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HUMAN RADIATION EFFECTS
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A REPORT FROM THE ATOMIC BOMB CASUALTY COMMISSION
FERBEERAEZER S (ABCC) B &

The twentieth anniversary of the bombing of Hiroshima and Nagasaki is a propitious time
for an ABCC report summarizing some of its activities in the long-term effort to identify

late radiation effects.
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BACKGROUND

ABCC was formally established by Presidential decree
in 1947. During 1946 many valuable observations had
heen made by the US Joint Commission in Hiroshima and
Nagasaki.

Since the days of the Joint Commission, cooperation and
collaboration with Japanese physicians and scientists have
prevailed and describe ABCC’s policy. ABCC operates
under the joint sponsorship of the National Academy of
Sciences and the Japanese National Institute of Health
(JNIH) in both Hiroshima and Nagasaki, and employs some
800 people, 40 of whom are not Japanese. Of the pro-
fessional departments of Medicine, Pathology, Laboratories,
Medical Sociology, Radiology, and Statistics, Statistics
is the largest.

It would be presumptuous to attempt a summary of the
research which has been carried out during ABCC'’s long
history. In its early days it drew attention to the
relationship of radiation to leukemia' and cataract,” to
microcephaly in the intra-uterine exposed child,® and,
subsequently, to the occurrence of thyroid cancer in the
expased." Much less provocative but perhaps more
encouraging to the survivors has been the plethora of so-
called negative results - a failure to demonstrate increased
prevalence of other diseases in the survivors. One out-
standing example of a negative result was the failure to
demonstrate any increase in congenital malformation in
children conceived by exposed parents.51
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DATA SOURCES

Detailed descriptions of populations under study at ABCC
are furnished elsewhere. They include the ABCC-JNIH
Adult Health Study, the JNIH-ABCC Life Span Study,
the Child Health Study, the In Utero Study, and the F,
(first generation) Study.5-1?

The Adult Health Study sample, which was selected
from the larger Life Span Study population, and the
In Utere Study group are examined at 2-vear and 1-vear
intervals respectively at ABCC, Hiroshima and Nagasaki.

The Life Span Study is essentially a mortality study.
The sample consists of nearly 100,000 persons who were
drawn from various censuses and listings, especially the
supplementary schedules obtained at the time of the 1950
Japanese National Census. All eligible persons located
within 2500 m from the hypocenter at the time of the
bombings (ATB) and who were on the listings are included
in this sample. Eligible persons more distally located and
those not in either city ATB were sampled at random to
provide comparison groups which were age and sex mgteh-
ed to those located at 0-1999m. Each member of the
sample has been interviewed to ascertain eligibility and to
obtain details of exposure.

Mortality information is obtained by a continuous check-
ing of the family register or koseki.* Causes of death are
obtained from the death certificate and, more definitively,
by autopsy procurement.

The Child Health Survey has been accomplished through
a team survey by Neel and others principally during 1948-
54 and more recently in 1964. This study has been
directed toward finding genetic damage in the progeny of
exposed survivors by criteria of the presence of malfor-
mation, hirth weight, anthropometric measurements and
development. No significant difference has been found in
the children conceived by exposed parents. No statisti-
cally significant alteration of the sex ratio has been demon-
strated. The most recent report by this group states that
no significant variation in mortality ascribable to differ-
ences in parental exposure can be demonstrated. !

The Adult Health Study members and the In Utero
Study members as stated above, are under regular medi-
cal surveillance by ABCC. During 1958-60, 14,881 mem-
bers of the Adult Health Study or approximately 80% of
the living sample were examined. During 1960-62, 12,056
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* Japan has an official family registration system based on a permanent address (honsekil Changes of address and vital events must be
reported to the local office of custody of the records. The record itself is the koseki, the office of custody is the koseki-ka.



subjects were examined, 11,139 of whom had been
examined in the previous 2-year period. During 1962-64,
13,361 subjects were examined. Approximately 1300
members of the In Utero Study population were examined
in 1964.

The Pathology Program Since 1961, ABCC has main-
tained an autopsy rate of approximately 46 % of the deaths
occurring vearly in the Life Span Study, which includes
the Adult Health Study. This rate is remarkable since it
is achieved in cities where only 18 % of people die in hospi-
tals and the custom of a routine postmortem examination
is not commonly practised. The underlying factor afford-
ing this success is the noble cooperation of bereaved
Japanese families. The Department of Pathology also
provides consultative surgical pathology service to phy-
sicians in both cities.

The reports from this program serve as a sourcebook
for several in\nestigaticms.12 For example, reports of the
low prevalence of coronary artery disease and the high
prevalence of liver disease, especially posthepatitic cir-
rhosis, have encouraged recent investigations of these

diseases in the Adult Health Study.

The usefulness of this material is also well illustrated
by ABCC studies in leukemia, lymphoma, myelofibrosis,

and tuberculosis which have recently been published.'”'®

POPULATION BIAS

The human situation is not so simple as its laboratory
or experimental counterpart where ionizing radiation is
delivered to the experimental animal in a measured, rela-
tively pure state. In Hiroshima and Nagasaki the investi-
gator quickly reaches a sensitive level of awareness of the
other factors which together with radiation constitute the
complete atomic bomb experience. These survivors ex-
perienced blast and thermal effects; fractures and infec-
tions; malnutrition and lack of adequate medical care.
Their presence in both cities can be viewed as a selection
due to a combined socioeconomic, occupational and health
status which kept them in these cities during August 1945.
Examples of this status are the concentration of farmers
and fishermen away from the hypocenter, the financial
inability to move out of the city during this wartime
summer, or physical disability precluding military service.
Since the ABCC study subject rosters are based on the
1950 census, what evaluation can be given to the circum-
stances which kept survivors resident in these demolished
cities, particularly Hiroshima?
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The “control” subjects must have some particular charac-
teristics of any migrant group moving to a city. These
factors would include opportunities for employment, skilled
or unskilled, and the opportunity for small business ven-
ture.

These general observations find support in the higher
mortality observed, during 1950-55, in the exposure group
beyond 1400 m from the hypocenter (whose average radi-
ation dose was negligible) compared to the group of per-
sons not in either city ATB.

Another factor which might exert an influence is consan-
guinity. During 1958-60 all subjects were asked if their
parents were related; a degree of parental consanguinity
of approximately 5 % was calculated but the very extensive
koseki examinations which would be necessary to evaluate
this problem objectively have not been undertaken.

The foregoing is an attempt to describe the multiple
factors which must be kept in mind to avoid any naive
interpretation of results as being solely due to gamma.or
neutron radiation. Those investigators who have studied
populations will appreciate the possibilities of interplay and
feed-back of these multiple factors.

Just as there are differences throughout Japan for dis-
eases such as stroke and cancer of the stomach, there are
also differences between the populations under study in
Hiroshima and Nagasaki. Diabetes is more prevalent in
Hiroshima. The ratio of gastric ulcer to duodenal ulcer
in Hiroshima is 2:1, in Nagasaki 1:1. Cancer of the stom-
ach is twice as frequent in Hiroshima than in Nagasaki.
There is also evidence that the age-adjusted mortality rate
is consistently higher in Nagasaki and that Hiroshima
enjoys a higher socioeconomic score. These city-to-city
differences add another modifying but quantitatively elu-
sive factor to the interpretation of results.

ESTIMATION OF RADIATION EXPOSURE

Despite continuous effort in the Oak Ridge National
Laboratory and in the National Institute of Radiological
Sciences in Chiba, the estimation of radiation emitted by
the two atomic bombs still is undergoing reevaluation.
The so-called York Curves,'” which have been in use for
several years, have recently undergone modification and
the revised estimates are now being calculated for indi-
viduals in the ABCC study samples. As noted else-
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\J\'here,”‘IE there will always be the problems of subject
reliability, shielding and age-dependent biological sensi-

tivity in arriving at the effective dose estimate.

EXPOSURE-RELATED FINDINGS

Previously observed increases in the rate of leukemia,
lymphoma and related disorders; cataracts; microcephaly
in the in utero group; and neoplasms, especially of the
thyroid, have all been substantiated until the present date.

Leukemia Investigator interest in leukemia has never
waned since ABCC's inception. Distinguished Japanese
and American hematologists have provided continuous
surveillance of both cities for the detection of all cases of
leukemia. The operation of this detection program is well

described elsewhere.'®

By the end of 1964, approximately 1106 cases of leu-
kemia had been recorded. In Hiroshima there were 629
cases; 570 of which were definite and probable, 59 possi-
ble. In Nagasaki there were a total of 477; 411 of which
were definite and probable, 66 possible.

When the definite and probable cases of leukemia were
evaluated by distance from the hypocenter as a function
of exposure, 197 cases occurred in those exposed within
2000m, 328 cases between 0-10,000m. In the non-
exposed, 414 cases occurred; 226 occurred in those not
yet born in 1945. There were 13 cases whose exposure
1s unknown.

Type of Leukemia Either acute or chronic granulocytic
leukemia was the predominant type of leukemia, found in
58.4% of the leukemia cases exposed within 2000 m in
Hiroshima and in 50.0% of similarly exposed leukemia
cases in Nagasaki.

Collectively, in the leukemia cases occurring in indi-
viduals exposed beyond 2000m and in the nonexposed,
granulocytic leukemia was present in 52.9 % of Hiroshima
cases and in 53.2% of the Nagasaki cases.

If all cases of leukemia are considered, acute or chronic,
occurring in those exposed within 10,000 m from the hypo-
center, granulocytic leukemia, acute and chronic, is the
type present in 55.0% of the cases in Hiroshima and
45.4 % of the cases in Nagasaki. In the nonexposed group
granulocytic leukemia is present in 54.5% of the cases in
Hiroshima and 57.2% of the cases in Nagasaki.
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These data indicate that granulocytic leukemia is the
majority type in the heavily exposed, lightly exposed, and
nonexposed. A significant increase of the chronic type
of granulocytic leukemia was found in the leukemia pa-
tients exposed within 2000 m compared to all other groups.

Chronic lymphocytic leukemia, relatively rare in Japan,
has not appeared in any survivor exposed within 2000 m.

Case Detection by Year The interpretation of the number
of cases of leukemia having their onset within a given
vear is difficult. The incidence of leukemia for all Japan
has increased during 1945-65. The movements of the
exposed out of both cities, insufficient knowledge of esti-
mated dose for those survivors not part of the ABCC
studies, migration of sick patients to Hiroshima and
Nagasaki from the environs are the multiple factors which
have complicated the precise calculations of prevalence
and incidence.

However, these difficulties have been circumvented and
the rate of leukemia occurring in those exposed within
2000 m has been estimated by Jablon et al to show a 10-13

fold increase compared to the expected rate.!”

In a recent analysis of the Life Span Study, a remark-
ably high mortality rate in the group within 1400m is
evident for 1950-64. In general, the annual mortality
rate declined slightly during 1955-64 and during this peri-
od the ratio of the cumulative rate of the group within
1400 m to that of the group beyond 1400 m is smaller than
for 1950-55.

Figure 1 shows the yearly distribution of cases of leuke-
mia in Hiroshima and Nagasaki. The period of obser-
vation from 1945-49 must be viewed with an incalculable
amount of skepticism due to understandable defects in
case collection. Death certificates are available for this
period, however, and it does not appear that an outstand-
ing increase occurred in death due to leukemia.

The curve for the number of cases per year for those
exposed within 2000 m suggests latency (1945-49) and a
bi-modal distribution (1949-54, 1957-59)(Figure 2). The
case collection for 1964 is incomplete. So far in 1965
there is a suggestion of an increased number of cases of
leukemia occurring in survivors. Thus, leukemia con-
tinues to occur at a probably increased rate in the exposed.

Leukemia in the Offspring of Exposed Parents  Hoshino
et al?® have recently reported on an ABCC investi-
gation of 240 cases of children with leukemia who
were born after June 1946. Of these children 84 were
resident in either Hiroshima or Nagasaki at the onset of
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their illness; these cases were analyzed according to their
parents’ location ATB. Among the 84 children, 13 had
both parents exposed within 10,000 m, another 9 were
the progeny of an exposed father and 19 of an exposed
mother. Children with leukemia born to parents exposed
within 2000 m were as follows: both parents, one case;
exposed father, two cases; exposed mother, five cases.

In an effort to calculate a meaningful rate, a defined
ABCC sample of 53,000 children born during June 1946
to December 1958 in either Hiroshima or Nagasaki with
known parental exposure status was utilized. Thirteen of
the leukemia cases occurred within this sample.

No increase was detected in the incidence of leukemia
among the offspring of parents exposed within 2000 m.

Preleukemic Observations Hoshino et al*' have recently
presented data which demonstrated that individuals
who eventually developed leukemia or lymphoma ex-
perienced more severe leukopenia than their controls
during the 3 months after exposure to the atomic bomb.

-
.

Among those exposed within 2000 m who eventually de-
veloped leukemia or lymphoma, 40 had undergone ophthal-
mologic examination prior to the onset of illness. Analysis
of the data on ophthalmologic examinations suggested that
although all similarly exposed would initially have a similar
lenticular reaction, “the incipient leukemics” developed a
significantly greater degree of frank cataractous forma-
tion. This trend was noted to be greater in the youngest
age group (under 30 years of age) and in the exposed
who developed acute leukemia than either in the older
age group or in those who developed chronic leukemia.

Leukemia Necropsy Study Anderson et al'® reviewed 157
cases of leukemia which were autopsied at ABCC during
1949-63. No significant differences were noted in this
survey between the pathological findings of leukemia in
the exposed and nonexposed. In related studies, this
same group of investigators reported that persons with
chronic granulocytic leukemia exposed within 1400 m had
a significantly increased prevalence of disseminated tu-
berculosis compared to cases exposed beyond 1400 m. "

Present Investigations The clinical course of leukemia in
the exposed and the nonexposed is presently under in-
vestigation by Bizzozero et al. A further inquiry into the
mode of susceptibility and latency by the analysis of multi-
ple factors is part of this investigation. Preliminary studies
indicate several distinct differences in the behavior of
leukemia in the exposed and nonexposed.
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Radiation Cataract An increase in the rate of lenticu-
lar changes interpreted as related to radiation has been
noted by many investigators, e.g., Flick, Cogan, Kimura,

Sinskey, Hirose, Kandori, and Inada 2%

Of particular
interest is the finding of Sinskey, who examined 165
subjects who had experienced epilation. Lenticular
abnormalities were reported in 135 subjects (81 %) Hirose
and Fujino reported 41.8 % lenticular involvement in the
exposed subjects. Kandori and Masuda in 1956 reported
54.7 % lenticular disturbance in 159 survivors exposed
within 2000 m from the hypocenter and 10.8% of 277

survivors exposed beyond 2000 m.

Most recently Inada and Hall have demonstrated that
the development of definite lenticular opacities in the ex-
posed subjects was dependent-on the exposure as reflected
in distance from the hypocenter. This relationship also
held for polychrome posterior capsular plagues.

The polychromatic sheen which indicates plaque forma-
tion in the posterior lens capsule has been observed in 1963
in five of seven men accidentally exposed to radiation in
the United States in 1958.%

Thus, the human lens is a dosimetric marker since len-
ticular opacities and polychrome plaques have been related
directly to distance and epilation. This conclusion is sup-
ported by a recent presentation of Hoshino et al, who
found a higher proportion of cataract in leukemia cases
than in controls.”!

Thyroid Caneer Interest in thyroid cancer among sur-
vivors began with the report of Hollingsworth et al,* who
found suggestive evidence of an increased rate of thyroid
cancer in subjects exposed within 1400m, especially
females.

In 1963 Socolow et al’’ summarized Hollingsworth’s
findings and added nine previously unreported cases of
thyroid cancer. From 1 July 1958 to 1 July 1961, 21
cases of thyroid cancer were detected in the Adult Health
Study population. Between 1957-64, 43 cases of thyroid
cancer have been detected in this same population. Of
these 43 cases 35 are females, 26 of whom were exposed
within 2000 m; 8 are males, 7 of whom were exposed
within 2000 m. Distribution according to distance and sex
is shown in Figure 3.

Consideration of an individual patient’s age ATB reveals
that thyroid cancer was most often diagnosed in the ex-
posed who were age 20-29 ATB, whereas all five cases
involving the nonexposed occurred in those people who
were age 10-19 ATB. Further, except for a peak at age
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20-29 ATB, the distribution among the exposed was
uniform.

Since all subjects of this population were examined
without the examiner’s knowledge of radiation exposure,
it is obvious that clinically detectable cancer of the thyroid
has occurred strikingly more often in the exposed. The
nonexposed thyroid cancer patients, although diagnosed
over the span of 1959-63, were all in the group age 10-19
ATB. These findings support the previous estimation for
the 1958-61 period of a highly significant (P<0.001) prev-
Added
observations have brought to recognition thyroid cancer
among the exposed in older groups than age 10-19 ATB.
This finding may mean that with repeated examination the
chance of detection improves.

alence of thyroid cancer among the oa)(pused‘31
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The predominance of thyroid cancer in the young female
ATB, along with the finding of nodular thyroid enlarge-
ment in this same age-sex group ATB, suggest a sex-
dependent radiation tissue effect.

Continued observations, presently by Wood et al, will
help to add to knowledge of both the naturally-occurring
and radiation-induced thyroid neoplasia.

It is quite clear from the ABCC data that the thyroid
gland, especially in the young female, is susceptible to
radiation and responds by neoplasia. This idea receives sup-
port from the investigation by Simpson and Hempelmamn32
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of children and young adults whose thymus glands had
been irradiated during infancy and who developed thyroid
cancer at a significantly increased rate.

Other Cancer ABCC's efforts to demonstrate any firm
relationship between radiation and neoplasia with the ex-
ceptions of leukemia and thyroid cancer have not been
rewarding as yet.

This is not due primarily to the commonly proposed ex-
More
importantly, it can be ascribed to difficulties in case de-
tection.

planation that the population samples are too small.

A recent analysis of cumulative mortality data by the
authors revealed that except for the Nagasaki males and
females, age 20-49, the cumulative mortality rate for gas-
tric cancer was highest in the group exposed within 2000 m.
These differences were larger during 1950-55. During
the subsequent period, 1955-64, there were instances in
which the mortality rate for the group within 1400 m was
actually lower than that for those exposed beyond 1400 m.
Nagasaki had a lower mortality than Hiroshima from stom-
ach cancer.

This study has also revealed that except for the Nagasaki
females, the group within 1400 m had a higher mortality
for lung cancer than those exposed beyond 1400 m. How-
ever, the number of cases actually observed was small and
spread out over this 14-year period. In addition, the non-
exposed group had high rates during the period 1955-64.

ABCC is now in the process of designing studies in
cancer which hopefully will provide a more definite answer
to the question of the role of radiation . neoplasia.

In Utero Exposed These subjects have been examined
yearly and continue to be observed into early adult life.
Burrow et al have reported recently on a subgroup of this
population and have invited attention to diminished head
circumference of the adolescents exposed in utero within

2000 m.>

The earliest observation of microcephaly in a sample
with control subjects was made by Miller in 1954 and re-
ported in 1956.% Miller appreciated slight degrees of
small-headedness and described his subjects in terms of
standard deviations from the norm. His estimation of
relative microcephaly associated with mental retardation
in subjects exposed in utero within 2000 m of the hypo-
center has been confirmed in a recent study by Wood
et al.*
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Every congenital malformation noted in this group has
been investigated recently by Kawamoto.” Varying de-
grees of microcephaly and mental retardation constitute
the one striking disability. The most common malformation
reported is a shortened fifth middle phalanx, usually bi-
lateral. This slight malformation is commonly found in

the Japanese.

Wood et al have completed recently a survey of the
entire in-utero subject population at the 17-year-old level >
Although the results are preliminary, they again indicate
relative microcephaly in the subjects exposed in utero
This

study also confirms the finding that stature is significantly

within 1400 m and in an early period of gestation.

decreased where there is relative microcephaly.

This group of subjects now about 19 years of age has
not reached a marrying age; there is no available infor-
mation at this point on reproductive performance.

-
.

Life Shortening Consistent life shortening or increased
mortality in exposed individuals has been demonstrated in
the Life Span Study by the cumulative mortality rate noted
during 1950-64 in the Life Span Study sample.

It was previously reported by Jablon et al'” that during
1950-60, nonexposed individuals in the Life Span Study
had lower mortality ratios than did the survivers at all
distances. Further, it was reported that mortality ratios
for survivors exposed within 1400 m were higher than for
survivors at greater distances. This higher ratio applied
for all causes of death including tuberculosis, leukemia and
other malignant diseases. For those located within 1400 m,
mortality ratios from all causes of death were especially
high during 1951-52, and showed a decline thereafter.
Ratios for deaths from cancer in the same group declined
from 1951-52 to 1957-58 but then increased during 1959-
60. Substantially identical findings were observed here
using a different analytic approach with the period of ob-
servation extended to 1964.

This recent analysis compared cumulative mortality rates
for three exposure groups; those within 1400 m, those
bevond 1400 m and those not in the city ATB. The entire
cumulative mortality sample was further divided into three
age groups: 0-19 years, 20-49 years, and 50 years of age
and older. Age was defined as that of 1 October 1950.

This study revealed that mortality from all causes during
1 October 1950 - 30 September 1964 was higher in the
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group within 1400 m than in the other exposure groups
(Figure 4). This difference was found in each age class,
for both sexes, and in both cities with the sole exception
of Nagasaki females in the age group 20-49. The most
striking difference between the group within 1400 m and
those beyond 1400 m was noted for males in the youngest
age class. This difference of increased cumulative mor-
tality rate was least for the oldest age class. In general,
mortality rates in the group beyond 1400 m were slightly
higher than those of the not-in-city group. However,
females in the group within 1400 m still maintained a sex
advantage in that they had a lower cumulative mortality
than males of any exposure group for the corresponding
age class, and city.

A difference between cities was noted in that the Nagasaki
subsample mortality was generally higher than that in the
Hiroshima subsample.

Mortality data for the early period of 1 October 1950 -
1 October 1955 revealed that for the group within 1400 m
and the group beyond 1400 m, and also between the group
beyond 1400 m and the nonexposed group, the differences
in mortality were not only in the same direction as those
observed for the total 14-year period of observations but
were more exaggerated (Figure 5). Again, there were the
exceptions of the Nagasaki females 20-49 and also of
Nagasaki males 20-49.

The lower mortality of females noted for the whole period
was not striking during 1950-55. With the lengthening of
the period of observation from 1955 to 1964, the change
in differential mortality was observed.

This change or difference in mortality between the
groups within and beyond 1400 m may be seen from the
ratio between the cumulative mortality rates in the two
groups during 1950-55 and separately during the entire
period 1950-64 (Figure 6). The ratios during the entire
period have become smaller and are approaching unity.

The same temporal relationship was found in comparing
the group beyond 1400 m with the not-in-city group. The
differences among the exposure groups seemed to be dis-
appearing, particularly for the age classes 20-49 years and
50 years and older.

Thus, the persons exposed within 1400 m appeared to
have experienced an acceleration in dying, particularly
during 1950-55.

A higher tuberculosis cumulative mortality rate in the
group within 1400 m was found only for Hiroshima males
and for the Nagasaki males in the younger age classes.

ITOMMIIE TS 2EREIZ L BECHEL, 1400m AW
OHWBBHFOBLIIBECI BN (H4) .
ZmEL, BEO0—49E0 L FUAET T OREEBK
S, Bhom LUmmize e TES Lk, 1400m KGR
FmPEOBOENGFLEL O, BEFREOD
RBFTH- . BRIECEOMMAEL LD, &
EREE-CH A, AMEMIT, 1400m L ORBEEOFECE
B, EHEBEIVSLPFCRETHL. LA L, 1400m
RO L FI2h 2 REBECEIL, F-EmEy LR
BHIHTATXTOBRBEAOBTFLIVNES Z T
3.

it & tb~3 &, EEY > 7 AnfETEI—MRIZL

BEINE{k,T 03,

19504108 1 A4 G 1955F 100 1 HE TOREHEE

BaE, ZOMBOMERZET 2 1400m FRiEO B & 1400

mLEUE OB 5 X U 1400m DR o 8 & SEBREF & O FECER

o oFE, WEHo 2REHRIEs oot FBALET

B, WMFE LT3 (F5) . ZoBsd, &
o 20—49E 0 & - HTI3FRTH B,

oM AT TORCRLEL 5 LD,
1950—55E M MiE H £ D BEF ¢l kL. B L 1955—649F
~SEBTAILRE S TRRCENZIIERAA L.

1400m FFOFH L 400m LEOF L DM OFECTED
ZALE S 13221, 1950 — 55F o HARY &, B 1950— 644
OEMIZET AmEORBECEOMokRIZA LR
A (E6) . SHMAOLRELA RS ESTHED,
— R, TETVA.

1400m LIE OB & JEHBE L o lE iz 0 T L AR
DRFHMEEFS LN, SHEBEFOMOEIIFIZ20—
9 b L US0FEND LofFm ik Lt Aa L1t EBhL
5.,

L7z - T1400m R s #BEE L, FFiZ1950— 554

ZHECOENE ALL Y TEH S,

1400m A GEEF O #5812 L 2 BRFECHE L, ER0S

FERBOEEBHB ForImw I EPED LN, T

13



FIGURE 4 CUMULATIVE MORTALITY RATE PER 1000, 1 OCTOBER 1950 - 30 SEPTEMBER 1964,
JNIH-ABCC LIFE SPAN STUDY SAMPLE ALIVE 1 OCTOBER 1950 BY AGE AND DISTANCE
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FIGURE 5 CUMULATIVE MORTALITY RATE PER 1000, 1 OCTOBER 1950-30 SEPTEMBER 1955
JNIH-ABCC LIFE SPAN STUDY SAMPLE ALIVE 1 OCTOBER 1950 BY AGE AND DISTANCE
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The difference was marked only for the Hiroshima males
50 years and older and only during 1950-55. The mor-
tality rate from tuberculosis was lower in Hiroshima than
in Nagasaki. Generally, the not-in-city group had the
lowest mortality. The remarkably high mortality rate for
leukemia in the group within 1400 m during the entire
period 1950-64 is uneguivocal.

Thus, the picture is emerging of exposure which produces
no new disease but hastens the development of disease
and subsequent mortality.
added burden to the host.

It can be considered as an

Emotional Sequelae Emotional stress in these popula-
tions has not been measured. The difficulties in devising
an adequate and appropriate tool for evaluating the late
emotional effects of the atomic bomb experience, undoubt-
edly present in the survivor, have stayed any activities by

ABCC in this sphere.

The common observations of the lack of hysteria after
the bombings and the apparent lack of hostility toward the
United States during and after the occupation, as well as
the ineffable but different emphasis on interpersonal re-
lationship among the Japanese (ninjo vis-a-vis giri)®" are
some of the considerations which render ineffective the
facile application of a heteroculturally-derived technique.

One objective but gross measurement is the frequency
of death from suicide in the survivors compared to the
nonexposed. The rate of suicide has been examined in
three exposure groups, within 1400 m, beyond 1400 m,
and nonexposed, during 1950-64. Cumulative mortality
rates for this period revealed no consistent difference
among these three groups. For example, the rates (ex-
pressed per 1000 persons alive 1 October 1950) for males
under 20 years of age in 1950 were 4.9 (<1400m), 3.5
(1400+ m) and 4.7 (nonexposed). For females of the same
age group the rates were 1.7 (<1400 m), 2.9 (1400+ m),
and 1.8 (nonexposed).

ABCC AS A HUMAN STUDY CENTER

The citizens of Hiroshima and Nagasaki, exposed and
nonexposed, by their high participation rate in the cycle
examinations, are making great contributions not only to
man’s understanding of radiation effects but also of the
genesis of disease in a defined population which has been
observed over a long-time span. To paraphrase an apho-
rism, stated recently by a prominent Japanese radiobiolo-
gist,?® the subjects of these studies have turned their mis-

fortune into a blessing for all men.

17

@R o 508D Eo T 4121950 — 554 0 SRR 12 0 A
SHE T h o . HiILARCERLED A EELY
ERrehb,

1950—

— i EWBBOECENRE TS S,
MED EELALT, HOmAHBRILTLA
LH.*L*;?EC:"F —'i) ?"L < I 'J\" =, _’ )G‘JJJ-’}‘ LJ 7 o B 5.

BT, REHRBHOLHIZSE TRV LOE
FmARET 2O TR, BIFOWKE ZOBROELCD
AR AL L HMBA TT B, RatmEg L, A
T BaAREELEL LGNS,

LBEEE L EodSEFCETSOHMA FLA
ik, EREEshTVAEYL, EEECFELETATHS )
&Ltéﬁ%ﬁﬁ”%é#mfatwmﬁ¥&ﬁ&%
EEr 2z L AEEL 2D, ABCCIREAZOHEOHR
HrFFLTEWY

EREETomRCIE2AF Y - LI b L
GO SRS G SR RE L KRB B EED
HAAMIBH LAY 28, SLIZRAADAM
TE, B LIZ AR, AGIE
L EHbEZOT, Bl LI

& (A —F:E)
= ﬁfﬁ%:ﬁ’dl'tf 3

L THELNAHEIABIREARIEBTE 20,
B A B R AREELNET A LR, F
WM TS AARS 120 HiETHE. 300

R, &hnHmmKﬁmﬁ.HmmUE@ﬁﬁ$U
SEHPREE I 511 A 1950— BAE R o AR BUEL KL
COMBO BRI ABRHIECED- ﬁLt%m' Z

L 3 EMBEE IS LA ok 21X, 19504
BEN0EL FoB 7ok (19504108 1 BREDE
HE004 M) OlRE LTHA L72)i4,4.9(1400m
AadE), 3. fnwmumwﬁ,h 4.7 (JEHESEEE)

T, *FEﬁchﬁmﬁ#u. 1.7 Uﬂﬂmkﬁoﬁh
2.9 (1400m LR EE) & L F1.8 (FREBRE)TH - 1.

AEREL v % — & LTOHABCC

R - RO RS L EHBRE L, BORDE
PLoTRAEBSEISMTAZEIZL T, RMELE
STEHESN T ARBEERIC S (5 RS L2
Th, BRORBECZ VT LHEEENL LIZKER
Btk LTv 3. OX0FL LRMHREDFEES P RE
FIH SIS L 8T+ g, ABCC &M SEIL,
RIELEAHOBLELTV 20 THS.



SUMMARY EH

This report has attempted to convey a general description ZOEEIL, ABCC HEMRIEMo K E LML,

of the ABCC populations under study and a summary of

radiationrelated findings.

St THREHEEMMEEBIE L L) L LELDTHS,

Attention has been particularly invited to the exposure- BASRCPET AF RO 15 & L TAIE, B E,
related findings of increases in leukemia, cataract, thyroid FRARER R, JNEES ERGOEREL EORIINIZHEE
disease, microcephaly, and life shortening. EEEmIT

The populations under study by ABCC are a valuable ABCC B FHEEL TV A EME, AEOBEWE

resource for the study of human disease.

FETAhHOBOLFERTH A,
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Ninjo is defined as humaneness, as compassion, sympathy, kindness or affection, inherent in man for others; and giri as moral obligation,
an assumed moral discipline in associating with others. These definitions are limited since there is no appropriate counterpart in English
for these words which would satisfactorily provide their full connotation.
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