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SUMMARY

This report includes a brief history of ABCC, a
description of the major samples used in the various
studies related to the delayed effects of radiation
exposure to the atomic bombs, and a presentation
in capsule form of the major findings from ABCC
studies relating to the delayed effects of the
Atomic Bombs.

INTRODUCTION

At the time when the ABCC studies were first
started, the harnessing of atomic energy for peaceful
purposes was only a remotg possibility. With the
development of public nuclear power, there has been
an increasing demand for information on the effects
of exposure to ionizing radiation for establishing
protection standards. Because of paucity of data on
human radiation exposure, the ABCC-JNIH studies
are serving, in an important way, as bases for various
kinds of estimates on the biological effects of
exposure to different levels of ionizing radiation.

Brief History of ABCC Program. The establishment
of ABCC in 1947 provided an organizational frame-
work for surveys and studies on the delayed effects
of the A-bombs. Between 1947 and 1950, major
surveys were begun on genetic effects, hematologic
changes, cataracts, growth and development, and
leukemia. Autopsy, clinical laboratory, and out-
patient examination facilities were developed, and a
major adult medical survey begun. A nationwide
enumeration was made at the time of the 1950
National Censusito determine who were in Hiroshima
and Nagasaki cities at the time of the A-bombs
(ATB).
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Work began in late 1950 on the population sample
exposed in utero to the radiation effects of the
bomb. Shielding interviews were instituted, and
mortality studies were started. Late in 1955, the
Francis Committee proposed a unified epidemiologic
design for future work, the Unified Study Program.
In 1957, the Oak Ridge National Laboratory
became involved in the development of a physical
approach to A-bomb dosimetry.

During 1957-60, efforts were directed mainly toward
the organization and early operation of the
Unified Study Program. The extensive interviewing
for the Master Sample was largely accomplished; the
ABCC-INIH Adult Health Study sample was defined
and the study itself started; and shielding interviews
were accelerated. The Atomic Bomb Survivors
Medical Treatment Law was passed in 1957, creating
a benefit program for proximally exposed survivors
and subsequent revisions extended benefits to other
categories. The JNIH-ABCC Life Span Study and
the Fy Mortality Study were initiated. Studies were
begun on aging, cardiovascular disease, and thyroid
disease.  The Leukemia Registry became more
highly organized and strengthened. Turhor
Registries were established in Hiroshima and
Nagasaki. Radiation exposure dose (T57D) was
estimated for each individual in the various samples.

The years 1961 to 1968 was a period of consolida-
tion and development. The Master Sample was
closed in 1961, and reports on mortality experience
were issued. An in utero mortality sample was
defined, and the clinical experience of the in utero
exposed was more intensively examined. Cardio-
vascular studies were augmented, ophthalmologic
surveys undertaken, and apparent tumorigenic
effects reported for the thyroid, breast, and lung.
The autopsy program became more relevant by
restricting postmortem studies to members of the
major fixed samples under study at ABCC, and the
autopsy procurement procedure was modified to
eliminate fprmer selective influences. The Oak Ridge
National Laboratory dosimetry program yielded
more refined second-generation dose estimates
(T65D).

Major Samples. Currently, the major samples’
consist of the Adult Health Study and the Life
Span Study; the former a morbidity study of
survivors and their comparison groups based on
biennial physical examinations; the latter a study of
the mortality pattern of survivors and their
comparison groups over a period of time. The in
utero sample affords study of the population
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exposed to atomic bomb radiation in utero; the F1
mortality sample studies the life span of children
born to A-bomb survivors. The size of these
samples, and their relationships to the Master File
are shown in Figure 1.

ABCC Reports. On the basis of the various source
data developed in ABCC over the years, many
studies have been conducted. The ABCC Technical
Report series was established in 1959 and now
includes well over 400 reports.2 Several monographs
and numerous journal articles have also been
published. Although the primary interest of JNIH-
ABCC concerns radiation effects of the A-bombs on
the surviving population, the publications include
other studies of scientific interest to clinicians,
pathologists, radiologists, geneticists, and statisti-
cians.
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Among these are reports of investigations of other
radiation sources acting as possible contaminants.
The findings from the different studies are of
varying significance. Because of the relatively small
sample size, the results of a number of studies have
been inconclusive. In some cases, the accumulation
of additional data has turned up significant findings.
In others, the results have been essentially negative -
that is, radiation effect could not be demonstrated.
In areas where certain effects have been predicated
on the basis of theory or animal experimentation,
these negative findings are as important as positive
results.

RADIATION EFFECTS OF THE BOMBS

This report includes some of the more important
findings in capsule form. These items are keyed to
the report from which they were drawn to facilitate
reference to the original article. It is advisable to
consult the original articles because these brief
extracts exclude details necessary for full under-
standing of the problem.

-
.

Some Limitations of Data. Although these epidemi-
ological studies included control groups for com-
parative purposes, it was not possible to set up an
ideal population sample. For example, the number
of survivors exposed near the hypocenter is limited,
and cannot be augmented. The selection of a
proper control group presents another problem.
Essentially, any control group should resemble the
experimental group in every respect excepting
factors being tested (radiation exposure in this case).
Because everyone in the hypocenter areas was
exposed to some degree, a sample was taken of the
population residing in the city at the time of the
survey who were not in the cities ATB. The
not-in-city (NIC) groups were subdivided into early
and late entrants into the cities since they might
have represented different kinds of populations.
Actually, the NIC group appears to differ from the
A-bomb survivors in other respects such as socio-
economic status. Therefore, in many instances, the
NIC group has been abandoned as a control in favor
of survivors with very low exposure doses, for
example, 0-9 rad. The question of a proper control
is still a problem.

The studies involving the major ABCC samples
relate to the A-bomb survivors who were alive at the
initial survey about 5 years after the bombs.
Therefore, the samples exclude the more severely
injured, and offer the possibility of measuring the
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delayed effects of exposure, from light to moderate-
ly heavy radiation dose. However, it is not possible
to separate blast or thermal effects from the
radiation effects.

Sample size poses a problem. When the data are
classified by city, sex and age, radiation exposure,
and causes of illness or causes of death, the
frequency of events dwindles very rapidly. This
introduces variability into the data, and creates
difficulties in their interpretation. Inferences can
be made only after the performance of statistical
tests of significance to give some assurance that the
differences observed are not due to chance alone.

The Japanese family registration system results in
efficient and convenient notification of deaths.
However, there is something more to be desired in
the diagnostic data on the death and morbidity
records. FEvaluation® of the medical certificate of
cause of death has brought some assurance as to the
quality of diagnostic data on death certificates,
especially for malignant neoplasms of various sites.

The clinical diagnoses available for the Adult Health
Study are difficult to characterize, especially if they
are not based on laboratory findings. Most investi-
gators have used the coded diagnoses for initial
ascertainment only, reexamining the patient or
reviewing the chart to make final selections in
relation to study criteria. There is little information
on the frequency with which diagnoses are missed.
The ascertainment varies also in relation to the
special interests and experience of the examiners at
one time or another, the existence of particular
substudies, and other factors.

For radiation exposure data, the field investigators
gathered specific information on distance-shielding
configuration, and acute symptoms. These retro-
spective data are biased to an unknown extent by
recall problems.

The early studies were made on the basis of exposure
classification comprised of distance from hypocenter
and acute radiation symptoms. In 1957, the first
dosimetry system (T57D) was adopted, and in 1966,
the second, or T65D, system. Each system involves
rules for calculation of separate gamma and neutron
doses to the individual based on his distance from
the hypocenter and his shielding configuration.
Even in the T65D system, the procedures do not
apply to subjects in reinforced concrete buildings,
in factories with heavy machinery, or in streetcars.
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SELECTED MAJOR FINDINGS

Some of the more significant findings from various
studies are reported here. Because of different
latent periods for different effects, the findings
generally apply only to the period of observation.
A negative finding at one point in time does not
necessarily mean that certain effects will not be
manifested later. For example, earlier studies gave
no indication that malignancies would be a special
problem for those with radiation exposure during
childhood. = However, recent studies show the
incidence of malignant neoplasms is rising rapidly in
this cohort. Conversely, effects such as leukemia
are beginning to wane.

Genetic Effects. Significant effects of parental
exposure to the A-bomb on stillbirth or infant
mortality rates, birth weight of child, or on the
frequency of congenital malformations have not
been detected.*

The sex ratio (ratio of male to female babies) was
expected to decrease if the mother had been
irradiated, and to increase with paternal irradiatién.
An earlier study suggested such a shift, but ad-
ditional data failed to confirm this hypothesis.’

No relationship has been observed between parental
exposure and the mortality of children.®

No significant increase in leukemia incidence has
been observed in the offspring of persons exposed to
A-bomb radiation.”

A preliminary cytogenetic study in the offspring of
A-bomb survivors showed no evidence of radiation
effects on meiotic chromosomes.8

Radiation Injuries. Three major symptoms of
acute radiation exposure were observed — epilation,
bleeding (including purpura), and oropharyngeal
lesions. Acute radiation symptoms increased almost
linearly from 5% to 10% among those exposed to
total dose of 50 rad to 50% to 80% of those with
about 300 rad exposure, after which the proportion
levelled off.’

Delayed Effects on Growth and Development. Head
circumference and height were significantly smaller
in children in utero whose mothers were proximally
exposed and evidenced major radiation symptoms.!®

Consistently smaller head and chest circumferences,
weight, standing and sitting heights at ages 14 to 15
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years were found among Nagasaki children whose
mothers were exposed to high doses.!?

Height, weight and head circumferences at 17 years
of age were significantly smaller in the Hiroshima
in utero children whose mothers were proximally
exposed.'?

Decreased head circumference was most prominent
among those in the first trimester of gestation
ATB.B?

Body size was smaller and body maturation less
advanced in the Hiroshima exposed children.!
Adult height was significantly less among Hiroshima
children 0-5 years of age ATB exposed to high
doses. Dose effect declined with increasing age
ATB, but adult weight was less regardless of
age ATB.!®

In a small sample of cases, tissue from the exposed
population was found to have a smaller hexosamine
to collagen ratio than the nonexposed, suggesting
possible accelerated aging among those proximally
e.!(posed.16

There was no radiation effect on bone maturation
among those exposed to radiation in utero ATB.?

Delayed Effects of Disease Occurrence. The first
demonstrated delayed effects of the A-bombs were
radiation cataracts in about 2%4% of survivors within
1000 m from the hypocenter. Cataracts were the
only delayed manifestations of ocular injury from
the A-bomb. The latent period for subjective
disturbances from cataracts appears to have been
about 2 years.!8

Prevalence of mental retardation was high in those
exposed in utero less than 1500 m from the
hypocenter. Mental retardation was more frequent
in those exposed between the 6th and 15th weeks
of pregnancy, the period of brain differentiation
and development of the cerebral cortex.!®?°

For in utero children, the death rate for all causes,
especially among infants, increased with intensity of
radiation exposure of the mother. However, no
increase in mortality from leukemia and other
cancers was observed.?!

No relationship between the prevalence or incidence
of rheumatoid arthritis and radiation dose has
been found.??
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Abnormalities of the superficial minute vessels were
found in those under 10 years ATB who were
exposed to 100 rad or more. Labial and lingual
mucosa were more frequently affected than were
nail fold and bulbar conjunctiva. These findings
suggest that A-bomb exposure affected the entire
vascular system.?>?*

There was no evidence of a relationship between
the prevalence of cardiovascular diseases and radia-
tion exposure,25 or between mortality from cardio-
vascular diseases and radiation.?®*?”

There were minor elevations in mortality from
causes other than neoplasms but, all in all, there
was little evidence of radiation effect on other
causes of death, including tuberculosis, stroke, and
other diseases of the circulatory system.?” This
suggests that there was no nonspecific radiation
effect such as acceleration in the aging process.26

Lung cancer mortality increased with dose. This
increase was particularly significant for those
exposed at ages 35 years and over ATB.?’ 3%

The occurrence of thyroid cancer was higher in
women than in men and showed a significant
elevation with the increase in dose. For those less
than 20 years ATB, no sex difference in incidence
was evident.?®

Salivary gland tumors increased more than five-fold
among survivors exposed to high radiation doses
compared with the nonirradiated population.?®

The relative risk of breast cancer was significantly
higher among the heavily irradiated women in the
Life Span Study as well as in the Adult Health
Study. Women who were young at the time of the
bomb and are now entering the ages of higher
cancer incidence appear to be at greater risk from
breast cancer.*®

No relationship has been found to date between
radiation dose and prevalence of cancers of the
stomach,‘a’1 gall bladder and bile duct,3l2 liw;r,33
bone,* and skin.?*

Mortality from disease was higher among survivors
who received large radiation doses than among
those with small doses or those not in the cities.
Excessive mortality was especially high for leukemia,
where the radiation effect appeared to be present
even among those estimated to have received 10-49
rad. Mortality from cancer apart from leukemia
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was also elevated in survivors with large radiation
doses, but could be demonstrated with reliability
only among those with doses exceeding 200 rad.?”

Leukemia rates in the high dose groups have
declined persistently during the period 1950 to
1970, but have not reached the level experienced by
the general population. However, death rates for
cancer of other sites have increased sharply in recent
years. The latent period for radiation induction of
cancers other than leukemia appears to be of the
order of 20 years or more under the conditions
experienced by the survivors.?”

There was an increased leukemia incidence with a
dose-response relationship and the peak occurred
6 years after exposure. Acute lymphocytic, acute
myelogenous, and chronic myelogenous leukemia
were induced but not chronic lymphocytic leukemia.
The effect was greatest among those exposed
during childhood. 3738

The lowest dose category with increased frequency
of leukemia was 20-49 rad, considerably less than
the earlier low of about 80 rad. This effect at 20-49
rad was found only in Hiroshima where neutrons
constituted a substantial fraction of the total dose.
In Nagasaki, exposure to neutrons was very small
and no cases of leukemia occurred among survivors
exposed to 5-99 rad.*

After a latent period of about 15 years, children
who received radiation doses of 100 rad or more
have begun to develop an excessive number of
malignant neoplasms. Now, 25 years after exposure,
the accumulated increase is most striking, with no
evidence as yet that a peak has been reached.
During the next 10 years, these persons will be
entering ages when cancer incidence ordinarily
begins to increase.

Forty cases of aplastic anemia were confirmed in
A-bomb survivors in a 20-year period, but the
increase in risk due to radiation exposure was not

statistically significant.!

The prevalence of thyroid disease increased with
dose among Hiroshima females and among those
0-19 years ATB in Nagasaki.*?

An increase in prevalence of miscellaneous eye
diseases after radiation exposure was noted, except

among females age 50 or more ATB.*2

Other Findings. No consistent differences have
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been found by radiation exposure for pregnancy,
birth and stillbirth rates, and percentages with zero
pregnancies.“‘“

Studies of cultured lymphocytes have demonstrated
that radiation induced chromosome aberrations
still persist more than 20 years after A-bomb
exposure.*>** Furthermore, their frequency appears
to be proportional to the exposure dose.*”

A high proportion of those in utero whose mothers
received a dose of at least 100 rad evidenced
complex chromosomal abnormalities as compared
to the comparison groups.*®

There has been no manifestation of clinical disease
associated with chromosomal abnormalities.*
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