11 4.97 2.49 3.01 2,00 1217 31.37 26.60 32.19 46,52 18,75 20.23 22.17 58.32 9.05 289.90
12 249 BT70 447 2.49 33z 043 044 071 0.48 26.16 24.77 13.05 583 083.82
13 3.83 671 293 2.11 248 0,34 9.32  8.56 10,00 4.00 50.28
14 2.63 1.60 4.13
15 8.60 7.26 15.86
L6 9.20 338 227 267 148 0.23 8.16 6.23 33.62
17 249 497 249 350 5.15 0.13 0.10 6.23 10,72 233 38.11
18 4,97 2,49 13.78 19.17 18.52 0.91 0.87 1.19 7.00 4.66 73.56
19 249 497 249 3.50 5.16  0.13 o1 6.23 10,72 2.33 38.11
20 9.20 3.38 227 267 1.48 0.23 2.16 6,23 33.62
21 B.60 7.26 15.86
22*
23 0.06 0.51 0.85 1.42
24 1.24 497 1.24 332 074 0.04 0.62 042 0.24 0.15 12.98
25 249 497 249 123 1,23 7.70 6.32 5.8 3.51 35.79
26 1,24 497 1.24 332 0.74 0.04 0.682 042 0.24 0,15 12,98
o7 0.06  0.51 0D.85 1,42
28*

Total i1 24.87 54.69 31.08 36.64 23.88 105.25 82.53 55.07 58.04 60.48 23.23 23.79 24.09 184.20 152,08 77.74 28,98
Grand Total #it 1046.64 ¢

* No active bone marrow & a8 & L

TABLE 10 BONE MARROW INTEGRAL DOSE, PA AND LATERAL CHEST EXAMINATIONS ABCC, HIROSHIMA
on

(1-16 November 196217
F10 WEHme LM Fmlgs X ST & 2B ESE, ABCCHEE (1962118 1 —1611)%

Male Female
PA LAT.* Pa LAT e
TR K o e wEN ke L
Bone marrow dose per exposure (g-rad) 31 2.6 2.8 2.5
ITEHES L OBMBR e
Taotal number of subjects HERAEREN: 148

* No correction for kvp or added filtration. kvpE 2@ M74 s —zovTMEL L




TABLE 11 ESTIMATED GONADAL AND BONE MARROW INTEGRAL DOSE. PA CHEST EXAMINATIONS
COMMUNITY HOSPITALS AND CLINICS, HIROSHIMA "

#E11 AN f X e A &

2 WUR G S DT o HEE R, BEBE B & DR, hB

_ Hospitals b Clinics 15
Male % Female % Male ® Female &

Gonadal dose per exposure (mR) (20) {20) (10) (15)
LMo S pORSRR . 0.03 1.1 003 0.6
Ganads in direct beam { B} { 5}
WREBRTEZHEERM . i, 3.4 1.7
Gaonads not in direct beam (209 (14} (10) (10}
AR R Lo RRIR 0.03 0.1 0.03 0.03
Bone marrow dose per exposure (g-rad) (20) (20) (10} (15)
LinlBEAt o RERE .., 3.5 3.3 2.3 3.0

Number of subjects on whom dose was determined shown in parentheses,

BREAORED, BRSTHEATVEHAEN ST T,

The first phantom dosimetry was based on a
Hiroshima and Nagasaki hospital and clinic survey, 14
and performed in 1963.21 All reportedl2  and
confirmed!4 X-ray examinations were duplicated at
ABCC using a phantom human containing Memorial
ionization chHambers. Gonad positions were also
designated in the lawice describing active bone
marrow distribution. Direct beam size was based on
film size, cone size and FFD.

Bone marrow integral and gonadal doses for exami-
nations of all subjects are contained in the original
report.2!l  Mean bone marrow and gonadal doses for

chest examinations are shown in Table 12,

Doses were somewhat lower than those reported in

the literature, but no error such as variation in
phantom density, or anode position were found
responsible for this.

Bone marrow integral dose as referred to  here

represents the average energy dissipared in the bone
due to exposure to a diagnostic X-ray
procedure, To obtain this energy, the measured
absorbed dose produced at various points in the
bone marrow was weighted by the amount of acrive

marrow

bone marrow so as to produce a measure of the
energy which was absorbed in the active marrow.
These procedures are according to those of Laughlin
al.7 A rtotal active marrow of 1046g was
assumed. 18

et

The second phantom dosimetry study, based on an
earlier hospital and clinic survey, 1% dealt with a
large number of chest and dose
calculations were made wich the aid of an electronic
Exposures were made with GE
congs

examinations,

2
computer.2? a

130 kvp, 300 ma radiographic
describing 38, 85, and 110 cm diameter field sizes at
183 em FFDj ac 50, 70, 90, and 130 kvp; with 0.5,

apparatus;

T Y b= AEHWTORED O E R L, 1963Fn
CEE - EMoR  BERME" cdourElshs.
WESNERSAAX BB ET T Eo0T, ABCC
T Memorial EEF A& AR AR T » v F=L & 0T
BRLAL EMBOMELFAEWO &R TIEFREO
Elop g d . EEmEO s S, 21 A0k
EE, BEHoOKE S EFFD (2L nfw .

ENBEEOHMWMERR S L CEMRE R R ESE
Rt ER TV ALY WAX KO PSS & UE W
Mg Rbis 12127+

PERBECRERI T BE STV DI lE~NT
PREr SN, Ty b= AOEESBEAROMR
hrickaEgLs .

ZZTy I EMMEARES 2, 2EXaEec s T
BHCESA AT inE—nZ L Tha. BN
D4 OBz HOTHE & AR REihio it
e G S p T - Sl i ) B S 2 21V e 2 PR B
REFRoA. Zhit Laughlin 57 @ Hikicfit > . wmE
MoMEL1046g TH 2 LEE LS E

LI o6 - BREAME S 12T CF2 v = > b— 2 &R
ERECEEZHOMAX BBEEORRLHE N, BFHE
BEHOTHRBHEZIT4L 2% BHHIGE 130 kvp,
00ma DX AR E 4L, FFD 183 cn T HE 45
(& MEATEFE (258, 85, 110em & L, (#HAIEL50,



TABLE 12 PA-CHEST EXAMINATIONS, MEAN GONADAL AND BONE MARROW INTEGRAL DOSE PER EXPOSURE?
E12 BoEBH 7 b) X AR, BRI L lo 5 22 0 o0 R A B A B 4k OV R RO s

Dasi Hospitals #6% Clinics %7
2 it Male Female Male Female
w i % i«
Gonadal Inside beam
(mR) N ... Mean dose FHiigfit 0.023 0.27 0.33 0.66
S Exposures B8 45 4] 8¢ 3 9 4 16
Qutside heam
.3 1 Mean dose T 74 it 0.0029 0.053 0.034 0.0046
Exposures M&t@mgr 20 18, 22 11
Bone marrow (g-rad)
LR R O Mean dose 9 #% jit 3.70 3.22 4.09 2.86
Exposures 8} 6 g 23 27 26 27

1.0, and 2.0mm added aluminum filtration. For
depth doses at locations ather than those of the 16
ionization chambers in the phantom human, measure-
ments were made in a large two-piece Mix-D block
phantom, varying field sizes, kvp, filtration, and
FFD—at 5, 10, and 15 cm depths. Scattered radiation
dose was also measured in the latter phantom atr 2,
4, 6, and B em from beam edge, for 10, 20, and 30 cm?
fields, at 5, 10, and 15cm depths, and G0, 80, and
100 kvp. Values for a 30x30cm field were used.
Doses to cubical compartments and gonad positions
in the bone marrow latticel8 were the products of
depth-dose ratios and ionization chamber readings.
Bone absorprion was assumed ro be 10% —the mean
obtained from study of 2 to 4mm thicknesses of bone
equivalent material, Jonization chamber doses ar
marrow and gonad positions were used when inside
the beam. Gonad and bone marrow doses, when
outside the direct beam, were obtained from scartered
radiation dose data using the pix-D block phantom.
Contribution by dose outside the beam was no more
than 5%. An example of ionizarion chamber dose
readings according to added fileration and kvp is
shown in Table 13.

An |BM Model 1440 electronic computer was used in
this study, and details of methods were described in
the original report.22 The average overall error in
these procedures was estimated to be 5%. Examples
of dose rables and curves derived from computer
analyses are shown in Tables 14 to 17 and
Figure 106.

Following corrections for differences in radiation
output and quality between X-ray units in the
hospitals and clinics and the experimental unit at
ABCC, bone marrow, gonadal and skin dose data
were applied to individual exposures received by
ABCC  subjects in the community hospitals and
clinics. The mean bone marrow integral and gonadal
doses are shown in Tabkes 18 and 19.
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Ta‘ﬁBLE 13 CHAMBER DOSE BY LOCATION, ADDED FILTRATION AND KVP [N PA CHEST EXAMINATION 22
{ mR/mas: FIELD SIZE: NO CONE, FFD: 183 ¢m)

BOEL, MRS & U kep (2 & 5 NGB 7 1 X A5 R 0 W R 440 22

#£13
( mR/mas; FB&%¥F: PAGHE 2 L, FFD :183cm}
Chamber 05&;1@_ ‘-___ - 1.0 mm Al _ j_ 2.0 mm Al

AL RE T 50kvp 70 90 130 50 i 80 130 50 70 90 130
Skull WEH o DDET 0270 0,593  1.638 0.062  0.232  0.552 1.510 0050  0.208 0476 1.330
Cospine/d HHE(4 )., 0508 1316  2.732 5480 0.428 L242 2.471 4.8 0.315 1.006 2074  4.029
Sternum  WH el OO0 00193 447 1.238 0,041 0,174 0.412 1.148 0.035 0.161  0.399 1.077
Rerib Hibgh.. 0355 0.932 1,765  3.564 0304 0.787 1.421 3.238 n.221 0.653 1.264 2.664
Lorih L1V 1.253 0974 LT3 B.298 0.212  0.647 1.308 2,960 0176 0.561 1119 2.646
T-spine/6 BME( 6 . 0.229 0,842 LAZ0 1050 0.195  (L766 1.683 3.508 0168 0.679  1.471  3.381
T-spine/12 BaHE(12) . .352 1099 2418 5.359 0.305  0.954 2135 4.7 0248 0.840  1.8R7 4223
Lespine/f BEFE(5 ) ... 1.188 D619 1.358  3.235 0.166  0.583 L.165 2,974 0,125 0526 1081 2.758
Roovary  {i8f%..... (065 02686  (.500 1525 0.060  0.253 0551 1.415 0047 0,222 (L4510 1.294
Leovary  A8H4 ... 0061 0,249 (L5448 1412 0.054  0.220 0512 1.303 0,048 0,207 (L.444 1.186
Reiliac R . 04T 1,226 2,105 1642 0,393 1041 2077 4.197 0,300 0.824  1.715  3.706
Leiliac B e 0L369 L9 2428 0 5,129 0.433 LI6L 2164 4.440 0.316 1.029  1.BEE  3.903
Pubic P 0021 dnh 0,225 DBSL 0.018  0.090 0215  0.622 0006 (LDRT 02000 0.560
Testis B A 0t 0072 0.230 NI 0.027 (070 0216 0,005 0,024 0.066 0,196
Refemur i JeBfAT L 0,007 1033 TNt 02287 (TN IIT 10,030 0073 {1,206 0,006 0,029 0069 0,197
Lefemur AL KB L., 0.007 0,032 o7z 0222 DO0E  0029 0068 0204 0006 0,028 no66  0.194

TABLE 14 BONE MARROW INTEGRAL DOSE IN PA CHEST EXAMINATION BY KVP, FIELD SIZE AND FILTRATION,

OBTAINED BY COMPUTER, INSIDE BEAM ™
#U WFHIRCE - THS N kvp, B & & OWB R & 5 RO I 7 160 X458 06 75 o0 B 06 G54, g
(g - mR/mas )
Y Field 8 8t %5 1 Field 8l 45 ¥ 2 Field 88 4 #F g Field 08 at % 4 Field ¥ 4 ¥ 5

0.5mmAlL 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0

50 344 281 210 335 268 201 227 187 141 173 144 108 163 135 101

55 466 KEHS 309 440 361 286 301 248 189 231 191 146 217 179 136

60 G4 513 426 560 470 386 352 318 247 294 246 192 275 229 178

65 758 652 558 696 503 501 470 395 313 363 307 244 339 285 227

70 925 804 700 246 732 630 562 480 388 436 374 304 406 347 232

7 1111 971 850 1020 889 771 672 578 474 523 451 371 156 418 345

80 1304 1145 1003 1207 1059 920 787 683 568 614 535 146 564 196 414

85 1500 1324 1153 1406 1241 1076 905 794 672 708 623 528 655 577 189

90 1698 1506 1209 1615 1433 1235 1026 910 TR 804 716 617 743 664 571

95 1921 1707 1470 1832 1632 1407 1150 1032 8093 a1 814 704 8440 754 651

100 2155 1915 16547 2055 1836 1684 1298 1159 1003 1021 915 702 942 847 732

105 2898 2131 1831 2282 2045 1765 1442 1288 1113 1136 1018 880 1047 942 813

110 2650 2353 2020 2513 2257 1949 1590 1420 1223 1254 1123 968 1155 1039 894

115 2911 2880 2213 2746 2471 2135 1742 16554 1330 1374 1230 1054 1266 1137 973

120 3181 2812 2410 2980 2685 2321 2897 1689 1434 1487 1337 1138 1380 1236 1050

125 3458 3049 2610 3215 2899 2508 2055 1824 1535 1623 1444 1219 1485 1334 1124

130 3744 3289 2813 3440 3111 2694 2215 1959 1632 1749 1850 1207 1612 1433 1196

135 4038 3533 2019 3681 3321 2879 2377 2093 1724 1877 1657 1372 1731 1530 1264

140 4340 3781 3227 3912 3528 3062 2541 2236 1811 2007 1762 1442 1851 1626 1329




TABLE 15 BONE MARROW INTEGRAL DOSE IN PA CHEST EXAMINATION, BY KVP, FIELD SIZE AND FILTRATION,
OBTAINED BY COMPUTER, OUTSIDE BEAM #*

#15 ErHEBCETEozkvp, BHFH LGB LSMEFNFE XSREO B IS, ik

{g -mR/mas)

i Field 84 5§ %F | Field 14 4 % 2 Field %6 44 2 ; __F'ie]:l o4 94 Field B8 4 % 5
- _!El.SmmM 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 .5 _l_.(_l_ 2.0
50 ] 0 0 0 0 1] 4 4 3 5 5 4 4 4 3
55 1 0 0 0 0 0 fi ] 1 7 7 5 ] ] 5
B0 i it 1] L 1 1 7 7 b] 1 4 7 9 ] 6
fid ] 1 il 1 1 1 10 ] 7 13 11 ] 11 10 B
70 4] a { 1 1 1 12 11 2. 16 14 i | 14 13 ]
75 0 0 0 | 1 1 15 14 11 19 17 14 17 15 13
80 0 0 1] 2 1 1 18 18 14 23 20 17 20 18 15
85 0 0 0 2 2 2 21 19 16 26 23 20 24 21 18
a0 ] 0 0 2 2 2 25 22 19 a0 27 24 a7 25 22
95 i] 0 0 2 2 2 28 25 22 34 30 27 31 28 25
100 ] '] 0 2 2 2 32 28 25 38 34 30 35 31 28
105 1] 0 0 3 3 2 35 3l 28 42 7 34 33 34 31
110 ] 0 0 3 2 2 38 34 il 46 41 37 42 37 34
115 0 0 0 A 3 3 41 37 3 49 44 39 45 40 37
120 0 ] i] 3 3 3 44 39 35 53 47 42 49 43 39
125 ] 0 1] 4 3 3 47 42 37 56 50 44 52 46 41
130 ] 0 i] 4 3 3 50 44 39 59 52 16 85 18 43
135 0 i] 1] 4 3 3 52 16 40 62 54 47 57 a0 44
140 0 0 0 4 4 3 54 47 41 64 ah 48 59 52 45

Values increase by field number (size) except for Field 5 which is lower than Field 4 due to amount of active marrow near field margin.

BRI RO THMNOEH S L rmiLTva, MRS BUROE OESTFHREND S0 LM &0 450,

TABLE 16 BONE MARROW INTEGRAL DOSE
OBTAINED BY COMPUTER, TOTAL DOSE *?

IN PA CHEST EXAMINATION, BY KVP, FIELD SIZE AND FILTRATION,

£16 WTHFERICE o TEoNAkvp, WM &L CMMBHIZ 52008 HM7TE X SEREOEMHPEMR, o
(g -mB/mas)

- Field 88 4t ¥ 1 Field 82 8 %f 2 Field 04 4} #F 3 Field % 8 5 4 Fleld ¥ 4 %5
0.5 mmAl 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0 0.5 1.0 2.0
50 344 281 210 335 268 202 231 191 144 174 148 112 168 139 104
55 466 388 309 440 361 286 a06 253 193 238 198 151 223 184 141
60 604 Bl 426 561 470 387 390 325 252 304 254 198 284 237 184
65 THa G52 558 [97 594 502 479 404 320 376 314 253 351 205 235
70 925 #04 TO0 847 733 73l 575 491 97 452 RET 315 120 359 292
i L1 q71 hiTH 1zl 1] 772 687 591 485 542 168 385 5003 431 357
a0 1304 1145 1003 1208 1 D60 921 "05 G99 hR2 B36 555 463 591 814 429
a5 1500 1324 1153 L4y 1242 1077 926 813 GIE 734 647 548 674 5909 LGS
90 1698 1506 12949 LG17 1435 1237 1050 932 /03 835 743 G41 771 AEs 593
95 1921 1707 1470 1834 1634 1409 1187 1057 915 945 834 3l 871 782 676
1o 2155 1915 1647 2067 1839 1586 1330 1187 10258 1054 949 822 977 878 760
105 2395 2131 1831 2285 2048 1767 1477 1319 1141 1178 1055 914 1085 a76 £44
110 2650 2353 2020 2516 2260 1951 1629 1454 1253 12949 1164 1004 1197 1077 028
115 24911 2580 2213 2749 2474 2137 1781 1591 1363 1424 1273 1093 1312 1178 1009
120 3181 2812 2410 2984 2688 2324 1942 1728 1470 1550 1353 1174% 1429 1279 1089
125 3158 3049 2610 32018 2002 2511 2102 1865 1572  I679 1493 1263 1547 1380 1166
130 8744 3280 2813 3432 3110 2697 2265 2002 1671 1809 1603 1343 1667 1481 1239
135 4038 3533 J0ie 3685 3325 23832 2429 2138 1764 1939 1711 1419 1788 1580 1309
140 1340 3781 3227 3a16 3065 2594 2273 1853 2071 1818 1490 1910 1678 1374
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16

Field: 19.5em Cone (Cube: C-R) FFD : 1 83cm
BEALEF: 19.5emBAMEEF (EM: C-R ) FFD: 183cm

T T T : EE M e | — T
B 0.5 Al i
40001 1.0 Al ~
2.0 Al
2000 - —
OO0 = et
SO0 -
GO0 |- =
400 1
200 N
1 L | ] ] T N NI Xl | L
40 Gl ®O100 2
Tube Valtage (kvp)
AR
ST T T T T T T T
- Field: 11 % 1dinches (Cube: F-L) FFD: 183 em
WAQref: LLX 144 4 [{: F-LIFFD:183em
4000 -
05 Al
2000 F L0 Al —
2.0 Al
(I -
I -
600 T
AU o B
200 F N
100 L RS TN T S T I L
40 60 af 100 200 - 401

Tube Voltage (kvp)
WHIE

i

Bane Marrow Dose (g -mR/mas)

g-mR/mas)

Bone Marrow Dose

+ il #5 Bt

B R

Field: 13.5cm Cone (Cube: E-M) FFD; 183 em
Maief: 13. SemWATE (E@M: E-M) FFD : 183enm

OO0 T T T, i = fer T T
4000 | g
- 0.5 Al ]
1.0 Al
9
2000 |- i Al
1000 4
800 | ]
600 - .
400 1
200 E
160 i | 1 TR N T 0 i I
20 10 ail 200100 200
Tube Voltage (kvp)
LIV
4000 I I T ] L L L] T T 1 T
Field: 10 % 1 2inches (Cube: G-L1 FFD: 183 em
- MOMEER: 10X 124 S F(ili: G- L} FFD:183 em T
i 0.5 Al
ol 1.0 Al )
B 2.0 Al -
1M = =
s00 —
600 | _
400 F =
200 | .
100 jo L i T O | 55 | A I { - |
20 30 40 60 &0 100 150 200 300

Tube Valtage (kvp)
i I



TABLE 17 GONADAL DOSE IN PA CHEST EXAMINATION BY KVP, FIELD SIZE AND FILTRATION **

#17T Kvp, BAtE & & OB IS £ 5 W0k 08 5 M Xk 2 o 4 B i it 22
(mH/mas, FFD: 183cm)

0.5 mmAl  1L.0mmAl 2.0 mmAl
kvp F:";I:ﬂ ?}ize Male  Female Male Female Male Female
F L % % & n #
50 S 054 076 048 068 039 057
R 009 076 009088 008 057
Q 003 066 002 057 002048
P 001 021 001 019 001 016
0 000006 000005 000 004
-N 000 002 o0 001 L0000 01
M 000,000 000 000 000000
1 000,000 000000 000000
70 5 214 321 191 290 A87T 262
R 045 321 030,200 035 262
Q 013 255 012 241 010 215
P 004 093 003 085 003 075
0 001 034 001 032 001 028
N 000 009 000009 000,008
M 000003 000002 000,002
I 000001 000 001 000 001
a0 5 423 698 405 600 .380 .563
R 100 .Go8 097 600 092 563
Q 082 574 031 532 030 448
P 010 266 010 253 009 245
0 008 079 008075 003 073
N 001 023 001 022 001 022
M 000007 000007 000007
L 000002 000 002 000 002
130 i 940 173 401 162 86 1.37
R 311 173 292 162 265 1.37
Q A1 147 104 1.36 095 124
P 040 733 037 .623 034 563
0 014 268 013 227 012 205
N 005 2099 DOE 082 004 076
M 002 037 002 032 002 029
L 001 014 001 012 0071 011

TABLE 18 MEAN BONE MARROW INTEGRAL DOSE FROM PA CHEST EXAMINATION IN HIROSHIMA AND NAGASAKI™
(g-rad/EXPOSURE)

#18 LB, EMIEHSMEEE B XSBFEOTHEMMESRY ( g-rad /M)

Hiroshima 05 & Nagasaki 4 @
Type of - Total
Machine Hospital ~ Clinic Hospital Clinie & it
it o R 5 % i3 3 fi b % B
Transformer 3.68(156) T.47(73) 3.87(78) 4.17(15} 4.61(321)
WER
Condenser . 4.77(91) . 4.28(9 4.73(100]
L3R
Total & 3.68(155) 5.97(164) 3.87(78) 4.21(24) 4.64(421)

Mumber of exposures in parentheses, # 2 IN O R FREG O S &5 T,

tJ
-1



TABLE 19 MEAN GONADAL DOSE FROM PA CHEST EXAMINATION IN HIROSHIMA AND NAGASAK[??
[mrad/EXPOSURE)

#19 LM, RWFIZH AW S A XS8R EO TS ERES R Y (mrad /94

Hiroshima 15 &

Nagasaki £ &

L);pfh;fu ;E;I‘ Hospital Clinic Hospital Clinic 12:,'
%l R 75 Bl #ibx 353 “
Transformer M % 051 (56) A0 (29) 014 (40) 19 (4) A2 (129
LA F 4 42 (99)  1.02 (44) 065 (38) .50 (11) .49 (192)
Condenser M % 26 (45) D008 (1) 26 (46)
e F % 64 (46) A1 (8) .56 [B4)
Total #t M % 051 (56) .32 (74) 014 (40} .16 (5) .16 (175)
F % 42 (99 82 (90) 65 (38) .34 (19) .51 (246)

Number of exposures in parentheses. 4+ IO M FER MY O G2 7+,

Gonadal dose ranges were large compared to those of
bonemarrow dose, because gonads varied in location
inside and outside the X-ray beam. Smaller doses,
particularly  gonadal, occurred more frequently in
hospitals than clinies. A higher gonadal dose was
incurred among hospitals in Nagasaki and clinics in
Hiroshima. Qvarian doses were similar to those of
Epp et al%:10; testis doses, varied from equal to
1/10 those of the lacter. Mean bone marrow integral
dose was about rtwice that of Epp.?:l0

Bone marrow, gonadal and skin doses in roentgeno-
graphy of body sites other than chest were similarly
studied wusing phantom dosimetry, based on an
earlier institution survey,!? with compurations by
electric calculators.23  Mean bone marrow integral
and gonad dose per exposure and examination in the
two cities are included in tables, and had rather
wide srandard deviarions. Gonad doses were
similar to those of Epp,lo but generally lower than
those of Heller?4 and the Adrian Committee, 25
These dara assisted in dose estimates for Adult
Health Study subjects and other members of the
Hiroshima and Nagasaki populations.

Six Hiroshima photoflucrographic units representative
of those in use in both cities were studied using
phantom dosimetry.26  Six-hundred and fifty-one
exposures verified in a previous surveyld were
reproduced. Results are shown in Table 20.

Adult Health Study Subjects’ Exposure by ABCC

Examinations

Dase to the Gonads and Bone Marrow in Radiographic
Examinations at ABCC. Doses to the ponads and
bone marrow in radiography at ABCCH® were published
for reference until detailed studies of ABCC exami-
nations could be undertaken. The dose tables are
based on the data of Epp et al. 910
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Rl L Twia, —REAYIC Heller? % Adrian 8 2%
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TABLE 20 AVERAGE BONE MARROW INTEGRAL, GONADAL AND SKIN DOSES OF ADULT HEALTH STUDY SUBJECTS
BY PHOTOFLUOROGRAPHY, HIROSHIMA AND NAGASAKI
R20 MEXGRECEZRARENESREOFOEMBE, £MIE% 5 v:
2 1 ik 2

IR - Ry

Examinations
Unit Type

Bone Marrow Gonadal Dose

Integral Dose Skin Dose

g o i st i
% i o) B — 1 A 33 _ tmrad) R B 4
Male % Female 4 Total #| (g-rad) Male 9 Female {mrad)
Condenser & H & 233 269 502 38.9 0.115 0.178 658
Transformer #/T & & 92 57 149 46.6 0.714 2.42 604
Total & 325 326 651  Mean 40.7 0.285 1.62 fd6
iy
Dose from Routine Roentgenography and Fluoro- —HEXBETCERBECLIBREY T - LM

scupy.27 Bone marrow integral, gonadal and skin
doses were measured for all examinations conducted
in the ABCC Department of Radiology using phantom
dosimetry, the appropriate X-ray and the
average exposure factors for each type of exami-
narion.
table.27
gonadal
gonads were in the direct X-ray beam.

unit,

Results are shown in a comprehensive
It was again shown that magnitude of
the

dose depended mainly on whether

Cumulative Doses to Individual Adult Health Study
Subjects from ABCC Roentgenological Examination28
At the of each subject's
examination, technical factors are routinely recorded
and permanently filed in the ABCC Department of

time roentgenological

Radiology. Such data for all past examinations of
each Adult Health Study subject were transcribed
together  with the appropriate average dose per
examination, and skin, bone marrow integral, and
gonadal doses were cumulated, updated, coded, and
periodically analyzed,

Adjunct Swdies
Radiologic Practice Since the Atomic Bombs,

Hiroshima and Nagﬂsuki.29 For the years since
1945 during which no dosimetry was performed,

activity of radiologic practice was assessed
according to vearly rtorals of roentgenograms,
radiographic, fluoroscopic, and photofluorographic

examinations, and number of treatments by X-ray and
telecobalt. Radiation therapy for benign or malignant

records.
to

ascercained
first

disease was from hospital
Institutions classified according
estimated number of films consumed per year.
Large hospitals were thase using more than 10,000
films per year. Because of their relarive importance,
all large hospitals =14 in Hiroshima, and 11 in
Nagasaki—and a 40% random sample of nearly 300
small
The results

Table 21.

were

institutions in both cities were surveyed.
are shown in Figures 17-20 and

29
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FIGURE 17 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS BY YEAR, HIROSHIMA **
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FIGURE 18 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS BY YEAR, NAGASAKI #*
®18 FRER A ERER X S EREE, R

: / FILMS 7 o I A HCHE
- RADIOGRAFHY
[E55H-H
100.000}
- PHOTOFLUOROGRAFHY
Rtk
FLUOROSCOPY
%1
10,000
1000 |
1748 50 52 54 56 58 60 1982
YEAR

30



FIGURE 19 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS PER CAPITA BY YEAR, HIROSHIMA
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FIGURE 20 FILMS AND FREQUENCY OF MEDICAL X-RAY EXAMINATIONS PER CAPITA BY YEAR,
NAGASAKI
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TABLE 21
#21 HFEEH -

RADIATION TREATMENTS* BY YEAR AND CITY 2
A B I A 7o T A g

Year Hiroshima Nagasaki
i fE g} B wip
1945
46 .
47 300
48 400
49 200
50 600
51 10100 )
&3 9100 800
53 4700 1000
54 11300 300
55 10900 1000
56 11900 8600
o7 1300 10104}
58 16300 10100
59 17600 10600
60 20400 18200
1 21300 20200
62 22100 23300
1963 23500 13600

* Large hospital only +#550 2

First an abrupt, then a steady increase in activity of
radiologic practice was detected. The data assisted
in estimating dose to ABCC and the
general populations of Hiroshima and Nagasaki.

subjects

Radiologic Practice and Medical Records in a [.arge
General Hospital in Hiroshima.l7 Numbers of
yearly roentgenograms, radiographic, fluoroscopic,
and photofluorographic examinations and treatments
by X-ray and telecobalt were ascertained from the
well-kept

Hirashima,

records of a large general hospital in
as a measure of the acrivity of its
radiologic for comparison with that of
Hiroshima institutions in general. From 1949 to
19633, a sharp rise in number of films and a moderare
rise in number of radiologic and fluoroscopic exami-
was detected,

practice,

paralleling the values for
There was only a slighr rise in

nations
Hiroshima Ciry.??
fluproscopic examinations and a decline in radiation
therapy over these years.

Estimation of Iixposure Pattern and Bone Marrow and
Gonadal Dose During Fluoroscopy.30  Dose from
fluoroscopic procedures is difficult to
because of widely varying and continuously changing
To assist dose estimations for
pattern of exposure “and dose

ASSe55

exposure factors,
these procedures,
during upper gastrointestinal series by 10 radiologists
using their own conventional fluoroscopic units and
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were monitored with induscrial  type
lighttight *‘jackets” fixed to a
phantom human. Dose was correlated with optichal
density using standard films exposed to
quantities of radiation. For fluoroscopy and spor-
filming, surface doses were plotted in histograms,
according to a lattice describing distribution of
active bone marrow. Bone marrow and gonadal
doses the 10 examiners
established, The resules also aided in the assess-
the

techniques
Neray films in

known

incurred by were thus

ment of fluoroscopic procedures in use in

community.

lixposure Pattern, Surface, Bone Marrow [ntegral and
Gonadal Dose from Fluuruscopy.3| Use of image
intensifiers by radiologists and conventional equip-
ment by nonradiologists performing upper gastro-
intestinal series, barium enemas and chest fluoro-
scopy were also assessed. Bone marrow integral,
gonadal and surface doses were included. Differences
in exposure patterns and doses were demonstrared

according to types of examiners and equipment.

Radiation Output and Quality of Diagnostic X-ray
Apparatus in Community Hospitals and Clinics 32
An apparatus consisting of a remotely controlled
revolving disk with various thicknesses of aluminum
filters, and a 35c¢c ionization chamber, was used ro
measure the radiation output and quality of X-ray
units in Hiroshima and Nagasaki hospitals. Values
were compared with those of the ABCC experimental
apparatus  to discrepancies before
performing phantom dosimetry. There was moderately

correct  for

good correlation berween kvp and radiation output.

Quantitative Listimate of Anode Effect in Diagnostic
X-rays33 This detailed study was prompred by the
relatively low gonadal doses encountered in some
ABCC examinations for which, theoretically at least,
the positions of the anodes of X-ray tubes could
have been responsible. [sing 14x17 inch medical
X-ray films, densitomerers, and dosimeters, 13
radiographic units of different manufacture, tube
type and age were monitored when operating at
various kvp, mas, and focal spot sizes. Standard
films were correlared with oprical density and dose.
The 14%17 inch films were assessed for density and
the dose incurred —the effects of anode position.
Dose distributions in air were compared with those in
a phantom.  The importance of maintaining the
proper position of the tube was demonstrated, and
quantitative estimates are included in the report.

Application of Community Hospital and Clinic Data

Activity of radiologic practice since 1945 was
assessed according to the numbers of radiographic,
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fluoroscopic, and photofluorographic examinations
and radiation trearments performed, in a survey of

hospitals in 1963 (Table 21 and Figures 17-20).29

Relative frequencies and mean dose per examination
for radiography, fluoroscopy, and photofluorography
were determined by body site during a survey of
Adult Health Study subjects.12 These are shown in
Tables 22-24. Only a very few subjects received
more than one examination; therefore, the values
are relatively independent of this facror.

For radiography, fluoroscopy, and photofluoro-
graphy, the product of mean dose and numbers of
examinations were calculated for each year from 1947

to 1963 as shown in Tables 25-30, column [.

The population of Hiroshima and Nagasaki, by vear,
from 1944 to 1964 is shown in Table 31. Using the
population data for each city, per capita bone
marrow integral, gonadal, and skin doses were
calculated for these years, as shown in [Tables 25-30,
column [I. These data are shown graphically in
Figures21-28.

Ratios radiography, and
photoflucrography contributed to bone marrow, skin
and gonadal doses were estimated, Photofluorography
contributes o the total dose from medical exami-
nations because of its frequent use.  Though
relatively infrequently used, fluoroscopy contributes
significantly because of the relatively high dose it
incurs. The results are shown in Tables 32-34.

by which fluoroscopy,

A prime purpose of these investigarions was a
comparison of the magnitude of dose from medical
X-ray with that of the A-bomb, and a majority of the
studies was directed toward this goal. Periodic
surveys, dosimetry and assessment of activity of
radiologic practice over a 16-year period contributed
data Prescinding from
factors such as radiadion energies, instantaneous vs

for these comparisons,
intermittent exposure, dose fractionation and tissue
recovery, gross nevertheless useful comparisons can

be made,

Two periods 1946-63 and 1954-63 were chosen to
illustrate the per capita dose dara, as shown in

Tables 35-38.

The data for the recent period are probably more
than those for the earlier one, largely
because of record-keeping. Comparison of doses for
these two periods underscores the dose increase
with the increase in activity of radiologic practice.
Since 194G, cumulative mean bone marrow dose was
estimated as 1 rad in Hiroshima and .0.5 rad in
Nagasaki, These values approximate A-bomb dose
at 2200 m from the hypocenter in Hiroshima, and

accourate
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TABLE 22 AVERAGE BONE MARROW INTEGRAL, GONADAL AND SKIN DOSES BY RADIOGRAPHY,
ADULT HEALTH STUDY SUBJECTS

£22 wAHBEHEL RSO EERPREC 2 B EMBIE AR, R b & U R

Examination

Examinations

Examinations % Dose/Examination

L R

B an it L Bone Marrow Gonadal Dose Skin .D-o;v. .
Integral Dose 4 AR A A
Male % Female #  Total @t P-4 i {mrad)
(g-rad) Male ® Female it (rad)

Skull AEA 3 2 5 207 0,03 0.02 3.09
Sinuses H & 7 10 104 0,03 0.07 5.90
C-spine #ifle 1 2 3 91 0.01 0.02 1.62
T-spine i 4z 3 f 9 480 1.38 12.8 15.3
lespine I 4 19 21 40 5360 492.0 4910.0 204.0
Pelvis ik 4 4 8 534 394.0 956.0 13.7
Shoulder m 4 6 10 57 0,04 1.2 1.19
Chest B 145 215 360 1800 23.2 131.0 15.4
Rib Ih 4 3 2 5 226 1.8 7.48 6.1
Abdomen B 356 4 9 13 510 47.6 1350.0 24.8
Gallbladder 1A 9 19 28 s48 66.5 272.0 60.4
WP MiEHwRER 5 4 ] 1040 6.5 2020.0 30.0
Tomography, chest
i R 1 B, W A6 10 12 22 1420 6.9 13.6 31.9
Ventriculography
RERY 1 0 1 100 0.01 3,84
Knee 5 T 7 3 10 10 3.5 0.36
Extremities Mt a B 17 17 .09 0.08
Total & @t 230 220 550 12800 11100 4680 417
Sex Ratio 1M 0.42 0.58 1.00  Mean T 23.3 4,84 50.2 0,757

TABLE 22 AVERAGE BONE MARROW INTEGRAL, GONADAL AND SKIN DOSES
BY FLUOROSCOPY AND SPOT FILMING, ADULT HEALTH STUDY SUBIECTS

#£23 WABENEGREFOEM L ABMBHRECE 2 FHEIMMANMRR, EMIRGRE L & TR R

Average Dose per Examination
He i 2 0 o L

Dose x Examinations

L

MOpE

Fxamination Flx Time Examination Bone Marrow Gonadal Dose  Skin - Bone Marrow Gonadal Dose  Skin
Ko 25 1 T3 S th T b Integral Dose & In & 0t Dose  Integral Dose ‘Rl M  Dose
(min. 5 ) BrEam  mrad) O EmAR gmssr  (eradd e
Male  Female Tatal [g-rad) Male  Female (rad) (g-rad] Male Female (rad)
2 % &t ® 5 fx

Chest

g & 1 9 i} L6 ar.2 0.34 1.52 1.27 595 3.06 12.2 20.3
Upper GI

s ) Tl 91 162 359.0 26.3 5350 16.5 58208 1870.0 487000 2670.0
Upper GI +BE

LRty v Ak 8 2 4 6 647.0 135.0 1600.0 25.3 3880 2700 9600.0 1562.0
Upper GI + Small bowel+BE

o0 RRAE A B
PR ] 11 1 0 1 935.0 242.0 2670.0 34.1 935 242.0 341
Upper GI + Small bowel

5 3 0 8 4 7 1 647.0  135.0 1600.0  25.3 7120 5400 112000  298.0
Upper GI+Gallbladder

F 8 95 08 4 DR B 5 2 2 4 359.0 263 5350 165 1440 526 1070.0 6.0
BE

s A RS 5 2 3 B 601.0 343.0 3010.0 12.8 3010 666.0 9030.0 64.0
Total &t a9l 44 205 75100 3640  T9E00 32000
Sex Ratio TEIL 0.44  0.56 1.00 Mean :¥9 367 40.0 698 16.0
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TABLE 24 AVERAGE BONE MARROW INTEGRAL, GONADAL AND SKIN DOSES FROM PHOTOFLUOROGRAPHY,
ADULT HEALTH STUDY SUBJECTS

#24 MARERESREOMBEMERE L2 THEMATEE, EHNSEL L R EER

Average Dose per Examination

Dose » Examinations

Unit Type Examinations BEYSA-VOEEBR Bt X T
g 1 5 L Beng o4 e
ZROMA i Bone Marrow  Gonadal Dose Skin Bone Marrow  Gonadal Dose Skin
Integral Dose = R R Dose  Integral Dose BN R Dose
Male Female Total 5 ps 15 0 it {mrad) B R B R RS {mrad) T AR i
+ kg Bt (grad) Male # Female % {rad) {grad) Male B Female % (rad)
Transformer
FEBE 7 al 128 46.6 0.714 B.42 0604 5960 66.0 429.0 778
Condenser
E3 187 223 410 38.9 0.115 0.178 D658 15949 R1.5 39.7 270.0
Total H it 264 274 538 21910 76.5 4649 347.0
Sex Ratio i 0.49 051 1.00 Mean Tiy 40,7 0,289 1.71 0.645

3200m in Nagasaki, as seen from the A-bomb dose
curves34 shownin Figure 29.

Each  Adult Health Study subject is routinely
interviewed in the ABCC Department of Radiology for
fluoroscopic, and therapeutic
exposures he has received in other hospitals and
clinics, since his last ABCC examination. Coded
dose data for individual subjects are recrieved for
analysis, an example of which is shown in Table 39.

photofluorographic,

Skin doses are included for comparison purposes.
Gonadal and bone marrow doses of course are more
practical, the latcer for future reference in cases of
development of leukemia.  Three caregories of
subjects with carcinoma were selected to illustrate
A-bomb doses exceeding; equalling; and less chan
ABCC skin doses.
received their medical exposure because of malig-
nancies, but a minority of populations also receive

The subjects in this example

radiation therapy for benign disease,

Table 40 shows computer data comparing A-bomb
with ABCC bone gonadal, and
skin doses, numbers of fluoroscopy examinations and
courses of radiation therapy among subjects with
gastric cancer,

marrow integral,

Such data, including radiation therapy doses, have
been calculated for all participants of the Adult
Health Study and are reference material in cases of
development of diseases and abnormalities arteri-
butable to exposure to ionizing radiation. Medical
X-ray exposure data are routinely updated as subjects
are reexamined.
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TABLE 25 PRODUCTS OF EXAMINATIONS AND DOSES; AND DOSE PER CAPITA
FROM RADIOGRAPHY, HIROSHIMA

#25 MREHLIBROBH L CEBEHEEE CES LAY OSR, B

I

[l

Dose » Examinations # Bt > #8575 8¢ Dose per Capita 1 A% 0o it
Year [FExaminations B;e S g Gonadal Dose Gonadal Dose
i i Integral Dose o G R R Skin Dose  Bone Marrow AR R Skin Dose

g r  (mrad x103) twmp Integral Dose {reead) e I

(grad x10%) Male % Female & (radx10%) *”fﬁﬁf“ Male % Female & (rad)
1946 1544 36 3.14 27.0 1.17 0.23 0.048 0,302 0.00757
1947 4468 104 9.08 78.3 3.38 4,66 0,968 f.04 0.0151
1948 27389 638 55.7 480.0 20,7 2.56 0.532 3.32 0.0833
1949 B3938 1960 171.0 1470.0 63.5 7.22 1.500 9.36 0.235
1950 102541 2390 208.0 1800.0 71.6 8.39 1.74 10.9 0.273
1951 7731 2280 199.0 1710.0 74.0 7.69 1.60 9.97 0.250
1952 112976 2630 230.0 1980.0 85.5 8.39 1.74 10.9 0.273
1953 125613 2930 255.0 2200.0 95.1 9.09 1.89 11.8 0.295
1954 132146 3080 269.0 2310.0 100.0 9.09 1.89 11.8 0.295
1955 150322 3500 3060 2630.0 114.0 9.79 2.03 12.7 0,318
1956 145060 3380 295.0 2540.0 110.0 9.09 1.89 1.8 0,295
1967 169918 3960 345.0 2980.0 128.0 10.3 2.13 13.3 0,333
1958 188786 4400 384.0 3310.0 143.0 11.2 2.32 14.5 1.363
1959 199306 4640 405.0 3490.0 151.0 11,0 2.27 14.2 0,356
1960 211574 4930 430.0 3710.0 160.0 11.4 2.37 14.8 0.371
1961 240100 5590 ARE.0 4210.0 182.0 12.3 2.57 16.0 0,401
1962 301735 7030 f13.0 5290.0 228.0 14.9 3.10 19.3 0484
1963 331810 7730 (750 5810.0 251.0 15.8 3.29 20.5 0.515

Dose per Examination: Bone marrow integral 23.3 grad; Gonadal, Male 4,84 mrad, Female 30.2 mrad; Skin 0.757 rad.

BHEGLDOMB: AMMATBRRZ. 3g—rad ; LHWWE, Ba.Bimrad, #30.2mrad ; ERMEO0.757 rad .
Sex Ratio M : Male % 0.42, Female #« 0,58

TABLE 26 PRODUCTS OF EXAMINATIONS AND DOSES; AND DOSE PER CAPITA
FROM FLUOROSCOPY, HIROSHIMA

#26 MEH-GROWEIUERARECES LASAY OB, T

I

Dose xExaminations 73 it % 3 £

I

Dose per Capita 1 A%/ Do iRiR

Year Examinations
i Bone Marrow Ganadal Dose Bone Marrow Gonadal Dose

T He i 2 Integral Dose 4 RRE A Skin Dose  Integral Dose AR Gt Skip Dose

A Tl B SR (mrad X10°) 4R R {mrad) T A e

(g-rad Xlﬂs) Male # Female & (rad x10%) {g-rad) Male % Female #* {rad)
1946
1947 1023 375 18.0 400 16.4 3.67 (.40 6.98 0.16
1948 H484 2010 96.5 2140 87.7 7:34 0,80 14.0 0.32
1949 9200 3380 162.0 3600 147.0 11.0 1.20 20.9 0.48
1850 28701 10500 5060 11200 459.0 36.7 4,00 69.8 1.60
1951 58465 21500 1030.0 22900 935.0 69.7 7.60 133.0 3.04
1952 50497 18500 BBY.0 19700 B08.0 h8.7 6.40 112.0 2.56
1953 53652 19700 944.0 21000 858.0 58.7 6,40 112.0 2.56
1954 44393 16300 781.0 17400 T10.0 47.9 5.20 90.7 2.08
1955 49938 18300 879.0 19500 799.0 51.4 5.60 97.7 2.24
1956 50150 18400 883.0 19600 B02.0 47.7 5.20 9.7 2.08
—_—
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Table # 26

I 11

T Dose xExaminations 8 8 8 % & Dose per Capita 1 A2 0ot
Year Examinations . —
g i Bone Marrow Gonadal Dose Bone Marrow Gonadal Dose
= ) [ntegral Dose AR AR A ¥ Skin Dese  Integral Dose 2 il A # I Skin Dose

A 1t 0 5 A% B (mrad x_t_[]' ) EE R U R i (mrad) B T i
{grad x107) Male #  Female % (rad 10"}  (grad) Male %  Female 4 {rad)

1957 58711 21500 1030.0 22900 939.0 55.1 6.00 105.0 2.40

1958 52988 19400 933.0 20700 848.0 47,7 5.20 90.7 2,08

1959 54271 19900 955.0 21200 868.0 47.7 5.20 90.7 2.08

1960 55205 20300 973.0 21600 885.0 47.7 5.20 90.7 2.08

1961 BORDA 22300 1070.0 23800 973.0 51.4 5.60 9.7 2.24

1962 5308 24000 1150.0 25500 1040.0 51.4 b.60 87.7 2.24

1963 Ti1di 26100 1250.0 27800 1140,0 55.1 600 105.0 2.40

Dose per Examination: Bone marrow integral 367 g-rad: Gonadal, Male 40.0 mrad, Female 698 mrad; Skin 16.0 rad,
WES e o FHMERRAET g —rad ; RS, B0 Omrad, 2698 mrad ; WM L6.0 rad .
Sex Ratio 1 : Male % 0,44, Female & (.56

TABLE 27 PRODUCTS OF EXAMINATIONS AND DOSES; AND DOSE PER CAPITA FROM PHOTOFLUOROGRAPHY,
HIROSHIMA

#27 MEfHECHFBROMELIUMBEREETCLES LAYEYOME, EE

Year Examinations Dose *Examinations ;ﬂﬁk > HE T B Dese per Capita 1 kIE_J.-i = h o
o W Bone Marrow Gonadal Dose Skin Dose  Bone Marrow Gonadal Dose Skin Dose

Integral Dose o il b § it Integral Dose “E GRS FE S R

#6500 0 AR [mrad *10") -4 F B T [mrad)

(grad x10%) Male 7 Female & (rad x10%) {grad)  Male @ Female &  (rad)
1946 852 34.7 0.121 0.743 0,55 0 0 0 a
1947 2105 85.7 0.299 1.84 1.36 .407 1.00283 0.0174 00065
1948 7129 290.0 1.01 5.22 4.60 1.22 000849 0,0523 0.0194
1949 #8002 2810.0 9.80 60.2 44.5 10.2 0.0708 0.436 0161
1950 4800 2640.0 9.21 56.6 41.9 9.36 0.0651 0.401 0,148
1951 99595 4050.0 14.1 86.8 64.2 13.4 0.0934 0,576 0.213
1952 107288 4370.0 15.2 93.6 69.2 14.3 0.0991 0,610 0.226
1953 145014 A900.0 20.6 126.0 83.5 18.3 0.127 0.785 0.290
1954 196831 8010.0 280 172.0 127.0 24.0 0.167 1.03 0.381
1955 229109 9320.0 325 200.0 148.0 26.1 0.181 112 0.413
1956 2479649 10100.0 35.2 216.0 160.0 26.9 0.187 1.15 0.426
1957 262943 10700.0 3.3 229.0 170.0 279 0.192 1.19 0439
1958 273280 11100.0 388 238.0 176.0 27.3 0,190 117 432
14954 2924M 11900.0 41.5 255.0 189.0 28.1 0.195 1.20 (445
1960 322893 13100.0 45.9 282.0 208.0 30.5 0.212 1.3 0,484
1961 357999 14600.0  50.8 312.0 231.0 32.6 (.228 1.40 0,516
1962 388472 15800.0  55.2 339.0 251.0 33.4 0.232 1.43 (.529
1963 408017 166000  58.0 456.0 263.0 33.8 0.235 1.45 0,536

Dose per Examinations: Bone marrow integral 40.7 g-rad; Gonadal, Male 0,280 mrad, Female 1.71 mrad; Skin 0.645 rad.
MG L0 OHEE: FENTRR 7 —rad ; ERBHM, R 0,260 mrad, w1 Thmrad 3 AL 0645 rad.
Sex Ratio fEt: Male % 0,49, Female # 0,51.
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TABLE 28 PRODUCTS OF EXAMINATIONS AND DOSES: AND DOSE PER CAPITA FROM RADIOGRAPHY, NAGASAKI
#228 TN ESROME L OCHEERERELCLS 1 ASE D OB, i

Vear Examiiaabions Dose *Examinations ﬁ;gl *HH Y Dose per Capf!i__l A “-H'_ URGE-S! s

. one Marrow Gonadal Dose Skin Dose Bone Marrow Gonadal Dose Skin Dose
i [ e 2 Integral Dose e fif 45 it gy Integral Dose AR At I T

8 W {mrad %10%) U imrad) R
{grad x10%) Male 1 Female % (rad x10%) {g-rad) Male ®  Female %  (rad]

1946
1947
1948 12694 296 25.8 222 9.61 1.40 0.280 1.81 0.0454
1949 15679 365 31.9 275 11.9 1.63 0.339 211 0.0530
1950 23109 538 47.0 405 17.5 2.10 0.436 2.72 0.0681
1951 41551 968 84.5 729 31.5 3.73 0,774 4.83 0.121
1952 69454 1620 141.0 1220 52.6 6.06 1.26 7.85 0.197
1953 6L7H9 1530 134.0 1150 49,8 5.59 1.16 .26 0.182
1954 TH480 1760 153.0 1320 57.1 6.29 1.31 B.15 0.204
1955 TR691 1830 160.0 1380 59.6 6.06 1.26 7.85 0.197
1956 86941 2030 177.0 1520 65.8 6.52 1.36 B.46 0.212
1957 93859 2180 191.0 1640 71.1 6.99 1.45 .06 0.227
1958 104130 2430 212.0 1820 78.8 T7.46 1.66 9.66 0.242
1959 114224 2660 232.0 2000 BE.5 8.16 L.69 10.6 0,265
1960 126066 2940 256.0 2210 095.4 B.62 1.79 11:2 0,280
1961 116195 2710 236.0 2040 88.0 7.69 1.60 9.97 0.250
1962 136533 3180 273.0 2390 103.0 8.39 1.74 104 0.273
1963 156839 3650 319.0 2750 118.0 9.32 1.94 jiE2 | 0.303

TABLE 2¢ PRODUCTS OF EXAMINATIONS AND DOSES; AND DOSE PER CAPITA FROM FLUOROSCOPY, NAGASAKI
%20 BENIBEOMS X OERMITICLS 1 AYLZ Y OBE, B

o Dose = Examinations ﬁ;hl X Dose per Capita 1 A ‘;If:. URGE 3

Year Examinations
o r Bone Marrow Ganadal Dose Skin Daose  Bone Marrow Gonadal Dose Skin Dose
I R 2 Integral Dose LRI sy Integral Dose B EE P R R

s B35 (mrad x107) i 0L (mrad)

(grad x10°) Male %  Female % (radx10%)  (grad) Male % Female &  (rad)
1946
1947
1948 R6 31.6 1.51 33.6 1.38 ] 0 0 0
1949 1717 Ha0 30.2 671.0 27.5 3.67 0,40 6,98 0.16
1950 #33 306 14.7 326.0 13.3 0 0 0 0
1951 5411 1990 95.2 2120.0 86.6 7.34 0.80 14.0 0.32
1952 7068 2590 124.0 2760.0 113.0 11.0 1.20 20.9 0.48
1953 7358 2700 130.0 2880.0 118.0 11.0 1.20 20,9 048
1954 5159 1890 90.8 2020.0 82.5 11.0 1.20 20,9 0.48
1955 GO0B 2200 106.0 2350.0 96.1 7.34 (.80 14.0 0.32
1956 7430 2730 131.0 2900.0 119.0 7.34 0.80 14.0 0.32
1957 7254 2660 128.0 2840.0 116.0 7.34 0,80 14.0 0,32
1958 9172 3370 161.0 3590.0 147.0 11.0 1.20 20.9 0,48
1959 9976 3660 176.0 3900.0 160.0 14.7 1.60 27.9 0.64
1960 11576 4250 204.0 4520.0 185.0 11.0 0.80 14.0 0.32
1961 13873 5090 244.0 5420.0 222.0 14.7 1.60 27.9 0.64
1962 16153 5930 284.0 6310.0 258.0 14.7 1.60 27.9 .64
1963 19433 7130 342.0 76000 31L.0 18.4 2.00 34.9 0.80
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TABLE 30 PRODUCTS OF EXAMINATIONS AND DOSES; AND DOSE PER CAPITA FROM PHOTOFLUOROGRAPHY, NAGASAKI
#30 MEHEBROME L OMBREREIZ LS 1 ANA 0 0BR, Kig

e Dose XExaminatiBIns LB Dose per Capita 1 )\élf: PRGE R

Year Examinations
s Wt Bone Marrow Gonada} Dose Skin Dose  Bone Marrow Gonadal Dose Skin Dose

Integral Dose o il B i A A R S it Integral Dose He it B9 A IR R S A

4 2 {mrad x10%) i R e i (mrad)

(grad »10") Male W Female # (rad x10%) {g-rad) —Ma]c E: Femai;:‘s‘t_ [rad)
1946
1947
1948
1949 24908 1020 3.65 21.8 16.1 4.48 0.0311 0.192 0.071
1950 45009 1830 6.39 39.2 29.0 7.33 0.05 09 0,314 0,116
1951 76932 3130 10.@ 67.1 449.6 12,2 0.0849 0.523 0.194
1952 76964 3130 10.9 67.1 49,6 11.8 0.0821 0.506 0.187
1953 71749 2920 10.2 62.6 46.3 10,6 0.0736 0,453 U.168
1954 9727 3240 11.3 69.5 51.4 11.8 0.0821 0,508 0.187
1955 84739 3450 12.0 739 54.7 11.4 00792 0.488 0181
1956 BBH66 3600 12.6 T.E 57.2 11.8 0.0821 0,506 0,187
1957 117060 4760 16.6 102.0 5.5 15.1 0,105 0.648 0.239
1958 129027 5250 18.3 113.0 83.2 16.3 0,113 1.698 0.258
1959 142557 5800 20,2 124.0 91.9 17.9 0.125 0767 0.284
1960 146979 5980 20.9 128.0 94.8 17.6 0,122 0.750 0.278
1961 162267 G600 23.0 141.0 105.0 18,7 0.130 0.802 0.297
1962 183956 7400 26.1 160.0 119.0 19.9 0.139 (.855 0.316
1963 197787 8050 28.1 172.0 128.0 20.4 0.142 0.872 0.323

TABLE 31 POPULATION OF HIROSHIMA AND NAGASAKI BY YEAR®
#3l ERELCREHTOEENACD S

Year Hiroshima Nagasaki Year Hiroshima Nagasaki
i 1 i e L B i
1944 336.483 240,000 1955* 357,287 303,724
1945 136,578 153.212 1956 375,926 307,835
1946 171,204 186,119 1957 389,473 315,496
1947+ 222,434 195,174 1958 407,460 322,912
1948 246,134 213,698 1959 442 223 327,070
18949 270,863 229,823 1960* 431,336 344,079
1950+ 285,712 247,248 1961 448 956 350,230
1951 297,758 258,392 1962 473,876 376,048
1952 310,172 266,374 1963 491,105 395,652
1953 325,732 274,809 1964 504,326 399 258
1954 337,837 277,900

* National Census  [H 83 &

Source ¥4 @ Hiroshima City Office (Summary of Health & Sanitation, 1964)
I A (RS B, BE0A9E)
Nugusaki City Health Center Annual Reports
e b (R G AR O 0
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TABLE 32 CONTRIBUTING RATIO OF TYPES OF EXAMINATIONS TO TOTAL MEDICAL DOSE
BY YEAR, HIROSHIMA

£32 BFHEBEOBERAMSECES T ALK, EHN, KL

Bone Marrow Integral Dose Gonadal Dose 4 7 I 5 fit Skin Dose
Year LR LR Male Female & P R R
R Rad  Flx  Photo Rad  Flx  Photo Rad  Flx  Photo  Rad  Flx  Photo
674 TE i i £ T 4 it EH ] 4% iz EN i
1946 0.60 .00 0.50 0.96 0.00 0.04 0.97 0.00 0.03 (.68 - 0.32
1947 0.18 0.66 0.15 0.33 0.66 0.01 0.16 0.83 0.00 0.16 0.78 0.06
1948 0,22 0.68 0.10 0,36 063 0.01 018 C0.81 0.00 0.18 0.78 0.04
1949 0.24 0.41 0.34 0.50 0.47 0.03 0.29 0.70 0.01 0.25 0.58 0.17
1950 0.15 0.68 0,17 0.29 0.70 0.01 0,14 1.86 0.00 0.13 0,749 0,07
1951 0.08 0.77 0.15 0,16 0.83 0.01 0.07 0.93 0.00 0.07 0.87 0.06
1952 010 0.73 0.17 0.20 0.78 0.01 0.09 0.90 0.00 0.09 .84 0.07
1953 0.10 0.69 0.21 0.21 0.77 0.02 0.09 0.90 0.01 .09 0.82 0.09
1954 011 0.60 0.29 0.25 0.72 0.03 0.12 0.88 0.01 0.11 0.76 0.14
1955 n.11 0.59 0.30 0.25 0.72 0.03 0,12 0.87 0.01 0.11 0.75 0.14
1956 0.11 0.58 0.32 0.24 0.73 0.03 0,11 0.88 0.01 0.10 0.75 0.15
1957 0,11 0,59 0,30 0.24 0.73 0.03 0.11 0.88 0.01 0.10 .76 0.14
1958 0.13 0.56 0,32 0.28 0.69 0.03 0.14 0.85 0.0 .12 0.78 0.15
1959 .13 0.65 0.33 0.29 0.68 0,03 0.14 0.85 .01 0.13 0.72 0.16
1960 0.13 0.53 0.34 0.30 0.67 0,03 0.15 0.84 001 0,13 0.7 0.17
1961 0.13 0,53 0.34 0,30 0.67 0,03 0.15 0.84 0.01 0.13 0.70 0.17
1962 0.15 0.51 0.34 0,34 0.63 0,03 0.17 0.82 .01 0.15 0.68 0.17
1963 0.15 0.52 0.33 0.34 0.63 0,03 0.17 0.82 0.01 0.15 069 0,16
TABLE 33 CONTRIBUTING RATIO OF TYPES OF EXAMINATIONS TO TOTAL MEDICAL DOSE
BY YEAR. NAGASAKI
£33 FHMEOHEEREGRICFS T LHE: £FRN, BE
Bone Murrow Integral Dose Gonadal Dose  “E 0% & 6@ Skin Dose
v T i FOL 3 4 R Male # Female #« 2 £
o Rad  Fix  Photo  Rad  Flk  Photo  Rad  Flc  Photo  Rad  Flk  Photo
i g T il iz R EH fin 42 it $ie &l i 4 i E R i 4
1946
1947
1948 0,490 0.10 0,00 0,94 0.06 0.00 0.87 0.13 0,00 0.87 0.13 .00
1949 0.18 0.31 0,51 0,49 0.46 0.05 0.28 0.69 0,02 0.21 0.50 0.29
1950 0.20 0.11 0,68 0.69 0,22 .09 0.53 0.42 0,05 0.29 0.22 0.48
1951 0.16 0.33 0.51 0.44 0,50 0.06 0,25 0.73 0,02 0.19 0.52 0.30
1952 0.22 0.35 0.43 0.51 0,45 0.04 0,30 0.68 0,02 0.24 0.53 0,23
1953 0.21 0.38 0.41 0.49 0,47 .04 0.28 0.70 0.01 0.23 0.55 0.22
1954 0.26 0.27 0.47 0,610 0,36 0.04 0,39 .59 0.02 0,30 0.43 0.27
1955 D.24 0,29 0.46 0.58 0,38 0.04 0,36 0.62 0,02 0.28 0.46 (.26
1956 0.24 0,33 0,43 0.55 0.41 0.04 0,34 0.65 0,02 0.27 0.49 .24
1957 0.23 0.28 .50 0.57 0.38 0.056 0,36 0.62 0.02 0.27 0,44 .29
1958 0.22 0.30 0.48 0,54 0.41 0.05 0.33 .65 0,02 0.26 0.48 0.27
1959 0.22 0.30 0.48 0.54 0.41 0.05 0.33 0.65 0.02 0.26 0.47 .27
1960 0.22 0.32 0.45 0.53 0.42 0.04 0.32 0.66 0.02 0.25 0.49 0.25
1961 0.19 0.35 0.46 0.47 0.49 0.05 0.27 0.71 0.02 0.21 0.53 .25
1962 0.19 0.36 0.46 0.47 0.48 0.04 0.27 0.71 0.02 0.21 0.54 0.25
1963 0.19 0.38 0.43 0.46 0.50 0.04 0.26 0,72 0.02 0.21 0.56 .23

—
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TABLE 34 CONTRIBUTING RATIO OF TYPES OF EXAMINATIONS TO TOTAL MEDICAL DOSE BY YEAR,

HIROSHIMA AND NAGASAKI

#3 EWMHEOBERBSRIIFE T LEE: £EY, K&s L UEKEST
Bone Marrow Integral Dose Gonadal Dose 4 5 i 4t Skin Dose
Year i Male ® Female # H I o
wE Rad Flx Photo Rad Flx Photo Rad Fix Photo -_ﬁ;d Flx FPhoto
[ KW k3 i3 %4 IHEE It 3 %10 [HE it EH [k
1946 0,50 0,00 0.50 0.96 0.00 0.04 0.97 0.00 0.03 0,68 0.00 0.32
1947 0.19 0.65 0,16 0.33 0,66 0.01 0.16 0.83 0.00 0.16 0.78 0.06
1948 0.29 0.63 0.09 0,45 0.54 0.01 0.24 0.75 0.00 0.24 0.72 0.04
1949 0.23 0.39 0.38 0.50 0.47 0.03 0.29 0.70 0,01 0.24 0.56 0.20
1950 0.16 0.59 0.25 0.32 0.66 0.02 .16 0.83 0.01 0.15 0.74 0.11
1951 0.10 0.69 0.21 0.20 0.79 0.02 0.09 0.91 0.91 0,09 0.82 0.09
1952 0.13 0.64 0.23 0.26 0.72 0.02 012 0.87 0.01 012 0.78 0.10
1953 0.13 0.63 0.25 0.26 0.72 0.02 0.12 0.87 0.01 0.11 0.77 11
1954 0.14 0.53 0.33 0.32 0.65 0.03 .16 0.83 0.m 014 0.70 .16
1955 0.14 .53 0.33 0.31 0.66 0,03 0,15 0.84 0.0 0.14 0.70 ¢.16
1956 0.13 0.52 0.34 0.31 0.66 0.03 0.15 0.84 0.01 013 0.70 017
1957 0.13 0.53 0.34 0.31 0.66 0,03 0.15 0.84 0.01 0.13 0.70 0.16
1958 0.15 0.50 0.36 0,34 0.63 0,03 0.17 0.82 0.01 0.15 0.67 0.18
1959 0.15 0.49 0.36 0.35 0.62 0.03 0.18 0,81 0.01 0.15 0.66 0.18
1960 0.15 0.48 0.37 0.36 .61 0.03 0.18 0.81 0.01 016 .66 0.19
1961 0.15 0.48 0.37 0.34 0.62 0.03 0.17 0.81 0.01 015 0.66 0.19
1962 0.16 0.47 0.37 0.37 0.60 0.03 0.19 0.80 0.01 0.17 0.65 0.19
1963 0.16 .48 0.36 0,37 0.60 0.03 0.19 0.80 0,01 0.17 0.66 0.18
TABLE 35 DOSE PER CAPITA, RADIODGRAFPHY
=B 1 AYAEh SR, BEREBEEE
Bone Marrow Gonadal Dose
Cif_v o Integral Dose Hiﬁﬁﬁm Skin Dose
(i L T I R
(g-rad) Male #  Female #«  [(rad)
Hiroshima 1946-1963 163 33.9 211 5.16
L 1954-1963 115 23,9 149 3.73
Nagasaki 1946-1963 96 19.9 125 3.12
£ 19541963 75.5 15.7 98 2.45
TABLE 36 DOSE PER CAPITA, FLUOROSCOPY
#36 1 AYAn 0B, Bl
Bone Marrow Gonadal Dose
City Year Integral Dose = R I Skin Dase
i i B W R (mrad) B I
(g-rad) Male % Female « (rad)
Hiroshima 1946-1963 749 81.6 1425 32.6
=M 1954-1963 503 54.8 957 21.9
Nagasaki 1946-1963 151 16.0 279 6.4
T i 1954-1963 118 12.4 216 4.96
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TABLE 37 DOSE PER CAPITA, PHOTOFLUOROGRAPHY
I NAYEDORKE, MBEREHET

Hone Marrow

Gonadal Dose

City Year Integral Dose “E R AR AR it Skin Dose

Ll HERE A i FR e A (mrad} T
{g-rad) Male % Female %« (rad)
Hiroshima 1946-1963 358 2.48 15.3 5.66
£ 1954.1963 200 2.02 12.5 4.60
Nagasaki 1946-1963 207 1.44 2,88 3.29
e v 1954.1963 161 1.12 6.89 2.56

TABLE 38 CUMULATIVE DOSE PER CAPITA RADIOGRAPHY +FLUOROSCOPY + PHOTOFLUOROGRAPHY
1A% 2 0 O L, BN+ % R

#2138

Bone Marrow

Gonadal Dose

City Year Integral Dose A= HLAR A% B Skin Dose

i i 1 4 (mrad) 1 A i
{g-rad) Male #  Female #« {rad)
Hirashima 1946-63 1269 118 1652 43.5
T 195463 908 80.7 1118 30.3
Nagasaki 1946-63 454 37.4 413 12.8

4 1954-63 105 29.2 321 9.96

TABLE 39 COMPARISON OF A.BOMB, ABCC EXAMINATION AND THERAPY DOSES,
AND REPORTED FLUOROSCOPY, SELECTED CASES

#39 BR, ABCCXMBMESLUVRHBER I LIIBEL SV CRES L L
EEAREE O B, R e SR
Fluoroscopy
A-Bomb ABCC Skin Radiation Examinations
Cancer =8 1 R Therapy Repaorted
% {rad) (rad) Laiam L
R) i LK
A-Bomb Dose > ABCC Dose i th i it > ABCC & fit
1 Lung Kifi 340 0.8 4140 1
2 Breast gL Unknown M L 4000 =30
3 Breast 7% 364 3 13800 1
4 Breast 7% 588 1 10800 3
5 Thyroid Wi{LE 153 0.4 6500 2
A-Bomb Dose =ABCC Dose WM& it = ABCC & it
6 Breast LA
Lung Hib 31 13 16600
7 Breast F1.7% 0.3 12920 1
8 Gastric W 36 20 1{1)
9 Gastric W 64 66
A-Bomb Dose < ABCC Dose  Fi# iR fit < ABCC i it
10 Lung i 2 21 3850
11 Gastrie W 10 4000
12 Gastrie I 22 2379 8
13 Gastrie it 7 115
14 Gastric W 8 20
{ )=Confirmed ®WRiF2
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TABLE 40 A-BOMB, ABCC EXAMINATION DOSES, AND REPORTED THERAPY AND FLUOROSCOPY
PER SUBJECT BY COMPUTER (GASTRIC CANCER)

#40 WFHERICI-FahTtwa 1 AYAD ORBREER, ABCC X et ic & 2 &,
FhUmREGshEREBERREER(FH)

ABCC =
ME No, T65D = G 1 e Dok Y S B Fluoroscopy R"?";:ltﬁl;;;
& onad £ !  Bone f in % . L
% E" (rad) (mrad) (g-rad) (rad) B B AR TR

Hiroshima 1L &

346.82 1282.80 36.799 2
73.85 408.08 10.244 1)
0 157,50 67600 16.793 2
] T7.63 342.54 8713 20
52 2195.98 1322.59 33.141 1
36 1380.01 833.60 20.444 1(1)
1] 217762 1000.83 22.188 8 2(2)
745,98 T30.46 13.549 31
b 542.61 a72.10 3.071 3 2
5363.84 1827.12 46.144 2
Nagasaki [eif
0 0.16 16,06 138 11
182 611,78 388.74 9.647 1(1)

( )=Confirmed MH2&H2

FIGURE 21 BONE MARROW INTEGRAL DOSE PER CAPITA BY YEAR, HTROSHIMA
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B.M.L.D. per Capita (g-rad/year)
1AL~ D OBHMTER( g-rad /1)

G.D. per Capita (mrad/year)
TASAED OERMRBER mrad /)

FIGURE 22 BONE MARROW INTEGRAL DOSE PER CAPITA BY YEAR, NAGASAKI
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FIGURE 24 GONADAL DOSE PER CAPITA BY YEAR (FEMALE), HIROSHIMA
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G.D. per Capita (mrad/year)
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FIGURE 26 GONADAL DOSE PER CAPITA BY YEAR (FEMALE), NAGASAKI
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FIGURE 27 SKIN DOSE PER CAPITA BY YEAR, HIROSHIMA
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DISCUSSION

Community use of medical X-ray increased abruptly,
then steadily, since immediately after World War II.
Marked differences in frequencies of radiologic
examinations were found between the two cities.
Examinations of Adult Health Study subjects in
other hospitals and clinics were more than twice as
frequent in Hiroshima as in Nagasaki. The
technical factors used differed markedly by city.
Use of fluoroscopy increased more in Hiroshima than
in Nagasaki. in both
cities, insufficient added filtration was being used,
and films per examination increased throughout the
period of observation. Collimation was efficient for
photofluorography, but gonads were often unneces-
sarily exposed during radiography in both cities.
¥-ray tubes apparently had been positioned without
of taking advantage of the anode effect,

In a majority of institutions,

intent
either with respect to minimizing gonadal dose or
gaining penetration of denser body parts. A small
increase in number of mass gastric survey exami-
Qccupational
exposure was very infrequent. Radiation therapy —
though an infrequent source of
reportedly more often administered for benign rather
than malignant conditions, in Hiroshima. In'Nagasaki,
it was rarely reported as a source of exposure.

nations was reported in Hiroshima.

€xXposure — was

Doses from X-ray examinations in Hiroshima and
Nagasaki hospitals those
reported, but were generally of the same order as
other reported data, Doses for the Hiroshima and
Nagasaki general populations are useful reference
data in evaluation of Life Span Study participants for

varied with previously

lace-radiation effects and for whom no individual
doses can be calculated. They are also of value in
assessing the cumulative exposure of individual
Adult Health Study participants who are repeatedly
examined in other hospitals and clinics as well,

From the data available, the exact reason for the
differences in dose to the populations of the two
cities is not clear, but socioeconomic reasons may be
largely responsible. Until this
study was performed, the order of medical X-ray dose
Using population data

comprehensive

among survivors was unknown.
and estimates of numbers of roentgenologic exami-
nations, cumulative per capita doses from these
procedures were calculated. A gross comparison of
their mean bone marrow doses with A-bomb dose
estimate s34 showed they approximarted at 2200m and

3200m from the hypocenters in Hiroshima and
Nagasak i respectively. A-bomb doses at rhese
distances were of a very low order.3d This

compari son excluded consideration of factors such as
the energies of exposure sources. The eventual
effects of the instantaneous A-bomb exposures as
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opposed to any from multiple low dose exposures of
medical procedures over many vears remain to be
seen. However, the Adult Health Study offers a
unique opportunity to observe any possibledifferences
which may become manifest later.

One of the most important considerations in the
studies of late radiation effects from the A-bombs
was whether survivors were receiving radieclogic
exposures more frequently than other members of the
Hiroshima and Nagasaki thereby
introducing an important concomitantly acting
contaminant during evaluations of late radiacion
effects, There was a significantly greater number of
diagnostic exposures among the survivors, but the
difference was small, and there was no correlation
between frequency of examinations and distance
from hypocenters or reported radiation symptoms.
Medical X-ray exposure therefore need be
regarded as a cause of bias in comparing exposure
groups of the Adult Health Study for possible late
radiation effects. The cumulative effect of medical
X-ray on individuals in all exposure groups of the
Adult Healch Study is still an imporrant consideration
in evaluating them for possible effects of ionizing
radiation.

popularions,

not

A minority of Adult Health Study A-bomb survivors,
for clinical reasons, relatively
large numbers of N-ray examinations. Doses from
these procedures not infrequently exceed inmagnitude
those they received from the A-bombs. For those who
eventually develop disease or abnormalities
attributable to A-bomb exposure, a comparison of
such sources of exposure and their respective doses
will be essential in the evaluation of their disease,
Average all ABCC roentgenological
procedures?? are being used to estimate cumulative
dose for each Adult Health Study subject’s ABCC
exposures, The frequency of their medical X-ray
exposures elsewhere are being carefully documented

various receive

dases from

for future reference.

Leukemia is a well known late radiation effect of the
A-bombs. Many Adult Health Study subjects are
approaching when malignancies and other
diseases can be expected to occur in lacger numbers.
It is important that they be carefully observed for
subtle differences in manifestations of
disease. Procedures these studies
permit comparison of medical X-ray’s frequency and
dose with A-bomb doses of individual Adult Health
Study subjects to assist in the evaluation of abnor-
malities and diseases attributable to A-bomb exposure.

ages

rates or
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