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SUMMARY

One of the overriding concerns about the con-
sequences of the atomic bomb explosions was
the possibility of genetic changes which would
affect the future generations of the populations
of Hiroshima and Nagasaki. This and the somatic
effects on the A-bomb survivors constituted the
focus of interest of the Atomic Bomb Casualty
Commission (ABCC, now the Radiation Effects
Research Foundation) for the past 30 years.

The task of detecting the effects of exposure to
ionizing radiation is a difficult one for many
reasons. Not the least important of these is that
the method of measurement is not appropriate
or sensitive enough to detect the biological
consequences of the A-bombs. Therefore, over
the years new and more sensitive methods have
been introduced in the search for the effects
of radiation exposure from the bombs. Thus
far, there is no evidence of genetic changes attri-
butable to the A-bombs. On the other hand,
the follow-up studies on the surviving population
have brought to light certain delayed effects of
ionizing radiation. These findings may be
summarized briefly as follows:

The growth and development in terms of
height, weight, and head and chest circumfer-
ences were less for children in utero whose
mothers were proximally exposed. Smaller
head size and mental retardation appeared to
be associated with radiation exposure.
Mortality, especially during infancy, was
significantly higher among children exposed
in utero, and increased with dose.
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Delayed effects of disease occurrence, particu-
larly neoplasms, have been observed. Of
special significance is the increased leukemia
incidence with a clearcut dose response
relationship with the peak coming 6 years
after exposure. Although the leukemia rates
in the high dose groups have declined
persistently from 1950 to 1972, they have not
yet reached the level experienced by the
general population. For the solid tumors,
lung cancer, thyroid cancer, salivary gland
tumors, breast cancer, cancer of the esophagus,
stomach and the urinary tract, and lympho-
mas have been found to be associated with
A-bomb radiation exposure. Also, cancers of
the digestive system appear to be implicated.
The latent period for the solid tumors appears
to be less than 20 years. After a latent period
of about 15 years, children who received
100 rad or more A-bomb radiation have
begun to develop an excess of malignancies.
Some 25 years or more after exposure, the
accumulated increase of cancer is relatively
high, with no indication that a peak has been
reached.

Radiation induced chromosome aberrations in
survivors continue to persist, and the aber-
ration frequency is, in general, proportional to
the radiation dose received.

To date, there is no evidence of a relationship
between radiation dose and cancers of the
gallbladder, and bile duct, nterus, bone, and
skin. Nor has there been any demonstration
of an association between cardiovascular
disease and radiation exposure. The findings
on rheumatoid arthritis, tuberculosis, and
stroke are also essentially negative. The cases
of radiation cataracts found were too few
to establish dose relationship.

The marriage rate is low for persons heavily
exposed in utero, but no consistent relationship
was observable between radiation exposure
and childless marriages, number of children,
and interval between marriage and first births.
There is no evidence of total sterility in
adulthood of males exposed to ionizing radia-
tion in utero or in the prepubertal period.

INTRODUCTION
On 6 August 1945, the first A-bomb explosion
occurred over Hiroshima, a city of about
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255,000 population. On 9 August the second
bomb was detonated over Nagasaki with an
estimated civilian population of 174,000,
Shortly after the end of World War II on 15
Avgust the Japanese and the United States
governments sent teams to investigate the effects
of the bombs. The number of civilians killed in
Hiroshima was estimated to be 78,150 and in
Nagasaki 23,750. No information is available
to us about the casualties among the military
personnel, which was probably substantial in
Hircshima because it was known to be the
military staging area for southeast Asia.

The total consequences of the bombs will
probably never be known. However, in order to
ascertain how the A-bombs might affect the
population in the years subsequent to the
exposure, ABCC was established in 1947 and
was joined formally in its studies by the National
Institute of Health of the Japanese Ministry of
Health and Welfare in 1948, In 1975, ABCC was
succeeded by RERF, a joint activity of the
Japanese and United States governmenis to
continue the surveillance of the A-bomb survivors
in the two cities for the long-term effects of
ionizing radiation.

This is a summary in capsule form of the more
significant findings of studies that have been
conducted over the past 30 years. Some of the
positive findings are of great scientific interest.
On the other hand, some of the negative findings,
especially with respect to genetic consequences,
also have far-reaching import.

PROGRAM OF STUDY

Major surveys and studies were started between
1947 and 1950 to determine genetic as well as
somatic effects of the bomb. Autopsy, clinical
laboratory, and outpatient examination facilities
were developed, and a major adult medical
survey was started. A nationwide enumeration
was made at the time of the 1950 National
Census to determine who were in Hiroshima and
Nagasaki at the time of the A-bomb (ATR).

In late 1950, work began on the population
sample exposed in utero to the ionjizing radiation
of the bomb. Interviews were conducted to
ascertain the shielding configuration ATB of the
exposed population. In 1955, the Francis
Committee proposed a unified epidemiologic
design for future work, the Unified Study

RERF TR 5-77

TEFRMFARTFTah, KT8 HIF Iz, H#E
AO174,000 A EMHICEBRIETasNAE BA
Boo®E_ /it A RBHESEOER, BF2 6T
REBMFEEROVELZRET 3 0B KBIHE
HefEL A —BRAROEEFRCERIES TR
78,150 A, R TIE23,70ATH /. EBIEHEE
TIYTHFANOBREDBMBEEMAERTS > 20T,
HETRHLSKEORRFERLEGBLALOLESDL
had, TORBEHIC>VTHEES B ATY
z,

BRILAHEROENEMI I &, o (R HE
ThB. LALEHS, HBECHT I2REBLEN
T Ak, 194TFECHBEENEEZAES (ABCC) #
BUEN, TOUEOIMBEIZZ, BEEET TR
A4 8 A A ABCC v Ic ER oL /. ABCC
OBLEBART B 401z, 197581203 B KT EBRF
DHEEBEEL L THRERVENRFFRILEH, E
BEHBROREBLZRERT ENEL > TIRE - B
Ao #HBRELREBRELTHET L1202

T, BAHIVEMIzhLETIThRTELAZD
BELHRLFEHLALOTHS. BEMFTREOP
213, BEMcRTHRECREZERZ2L20D
HbH. —H, FLREZNHAE» B 5B
MRIZLEN, HEEHR2L2LD5FFhTwa.

AESOTS A
FELHEFRAEHROBEAEE L FER AR
BIETHELHRET M II0MIES 5 1950FE 0
Miztad b iz, 8RR, BEMRES L UIRa20
BFb B, KRELIRARZNEE I MEE AL,
19504 FESRMEDOR I, FBECLE - Blizy
REOLEWBEFFh AL

19504215 U112 13 AP T B BT SR TR L 2 A LT8R
Bz T HE AR 5 k. BB EHO KRS
DERREIRIAT2AO0EEEEF ThH NI
1955612 1F, IFROBEEN DO — SN EFRIF
B, T4#bbHEAMEHB S Francis ZESIZ k-



RERF TR 3-77

Program. In 1956, the Oak Ridge National
Laboratory undertook to develop an A-bomb
dosimetry program utilizing among other things
the information obtained in the shielding survey
to provide a better basis of estimating radiation
exposure for each survivor. Up to this time,
radiation exposure was measured in {erms
of distance from hypocenter and certain
radiation symptoms, The new method provided
estimates of whole-body air dose attenuated by
shielding configuration,

In the period 1957-60, efforts were directed
mainly toward the organization and early
operation of the Unified Study Program. The
extensive interviews for the Master Sample were
largely accomplished; the ABCC-JNIH Adult
Health Study (AHS) was defined and the study
itself started; and the shielding interviews were
accelerated. Also, the JNIH-ABCC Life Span
Study (LSS) and the F; Mortality Study were
initiated. Studies were begun on aging, cardio-
vascular disease, and thyroid disease. The
Leukemia Registry was reorganized and strength-
ened. Tumor Registries were established in
Hiroshima and Nagasaki. Radiation exposure
dose (T57D) was estimated for each individual in
the major samples.

The years 1961 to 1968 was a period of consoli-
dation and development. The LSS sample was
closed, and the issuance of reports on mortality
experience was started. An in utero mortality
sample was defined, and the clinical experience
of the in utero exposed was more intensively
examined. Cardiovascular studies were aug-
mented, 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 procure-
ment procedure was modified tc eliminate
former selective influences. The Oak Ridge
National Laboratory dosimetry program yielded
more refined second-generation dose estimates
(T65D). The cytogenetic studies program was
initiated to study radiation induced chromosomal
aberrations.

In the early efforts to investigate the delayed
effects of the bombs, no clear effects of parental
exposure could be demonstrated in the study
of sex ratios, frequency of congenital malfor-
mations and of stillbirths, and survival and
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FIGURE 1 POPULATION OF HIROSHIMA & NAGASAKI CITIES 1950
BY AGE, SEX, & EXPOSURE
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physical development of the infant during the
9 months following birth. More recently, with
the emerging ability to identify and characterize
protein variants, a search for evidence of genctic
effects of radiation at the protein level was
begun. This, coupled with family studies of

oA NOT INCITY

those showing protein variants, will provide a-

more sensitive method for the study of genetic
. effects of radiation.

SURVIVING POPULATION

In connection with the National Census of 1950,
an attempt was made to reconstruct the surviving
population of Hiroshima and Nagasaki ATB. The
enumerated survivor population and the
population that migrated to the two cities
subsequent to the bombs are shown in Figure 1.

The survivor population represented only a
fraction of the total population enumerated in
1950. Also, the distribution of male survivors
reflects the wartime sitvation with respect
to service of males in the armed forces. Except
for boys of school age, the population profile of
males in both Hiroshima and Nagasaki does not
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FIGURE 2 ESTIMATED PERCENTAGE OF ATOMIC BOMB SURVIVORS 1951
HIROSHIMA & NAGASAKI
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show the pyramidal distribution of a normal
population,

The survivorship curves (Figure 2) show relatively
low mortality 2500m or more from the
hypocenter. About 50% of the population
within 1300m from the hypocenter were killed.
The higher cumulative survivorship for the
Nagasaki population as compared with that of
Hiroshima reflects the protective nature of the
terrain in Nagasaki. The blast in Hiroshima
took place in the open, whereas in Nagasaki,
the bomb exploded between two ridges which
more or less contained the explosion.

MAJOR STUDY POPULATIONS

The present major sample populations were
drawn for the study of morbidity and mortality
among the survivors (Figure 3.1 The Adult
Health Study (AHS) is a morbidity study based
on biennial physical examinations of the survivors
and their comparison group, or the control
population. The Life Span Study (LSS) is a
study of the mortality pattern of survivors and
their compariosn group over a period of time.
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FIGURE 3 MAJOR ABCC SAMPLES, SIZE AND DATE SAMPLED,
HIROSHIMA & NAGASAKI COMBINED

3 EELABCCHEM, T KE& LEMEFH(LS - BHEE)

MASTER FILE
670.000

i 1 1 1
LIFE SPAN STUDY SAMPLE tN UTERD MORTALITY IN UTERD CLINICAL
EXTENDED Fy MORTALITY SAMPLE SAMPLE SAMPLE
(ST-100, EXTENDED) - -~ 1508
110,000 :
May 1946.Dec. 1958 August 1545-May 1946 :::':;::f:;ém
October 1950

LIFE SPAN STUDY
SAMPLE
{sT-100}
100,000

October 1950

LIFE SPAN STUDY
SAMPLE, EXTENDED
PORTION

10,000

{

ADULT HEALTH STUDY

LIFE SPAN STUDY

SAMPLE SAMPLE NOT 1N
(ME-200)
% 000 ME-200
. %0,000
Octeber 1350

DOperntivns! in 1958

The F, Mortality Sample includes offspring of
the population exposed to A-bomb radiation.
Originally, this sample was constructed from live
births recorded during the interval 1 May 1946 -
31 December 1958 to parents both of whose
residences, when the child was born, were in
Hiroshima or Nagasaki, and whose exposure
status was recorded in the ABCC Master File. In
1975 a decision was made to up-date this sample
to include children of survivors born after 1958,
This sample will continue to be used to study the
life span of children born to A-bomb survivors.
Also, it is being used in the cytogenetic studies
of offspring of A-bomb survivors and in the
investigation of genetic effects of atomic radiation
on the protein structure in children of survivors.
The latter is the most recent member of the
family of studies on the effects of the bomb for
the detection of genetic variations at the protein
level.

RADIATION EFFECTS OF THE BOMBS

This report includes some of the more important
findings. These items are keyed to the report
from which they were drawn to facilitate
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DECEMBER 1358,
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reference to the original article. It is suggested
that the original articles be consulted because
these brief extracts may not include details
necessary for full understanding of the findings.
The findings from the different studies are of
varying significance. Because of the relatively
small sample size, 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 cerfain effects
have been predicated on the basis of theory or
animal experimentation, these negative findings
are as important as positive resulis.

SOME LIMITATIONS OF DATA

Although these epidemiclogical studies included
control groups for comparative 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 contrel group should resemble the
experimental group in every respect except the
factors being tested (radiation exposure in this
case). Because everyone in the area was exposed
to some degree and subject to blast effects and
burns, 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) group was subdivided into early and late
entrants into the cities since they might have
represented different kinds of populations.
Actuaily, the NIC group appears to differ from
the A-bomb survivors in other respects such as
socioeconomic 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, or 0-9 rad.

The studies involving the major samples are
_based on the A-bomb survivors who were still
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 delayed effects of exposure,
from light to moderately heavy radiation dose.

Sample size poses a problem. When the data are
classified by city, sex, age, radiation exposure,
and causes of illness or causes of death, the
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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 fo 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. Evaluation of the medical certificate of
cause of death has brought some assurance as to
the quality of diagnostic data on death certifi-
cates, especially for malignant neoplasms of
certain sites.?

The clinical diagnoses available for the AHS
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 medical records 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 investi-
gators gathered specific information on distance-
shielding configuration, and acute symptoms.
These retrospective 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 1958, the first dosimetry system (T57D) was
adopted, and in 1966, the second, or T65D,
system. Each system involves rules for calcu-
lation 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 individuals in reinforced concrete
buildirigs, in factories with heavy machinery,
or in streetcars,

SELECTED MAJOR FINDINGS
Some of the more significant findings from

RERF TR 5-77

FLABEOEHRIEECHE LS. COLD
CEBHIEB KA S h, BHOBRG B2 3.
MEShHEHMBRILLELEOTREVIEED
VT HSEENEE LB DB HEERE £
o COld TIRAFTHEE 5 5.

HETHFHHEOL & THCO BB B RMC,
POBEHIFbhTwE. LL, BULEROR
FlreoshiBoF—2I1cid, KNHEALERO
A YEER BB RS REBHECRBE R
TWAFEEL>WTORIOZE,? FECRHED
Bl BrsasnEMEmclly 32 0E
L VTRV S POBEEF RO LA,

WABRFEREOBEKZE L, ERARELR LR
THHFEnIEY, ZOBHUEAELDLZZEIIER
Thd. ZWTVLOFHESER, FRLELTVER
s BMOEFME0LZb IRV TEY, B§E
OREBUALGLERBREIBELHER T2 L
HEFEGERNT AL E-TIT2TE. B
BFABEET IHEELE>UTHEEA LD S & v,
BEFHBIZ 517 3 BB Y H O D W & L8,
HVWEIHFENRODEE, bLUVEZOMOEFIIL-
Th, ERRREE-TL 5.

MAHEHRER L T, BEBGERE, BER
eI UVRAEERC>VWTOESM S EREED .
ZOREME, EREECE-THBALDT, B
OREI L ARNORI Kb 5.

HOFRIE, RO 5 0 R L S HE RAER
CUEAHBRES TR TV TEEI A, 19584 1
BHOBRMEESS (TSTD) FRBE R, 1966412
gF2onkX, Tabb, TEHEDHFAFER s L.
ZOZOOHRTIE, ROMA 5 0L EERKRT
CHTUTEADT v B LU ET OB S5 4
CEET 320D RENFELLATWS. TGBDA
REV2TL LBy 27— bOEY, BELHE
BEnssIHBzARBEn Iz AREFIIOL
TRIDBEEERATE 2V,

BENEXEMRR
H4DWE»GBLATVARLBAOHSMAD



RERF TR 5-77

various studies are reported here. Because of
different latent periods for different effects,
the findings generally apply only to the period of
cbservation. 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 malig-
nancies would be a special problem for those
with radiation exposure during childhood.
However, recent studies show that the incidence
of malignant neoplasms is rising rapidly in this
cohort. Conversely, effects such as leukemmia are
- beginning to wane.

When the frequency of evenis is small, the
variability in the data will be large, and certain
statistically significant differences may occur
due to chance only. In such cases, repeated
observations, that is, accumulation of more
data will result in findings which are no longer
statistically significant.

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, although geneticists agree that
radiation probably causes mutations in man.’

The sex ratio (ratic of male to female babies)
was expected to decrease if the mother had been
irradiated, and to increase with paternal irradi-
ation. An earlier study suggested such a shift,
but additional data failed to confirm this hypo-
thesis.* 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.?

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

10

EFaIULERTS. 2hehoRRod+o#
RAMARL 30T, TIIEMT 2RI, —#F
HEEORBECTbALMBINANTIEE 00
Thb. bEBALLFPBWTTENMENbak L
LY, H2HOEEFERERLEZVESLS L
JTEESTLHEEWRL 2. &2, 0N
ET, PREBCRHESERLATCEOTELE
EAERNEMECESZLEeTRTHMRIE R A o 2.
Lal, RECHETE, EHEEF ORI
BEIIHIMLTWAZEFTEDBSATV S, B,

BB &L IZHIBHTVILDLH 5.

REMFHADPEBFIRT-Y0EMHERKE L
2N, HHHIAELHI3HOLEFrBRIIL»TO
GEIIBELHD. COLILEHE, RROEY
EiLl, #4hsRBEESICREMTAE, £EIX
A ERETEVEVIHRIIEDZTHS ).

WEGHEE. BEFELLIREEI v MORAE
REBISHITHAFIEWI—HLAERZL »
Twv A, FEESE, FLRFECH, HEEREE AR
EERGEFEVEEIIALT, BOFRERIILEF
BhiMBUBRDo AL, LD

FHOME (XF T8 TOEHE) &, BHIK
HHGREZ2ZOTVERAIEEIL, KROBRE
MY 2 FFREsAE THOBE T,
ZOEIREANREIAEN, FORDEINEY
TRCODEHRIWERTCEL -2 HHOBEL
FOFHEDNFECELOBIMFEEIRO LD -

.56

FREOFHCE, AMFREROGRLHMTE
Mohadhah? HBREOFHICMT S FiMML
HigRiEFMEE T, EMERREFCHT IR
HEaREoBHIRbshiho 2.0

HWHEEE. RHGEBoTEsERE LT, B
£, HEEFECHNE L UOREEREFEDZ>H
EHEFICEEZ - THRBE LA BMEBIRERKD
R, BEROrad DEBEIZHITZ35%—10%
H5#30rad DEWMH CHIFA50%—80% 2 TIF
EAYEBEIZRINUL, TR EII2AEZ R
LAVICHIEIREE 2 5720



RERF TR 5-77

FIGURE 4 SMALL HEAD SIZE — IN UTERC ATB BY EXPOSURE
GESTATIONAL AGE, & CITY
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Delayed Effects on Growth and Development,
Head circumference and height were significantly
less in children in utero whose mothers were
proximally exposed and reported evidence of
major radiation symptoms, and those exposed
prior to the 18th week of pregnancy (Figure
4).3%1  prevalence of mental retardation was
high in those exposed in utero within 1500 m
from the hypocenter., Mental retardation was
more frequent in those exposed beiween the
6th and 15th weeks of pregnancy, the period of
brain differentiation and development of the
cerebral cortex.!®!® In terms of radiation dose,
significant increases in the prevalence of mental
retardation occurred at doses over 50 rdd in
Hiroshima and 200 rad in Nagasaki with the risk
of mental retardation being generally higher with
increasing dose."

Consistently smaller head and chest circum-
ferences, weight, standing and sitting heights
at ages 14 to 15 years were found among
Nagasaki children whose mothers were exposed
to high doses.”S Height, weight, and head
circumferences at 17 years of age were signifi-
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FIGURE 5 AVERAGE ADULT HEIGHT AT 5TH CYCLE EXAMINATION
(1966-68) BY AGE ATB & EXPOSURE, HIROSHIMA
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cantly less in the Hiroshima children in utero
ATB whose mothers were proximally exposed.'®

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
or from solid tumors was observed.!” There was
no radiation effect on bone maturation among
those exposed to radiation in utero ATB.18

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

Delayed Effects on Disease Occurrence, The
earliest noted delayed effects of the A-bombs
were the occurrence of posterior lenticular
cataracts in some of the heavily irradiated
survivers.?! In a later review, posterior sub-
capsular changes on the lens were the most
consistent findings in the various ophthalmologic
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FIGURE 6 RELATIVE RISK & 80% CONFIDENCE INTERVALS 200+ RAD VS 09 RAD
FOR VARIOUS TUMORS AS CAUSE OF DEATH - 1950-72
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studies at ABCC. Except for the very few with
marked opacity of the lens, there seemed to
be little alteration in visual acuity,??

The major problems of A-bomb radiation
exposure relate to neoplasia, especially lenkemia,
among the exposed population. Figures 6-8
summarize some of the mortality experiences of
the survivors with respect to neoplasms, The
estimated number of deaths from neoplasia
attributable to A-bomb radiation in the period
1950-74 is summarized as follows;?

EREFRTH- ;. KEEIHELREBSOH - L
I oHFERGE, BEEACESEOEMLES
o

ERRHEEBCcI2TES4MBEIEBREEREC
Aoh3HEY, FrrAnBIMETILOTH B
M6—8iz, HBAEBREEOHLEWICILAFECTHEILD
MTENDVBL DA e LB 1950—T4ED I
HHAERKHBEFEREELNIHEMII L33
ERCHITENOEENTH B ;P

Number of survivors in 1950
Normally occurring deaths

Deaths attributable to neoplasia*

as % of normal deaths
/1000 persons

285,000
70,000
337-492
0.5-0.7
1.2-1.7

* 009 confidence intervals

Excessive mortality was especially high for
leukemia, where the radiation effect appeared
to be present even among those estimated to

0% o {EHER

BHitfEIz L 3FECEOHMAFICHL, 10—49rad
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RATE — CASES/105/YEAR
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FIGURE 7 DOSE RESPONSE CURVES FOR ESTABLISHED CARCINOGENIC
EFFECTS OF ATOMIC RADIATION
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FIGURE 8§ CUMULATIVE PROBABILITY OF DEATHS FROM STOMACH CANCER,
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FIGURE 9 MORTALITY RATIO & 80% CONFIDENCE INTERVALS 200+ RAD
VS 100-199 RAD BY TIME PERIOD FOR DEATHS FROM LEUKEMIA, 1950-72
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have received 1049 rad, Leukemia rates in the
high dose groups have declined persistently
during the period 1950 to 1972, but have not
reached the level experienced by the general
population (Figure 9). 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 based
on mortality data appears to be of the order to
20 years or more under the conditions ex-
perienced by the survivors.? However,
morbidity data for breast cancer suggest that the
effect may have begun within the first 10 years
after the bomb.?

There was an increased leukemia incidence with
a dose-response relationship and the peak
occurred 6 years after exposure. Acute lympho-
cytic, acute myelogenous, and chronic myeloge-
nous Jeukemia were induced but not chronic
lymphocytic leukemia. The effect was greatest
among those exposed during childhood 228

The lowest dose category with increased
frequency of leukemia was 20-49 rad, consider-
ably less than the earlier low of about 80 rad.
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This effect at 20-49 rad was found only in
Hiroshima where neutrons constituted a sub-
stantial fraction of the total dose. In Nagasaki,
exposure to neutrons was very small. No excess
risk from leukemia was observed among survivors
exposed to radiation dose under 100 rad in
Nagasaki.?®

Lung cancer mortality increased with dose. This
was particularly significant for those exposed at
ages 35 years and over ATB.*#

The prevalence of thyroid disease other than
cancer increased with dose among Hiroshima
females and among those 0-19 years ATB in
Nagasaki.® 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.3!

Salivary gland tumors increased more than five-
fold among survivors exposed to high radiation
doses compared with the nonirradiated popu-
lation,*

The relative risk of breast cancer was significantly
higher among the heavily irradiated women
in the LSS as well as in the AHS. Women who
were young ATB and are now entering the ages
of higher cancer incidence appear to be at
greater risk from breast cancer,?

Cancer of esophagus, cancer of the urinary tract,
and lymphomas have been found to be associated
with A-bomb radiation exposure, In addition, a
residual group of cancers of the digestive tract
other than esophagus, stomach, large bowel,
rectum, and pancreas was found to be significantly
related to radiation dose, suggesting that one or
more additional digestive organs may also be
involved.?

After a latent period of about 15 years, children
exposed to radiation doses of 100 rad or more
have begun to develop an excessive number of
solid tumors. Some 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.

No relationship has been found to date between
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FIGURE 10 RELATIVE RISK & 80% CONFIDENCE INTERVALS 200+ RAD
VS5 09 RAD FOR MAJOR CAUSES OF DEATH, 1950-72
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radiation dose and prevalence of cancers of the
gall bladder and bile duct,*® bone,® and skin.%

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.?

An increase in prevalence of miscellaneous eye
diseases after radiation exposure was noted,
except among females age 50 or more ATB.¥

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 fingernail fold and bulbar conjunctiva.
These findings suggest that A-bomb exposure
affected the entire vascular system.’®** No
relationship between the prevalence or incidence
of rheumatoid arthritis and radiation dose has
been found.*® There was no evidence of a
relationship between the prevalence of cardic-
vascular diseases and radiation exposure, or
between mortality from cardiovascular diseases
and radiation 2»¥42
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FIGURE 11 CUMULATIVE MARRIAGE RATES BY 5EX & EXPOSURE
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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.42 There was no evidence to show
that the occurrence of benign tumors or diver-
ticula was related to prior ionizing radiation
exposure ATB.** Figure 10 shows the relative
risk for major causes of death.

Other Findings. No consistent differences have
been found by radiation exposure for pregnancy,
birth and stillbirth rates, and percentages with
zero pregnancies. ™  The marriage rate is low
for persons heavily exposed in utero as compared
with nonexposed or lightly exposed persons
(Figure 11). However, no consistent relationship
was observed between radiation exposure and
childless marriages, number of births, and the
interval between marriage and first birth
There was no evidence of total sterility in
adulthood of males exposed to ionizing radiation
in utero or in the prepuberta} period.*’
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FIGURE 12 CHROMOSOME ABERRATIONS IN THE ADULT HEALTH STUDY
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Studies of cultured lymphocytes have demon-
strated 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 (Figure 12).%

A high proportion of those in utero whose
mothers received a dose of at least 100 rad
evidenced complex chromosomal abnormalities
as compared with the other groups.’’ There
has been no manifestation of clinical disease
associated with chromosomal abnormalities.’?

In a small sample of cases, tissue from the
exposed population was found to have a smaller
hexosamine to collagen ratio than the non-
exposed suggesting possible accelerated aging
among those proximally exposed.
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