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ABCC MEDICAL RADIOGRAPHIC DOSIMETRY STUDY
HIROSHIMA-NAGASAKI

ABCC CHITERBMPBRBERE, LE-RI&G

Dosimetry Symposium. Hiroshima ABCC, 17 June 1959
[hE ABCC fiEIEZM T A R 2o A, 195946 A17H

PAUL M. ST. AUBIN, M. D.
Department of Radiology TS

I plan to describe to you the approach contemplated
in attempting to estimate the average population dose
in the cities of Hiroshima and Nagasaki resulting
from ionizing radiation used medically and industri-
ally. This is quite apart from the dosimetry project
directly related to radiation from the atomic bomb.
This study is in the early stages of preparation and
consequently, I have no analvzed data to presend %o

you.

Up to the present time, in the areas studied by
ABCC, attention has been paid only to radiation
from the atomic bomb. Radiation applied in medicine
and industry, on the other hand, has been virtually
ignored, no doubt because it is universally accepted.
Until we have some idea of the order of magnitude
of the dose delivered to the populations of Hiroshima
and Nagasaki by this more insidious source, we
cannot be certain that radiation-induced diseases in
these areas are entirely the result of the atomic
bombs. The crude values shown on the following
slides, relative to the dose from the atomic bomb in
the surviving population under study, and the magni-
tude of the dose of radiation from certain diagnostic
X-ray procedures now being used routinely all over
the world are rather disturbing.

I have used the term ‘crude,” since the bomb dose
values are old estimates, bul sufficiently close for
comparison, and because the diagnostic X-ray doses,
for accurate comparison, need a good deal of qualifi-
cation. But be that as it may, I would like to point
out that in certain instances, the radiation dose
from diagnostic procedures to some parts of the

body approaches the order of magnitude received
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by the population under study in Hiroshima and
Nagasaki. Obviously, we have to take this additional
radiation into account.

I have mentioned that X-ray dose values require a
good deal of qualification. Atomic bomb exposure
was, for the most part, total or almost uniformly
total body radiation from very penetrating rays.
Medical X-rays, on the other hand, are almost invari-
ably limited to a portion of the body and particularly,
in the more frequent diagnostic use, is a good deal
less penetrating.

The next slide illustrates the greater pemnetration
in soft tissues by radiation of higher energy as
compared with lower energy. In addition, absorption
of ionizing radiation in bones, soft tissue and fat

shows a definite energy dependence as seen in the _

next slide. So far, the extent of tissue in which the
dose should be determined in relation to different
types of somatic damages, whether be it radiation-
induced leukemia, effect on life span, etc., is not
known. Nor is it yet known whether maximum,
average or integral dose is most significant in
relation to somatic damage. Economics, and lack of
facilities and personnel, will not permit us the luxury
of collecting total body dose data in a sufficient
number of patients to be of significance. The dose
that we plan to estimate is that to the gonads since
this dose is more readily calculated, and can be added
to the calculated dose of radiation received from
the atomic bomb. Unfortunately, this will limit its
application to the problem of genetic damage.

The International Commission on Radiation Protec—
tion has been stumped by the same problem as outlined
above, and has also decided to limit their large scale
investigations in the radiological field, for the time
being, to gonadal dose.

The average population dose will be arrived at in
a number of ways.

1. Direct measurements are feasible on male pa—
tients, and during routine diagnostic and therapeutic

procedures, measurements will be carried out on as
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many patients as is possible depending on the degree
of variation found in the technics used.

2. Average values for both males and females will
be determined by the use of a phantom.

3. Personnel in radiology departments and in
industrial plants using X-rays will be provided with
specially prepared film monitoring badges. These
individuals will represent a relatively select high dose
group.

4. An attempt will be made to estimate the amount
of X-ray film used in the communities under study.

The male patient is more suitable than the female
for direct gonadal radiation dose measurements since
the testis is superficial, and an ionization chamber
placed in the vicinity of the scrotum will give a
sufficiently accurate dose measurement. Vaginal dédse
measurements are satisfactory for obtaining the dose
to the ovary in the female, but for obvious reasons,
in a particularly modest female population, we have
decided not to attempt this. Direct measurements on
male patients will be done only at the time of routine
diagnostic and therapeutic procedures.

In order to overcome the problems raised by limiting
examinations during diagnostic procedures to male
patients, and in order to increase the number of
readings obtained for any specific procedure, we plan
to use a phantom. This will permit checking of male
gonadal dose measurements, and will provide a means
of oblaining ovarian dose measurements. Indeed, it
will also permit the obtaining of integral dose
measurements at a later date.

A much smaller dose contribution will come from
the internal use of radioactive isotopes in medicine.
The International Commission on Radiation Protection
has suggested values for calculation of population
gonadal dose from the internal isotopes and the
factors suggested will be adhered to. The following
slide illustrates some of these.

The phantom mentioned above is in the process of
preparation and the following slides illustrate some
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of the stages of production. A human skeleton
obtained from a commercial firm is being embedded
in a wax, colophony, magnesium oxide mixture which
has a physical density of slightly over one, and an
effective atomic number and electron density approxi-
mating that of human soft tissue. The following
X-rays show a practical method of checking the
radiodensity against the radiodensity of water. The
lungs will be made of sponge packed to a density of
0.30 g per cm’. Jlonization chambers will be placed
in drilled holes in the regions of the ovaries in the
pelvis and the region of the testes for gonadal dose
measurements. The need for this highly elaborate
phantom with skeleton and lung density tissue
incorporated becomes apparent on reviewing a previous
slide relating absorption of various tissues to air at
different radiation energy levels. A block of paraffin
would provide adequate data at very high energies,
but is totally inadequate at lower energy levelg
where critical differences in absorption exist. Other
physical factors, as well, are resolved by utilizing
this type of phantom. The phantom in preparation
represents an average adult Japanese, and smaller
phantoms representing younger age groups are

planned.

The pattern for film monitoring badges is shown
on the next slide. The badge contains aluminum and
cadmium filters and a copper step wedge filter which
together with two films of different emulsion sensi-
tivity will permit monitoring over a wide range of
dose and energy values extending from 0.005 to 500 R
for X-ray energies of 20 to 2000 kv.

The final matter that I would like to discuss is
that of recording data. While obtaining gonadal dose
values for specific procedures, it will be necessary
to get the cooperating hospitals and clinics to keep
track of the data on their patients according to the
following outline. This outline relative to age, ana—
tomical and technical procedures and dose recording
the
International Commission on Radiation Protection.
The first slide illustrates the data to be recorded
on each patient. This records data relative to the

adheres closely to recommendations of the

location of the examination, the person examined,
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the anatomical type of examination, radiclogical type
of examination and estimated gonadal dose to the
individual determined from the technique used. The
items specifically recommended by the International
Commission on Radiation Protection are recorded in
the following slides. The initial slide shows the age
group subdivisions. The next slide, the anatomical
type of examination. The next slide, the radiological
type of examination and the final slide, the gonadal
dose recorded for each individual.

All data collected from hospitals, clinics and private
offices are to be handled in a strictly confidential
manner with a duplicate of the data retained by
ABCC for the sole purpose of obtaining an average
population dose.

One hoped for by-product frem this program is
that in the institutions surveyed, a considerable
reduction in dose to patients and operator during
X-ray examinations will be achieved as a result of
attention being drawn to any deviations from the
recommendations of the International Commission
on Radiation Protection.
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MEDICAL X-RAY EXPOSURE OF THE JAPANESE
BEING FOLLOWED BY ABCC

ABCCHfiR>TLS2REFADERAXRBHEE

Memorandum to Dr. George B. Darling from Dr. Franklin Hutchinson, 5 June 1959
Dr. Franklin Hutchinson 3% George B. Darling FiE5TODI1959%E6 A5 85 RAEE

The approaches to this medical X-ray exposure
problem which are outlined below are the direct
outgrowth of the pioneering work of Dr. Paul M.
St. Aubin in this field. Dr. St. Aubin has done a
remarkable job in outlining the major facets of this
problem, and the detailed steps below are merely a
recrystalization of the lines upon Which he has been
working for some time.

1. Dr. St. Aubin has an extensive set of measure-
ments on the medical X-ray exposures received at
ABCC, and these measurements will essentially be
finished by the time he leaves. His extensive and
accurate measurements, coupled with the accurate
data available from the medical case histories, will
allow a very accurate estimate of the average dose
received by persons being followed in the ABCC
program while under examination at ABCC. It will
also be possible to identify those persons which for
some special reason or other have received particularly
large doses.

2. A considerable amount of data on medical X-ray
exposure has been accumulated in form of answers
to questions in the medical questionnaire in use in
the past year or two. The accuracy of the answers
to these questions is in some doubt. Detailed gques-—
tioning of a control group by Japanese radiologists
has uncovered in general far greater medical X-ray
exposure than was reported in the simple question
on the questionnaire.

It is possible, however, that the answers to the
questionnaire can be used for a statistical study of
any significant difference between the medical X-ray
exposure of the exposed group and the control group.
This possibility will be carefully discussed with Dr.
Beebe and others of the statistics group. The
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possibility of getting more statistically significant
information by continuing to some extent the detailed
history taking by Japanese speaking radiologists
will also be followed up at this time.

3. The feasibility of a program to identify persons
who have received therapeutic doses of X-rays will
also be discussed with Dr. Beebe as well as other
interested individuals. Those who are receiving
therapeutic X-ray from malignant disease will he
readily detected, but there may be a considerable
number Who are receiving therapeutic doses of X-ray
for non-malignant conditions. Since therapeutic doses
of X—rays are a more significant item than diagnostic
X-ray examination, it is possible that the medical
questionnaire is more reliable in this aspect and may
make it possible to identify those persons who have
been unusually heavily exposed by receiving these

therapeutic doses of X-rays. _—

4. The most significant and important medical
X-ray dose will be that dose which has been received
by persons from radiologists operating in the city
of Hiroshima. Fortunately for ABCC, the Japanese
Ministry of Education is inaugurating a comprehensive
survey of medical X-ray exposure received by Japanese
people. Dr. Haruma Yoshinaga, of the biophysics
laboratory of the Hiroshima University Medical
School, is taking an active part in this program. His
particular duty will be the collection of statistics on
the number of medical X-ray examinations and the
age distribution of the people receiving each exami-
nation throughout the prefecture of Hiroshima. He
himself is scheduled to make no measturements under
the Japanese Ministry of Education program. Instead
other groups in other districts will make measurements
for various types of examinations. These output
measurements will be combined with statistical surveys
taken in several districts, and the results used to
compute national overall average. Dr. Yoshinaga has
some past experience in the measurement of X-ray
doses received during diagnosis and would like very

much to carry out such a program here in IHiroshima.

It would be of the utmost assistance to ABCC to
have available not only detailed statistics on the
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medical examinations given in Hiroshima but also
as to the doses received in these examinations under
the conditions existing in Hiroshima. It is suggested,
therefore, that ABCC make available to Dr. Yoshinaga
thefacilities whereby he could conduct such a radi-
ation exposure survey in Hiroshima.

The most importiant assistance that could be granted
would be to make available to Dr. Yoshinaga a
competent assistant Who would be capable of carrying
out the actual physical measurements. This individual
could doubtless be
in undertaking the statistical

of considerable aid to Dr.
Yoshinaga
which he isalso going to do. Dr. St. Aubin has

survey

constructed a phantom in the shape of a typical
Japanese individual, and has available the necessary
equipment to do an accurate dosimetric study. The
loan of this phantom and equipment to Dr, Yoshinaga
would make it considerably easier for him to unders
take this survey.

It is also quite possible that the facilities of ABCC
would be helpful in handling problems involved in
this survey. The results that Dr. Yoshinaga will get
will probably be of considerable significance and it
would be strongly recommended that he be given a
chance to present this work in the United States at
suitable meetings and in this way get a chance to
spend some time in the United States. ABCC could
extend this assistance to Dr. Yoshinaga by making
him some sort of an associate member of the staff,
The assistant could be provided either by an outright
grant of funds, or if this is not possible, by employ-
ing a suitable individual at ABCC, and assigning him
permanently to work with Dr. Yoshinaga.

5. The detailed data necessary to make an accurate
evaluation of the significance of this medical X-ray
exposure Will not be available for some time. In the
meanwhile it is somewhat interesting to attempt
an approXimate estimate based on the extensive
tabulation of doses given in the ““Report of United
Nations Scientific Committee on the Effects of Atomic
published in 1958.
extensive measurements of medical X-ray exposures,

Radiation™ This report lists

accompanied by detailed data on the number of
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exposures and ages of exposed people, and compiled
for a number of the major nations of the world. In
this report is quoted a figure estimated by a Japanese
dose of the

Japanese population was between 10 to 30 milliroent—

committee that the average gonadal
gens per vyear from medical X-rays. The Japanese
group made no effort to estimate the mean medical
X-ray dose received by bone marrow. However, such
bone marrow estimate was submitted by England
and Australia and came toa figure the order of 50 to
100 millircentgens average marrcw dose per year.
The U. N. Scientific Committee attempled a simple
calculation of average bone marrow dose on their
own, based on statistics with frequency of examina-
tions submitted by a number of large countries
They again
50 and 100

including the United States and Sweden.
arrived at a figure ranging between
milliroentgens per year.

From the relative gonadal doses reported from Ja.p;n
and from other countries it would appear that the
average number of exposures of Japanese to medical
X-rays were rather less than in the most highly
developed Western countries. However, in Japan a
good deal of chest fluoroscopy is still done, a proce-
dure which results in very considerable bone marrow
dose. Therefore, a preliminary estimate for the bone
marrow dose might be made by balancing off the
lower frequency of X-ray examination with the
probably somewhat higher mean marrow dose per
examination in Japan. We may thus adopt a figure
of a 100 milliroentgens per year as a provisional
estimate for the annual bone marrow received by the

Japanese population at large.

The figures given above lead to an estimated dose
over the period 1945-60 created by medical X-ray
exposure of 0.15 to 0.45 rad to the gonads, and 1.5
rad to bone marrow. These figures are to be compared
to the estimated 15 rad received at 2000 m from
hypocenter by the survivors of the Hiroshima and

Nagasaki bombs.

The validity of these estimates is very difficuli to
assess. In general it can be said that the magnitude

of the estimated doses is low enough so that it would
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appear probable that medical X-ray exposures do not
create a serious problem in the evaluation of the
exposure effects received from the atomic bomb. An
additional factor to take into consideration here is
the self-cancelling effect of looking for differences
for control and exposed populations. On the other
hand, the provisional estimates are high enough so
that if they should be off by an order of magnitude,
they might result in a considerable reevaluation of
the effects produced by a given amount of radiation.
Therefore, it is clearly necessary that the program
given above be pushed through to completion.
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