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Chapter I 

BACKGR OUN D 

THE present monograph is designed as a de
tailed report on certain efforts made during the 
period 1946-1955 to provide answers to the 
following two questions : 

1 .  Can there be observed, during the first year 
of life, any differences between the children 
born to parents, one or both of whom were 
exposed to the effects of the atomic bombings 
of Hiroshima and Nagasaki, and the children 
born to suitable control parents, and 
2. If differences do exist, how are these to be 
interpreted? 

1.1 The general administrative framework of 
the st11dy. - The study to be described was 
undertaken as one facet of a comprehensive at
tempt to obtain detailed information concern
ing the various possible late or delayed biologi
cal effects of exposure to an atomic bombing. 
Certain information pertinent to the develop
ment of the over-all program is essential to an 
understanding of the manner in which the effort 
to provide answers to the two questions listed 
above evolved. 

The background of this program begins 
shortly after Japan's surrender, when a Joint 
Army-Navy Commission made extensive obser
vations in Hiroshima and Nagasaki on the sur
vivors of the bombings . .At the conclusion of the 
Commission's work its chairman, Col. .A. W. 
Oughtersoo, M.C., ..AUS, recommended to the 
Surgeon General of the Army that the National 
.Academy of Sciences - National Research 
Council be requested to undertake a long-range 
study of the medical and biological effects of 
the atomic bomb. This recommendation was 
transmitted by Surgeon Gen. Norman T. Kirk 
to Lewis H. Weed, chairman of the Division of 
Medical Sciences of the National Research 
Council. .As a result, in June of 1946, a con
ference group was convened by the Council, 
aod in November, following its recommenda-

1 

tion, a five-man commission composed of repre
sentatives of the Council, the .Army, and the 
Navy left for Japan for the purposes of ( 1 )  
determining the current status of Japanese work 
on atomic bomb casualties, (2)  evaluating the 
feasibility of .American participation in con
tinued research on these casualties, and (3 )  
indicating the Jines along which such studies 
should proceed. This commission, composed of 
.Austin Brues, Paul S. Henshaw, U. Melvin 
Block, M.C., ..AUS, U. James V. Neel, M.C., 
..AUS, and Lt. (j.g.) Frederick Ullrich, (MC) 
USNR, submitted a report of its findings to the 
Council in January, 1947. 

The June, 1946 conference group had recom
mended that appropriate action be taken to 
obtain a Presidential Directive authorizing the 
National Research Council to initiate a long
range study of atomic bomb effects. This Di
rective was issued at the request of the Secretary 
of the Navy, James T. Forrestal, in November, 
1946, and on its authority the Council, in Janu
ary, 1947, established a Committee on Atomic 
Casualties, composed of Thomas M. Rivers 
(chairman), George W. Beadle, Detlev W. 
Bronk, .Austin Brues, George M. Lyon, C. P. 
Rhoads, Shields Warren, Stafford L. Warren, 
George H. Whipple, and Raymond E. Zirkle. 

At its first meeting, on March 25, 1947, the 
Committee on Atomic Casualties went on record 
to the effect that a large-scale program should 
be organized towards the end of learning as 
much as possible of medical significance from 
the Japanese experience. Financial support for 
the program was sought from the U.S . .Atomic 
Energy Commission, which, during the fall of 
1947, formally signified its intention of financ
ing the program in Japan. 

Ever since November of 1946, i.e., beginning 
with the visit of the five-man commission re
ferred to earlier, there has been resident in 
Japan a group of investigators and supporting 
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personnel concerned with various phases of the 
over-all program. This group has been known 
as the Atomic Bomb Casualty Commission 
( ABCC) . Starting with a scant handful, it grew 
until at its peak strength it consisted of 143 
"allied" personnel (Americans, English, Aus
tralians, etc.) and 918 Japanese Nationals. 

At the time that the ABCC began its opera
tions in Japan, that country was of course under 
U.S. Military Occupation. It was Occupation 
policy that groups such as the Atomic Bomb 
Casualty Commission, having to do primarily 
with the Japanese people, should work with 
and through some existing Japanese agency. In 
early 1947, the Japanese Ministry of Welfare, 
at the instigation of the Public Health and 
Welfare Section of GHQ, SCAP, established a 
National Institute of Health, designed to oc
cupy roughly the place in Japanese medicine 
which the National Institutes of Health then 
occupied in the United States. Several months 
later, in June of 1947, Brig. Gen. C. F. Sams, 
then Chief of the Public Health and Welfare 
Section, suggested that it would be appropriate 
for the ABCC to develop its program in co
operation with the Japanese National Institute 
of Health. Eventually there was established an 
Atomic Bomb Casualty Section of the Japanese 
National Institute of Health. The personnel of 
this Section have been closely integrated with 
ABCC personnel, in such a manner as to make 
the program truly a combined Japanese-Ameri
can effort. 

1.2 The beginningJ of the GeneticJ Program. 
- So well known are the genetic effects of the 
irradiation of a variety of plant and animal ma
terial that inevitably one of the foremost ques
tions in the minds of those considering the 
possible late consequences of the atomic bomb
ings had to do with the characteristics of the 
children of exposed parents. As a member of 
the five-man survey commission which went to 
Japan in the late fall of 1946, the senior author 
was especially responsible for an evaluation of 
the lines along which the study of this question 
could best proceed. The results of this evalua
tion were laid before an ad hoc Genetics Con
ference convened by the National Research 
Council in the summer of 1947, composed of 
G. W. Beadle (chairman) ,  D. R. Charles, C. H. 
Danforth, H. J. Muller, L. H. Snyder, and Lt. 
J. V. Neel. It was clearly recognized by the 
members of this Conference that the demonstra-

tion of the potential genetic effects of the ir
radiation of the human species presented many 
difficulties not encountered in laboratory ma
terial. It was further recognized that post-war 
conditions in Japan were by no means the most 
favorable for a study of this type. 

In finally recommending that a rather large
scale effort be undertaken in Japan, the Confer
ence felt constrained to make the following 
statement: 

"Although there is every reason to infer that 
genetic effects can be produced and have been 
produced in man by atomic radiation, neverthe
less the conference wishes to make it clear that 
it cannot guarantee significant results from this 
or any other study on the Japanese material. In 
contrast to laboratory data, this material is too 
much influenced by extraneous variables and 
too little adapted to disclosing genetic effects. 
In spite of these facts, the conference feels that 
this unique possibility for demonstrating genetic 
effects caused by atomic radiation should not 
be lost." (Genetics Conference, 1947. )  

Although the study which was undertaken 
will for purposes of convenience be termed the 
"Genetics Program," because of its obvious 
implications, it must be emphasized that those 
concerned in its organization and conduct have 
always regarded it first and foremost as an 
effort to collect data on the characteristics of 
the children born to the irradiated survivors of 
the atomic bombings, data which, if indicating 
that the bombs had had some effect, were then 
subject to several possible interpretations, ge
netic and otherwise. 

1.3 The early Japaneu effortJ along theu 
lines. - The U.S. Army-Navy Joint Commis
sion which studied the medical effects of the 
atomic bombs in Japan as soon as possible after 
the surrender worked in close cooperation with 
the Medical Section of a special Committee for 
the Investigation of the Effects of the Atomic 
Bombs, appointed by the Japanese National Re
search Council. The members of this group also 
recognized clearly the desirability of long-range 
studies on the medical effects of the bombs, but 
in the organization of such studies were greatly 
handicapped by post-war conditions in Japan. 
The administrative reorganization of the Japa
nese National Research Council and other 
aspects of Japanese science which the Occupa
tion sponsored also unavoidably created uncer
tainties which delayed the work of this group. 
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Despite these many difficulties, at the time that 
the U.S. National Research Council's survey 
group visited Hiroshima in December of 1946 
they found the Japanese planning to obtain data 
on the characteristics of the children then be
ing born. This program, under the immediate 
supervision of Dr. I. Matsubayashi, was care
fully reviewed. It was felt to be inadequate in 
several respects. Nevertheless, it is certainly a 
favorable commentary on Japanese interest in 
the problem and desire to carry on research that 
plans for even a small program had been set up 
under the circumstances then prevailing. This 
program was in effect very briefly and then 
merged with the program of the ABCC ; Dr. 
Matsubayashi became a member of the ABCC 
staff. 

1.4 Scientific and administraJit1e (Onsidera
tions shaping the naJure of the program in 
Japan. - The lines along which the Genetics 
Program in Japan was laid out in 1946-1947 
were dictated not only by purely scientific con
siderations but also by certain practicalities of 
the situation. The more important scientific 
considerations were as follows : 

1.4.1 The possible observable genetic ef
fects of irradiation upon the first generation 
born after an atomic bombing are many and 
varied. These include changes in the sex ratio, 
an increase in the frequency of stillbirths, an 
increase in the frequency of congenital mal
formation, an increase in infant mortality, etc. 
&ch of these possible indi,aJors of geneli' 
damage is also influen"d by a number of other 
fadors; there are no known unique yardstidu 
of geneti' damage. Under these circumstances, 
the crux of any program of study was the feasi
bility of establishing control material which in
sofar as possible differed from the irradiated 
only with respect to the radiation factor. 

1.42 At the time this program was organ
ized, although there was available a mass of data 
concerned with spontaneous mutation rates and 
the genetic effects of irradiation on Drosophila, 
little was known concerning spontaneous muta
tion rates in mammals, including man, and, 
with the exception of the work of Charles 
( 1950) , still less concerning the mutagenic 
effects of the irradiation of mammalian ma
terial. Largely by extrapolation from the Dro
sophila material, it could be anticipated that in 
the light of the probable irradiation dosages sus
tained by the survivors of Hiroshima and Naga-

saki, only very slight genetic effects should be 
detected in the first generation. In particular, 
it is worth pointing out that although the atomic 
bombs were dropped in August of 1945, be
cause of the various time<onsuming administra
tive developments recounted above, involving 
policy decisions and their means of implementa
tion for the National Research Council, the U.S. 
Atomic Energy Commission, the U.S. Army of 
Occupation in Japan, and the Japanese Govern
ment, it was March of 1948 before the Genetics 
Program as it will be described presently was 
actually in action. The first children to come 
under the scrutiny of the program were con
ceived in October of 1947. There was thus a 
loss of information for the two years following 
the bombing. For a variety of reasons, some to 
be discussed below, it was felt that no attempt 
to reconstruct the frequency of malformations, 
stillbirths, or neonatal death during these first 
two post-bomb years could succeed. The practi
cal corollary of these considerations was the 
necessity, once the program got under way, of a 
large-scale effort which would utilize as much 
of the available material as possible. 

1.4.3 It was apparent from the outset that 
the Genetics Program could not and would not 
operate independently of the various other facets 
of the activities of the ABCC, but as one of a 
collection of integrated units. However, the or
ganization of the Genetics Program proceeded 
somewhat more rapidly than the organization 
of other segments of the ABCC. Furthermore, 
there was for some time uncertainty as to the 
scale of operations in Japan. Under these cir
cumstances, it was necessary to design a program 
with a basic, irreducible framework to which 
additions could be made later if circumstances 
permitted, but the additions had to be of such 
a nature that they would not invalidate a com
parison of the early and later data. It was fur
ther necessary that the observations selected as 
possible indicators of genetic damage be rela
tively simple, as devoid as possible of the sub
jective element, and capable of being carried 
out under the conditions in Japan to be de
scribed below. 

1.5 Lo'al 'onsideraJions shaping the naJure 
of the program in Japan. - Among the condi
tions in Japan which were determining elements 
in the program, the following deserve special 
mention: 

1.5.1 In Japan, the practice of obstetrics 
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is still largely in the hands of midwives. They 
attend approximately 96 per cent of the deliv
eries. Thus, in 1948, out of a total of 2,681 ,624 
deliveries in Japan, 2,468,821 were attended by 
midwives, 102,627, by physicians, and 1 10, 176 
by unlicensed attendants. The deliveries for 
which midwives and unlicensed attendants are 
responsible usually occur at home. 

The prerequisites for licensure as a midwife 
were revised upwards during the Occupation. 
However, the great majority of midwives now in 
practice were of course licensed under the previ
ous system. This required that a candidate for 
admission to a school of midwifery had com
pleted a kotoshOgakko education (about eight 
years, corresponding to grammar school) . Al
though not required, some candidates had also 
completed chiigaku (middle school, about four 
years, corresponding to high school) . The 
course in midwifery covered two years. One 
could either spend all two years in a school, 
or spend one year in school and the last year 
obtaining experience either in the obstetrics
gynecology department of a hospital or in asso
ciation with a senior midwife. One had then to 
pass a prefectural examination for licensure. 
The legal minimum age was 20 years. Not un
commonly a licensed midwife married soon after 
completing school and did not return to the 
practice of midwifery for some years. 

It is apparent that whatever the midwife's 
qualifications for the practice of obstetrics may 
be, her training had not prepared her for the 
detection and careful description of congenital 
malformations. This made it necessary with 
respect to the Genetics Program to develop a 
system whereby each newborn infant was seen 
by a physician as soon as possible after birth. 

1.5.2 The Japanese economy during the 
immediate post-war years, when this study was 
instituted, was marginal. There was strict ra
tioning of food and articles of clothing. Since 
official rations were inadequate to meet caloric 
needs, there was a widespread "black market" 
in food. One of the features of the ration sys
tem was special provision for pregnant women. 
Such women (or their designated representa
tive) upon certification of pregnancy by a mid
wife or physician could register at any time after 
the fifth lunar month of pregnancy and thereby 

obtain access to certain items of value to them 
and their future children. Registration was re
vealed by a preliminary study to be in excess of 
95 per cent complete. There was thus available 
a system whereby very nearly all pregnant 
women could be contacted at mid-pregnancy. 

1.5.3 Finally, mention must be made of 
the psychological and sociological pitfalls in
volved in a study of this type. This is scarcely 
the place for a detailed analysis of the psycho
logical problems inherent in the operations of 
the ABCC in Hiroshima and Nagasaki. Some 
of the inevitable problems in Japanese-American 
relationships are apparent. Others were unex
pected (Matsumoto, 1954 ) .  Each step in the 
program had to be planned and taken cautiously, 
after every effort had been made to explore the 
possible repercussions. In retrospect, the first 
year of activity in Japan may be characterized 
as an apparently interminable series of confer
ences punctuated by weekly crises which, al
though often inconsequential in retrospect, at 
the time threatened to stall the entire operation 
until met. Lacking any semblance of authority 
in Japan, the ABCC was wholly dependent upon 
the voluntary cooperation of the Japanese peo
ple. The good will of the city officials, local 
physicians, and - above all - of the midwives, 
was, if not indispensable, highly desirable. It 
should particularly be mentioned that in Japan 
the social stigma attached to the birth of a mal
formed child is rather considerable. Every effort 
had to be made to develop a program which 
would not antagonize the mothers of malformed 
children by exposing them to what they con
sidered undue publicity. In this effort, the mid
wives were the key. 

Although the destruction and desolation 
which were the aftermath of the atomic bomb
ings have been many times described, neither 
photographs nor words are adequate to the 
occasion. In addition to the post-war stresses 
and strains to which all the inhabitants of Japan 
were subject, the citizens of Hiroshima and 
Nagasaki were confronted with a more formi
dable job of reconstruction than the inhabitants 
of most Japanese cities, badly bombed though 
these had been . These are not the circumstances 
in which research or even cooperation in the re
search of others flourishes. 
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Chapter II 

TH E P LAN 

WITH the considerations outlined in Otapter I 
in mind, a plan of attack on the problem was 
developed which will now be described. 

2.1 Pregnancy registration. - As mentioned 
earlier, in the post-war years the ration system 
in Japan was such that pregnant women upon 
registration of their pregnancy following the 
completion of the fifth month of gestation could 
thereby acquire access to certain rationed items. 
With the cooperation of the city administrators 
of Hiroshima, Nagasaki, and Kure (a control 
city) , a system was instituted whereby at the 
time of her registration at the city hall (or dis
trict office) for ration purposes, each pregnant 
woman or her representative in these three cities 
completed the first two·thirds of a questionnaire 
which included such items as identifying in
formation, a brief radiation history of the hus
band and wife, a short summary of the past 
reproductive performance, and pertinent details 
concerning the present pregnancy. In the ma
jority of instances the informant for this ques
tionnaire was the pregnant woman herself. Only 
rarely were both parents available. Accordingly 
the radiation information on this questionnaire 
tended to be more reliable for the wife than the 
husband ( cf. Sec. 4.6) . 

Figure 2 .1  is an English translation of this 
questionnaire, which will be referred to as the 
"Genetics Short Form." This questionnaire was 
administered by trained clerks who occupied a 
special office in the city hall (or district office) . 
The actual collection of data began in Hiro
shima in February, 1948 ; in Kure in March, 
1948 ; and in Nagasaki in July, 1948. The ques
tionnaire was filled out in duplicate ; the original 
was then given the registrant, while the Com
mission retained the copy. At the time of 
termination of the pregnancy, the midwife or 
physician in attendance completed the question
naire by answering certain questions pertaining 
to the characteristics of the child and delivery. 

:s 

More specifically, information was requested on 
the following possible indicators of a genetic 
difference between the children of control and 
irradiated parents: sex, birthweight, stillbirth, 
and presence of malformation. In case there was 
an abnormal termination (e.g., stillbirth, mal
formation) ,  the midwife informed the Com
mission by telephone as soon as possible. If the 
outcome appeared normal, the questionnaire 
was held by the midwife until collected by a 
Commission clerk. Such collections were at first 
at weekly and later twice weekly intervals. Re
gardless of the type of termination, a Japanese 
physician in the employ of the Commission or 
the Japanese National Institute of Health 
called to examine the child - at once, if there 
was a report of an abnormal termination, or on 
a somewhat more leisurely schedule if the 
termination was reported as normal. Midwives 
received a small fee for each questionnaire they 
completed. Because of this lag between birth, 
questionnaire collection, and examination by a 
physician, it was also possible to obtain rather 
complete information concerning death during 
the first 7 days post partum, hereafter referred 
to as neonatal death. 

The cooperation both of the mother and of 
the midwife in this study was of course entirely 
voluntary. An attempt was made at the time of 
pregnancy registration to explain the rudiments 
of the program to the registrants, and, in addi
tion, each mother was given a brief printed 
description of the program. Figure 2.2 is a 
translation of this description. Numerous meet
ings were held with the Midwives' Associations 
of the cities to explain the program and answer 
questions. Attendance at the meetings was usu
ally excellent, although, the Japanese birth rate 
being what it was, apt to diminish appreciably 
between the opening and closing of any given 
meeting. 

Approximately a year and a half after the 
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6 Genetic Effects of Atomic Bombs 

INVESTIGATION SHEET FOR BIRTHS AFTER ATOM BOMB 
PRINTING OF JULY, 1949 

Chapter II 

I. Name of city and investigation sheet number ________________ o::Jo:IJO 
2. Day, month, and year of registration ------- 3. Expected date of birth ______ O 

H1uband Wife 

4. Name (Maiden name 
in case of wife) 

� .  Birth dates of hu
-
s�ba

-
nd _

_______ 

_ 

and wife __ --:----:----------

6. Age (exact number of 
years and months ) __________ _ ----------- �0 DO 

7. Present in Hiroshima or 
Nagasaki at time of bombing ______ _ 

8. Location at time of bombing 
0 (street and number) _________ _ 

9. Distance from hypocenter _______ _ DO DO 
0 10 .  Indoors

_-,-
-..,.--------------

1 1 .  Type of building; _________ _ 0 
12 .  Did you have or not 0 have subcutaneous bleeding, _______ _ 

1 3. Did you have or not 0 have gingivitis. ___________ _ 

14. Did you have or not have 0 bloody diarrhea, ___________ _ 

n. Did you have or not 0 have epilation, ___________ _ 

16. Did you have or not 0 have fever _____________ _ 

1 7. Did you have or not 0 have burns. ____________ _ 

18.  Did you have or not 0 
19. 
20. 
2 1 .  
22. 
23.  
24. 
2� .  
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

34. 
3�. 
36. 
37. 
38. 
39. 
40. 

have external inj uries_-:-::----:----:--:-:-:--c-
Date, month, and year of beginning cohabitation-------------------

Number of months interruption of cohabitation -----------------
----,== 

Total number of months cohabitation _____________________ COO 
Number of months cohabitation before August, 194� o:JO 
Number of pregnancies before August, 194� DO 
Number of spontaneous stillbirths before August, 194� 0 
Number of therapeutic abortions before August, 194� 0 
Number of months cohabitation after August, 194� o:J0 
Number of pregnancies after August, 194� ( including present ) DO 
Number of spontaneous stillbirths after August, 194�  0 
Number of therapeutic abortions after August, 194� 0 
Total number of pregnancies DO 
Total number of spontaneous stillbirths 0 
Total number of therapeutic abortions 0 
Marriage of blood relations (first cousin, 
one and one-half cousins, second cousins, etc. ) 0 
Present address and occupation of husband'--------

-,--------------
Day, month, and year of beginning of last menstrual period of wife _____________ _ 

Day, month, and year of birth expectation (according to calculation sheet ) ---------
Present month of pregnancy_:-----:-:-.,-----------------------= 
Day, month, and year of termination of birth ___________________ uO 
Number of weeks of pregnancy DO 
Course of labor: Spontaneous._______ Induced

:---
-------------== Duration Use of instruments. __________ DO 

4 1 .  Condition of 
rtewborn: 

Live birth after 38 Premature birth under and 
or more weeks ______ including 38th week ___________ _ 

Miscarriage 20 weeks Stillbirth 2 1 ·29 
or under________ weeks ....,..---,,.---------------
Stillbirth 30· 38 Stillbirth after 38 
weeks _________ weeks ________________ O 
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The Plan 7 

42. Multiple birth ( 2, �. etc. ) _____ 

...,...,.-
Order of birth-------------==--==

0 
4�. Sex of newborn 44. Weight (gnns.) 0 o:JO 
45. Presence or absence of malformation 0 
46. Type of malformation (give details ) ____________________ 

_ 

������-��---------------- 000�0 
47. Date of death of newborn child_-:-----::--:------:------------- DO 
48. Date of termination of any pregnancies after January, 1 948 0 
49. RemarlU

���--:�
-

�
-

��
---------------------

50. Name and address of attendant at birth ___________________ _ 

FIGUIUI 2.1 - English translation of the Japanese-language "Genetics Short Form." 

program went into operation, an attempt was 
made to ascertain what proportion of births in 
Hiroshima were to mothers registered in the 
Genefics Program, i.e., to determine the com
pleteness of our pregnancy registration. Inas
much as studies by the Public Health and Wel
fare Section, GHQ, SCAP (Mr. L. V. Phelps) 
had revealed that the official Japanese registra
tion of births by place of occurrence during the 
period of this study was quite complete, 1 it was 
felt that the most valid (as well as convenient) 
approach to this evaluation would be to com
pare the number of terminations recorded by the 
Genetics Program each month with the number 
officially registered in the city. The comparison 
follows: 

1948 City ABCC o/o 
August . . . . . . . . . . . 7 U 653 91.6 
September . . . . . . . . .  72� 674 9�.2 
October . . . . . . . . . . 602 614 102.0 
November . . . . . . . . .  625 596 95.4 
�r . . . . . . . . .  555 577 104.0 

1949 
January . . . . . . . . . . .  1,001 914 91.� 
February . . • . . . . . . .  759 70� 92.6 
March . . . . . . . . . . . .  740 675 91 .2 
April . . . . . . . . . . . . . 719 6�0 87.6 
May . . . . . . . . . . . . . 707 6�4 89.7 
June . . . . . . . . . . . . . 728 7 1 1  97.7 
July . . . . . . . . . . . • . .  826 759 91 .9 
August . . . . . . . . . . .  762 70� 92.� 
September . . . . . . . . .  740 685 92.6 

10,200 9,528 93.4 

Percentages greater than 100 are probably best 
explained by changing city boundaries and 

1 The actual figures for registration of live births 
during the years 1948, 1949, and 1950 are 98.1%, 
98.8%, and 98.9% respectively, while for stillbirths 
the corresponding figures were 98.7%, 99.4%, and 
99.4% (d. Public Health & Welfare in Japan, 1948, 
1949, 1950, by Public Health & Welfare Section, 
GHQ, SCAP) . 

monthly carry-overs, especially in the case of 
the December, 1948 figure, because of the Japa
nese custom of delaying registration on a child 
born in late December. Assuming that termina
tions known to the ABCC were also known to 
the city, this indicates that approximately 7 per 
cent of the births occurring in the city were to 
mothers not registered with the Genetics Pro
gram. 

A large proportion of these births to parents 
not registered with the Genetics Program of the 
ABCC subsequently came to the attention of 
the Program in the following two ways : ( 1 )  At 
the time of registration of the birth with the 
city, the city clerks routinely inquired if the 
pregnancy was known to the ABCC, and if not, 
directed the registrant to the Genetics Program 
offices in the city hall. (2) Private doctors and 
midwives frequently reported the names of all 
women whom they attended who were not 
registered with the Genetics Program. Births 
coming to the attention of the Program through 
these channels were placed in an "Unregistered 
Series." From time to time, in an effort to im
prove the coverage of the Program, the reasons 
were investigated for the failure of the preg
nancies resulting in these births to be included 
in the routine registration. One of the more 
complete investigations of this type was carried 
out in Hiroshima in October of 1952 and dealt 
with 147 unregistered births occurring in the 
period of June through September of that year. 
The reasoos for not registering given by the 
mothers of these 147 children were as follows : 

Reason for failing to register No. 
1. Arrived in city just prior to birth of child . . 20 
2. Registered pregnancy at city hall, but failed 

to visit ABCC office there . . . . . .  . . . . . . . .  57 
�. Failed to register either with city for ration 

purposes or with ABCC, although in town 
during pregnancy: 

Too busy . . . . . . . . . . . . . . . . . . . . . . . . . 2�  
Forgot . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
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8 Geneti( Efle,ts of Atomi( Bombs Chapter II 

First seen by midwife late in pregnancy ; 
felt registration wasn't worth bother-
ing with . . . . . . . . . . . . . . . . . . . . . . . 5 

Requested someone else to register ; that 
person failed to do so .  . . . . . . . . . . . . 17  

Too sick to  register . . . . . . . . . . . . . . . . . 4 
Didn't know about registration . . . . . . . 1 2  

4 .  Miscellaneous causes . . . . . . . . . . . . . . . . . . . 10  

147 

di1Jerences in city administration practices, the 
percentage of unregistered births was always 
less in Nagasaki than in Hiroshima. 

The question naturally arose as to whether 
the information collected concerning registered 
births should also be obtained for these unregis
tered births, following which the two sets of 
data would, for analytical purposes, be com-

TRANSLATION OF PAMPHLET DISTRIBUTED AT THE TIME OF 
PREGNANCY REGISTRATION 

To All Prospective Mothers: 

The ABCC has a request to make of all prospective mothers. I presume you are familiar with the 
research project of the ABCC. The American and Japanese doctors work together in giving physical exam
inations to all babies born in Hiroshima, Kure, and Nagasaki, and cooperate in carrying on other scientific 
researches. We hope that those who have encountered the bomb and also those who have not will respond to 
our program. A comparative study of the physical conditions of the persons who experienced the bomb and 
persons who did not, insures the scientific accuracy of our studies. 

When you register your pregnancy at the city office will you kindly fill out a questionnaire for ABCC? 
Our representative will ask you questions and fill out the questionnaire. You need not be worried about the 
questionnaire for it contains only questions concerning your expected baby, name of parents, birthdates, date 
of marriage and history of exposure to the atomic bomb. If you have any questions to ask, our representative 
will be happy to assist you. The form, on a white sheet, which you will be asked to take home with you, will 
be filled out by your attending midwife or doctor and returned to ABCC. 

Within a month after delivery an ABCC doctor will call on you and make a physical examination of 
your baby. ( If unfortunately your pregnancy terminates in abortion, stillbirth, or any other abnormality, an 
ABCC doctor will also call on you. ) By this examination you will be able to know your baby's true physical 
condition and at the same time you will be making an important contribution to medical science. 

In the ABCC clinic the most modern X-ray and other medical equipment are available if the necessity of 
a thorough examination of your baby is found necessary. In such cases the ABCC will call for you and bring 
you and your baby to the clinic. The results of the examinations are strictly confidential but if you desire 
they may be available to your family doctor. All services are performed free of charge. 

NoTE : 

1. Regardless of whether or not you experienced the atomic bomb, whether your pregnancy terminates 
in abortion or stillbirth, your cooperation will be appreciated. 

2. Please preserve the questionnaire that you were asked to take home and have the attending midwife 
or doctor fill it out after delivery. If you lose the questionnaire it will be issued to you again, if 
you will present your Expectant Mother's Notebook at the city office. 

� - Please inform the ABCC if you change address at any time. 

Your kind cooperation is requested in this medical research program. 

FIGUIUI 2.2 - English translation of the Japanese-language pamphlet distributed at the time of pregnancy 
registration. 

Reason ( 1 )  appears to represent an unavoidable 
loophole in the program, but inasmuch as 
mothers falling into this category as a rule were 
unexposed, this does not represent a serious loss 
of data. Reason (3)  also represents an unavoid
able loophole in a program geared as this was to 
a civic function. Reason (2 ) ,  on the other hand, 
represented an unnecessary loss of data (which 
could be and was rectified) , due for the most 
part to the fact that the city clerk failed to direct 
the registrant to the ABCC office, either through 
forgetfulness or, in the case of new clerks, not 
knowing that this should be done. Because of 

bined. In view of the extent to which recent 
arrivals to the city enter into the composition 
of the unregistered group (20/147 in the pre
ceding analysis) , it was felt that it would be 
better not to combine the two series, even 
though this involved the loss of a certain amount 
of badly needed data. 

As mentioned earlier, it was not necessary 
that the pregnant woman register in person, it 
being possible for her designated representative 
to register for her. In approximately 4 per cent 
of all registrations, neither the prospective 
mother nor the father appeared at the city hall, 
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The Plan 9 
the registration being carried out by some third 
party. Such individuals of course were unable 
to answer many of the items on the question
naire. In these instances, a clerk was sent to 
the home to obtain the necessary data. 

22 Special st11dies on abnormal terminations. 
- In the event that a pregnancy terminated ab
normally, as in a stillbirth or a child with a 
congenital malformation, a supplementary ques
tionnaire was completed in the patient's home by 
a doctor in the employ of the .ABCC. This ques
tionnaire covered in some detail gynecologic 
history, maternal disease during pregnancy, past 
reproductive performance, and economic status. 
The actual questionnaire is reproduced in Fig
ure 2 .3 and will be referred to as the "Genetics 
Long Form." In addition, in the case of ab
normal terminations, blood was obtained from 
the mother for a serological test for the presence 
of syphilis. 

If the physician charged with completing the 
supplemental questionnaire encountered an un
usual abnormality, or one concerning whose 
nature he was unsure, he could, if the parents 
were willing, arrange for the child to be seen 
by an American-national pediatrician at the 
ABCC headquarters, for such diagnostic studies 
as seemed necessary, as well as photographic 
documentation of the case. 

The Japanese physicians concerned with the 
home examination of these infants were for the 
most part recent medical school graduates. 
Many of them were employed on a half-time 
basis, the remainder of their time being devoted 
to hospital duties. Each of these men, before 
he was sent out on home calls, received instruc
tion in the systematic examination of the new
born infant. In addition, from time to time 
lectures were given on the recognition of the 
more common congenital abnormalities. Be
tween 30 and 40 full or part-time physicians 
were employed in this capacity at any one time. 
For a variety of reasons, personnel turn-over 
was at first relatively high ; this necessitated a 
constant training program. 

2.3 The "10-percent sample."-Each woman 
as she registered received a registration num
ber for her pregnancy, these being assigned 
in sequence and without respect to radiation 
history. For every tenth registration, which is 
to say, all registrations for which the terminal 
digit in the registration number was zero, the 
same supplemental questionnaire just described 

in connection with abnormal terminations was 
completed in the home. A serological test for 
syphilis was also carried out on the mother of 
every tenth termination. In this way a 10 per 
cent sample was obtained with which to supple
ment the information obtained on the original 
questionnaire concerning the comparability of 
control and irradiated parents. In addition, in
formation was obtained of value in analyzing the 
causation of abnormal pregnancy terminations. 

2.4 The acc11racy and reprod11cibility of the 
anamnestic data obtained on the Genetics Short 
Form and the Genetics Long Form. - The in
formation accumulated in the course of this 
study is of two types : anamnestic, and observa
tional. The accuracy of both types of informa
tion was of course a matter of vital concern. 
During the period covered by this investigation, 
many women in the study cities had several 
pregnancies. Each pregnancy of a given woman 
was registered independently of any others. 
Discrepancies in the answers to particular ques
tions in the course of multiple registrations by 
a given woman provide some insight into the 
reliability of the material. In addition, because 
of overlaps in the various segments of the 
.ABCC program, the same information might be 
obtained independently in different studies. 

The information obtained on the Genetics 
Short Form is of three main types: ( 1 )  radia
tion history, (2) history of past reproductive 
performance, and (3)  observations by midwives 
and physicians on the outcome of the current 
pregnancy. The reliability of information of 
types ( 1 )  and (3)  will be examined in detail 
in Chapters IV, VIII, IX, and X. The attempt 
to obtain information of type (2) was moti
vated by the possibility of detecting an increase 
in the proportion of abortions and miscarriages 
among conceptions occurring in the period im
mediately following the bombing. However, a 
preliminary analysis of repeat registrations by 
the same mother, in May of 195 1 ,  suggested 
that the error in the reporting of abortions and 
miscarriages was such that any attempt to 
utilize these data would be ill-advised. This 
study thus utilizes only direct observations col
lected under supervision during the years 1948-
1954. 

The material sought on the Genetics Long 
Form was collected with three purposes in 
mind : ( 1 )  the description in some detail of 
congenital defect, (2) the recording of certain 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


10  Genetic Effecls of Alomic Bombs Chapter II 

SPECIAL BIRTH QUESTIONNAIRE 

Date of lm·atigatioo ______ _ 

1. Sex and full name of baby: M F 
(Ro-ji, K<�,.ji, FvrigattO) 

2. Name of place of birth 

Home Hoapltal 
4. Date nt birth : 

11. Atteadant at birth: Dr. Mw. Name: 
�: 

II. Dltlpolla nt clefecta of child Aad details: 

Blond taken v N 

Seen by ABCC doctor v N 

Specimen taken v N 

l'boto or X-ray taken v N 

N11111e of lnvatlgatlllf: Doctor 

3. QuelltionMire Number 
I I I I I I I i i 4 3 I 

Mm. Sun. 

Birth weJcllt Gma. Birth lqth ln. 

Clmunlerer.ce : Head ln. Chat In. 

D�la '----------------------------------------- I I I I I I I • • • • 5( • 

7. pJ.ce ol. death: 
Jtome lla�pltal 

8. Attendallt at death: Dr. Mw. N-: 
• Addfta: 

t. AatOSJS7: V e. No · 
Place of aaiOSJS7 aftd Doc:tm'a aame: 

Ace: 

I I I I B Si IS I I I Y 11 H 

I I I I • a 4¥ I I I a a '" 
NEONATAL w 

Date: 

ABCC Form No. GEN-t (OCT 110 Rll) 
IIIRTH QUESTIONNAIRE 

FIGURE 2.3 - The Genetics "Long Form." Explanation in text. 
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The Plan 

10. N:uue of fatlm: 11. Addn.: .  
(.RmMji, IC•ji, FmfiOAJJ) 

If. D:lte nl ltinh : 13. A,!e: J'L 

J4. Dots the father have the same defect • this child ? Yes Nn Unknnwn 

DetAils: 

nne. the f:uloer h:lve any nther defect ? 

Det:sils: 

\' es Nn tJni.Mwn 

Does any of the father's relatives han the IIIIIM defect • this child ? 

Det:sils :  

.I:Ioa any nl the f:\thH'A relatives h:lv e  "">' nther defect � Yes Nn UnkMwn 
Details: 

16. Blood relationahlp: F:stlm IIDII Motha 
Yes No Unlmown 

Details: 

Maten:.al Glllnll.-ts 
V ea No Unknown 

16. Ecnr.nmlc stcat111 nl famll7 : Very pnnr l'nnr A'·enge Well-co-dB Very rich 

17. Name of motlm: 18. �= 
(IIDMo,;i, JCn.;i, l'�o-rifrOM) 

Je. Date of birth: :tO. Ace: J'L 1IIOIIL 

21. :or- the !ftnlher h.'\Ye the - defect • this child ? Yes No UnlcMwn 
DetAils: 

Ones the mnther han IIIIJ other defect ? 

DetAils: 
Yes Nn UnkMwn 

Does any nl the mnther's rebtl•es have the - defect • this child ? 

Details : 

Vee No t1Dkaawa 

Ones any of the mother's relathea haYe any other defect1 

Details: 

V es No Unknown 

1 1  

Interval In dlayl I I I I I 
23. l�tlea -l'll&tlnn: Yea No Unknown 

Details: 

FJGUIUI 2.3--Co,lituml 

g " �� · o  
a 

ABCC Form No. GEN-2 (OCT GO R3) 
lllfnH CllW81'IONI'WAE 
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12  Genetic Effects of Atomic Bombs Chapter II 

26. Pelvic operatloGs, discaHs, o r  tte:ltme.�ts vrior to vracnt l>repiDC)': (PorliC11lcrlg D& C) Yes No Unbown 
N- of hnlv. &: Dr. : Date :  
Mdtaa of holv. &: Dr. : 

Detail.: 

::15. <ieoenal cUscasa aod surt:ic:al operatit>:. 
(pfiettlorly of o /dlrilc Mlllrll): Y a No tJDkllown 
Detalla: 

Dale: 

F�er: Duration 

J(M; 

28. Mother: 

:11. IDfanl :  

•• Rcmub: 

Detail.: 

· 8EAOLOGY 

TEST RF.SUL'I PLACE DATE 

ABCC 

ABCC 

ABCC 

ABCC 

ABCC 

, INDICATE : POSITIVE as + 
. DOUBTFUL as :t: 

NEGATIVE as 

TEST RESULT PLACE DAn: 

ABCC 

ABCC 

ABCC' 

ABCC 

ABCC 

TEST 

WASSERMANN 

MURATA 

IDE 

HOKKEN 
MEJNJCKE 

TEST 

W ASSI>RMANN 

MURATA 

JDE 

HOKKEN 
MEJNJCKE 

RESVL'I 

RESUL'I 

PLACE DATE 

PLACE DATE 

.... ' of ' JIICCI 
ABCC Form No. GEN-2 (OCT GO R3) 

BIRTH auaJTIOIII'fAIR 
FIGUIUI 2.3-ConlitumJ 
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-.._ 

31. Total nu.- ol ,......,. •• ID thlo �. 

w 
M0'11U'8 DDJVERY fEOfiD 

Name of 
cohabi ting 
bther 

Pregnancies Delivery dole I Birt3 N�m• of child � � �  d I � I � I Ord 

2 
3 
4 
5 
G 

8 
9 
10  
1 1  
12 
1 3  
14 
15 
16 

Condit ion of 

Deli\· cry 

.. 
O...c ·= t: :i :.o :a 

L I P  I S  I NA I TA I M 
L I P  l S I  NA I TA I M 
L I P I S I  NA I TA l M 
L I P I S I NA I TA I M 
L I P  I S  I NA I TA I M 
L I P I S I NA I TA l M 
L I P I S I  NA I TA l M 
L I P I S  I NA I TA I M 
L I P I S I NA I TA l M 

L I P I S I NA I TA I M 
L I P I S I NA I TA I M 
I. I P I S I NA I TA l M 
L I P I S I NA I TA I M 

L I p I s I NA I TA I M 
L I P I S I NA I TA I M 
L I P I S I NA I TA I M 

.l! ..:  ll ll  � (j  
D iagnaaia ol ddecta 

c 
� � � .:l � U other; apecity here. 

Ul a_� 
SD I O I U  
SD I O I U  
SD I O I U 
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supplementary technical observations of possible 
pertinency to pregnancy outcome such as eco
nomic status and maternal luetic infection (as 
revealed by serological testing) , and (3)  the re
cording of considerable background information 
of possible relevancy to the manner in which 
a given pregnancy terminated, with particular 
reference to the problem of congenital defect. 
This included a brief family history of both 
father and mother, a detailed reproductive his
tory of the mother, disease during pregnancy, 
etc. The reliability of the material collected 
under headings ( 1 )  and ( 2)  will be discussed 
in Chapters V and VIII. The reliability of anam
nestic data mentioned under heading (3)  will 
be briefly considered here. This material is in 
the strict sense not relevant to the problem of 
radiation effects, the questions having been in
troduced because of the opportunity of adding 
to existing knowledge concerning the etiology 
of congenital defect. Unfortunately, particularly 
with reference to the occurrence of congenital 
defect in other members of the family, several 
analyses have raised serious doubts as to whether 
these histories are of sufficient reliability for 
research purposes. There is in general less major 
congenital defect reported in family histories 
than would be expected on the basis of the ob
servations made during the course of this in
vestigation. This may in part be due to lack of 
information and forgetfulness, but is probably 
in no small measure due to the social stigma 
connected with congenital defc;ct, and the conse
quent efforts to conceal it. 

2.5 The autopsy program. - As the over-all 
program of the ABCC developed, and particu
larly after a Department of Pathology was 
established, it became possible to initiate the 
performance of autopsies on deceased or still· 
born infants falling within the scope of the 
program. Because of the greater concentration 
of Commission personnel in Hiroshima than 
in Nagasaki, infant autopsies were begun in 
Hiroshima in December, 1948, but not in a 
methodical fashion in Nagasaki until several 
years later. 

A request to perform an autopsy was rou
tinely made of the parents of each stillborn 
infant and of each infant dying during the 
neonatal period coming to the attention of the 
Commission. If permission was granted, the 
contactor brought the cadaver to the ABCC 
pathology laboratory. A complete autopsy was 

performed in all cases save where maceration 
made this impossible. Photographs and X-rays 
were taken when indicated. A copy of each 
autopsy protocol was ultimately filed with the 
appropriate Genetics Long Form. The cadaver 
was then carried to a crematorium in an ABCC 
vehicle. Ashes were returned to the family in 
a suitable receptacle on request. Cost of the 
coffin and cremation fee were borne by the 
ABCC. 

When the autopsy program was well under 
way in the two cities, some 50 per cent of the 
total available material came to autopsy. For 
instance, an analysis of 300 consecutive regis
trations terminating in stillbirths or neonatal 
deaths, beginning January, 1950 in Hiroshima. 
revealed that out of the total of 3 1 1  infants in
volved, 1 58 (50.8%)  came to autopsy. Of the 
remaining 1 53, 46 ( 14.8%)  were seen by an 
ABCC physician but did not come to autopsy. 
There were 107 (34.4% ) who were not seen by 
an ABCC physician, and concerning whose ap
pearance at birth there is only the statement of 
the mother and attending midwife. This repre
sents the most serious potential loss of informa
tion in the entire program, since a certain 
amount of congenital malformation could well 
go unrecognized or concealed. However, these 
unexamined infants can introduce bias into the 
findings only if there is a difference in report
ing on the part of exposed and unexposed 
parents. We shall examine the latter possibility 
in Chapter XIII. 

2.6 .  The collection of data on infants aged 
9 months. - Japanese homes are not always 
well lighted and, because of their construction 
and the fuel shortage, are decidedly cold in 
winter. These conditions are not favorable for 
an adequate physical examination of a newborn 
child. The possibility had to be recognized that 
for these reasons, as well as diagnostic over
sights, some malformations were not being ob
served at birth. Furthermore, certain defects, 
such as congenital dislocation of the hip, spastic 
paraplegia, deafness, blindness, congenital heart 
disease, or mental defect are not always readily 
diagnosable at birth. Accordingly, in January of 
1950, the earliest date at which the over-all 
development of the ABCC permitted such ac
tion, a program was inaugurated to bring into 
the central clinical facility at age 9 months 
as many of the children examined shortly after 
birth as possible, both as a check on diagnostic 
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oversights at the time of the first examination 
and on supplementary diagnoses. Certain an
thropometric measurements were also obtained 
as an index of general physical development. 
Furthermore, because of the possible relation
ship between genetic damage and death during 
the neonatal period of infancy, information as 
to time and manner of death was obtained for 
deceased children. The age for this study was 
set at 9 months rather than, e.g., one year, 
because of the relative ease with which a 9· 
month-old infant may be examined. The form 
on which the data were recorded is reproduced 
as Figure 2 .4, and will be referred to as the 
Genetics 9-Months Follow-up. 

Since it was not possible to conduct studies 
of all the babies examined at birth who were 
still alive 9 months later, a system of obtain
ing a random sample had to be set up. This was 
dooe by the simple expedient of calling in 
babies for examination according to the terminal 
registration digit of the pregnancy. Each month 
all babies with certain specified terminal regis
tration digits were seen, the number of children 
seen being regulated by the other demands on 
the clinical facility and the personnel available. 
In this fashion, a random 10, 20, 30, etc. per 
cent of the original group could be called in 
for examination. Parental cooperation was usu
ally excellent. Where a child who was included 
in the sample could not be examined, an attempt 
was made to establish why, in an effort to detect 
possible sources of bias. 

A comparison of the recorded findings on a 
series of infants examined shortly after birth 
and again at 9 months provides a check on both 
the clerical and medical efficiency of the pro
gram. Such a comparison was carried out in 
1952, based on 4,578 pregnancy terminations 
studied at birth and followed up again at age 
9 months in Hiroshima in 195 1 .  The compari
son involved the findings coded on the IBM 
cards used for the final analysis (see below) 
rather than on a matching of the two original 
forms, since the IBM cards are of course the 
basis for the final tabulations. Particular atten
tion was directed towards the occurrence of 
gross malformation in the two series. 

A total of 38 clerical errors came to light. 
Approximately half of these arose in the fol
lowing manner: a tentative diagnosis of major 
malformatioo made when a child was seen in 
the home was not confirmed when the child 

was brought into the central facility for ex
amination a short time thereafter. When this 
same child was seen at age 9 months and the 
defect again not observed, this was erroneously 
coded as a refutation of an earlier diagnosis, 
when in fact no actual diagnosis had been 
reached. This error did not affect the actual 
analysis of the data. The other 20 clerical errors 
were of a more serious nature, involving for the 
most part an error in the use of the 6-digit 
code developed in connection with this study 
for the classification of congenital malformation. 

From the medical standpoint, the comparison 
of the two sets of records brought out the unre
liability, under the conditions of this study, of 
the diagnosis shortly after birth of congenital 
heart disease and congenital torticollis. This 
finding led to omitting these two diagnoses from 
the "at birth" data, although both were included 
in the "9 months" data.1 Excluding these two 
diagnoses, there were 48 instances of major 
defect listed among the 4,578 terminations 
studied shortly after birth. The follow-up ex
amination at age 9 months increased the number 
of diagnosed major defects (exclusive of con
genital heart disease) to 1 22 .  On the face of it, 
this amounts to a 1 54 per cent increase. How
ever, analysis of the data revealed that three 
diagnoses contributed disproportionately to the 
9-months total, as follows : 

No. of times 
made on first 

Diagnosis examination 
Dysplasia of acetabulum . . . . . . . 3 
Pilonidal sinus . . . . . . . . . . . . . , 
Inguinal hernia (females only) . , 

No. of times 
made on 
second 

examination 
26 
22 
19 

67 

Exclusive of these three diagnoses, there were 
35  diagnoses of major defect at the time of the 
first examination (all confirmed later) , as con
trasted to 5 5  at the second examination, an in
crease of 57 per cent. It was apparent from this 
that the 9-months examination not only served 
as a valuable check on the "at birth" program 
but significantly increased the amount of con
genital disease recognized in these children, 
although the bulk of this contribution was due 

2 The diagnosis of congenital heart disease was 
based on one or more of the following criteria: per
sistent cyanosis, a grade III or IV apical systolic mur· 
mur, a precordial thrill, or cardiomegaly in the ab
sence of another adequate explanation. 
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16  Genetic Effects of Atomic Bombs 

ATOMIC BOMB CASUALTY CQMMTSSION 
PC D I A T R I C  I'OI..I..OW-lJ P !Initial Record) 

Koma1• Family Name Given r<ame KanJi 

Location: H O K D  N O  Expo!led CD Control 0 Sex: M D  FD 
Birth Date: 

Day Month Yur <Eta YeatJ GenetiQI No. 

Address: 
Source of Info. 

Naane IRomaJil Year of Birth 

Mother. 

Father: 

Sob lings: 
Sex Date of Birth Health <G, F. P, DJ Sex Date of Birth 
-

Family History: Calsaneuinity 
Diseases: 
I. Tuberculosis: 4. Veuereal Di.eaae: 
2. Blood: 5. Endocrine: 
3. Nerwua: 6. Other: 

Mother: Para Gravida 

Prenatal Care Where No. Mmtha 

Pregnancy Complications: 

Delivtry •Mid·wife. doctor, othtrl cNormal, abnormal) Details if abnormal: 

Cond.tion at birth land first 14 days) !Good, Fair, Poorl Details if pOor: 
Birth Weight: 

Nutrition: Age Begun Termin•ted Illnesses: 
Breast Milk 
Other Milk 

Solid foods 
l. 
2. 
3. 
Vitamin Supplements: lmmunirations: Date 

---

Motor DeYelopment: Sat 
lqe in lldlthal Walked 

Talked 

Remarka: 

Chapter II 

Master File Numoer 

Day Month Year 

DePt. No. 

Reliability 

General Health 

(Good, Fair, "-' 

(Good, Fair, "-' 

Health <G. F. P. Dl 

ReactiOD 

Rastory Ta�en I!Y E•ammmg PhySician 
A&.� t•orrn No. I"J>_u-:. u··eb :.ut 

Ped Follow·Up L 

FJGUIU! 2.4 - The form used for recording pediatric information at age 9 months. Explanation in text. 
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to a relatively few diagnoses. The question of 
whether these three common diagnoses "un
balance" the 9-months data will be examined 
later. On the basis of these findings, the de
cision was made to conduct separate analyses 
on the malformation findings "at birth" and 
the additional findings at the later examination. 
It should perhaps be emphasized at this point 
that although we have presented the above 
analysis in terms of specific defects, the unit in 
the statistical analysis to be presented later of 
the relationship between radiation history and 
congenital defect was the malformed child 
rather than specific defects, i.e., for analytic 
purposes each child is scored only once regard
less of the number of major defects present. 

2.7 The processing of the data. - All of the 
questionnaires employed in this study were 
checked for completeness by trained clerks. In 
the event of an omission or an obvious error, the 
individual concerned was queried either by mail 
or by a "contactor." Where a discrepancy ap
peared between the information obtained on a 
first registration and on a subsequent registra
tion by the same couple, an attempt was made 
to determine which of the two statements was 
correct and the reason for the discrepancy. 
When the questionnaires were completed, the 
data necessary to the projected analyses were 
coded, and the coded results transferred to 
standard SO-column machine tabulation cards. 
The codes used for the Genetics Short Form, 
the Genetics Long Form, and the Genetics 
9-Months Follow-up are reproduced in Ap
pendix 1 .  

2.8 The study of spontaneous abortions. 
Early in the planning of the study, the possi
bility presented itself that a significant fraction 
of the detectable genetic effects of the atomic 
bombs on the first post-bomb generation would 
be in the form of dominant lethals which would 
find expression during the early stages of preg
nancy. Although some of these dominant lethals 
might manifest themselves prior to implanta
tion, others might not be effective until a month 
or two after implantation. Theoretically, the 
occurrence of dominant lethals in any number 
might be detectable through an increase in 
early spontaneous abortions. 

In the fall of 1949 an attempt was initiated 
in Hiroshima to obtain as many records as pos
sible of pregnancies terminating spontaneously 
prior to the twentieth week of gestation. Data 

were collected through the personal contact of 
one physician with the practicing obstetricians 
and gynecologists of the city. Radiation histories 
were obtained on each couple involved, with 
the intent of determining whether these histories 
differed significantly from those obtained from 
parents when the pregnancy was of twenty or 
more weeks' duration. 

In the fall of 1950, the physician originally 
responsible for the collection of these data sev
ered his association with the ABCC ; the collec
tion of the data was continued by two younger 
men. The collection of data was discontinued 
in early 1952.  Data on 1 ,053 early spontaneous 
terminations were obtained during the first por
tion of this study, and information on 638 dur
ing the latter portion. 

Many problems were anticipated in the col
lection of data on early spontaneous termina
tions ; most of these anticipations were realized. 
During the spring of 1952, a preliminary analy
sis of these data was carried out. This analysis 
clearly revealed heterogeneity within the data, 
in terms of differences between the findings of 
the first and second portions of the program. 
Because of the impossibility of determining the 
source of these differences, as well as continu
ing difficulty in the collection of such data, this 
aspect of the program was abandoned, and will 
not be referred to again. 

2.9 Cytogenetic effects of the atomic bombs. 
- As one facet of the over-all Genetics Pro
gram, the possibility has been explored of de
tecting by cytological methods chromosomal 
damage among the survivors of the bombings. 
Testicular material obtained either at the time 
of surgery, by biopsy, or at autopsy was ex
amined, using appropriate methods. These stud
ies, which will be described in detail elsewhere 
by Dr. M. Kodani, revealed an unsuspected 
amount of chromosomal polymorphism among 
normal Japanese, a finding which has served as 
a serious drawback in the use of this material 
as originally envisioned. 

2.10 The decision to discontinue work in 
Kure. - At the outset of the study, when satis
factory information was not available concern
ing the composition in terms of irradiation ex
perience of the population of the cities of Hiro
shima and Nagasaki, an effort was made to 
collect control data in the city of Kure, located 
some 1 8  miles from Hiroshima. Preliminary 
analyses of the year-to-year data quickly revealed 
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that a considerable proportion of the inhabitants 
of the cities of Hiroshima and Nagasaki during 
the years 1948 through 1953 had not been there 
at the time of the atomic bomb explosions. Thus 
there existed in these two cities a source of in
ternal controls which appeared to obviate the 
necessity for a separate control city . .Accordingly, 
in September, 1950, after data had been col
lected on some 8,391 pregnancy terminations, 
work was discontinued in Kure. 

2.11  The termination of the program in 
January, 1954. - .At the time that the program 
which has just been described was initiated, 
Japanese birth rates were at record levels. How
ever, in 1948 and 1949 the Japanese govern
ment, as one of a series of measures designed 
to reduce the disparity between population num
ber and available food resources, liberalized the 
legal indications for the performance of "thera
peutic" abortions by physicians . .Although exact 
figures are impossible to obtain, in 195 1 ap
proximately 300 pregnancies were being inter
rupted each month in Hiroshima alone. In 
consequence of this and possibly other measures, 
the birth rate in Japan, including, of course, 
Hiroshima and Nagasaki, underwent one of the 
most spectacular declines ever recorded in a 
civilized country (Koya, 1953,  1954 ; Popula
tion Reference Bureau, 1953 ) . The decline in 
actual number of births registered with the 
Genetics Program in the two study cities is 
shown in Table 2 . 1 .  In addition, during the 
first five years of the study, there was not only 
an absolute decline but in Hiroshima, the largest 
source of data, there was also a tendency toward 
a relative decrease in the numbers of infants 
born to more heavily irradiated parents. The 
reasons for this are not entirely clear. In part 
the finding is undoubtedly due to emigration 
from the city and completion of reproductive 
span on the part of older exposed individuals, 
without proportional replacement by younger 
age groups, but other factors may · also be 
involved. 

In the original planning of the program, the 
anticipated duration had been approximately 
ten years. By 1952 the annual decline in the 
amount of data becoming available had reached 
the point where it was apparent that a serious 
reconsideration of the duration of the program 
was indicated. .Accordingly, on July 10- 1 1 , 
1 95 3, a Second Genetics Conference met to con
sider the results of a preliminary analysis of the 

data, and to reach recommendations concerning 
the future conduct of the work. The members of 
this conference were Dr. G. W. Beadle, Dr. 
D. R. Charles, Dr. C. C. Craig, Dr. L. H. 
Snyder, and Dr. Curt Stem (chairman) with 
Drs. W. J. Schull and J. V. Neel functioning 
ex officio. In view of the relatively small ex
pected return, in terms of reducing the sampling 
variances of possible differences, from observa
tions extending over an additional four years, 
and in the light of the very real problems and 
the expense involved in maintaining the pro
gram at a satisfactory level of efficiency, it was 
the unanimous recommendation of the Con
ference that the program be terminated in the 
near future. This recommendation was accepted 

TABLE 2.1 PElt CENT OP ALL REGISTllATIONS ( IN
CLUDING THOSB INVOLVING PAllBNTAL CoN
SANGUINITY) 'IIV1TH AT LBAST 0NB PAllBNT 
HEAVILY EXPOSBO (RADIATION CATBGOlliBS 4, ' ) 

Nagasaki Hiroshima 

M or F, M or F, 
Year 4 or ' Total % 4 or ' Total «Yo 

1 3 1  778 4 .0 3,6 3,80' 9.4 
2 269 8,736 3.1 '93 8,064 7.4 
3 2,9 7,621 3.4 488 6,878 7.1 
4 226 7,093 3.2 393 6,064 6., 
' 222 6,664 3.3 360 ,,239 6.9 
6 I SS ,,348 3.0 317  4,723 6.7 

1 , 16' 36,240 3.22 2,,07 34,773 7.2 1 

by the Committee on .Atomic Casualties ; actual 
data collection was suspended in February of 
1954. 
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nese geneticists. The statistical analysis profited 
greatly from discussions and correspondence 
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Chapter III 

A C O M PAR I S ON O F  H I R O S H I MA AN D 

NAGA SAKI 

HIROSHIMA, situated facing the Inland Sea on 
the southern coast of the Japanese island of 
Honshu, was at the time of the atomic bombing 
a city of approximately 350,000 inhabitants 
(including military personnel) .  Nagasaki, lo
cated on the western side of the Japanese island 
of Kyushu, was at that time a city of approxi
mately 250,000 persons. In addition to the ob
vious differences in size and location, there are 
a number of other respects, pertinent to this 
study, in which the two cities are not compara
ble. 

3.1 The peopling of Japan,· pouible differ· 
ences between the inhabitants of Honsh11 and 
Ky11sh11. - The origin of the present-day in
habitants of Japan, like the origins of so many of 
the peoples of the earth, is a tantalizing riddle. 
Most standard reference works on the subject 
recognize the possibility of three distinct pre
historic streams of immigration into the Japa
nese islands, one entering Kyushu from the 
south by way of Formosa and the Ryukyu Is
lands, and ultimately derived from southern 
OUna,t a second entering northern Kyushu and 
southern Honshu from Korea, and ultimately 
derived from Manchuria, and a third stream, 
represented by the contemporary Ainu and hav
ing affinities with the present-day inhabitants 
of Siberia, northern Russia, Finland, and north
em Sweden, entering from the north (Munro, 
1908 ; Brinkley, 191 5 ; Murdoch, 1926 ; Sansom, 
1943 ; Beardsley, 1955 ) . But while Japanese 
mythology, the earliest written records, and the 
archeological findings all supply reasonably 
good evidence for such waves of immigration 
towards the end of the Stone Age, it is not at 
all clear whether these immigrants found Japan 
already inhabited and, if so, the provenance of 

1 Some have suggested Indonesia, Malaysia, or 
Polynesia. 

these very earliest inhabitants ( cf. Kiyono, 
1949) . Almost equally uncertain is the relative 
timing of these waves of immigration, and the 
proportions in which these waves, together with 
the possible even earlier inhabitants, blended 
to form the modem Japanese type. Suffice it for 
our purposes to recognize the possibility that 
some thousands of years ago there existed sig
nificant anthropological differences between the 
inhabitants of the vicinity of Nagasaki in south
em Japan and of Hiroshima in central Japan, 
and the further possibility that today, despite 
the many historical developments which would 
tend to obliterate such differences, some vestige 
still remains. 

2 1  

32 Non-Japanese elements in the two cities. 
- The present-day inhabitants of Nagasaki may 
differ genetically from those of Hiroshima for 
reasons other than just outlined. Historically, 
Nagasaki is pre-eminent among all Japanese 
cities as a point of contact with Western culture. 
The problem to which we must now address 
ourselves briefly is the question of the extent to 
which these contacts have been accompanied by 
intermarriages and arrangements of convenience 
which have left a lasting imprint on the biotype 
of the inhabitants of this area. 

32.1 Early Nagasaki contacts with the 
West. - From our standpoint, the history of 
these contacts is best divided into three periods. 
The .first of these begins in 1 542 or 1 543, when 
three Portuguese traders who had taken passage 
in a Otinese j unk for Liampo were driven north 
by a typhoon and landed on a small island off 
the coast of southern Japan. Within a few years 
they were followed by Portuguese trading ships, 
which also brought Jesuit priests from the mis
sions at Macao and Goa. The next 100 years 
were characterized by a considerable Japanese 
trade with the West, much of it funneling 
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22 Genetic Effects of Atomic Bombs Chapter III 

through Nagasaki. This trade was at first domi
nated by the Portuguese, but later shared in by 
Spanish, Dutch, and English ships. Concur
rently, Portuguese Jesuit and Spanish Franciscan 
missionaries were busy. The activities of these 
missionaries, at first readily tolerated, at length 
reached the point where, both in terms of num
bers of converts and political overtones, they 
were felt by the Tokugawa shogunate to pose a 
threat to the stability of Japan. In 1612, an 
earlier ban against Ouistianity was for the first 
time rigorously enforced. The Christian converts 
who refused to renounce their faith - and 
there were many - were vigorously persecuted. 
.At the same time, the entrance of foreigners 
into Japan, as well as their movement about the 
country, was increasingly restricted. In 1636, 
Japanese ships and Japanese individuals were 
forbidden to go abroad. By 1639, all foreigners 
are reported to have been expelled from Japan, 
and the country had embarked on an era of 
self-imposed seclusion. 

322 The Dutch on Deshima. - This 
severance of ties with the West was not quite 
complete. From 1640 until 1853, when Commo
dore Perry was successful in the first steps at 
re-establishing intercourse with the West, the 
Dutch, presumably because of the non-political 
and non-religious nature of their prior activities, 
were permitted to maintain a small trading sta
tion on Deshima in Nagasaki. This span of 2 13  
years i s  the second of the three periods we must 
recognize. During this period, Chinese were also 
permitted to trade at Nagasaki and in much 
greater numbers than the mere handful of 
Dutch. Thus, Kaempfer ( 1728) describes a 
Chinese section of Nagasaki with upwards of 
1,000 inhabitants, and further estimates, on the 
basis of the number of junks coming to Naga
saki and their size, that in the years 1683 and 
1684 (which may or may not be representative 
of previous years) there were "for each year 
not less than 20,000 Chinese visitors." .A year 
later trade with China was, at least officially, 
much more restricted, to 70 junks per annum 
with crews of not more than 30. Throughout the 
next century and a half the Dutch continued as 
in the past to send on the average one or two 
ships a year to Nagasaki, while Chinese activi- · 

ties were still further restricted, ooly a dozen 
junks a year being permitted to visit the port 
by 1820 (Murdoch, 1926) . 

3.2.3 From the reopening of Japan lo 

World War II. - The third period may be 
dated from 1853 to the outbreak of World War 
II. Perry in his negotiations of 1853 and 1854 
for port facilities declined the Japanese offers 
of Nagasaki, apparently feeling that its past 
would be more hindrance than help in establish
ing his new era, but under an agreement ne
gotiated in 1857 by Harris, the first .American 
Consul-General to Japan, Nagasaki became one 
of three treaty ports into which .American ships 
could enter freely. However, the Dutch, from 
their beachhead at Deshima, had already profited 
from Perry's visit. In 1853, immediately follow
ing Perry's visit, the Japanese entered into ne
gotiations with the Dutch for the purchase of 
men-of-war. In 1855, the Dutch presented the 
Japanese with the Soembing, the first unit of 
Western construction to be acquired by the Japa
nese Navy. In that same year, the Japanese 
established a navigation school and ship-build
ing yard in Nagasaki, instruction being fur
nished by 22 Dutchmen. In 1857 another 
Dutchman, Dr. Pompe van Meerdervoort, as
sumed charge of a newly established school of 
medicine. 

During the first decade following Perry's 
visit, while Japanese relations with foreigners 
were most unsettled, the number of Europeans 
in Nagasaki remained quite small, but begin
ning with the mid-1860's, and particularly after 
the initiation of the pro-foreign Meiji era in 
1868, there arose a sizeable "foreign colony" 
in Nagasaki, largely concentrated on land on 
the eastern side of the harbor specifically set 
aside for this purpose. We have found it diffi
cult to locate any exact data concerning the 
"foreign colony" between the reopening of 
Japan and 1897, with the exception of some 
statistics for 1864-1870, 1882, and 1889. Con
cerning the situation after 1897 there appears 
to be considerable information, but unfortu
nately sometimes conflicting in nature. This 
conflict is not so great as to invalidate an ap
proximate evaluation of certain matters perti
nent to this study. 

Table 3 .1  summarizes the earliest complete 
data on this period which we have been able to 
locate, made available through the courtesy of 
the Nagasaki Prefectural Library. Between 1864 
and 1870 there were on the average 1 50-200 
Occidentals in the city, as well as a rapidly in
creasing number of Chinese, the number of the 
latter growing from 141  in 1864 to 366 in 
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1870. The biological significance of  this num
ber of persons can only be evaluated in terms 
of the city's total population, which in 1870 
was given as 29, 127 (Nagasaki since the 
Restoration, 1925 ) . Occidentals thus accounted 
for approximately 0.6 per cent of the population 
at this time. 

Data concerning only two years during the 
interval 1871-1896 have come to our attention. 
In 1882, when the population of Nagasaki was 
39,963, the total foreign population had risen 
to 829. Of these, six hundred and some were 
Olinese and the rest Occidentals, including 
approximately 100 English, 30 French, 30 
Americans, and some Russians, .Austrians, 
Dutch, and Danes (Nagasaki since the Restora
tion, 1925 ) .  By 1889, when the city population 

ture, a manifest impossibility unless "residence" 
is defined differently in the two sets of data, a 
point not entirely clear. City figures are not 
available after 1923, but those for the prefecture 
indicate a slow, continual increase in the num
ber of Occidentals residing in the city, as illus
trated by the figures for 1930 given in Table 
3.3.  Throughout the first 40 years of this cen
tury, something like 0.2 per cent of the popula
tion of the city was Occidental, and an addi
tional 0. 7 per cent, Chinese. 

The ethnic breakdown of the figures for two 
representative years, 1910 and 1930, is indicated 
in Table 3.3 .  These simple totals fail to provide 
a true insight into the "dynamics" of the situa
tion. In Table 3 .4 figures based on the 1920 
census report are given concerning' the age 

TABLE 3.1 POPULATION FlGURJ!S BY NATIONALITY POll FOilBJGN!IlS R!smBNT IN NAGASAJCJ CITY BBTWBBN 
1864 AND 1870• 

(Abstracted from "Records of the Investigation by Nationality of Foreigners Resident in Nagasaki City - 1864 
through 1879," from the official files of the Nagasaki magistrate's office) 

Foreign populations 

Year 
1864 
1865 
1866 
1867 
1868 
1869 
1870 

Britain 
. . . . . . . . . . . 49 
. . . . . . . . . . .  66 
. . . . . . . . . . .  66 
. . . . . . . . . . . 
· · · · · ·  . . .  0 .  

. . . . . . . . . . .  

. . . . . . . . . . . 

66 
81 
79 
89 

U.S.A. 
�7 
�� 
�6 
�' 
�9 
2� 
29 

Germany France 
10 10 
10 1 1  
1 '  16 
19 14 
20 1 '  
2 1  1 '  
2'  14 

was 54,502, there were 354 Occidentals and 
701 Olinese in residence (Nagasaki since the 
Restoration, 1925 ) . 

Beginning with 1897, more complete data 
became available. Table 3.2 summarizes city and 
prefectural census reports from 1897 to 1923.1 
The data are drawn from different sources, the 
city data from a book issued by the municipal 
government in 1925 (Nagasaki since the Resto- · 

ration) , the prefectural data from the Japanese 
Empire Statistical .Annual (Nihon Teikoku 
Tokei Nenkan) . It is apparent that most of the 
foreigners residing in Nagasaki prefecture were 
concentrated in the city proper, making it pos
sible in an approximate treatment such as this 
to substitute prefecture for city figures where 
the latter are lacking. That one or the other or 
both sets of data are not completely accurate is 
suggested by the fact that for several of the 
years, city figures exceed those for the prefec-

2 The prefecture is a geographical unit roughly 
corresponding to the state of the U.S.A. 

Russia Portugal Holland Others Chinese Total 
1 24 141 272 

2 � 26 246 �97 
' �8 1 224 401 
' �0 4 �05 478 
8 �0 6 �7, ,74 
' 2� 2 ��� ,02 
6 20 � �66 '53 

composition and the marital status of four of 
the principal ethnic groups, as well as for the 
total foreign population. .Attention is directed 
towards the high proportion of unmarried males 
in the 20-39 age interval. Furthermore, in 
evaluating the significance of the number of 
married women, it should be borne in mind 
that in cases of mixed marriages, the wife and 
children assumed the citizenship of the husband 
(Izumi, 1921 ; Sasano, 1921 ) .  

3.3 The biological inftMence of "foreigners" 
on Nagasaki and Hiroshima. - It is a manifest 
absurdity to attempt to quantitate in any way 
the extent to which foreign contacts during 
these three periods left a biological imprint on 
the face of Nagasaki. However, one is perhaps 
permitted certain impressions. It seems unlikely 
for at least two reasons that the foreigners who 
visited Japan during the first of the three peri
ods defined above contributed in any significant 
way to the genetic constitution of the present
day inhabitants of this area. For one thing. the 
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systematic suppression of Otristianity, thought 
to involve the death of at least 20,000 Japanese 
converts, and perhaps 100,000 or even more 
(Kaempfer, 1728 ; Murdoch, 1926 ; Sansom, 
1943 ) ,  may have decimated the very group in 
which the offspring of Caucasian-Japanese 
unions were most apt to be found.8 For an
other thing, the Japanese, during the period 
ending in 1639 when they were ridding them
selves of foreign influences, were systematic 

fluences that during the second of the three 
periods we have defined, the Dutch were forced 
to live on a small, artificial island in the Naga
saki harbor, termed Deshima, measuring some 
600 x 240 feet. The number of Dutch in resi
dence was severely limited, usually to about 
10 to 20, and the movements of these carefully 
restricted ( cf. Kaempfer, 1728) . But the Japa
nese are above all else realists. Alone among the 
Japanese people, prostitutes were permitted to 

TABLE 3.2 THE "FOREIGN" AND TOTAL POPULATION OP NAGASAKI CITY, AND THE "FOilBIGN" POPULATION 
OF NAGASAKI PllBPECTUilE, 1897-1923 

Foreign population, city Foreign Total 
population, population, 

Year Households Males Females Total prefecture city 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
191 1 
1912 
1913 
1914 
191 5 
1916 
1917 
1918 
1919 
1920 
192 1  
1922 
1923 

0 • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . .  

. . . . . . .  · · · · · · · ·  

. . . . . . . . . . . . . . . 
0 0 0  • • • • • • • • • • • •  

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  
• •  • • • • • • •  0 • • • • •  

0 • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  
· · · · · · · · · · · ·  . . .  
. . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . 
· · · · · · · · · · · · · · ·  

290 851  
561 1,218 
731 1 ,345 
662 1 ,442 
526 
542 1,304 
640 1,334 
538 1 , 170 
487 1 , 121  
430 1,057 
416 1 ,061 
380 867 
32 1  800 
326 756 
274 639 
276 657 
318  754 
328 800 
304 763 
314 772 
316 772 
�45 804 
347 810 
351 810 
355 806 
362 822 
370 832 

in their uprooting of all traces of the intruders, 
to the extent that, among other actions, it is 
recorded that they exiled to Macao in 1636 
some 287 women and children known to be re
lated to the Portuguese by marriage or birth 
(Kaempfer, 1728 ; Woolley, 1881 ) .  

It is characteristic of the thoroughness of the 
Japanese in ridding themselves of foreign in-

a Exact data on this point are of course unobtain
able. From our standpoint it is important to recognize 
that the permanent Bight of Christians from Nagasaki 
to more inaccessible regions to escape persecution 
may, from the genetic standpoint, have done as much 
to obliterate any effects of interbreeding in that city 
as the actual death of Christians. 

271 1 ,122 73,974 
342 1 ,560 1 1 3,307 
357 1 ,702 1,743 120,865 
476 1,918 1 ,983 1 29,597 

2,104 2,037 142,8 1 1  
355 1 ,659 1 ,725 148,882 
409 1 ,743 1,698 1 54,727 
367 1,537 1 ,579 1 59,041 
365 1,486 1 ,535 163,324 
448 1,505 1,553 168,436 
402 1 ,463 1 ,523 173, 1 18  
395 1,262 1 ,282 175,936 
419 1,219 1,290 176,970 
389 1,145 1,186 178,074 
329 968 1 ,127 179,257 
370 1,027 1 54,35 1  
396 1 , 150 1,189 160,450 
405 1,205 164.272 
392 1 , 155  1 ,200 174,077 
403 1,175 1,189 182,695 
405 1,177 1,173 188,006 
393 1, 197 1 ,261 197,500 
397 1 ,207 1 ,3 1 1  205,958 
403 1,2 1 3  1,342 233,813  
406 1 ,2 1 2  1 ,217 245,954 
417 1 ,239 1,261 256,316 
423 1,255 1,303 264,669 

visit Deshima, and periodically such of the Dutch 
as desired - their numbers perhaps swelled by 
the arrival of a ship - were permitted to visit 
Maruyama, then (and still) the brothel district 
of Nagasaki. These activities, like everything 
else the Dutch did, were carefully noted. Thus 
it is a matter of record that in one year (the 
7th year of Kyoho, 1 722)  there were 270 
Dutch visits to Maruyama - during that same 
year there were 20,738 Otinese visits (Boxer, 
1950) . In view of the practice of abortion and 
infanticide during the Tokugawa Era and the 
official attitude toward foreigners, it would be 
strange if any considerable number of children 
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from such relationships reached maturity. The 
few of whom there is any record are cited in 
reference works primarily as "curiosities" (e.g., 
Thunberg, 1 795, 1796) . 

It is more difficult to evaluate the extent to 
which racial admixture occurred during the 
period ushered in by Commodore Perry's visit. 
The fraction of one per cent of the Nagasaki 
population which has been Occidental has been 
a very mixed group - diplomats, missionaries, 

tached to mi�ed marriages or even temporary 
arrangements of convenience, as witnessed by 
the well-known story of Madame Butterfiy, the 
locale for which was Nagasaki. One can state 
with considerable assurance that limited oppor
tunities for racial admixture existed in Naga
saki between 1870 and 1940 • - the data do 
not permit one to go much further. 

These are the bare historical facts. To what 
extent the present-day inhabitants of Nagasaki 

TABLE 3.3 THB ETHNIC CoMPOSITION OF THB FOilBJGN CoWPONBNT OF NAGASAKI Crrv, FOR THB YBARS 
1910 AND 19,0 

[The figures for 1910 are based on the city alone (Kitano, 191 1 ) ,  while those for 19'0 on prefectural 
census reports.] 

Nationality Males 
English • . . . . . . . . . . . . . . . . . . . ,2 
American . . • . . . . . . . . . . . . . . . ' 1  
French . . . . . . . . . . . . . . . . . . . . . '0 
Russian . . . . . . . . . . . . . . . . . . . . 17 
Danish . . . . . . . . . . . . . . . . . . . . .  7 
German . • • • . • • • • • • • • • • • . • . • 17 
Portuguese . . . . . . . . . . . . . . . . . ' 
Italian . . . . . . . . . . . . . . . . . . . . . 9 
Austrian . . . . . . . . . . . • . . • . . . . 2 
Turk . . .  . . • . . . . . . . . . . . . . . . . 2 
Rumanian • . • • . . • . . . . . . . • . . . 2 
Norwegian . . . . . . . . . . . . . . . . . 6 
Bulgarian . . . . . . . . . . . . . . . . .  . 
Dutch . . . . . . . . . . . . . . . . . . . .  . 
Polish . . . . . . . . . . . . . . . . . . . .  . 
Belgian . . . . . . . . . . . . . . . . . . .  . 
Swedish . . . . . . . . . . . . . . . . . . .  . 
Swiss . . . . . . . . . . . . . . . . . . . . .  . 
Canadian . . . . . . . . . . . . . . . . . .  . 

Subtotal . . . . . . . . . . . . . . . . . 178 
Chinese . . . . . • . . . . . . . . . . . . . . ,78 
Other . . . . . . . . . . . . . . . . . . . . .  . 

Totals . . . . . . . . . . . . . . . . • . .  7,6 

1910 

Females 
4' 
48 
12 
2 1  
9 

1 1  
6 
4 
4 
1 
, 
4 

169 
220 

,89 

teachers, and commercial persons - many of 
whom, of course, did not intermarry or other
wise contribute to the Nagasaki gene pool. 
However, in addition to these permanent resi
dents, there were relatively many transient sea
men. The Russian Beet was stationed in Naga
saki during the winter months prior to the 
Russo-Japanese War in 1904. The intellectual 
climate of Japan during the late nineteenth and 
early twentieth centuries was characterized by 
the enthusiastic acceptance in some quarters of 
many aspects of Western civilization - there 
was apparently no particular opprobrium at-

Total 
9, 
79 
42 
'8 
16 
28 
9 

n 
6 
' 
7 

10  
1 

,47 
798 

1,14, 

Year 

Males 
129 
84 
14 
9 

14 
2 
2 
' 

1 
'0 

31 
8 
1 
2 
2 
2 

334 
1,883 

1 
--
2,2 18 

19,0 

Females Total 
,7 186 
,, 1 19 
n 27 
9 18 

11 2,  
4 6 
' , 
, 8 

1 
1 ' 1  

, 36 
1 9 

1 
4 6 
2 4 

2 

uo 484 
441 2,,24 

1 
- --
,91 2,809 

differ from those of Hiroshima because of 
racial admixture can only be a matter for con
jecture. On the face of the evidence, it seems 
very unlikely that aJ most more than a few per 
cent of the corporate genetic constitution of 
present-day Nagasaki is non-Japanese in origin. 
This conclusion is borne out by the fact that the 
published .A-B-0 blood group frequencies of 

• The opportunities which arose during the Occupa
tion, starting with the arrival of the First Marine 
Division in Nagasaki, are · scarcely pertinent to the 
problem of the ancestry of those individuals forming 
the parentaae of the children under study. 
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N 
0\ 

TABLE 3.4 THE AGE COWPOSJTION AND ETHNIC STATUS OF THE TOTAL FOIU!IGN POPULATION OF NAGASAKI IN 1920, AS WELL AS OF THE FOUR 
PluNCIPAL ETHNIC GROUPS IN THIS POPULATION 

(From Naikaku t6kei-kyoku [Cabinet statistical bureau], Census Report, 1930, V. 4, p. 40.) Abbreviations: T, total ; U, unmarried ; M, married ; 
and WD, widowed or divorced. 

All foreigners Chinese American English Russian 

Age Total 0 � Total 0 � Total 0 � Total 0 � Total 0 � 
All ages 

T . . • . . . . . . . . • . .  2,�04 1,92� �79 1 ,363 1,001 362 444 391 53 346 3U 31 244 162 82 
u . . . . . . . . . . . . . 1 ,� 1 1 1,181 330 760 539 221 327 303 24 237 222 1 � 112 78 34 
M . . . . . • . . • . . . .  924 714 210 �63 441 122 1 14 87 27 10� 93 12 119 78 41 
WD . . . . . . . . . . .  69 30 39 40 21 19 3 1 2 4 - 4 13 6 7 

o-4 � 
::s 

T . . . . . . . . . . . . .  192 101 91 1�2 82 70 1 1  6 � � 4 1 16 � 1 1  � 
u . . . . . . . . . . . . . 192 101 91 1�2 82 70 1 1  6 � � 4 1 16 � 1 1  � · 

M . . . . . . . . . . . . .  - - - - - - - - - - - - - - - � WD . . . . . . . . . . .  
- - - - - - - - - - - - - - - " 

H :: 
T . . . . . . . . . . . . . .  192 109 83 n8 88 70 10 8 2 6 4 2 12 6 6 <:. -
u . . . . . . . . . . . . .  192 109 83 158 88 70 10 8 2 6 4 2 12 6 6 � 
M . . . . . . . . . . . . .  - - - - - - - - - - - - - - - -<:. 
WD . . . . . . . . . . .  

- - - - - - - - - - - - - - - ::! .. .  ..... 
1()..14 t::a T . . . . . . . . . . . . . .  16� 91 74 127 76 �1 7 4 3 6 2 4 10 6 4 <:. 

u . . . . . . . . . . . . .  16� 91 74 127 76 �1 7 4 3 6 2 4 10 6 4 ::! 

M . . . . . . . . . . . . .  � 
WD . . . . . . . . . . .  

1�19 
T . . . . . . . . . . . . . .  221 180 41 140 1 12 28 12 10 2 43 42 1 19 12 7 
u . . . . . . . . . . . . .  199 173 26 122 106 16 1 1  9 2 43 42 1 16 12 4 
M . . . . . . . . . . . . .  22 7 1� 18 6 12 1 1 - - - - 3 - 3 
WD . . . . . . . . . . .  

2()..24 
T . . . . . . . . . . . . . .  442 39� 47 1�0 12� 2� 15� 148 7 92 91 1 3� 26 9 Q u . . . . . . . . . . . . .  3�2 338 14 94 88 6 140 138 2 83 83 - 26 24 2 II> 
M · · · · · · · · · · · · •  88 �6 32 �4 36 18 1 � 10 � 9 8 1 9 2 7 l WD . . . . . . . . . . . 2 1 1 2 1 1 - - - - - - - - - ... 

---
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2,_29 
T . . . . . . . . . . . . . .  383 330 H no 1 17 33 123 1 16 7 74 72 2 29 22 7 
u . . . . . . . . . . . . .  2 1 3  206 7 49 46 3 92 91 1 �7 �6 1 12 10 2 
M . . . . . . . . . . . . .  167 123 44 99 70 29 3 1  2�  6 17 16 1 17 12 � 
WD . . . . . . . . . . .  3 1 2 2 1 1 

30-34 
T . . . . . . . . . . . . . .  296 24� � 1 142 1 19 23 66 60 6 39 34 � 41 28 1 3  
u . . . . . . . . . . . . .  87 80 7 21 2 1  - 36 34 2 14 1 3 1 1 1 9 2 
M . . . . . . . . . . . . .  202 1 �9 43 1 16 94 22 30 26 4 2� 21 4 28 17 1 1 
WD . . . . . . . . . . .  7 6 1 � 4 1 - - - - - - 2 2 

3�39 
T · · · · · · · · · · · · · ·  207 1 67 40 1 1 1  94 17 2 1  1 � 6 38 3� 3 3 1  22 9 !:lo. 
u . . . . . . . . . . . . .  53 44 9 17 16 1 10  6 4 16 14 2 7 6 1 (\ 
M . . . . . . . . . . . . .  146 12.() 26 90 76 14 1 1 9 2 22 21 1 2 1  14 7 <:) ;§ 
WD . . . . . . . . . . .  8 3 � 4 2 2 - - - - - - 3 2 1 "': 

4o-44 a. 
T · · · · · · · · · · · · · ·  128 99 29 70 �6 14 12  9 3 16 14 2 19 1 3  6 <:) 

;:s 
u . . . . . . . . . . . . .  1 1  7 4 2 2 - 2 2 - 1 - 1 1 - 1 <:) 
M . . . . . . . . . . . . .  1 1 2  90 22 64 �2 12 10 7 3 1 5  14 1 18 13 � -
WD . . . . . . . . . . .  � 2 3 4 2 2 - - - - - - - - - :t ... . 

4�9 � 
T . . . . . . . . . . . . . .  1 1 5  86 29 7 1  56 1 5  1 4  8 6 8 7 1 1 2  10 2 s. 
u . . . . . . . . . . . . .  16 10  6 6 3 3 4 3 1 1 1 - 1 - 1 i" � 
M . . . . . . . . . . . . .  8� 70 1 � �4 48 6 9 � 4 7 6 1 10 9 1 � 
WD . . . . . . . . . . .  14 6 8 1 1  � 6 1 - 1 - - - 1 1 - l 

�o-�4 z 
T . . . . . . . . . . . . . .  69 47 22 40 3 1  9 2 1 1 9 4 � 10 8 2 � 
u · · · · · · · · · · · · ·  12 7 � 6 � 1 1 - 1 2 1 1 - - - � 
M . . . . . . . . . . . . .  47 39 8 3 1 26 � 1 1 - � 3 2 7 7 - � 
WD . . . . . . . . . . .  10 1 9 3 3 2 2 3 1 2 ... . - - - - -

���9 
T · · · · · · · · · · · · · ·  37 27 10 20 17 3 � 2 3 4 2 2 3 2 1 
u · · · · · · · · · · · · ·  7 6 1 2 2 - 2 1 1 
M · · · · · · · · · · · · ·  24 18 6 17  14 3 1 - 1 3 2 1 1 1 
WD · · · · · · · · · · ·  6 3 3 1 1 - 2 1 1 1 - 1 2 1 

6o-
T · · · · · · · · · · · · · ·  63 48 1 5  32 28 4 6 4 2 6 4 2 6 3 3 
u · · · · · · · · · · · · ·  12  9 3 4 4 - 1 1 - 3 2 1 
M · · · · · · · · · · · · ·  37 32 � 20 19 1 � 3 2 2 2 - � 3 2 
WD · · · · · · · · · · ·  14 7 7 8 � 3 - - - 1 - 1 1 - 1 N 

....... 

...... 
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28 Genetic EffectJ of Atomic BombJ Otapter III 

persons living in Nagasaki do not differ strik
ingly from those of their neighbors, although 
one wonders about the selection for typing 
studies of "pure" Japanese (summary in Boyd, 
1939) . It is unfortunate that studies on the Rh 
gene frequencies are not available inasmuch as 
these, because of the difference between Cau
casian and Oriental populations (summary in 
Mourant, 1954) , would be expected to be 
especially revealing. 

That there has been some admixture can 
scarcely be challenged. One who visits the three 
cemeteries where foreigners were customarily 
buried is impressed by the frequency with which 
there appear on the tombstones of the past 
three-quarters of a century Japanese female 
given names in combination with non-Japanese 
surnames. Unfortunately, the local church rec
ords, which might have been of real value in 
this connection, fared less well than the tomb
stones in the atomic holocaust. One of these 
cemeteries is the large and picturesque, semi
official "Foreign National" cemetery, conveni
ently subdivided into Russian, Dutch, English, 
etc., sections. There is a marked preponderance 
of males buried here. It would be passing 
strange if, during the 70 years preceding World 
War II, these men, even more than the casual 
sailors from so many ports, failed to leave a 
genetic heritage paralleling their socio-economic 
stamp. 

Finally, some of the authors have the distinct 
impression of encountering from time to time 
in Nagasaki, individuals who, because of hair 
or eye color or facial conformation, strongly 
suggested Caucasian ancestry. Such persons are 
a very small minority but, in view of the gen
eral dominance in mixed Japanese-Caucasian 
marriages of the straight, black hair, the dark 
eyes, and the facial appearance of the Japanese, 
cannot be easily disregarded. 

In striking contrast to Nagasaki, the Hiro
shima area, although it has supplied relatively 
many emigrants to Hawaii and the U.S.A., has 
itself been characterized by very limited con
tacts with the West, even down to the time of 
World War II. It would seem that the possi
bility of a Caucasian element in this population 
may safely be ignored. 

In addition to the possible role of historical 
(and pre-historical) factors in creating biologi
cal differences between the inhabitants of Hiro-

shima and Nagasaki, certain obvious present-day 
differences should be mentioned. We are in
debted to Mr. Fu, Otinese Consul in Nagasaki 
in 1 952,  for the information that in February 
of that year there were 600 Otinese citizens in 
the city. These were not all "pure" Otinese ; 
on the other hand, there were known to be 
many persons in Nagasaki whose ancestry was 
in part Otinese who no longer claimed Otinese 
citizenship. In Hiroshima there was no signifi
cant number of Chinese, but, by contrast, a rela
tively large "Korean colony," numbering, ac
cording to data supplied by the Hiroshima 
Municipal Government, some 5,000 persons in 
January of 1952.  There is reason to suspect that 
because of illegal entry, the number was actually 
somewhat larger. There were relatively few 
Koreans in Nagasaki. 

3.4 The different impactJ of the atomic 
bombJ on the two citieJ. - There are important 
differences between Hiroshima and Nagasaki in 
respect to their experience with the atomic 
bombs. 

3.4.1 TypeJ of bombJ. - Different kinds 
of bombs were used on the two cities, that 
dropped over Hiroshima being a uranium-235  
bomb, whereas the one used against Nagasaki 
was composed of plutonium-239. As will be 
brought out in the next chapter, the radiation 
spectrum of these two bombs differed. 

3.4.2 EffectJ of the bombJ on the two 
citin. - The over-all effects of the atomic 
bombs on Hiroshima and Nagasaki have been 
adequately described elsewhere (British Mis
sion, 1946 ; United States Strategic Bombing 
Survey, 1946 ; Los Alamos Scientific Labora
tory, 1950 ; Oughterson et al., 195 1 ) . Suffice 
it to say here that both the mortality and the 
morbidity from the bombs differed markedly 
in the two cities. Because of the deterioration 
in Japanese vital statistics during the war and 
the destruction of records in consequence of the 
bombings, exact casualty figures will never be 
available. However, it is usually stated that in 
Hiroshima approximately 60,000 inhabitantJ 
were killed immediately or died within a few 
weeks of the effects of the explosion, and an 
additional 70,000 sustained overt injury. This 
figure may be a very conservative estimate of the 
total casualties for two reasons. As the head
quarters of the Second Grand Army, the chief 
concentration of military power in Central 
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A Comparison of Hiroshima and Nagasaki 29 

Japan, Hiroshima was a major "staging area" 
for the South Pacific theater of war. The 
elaborate facilities of the Second Army were 
almost completely destroyed. Because of war
time secrecy plus the deliberate destruction of 
surviving military records, the military casualties 
will never be known, but they number well into 
the thousands. In addition, on the day of the 
bombing there were a number of work parties 
from neighboring towns in the area. The total 
number of persons killed may exceed 100,000. 
With respect to Nagasaki, it is usually stated 
that there were approximately 33,000 civilian 
deaths, and 25,000 surviving injured. Nagasaki 
contained no military installations of any sig
nificance, so that the problem of accounting for 
military personnel does not exist for this city. 
Since many more records survived here than in 
Hiroshima, it is felt that the figures for Naga
saki are reasonably accurate. 

The plutonium-type bomb detonated over 
Nagasaki actually had a greater explosive power 
than that used on Hiroshima. The reason for the 
greater number of casualties in the latter city 
is to be sought in large part in differences in 
the physical features of the two cities. Hiro
shima is built on the triangular delta of the 
river Ota (Fig. 3.1 ) .  Only one small "moun
tain" (Hij iyama, height 69 meters) breaks the 
flatness of the terrain occupied by the great 
majority of the city . .As indicated in Fig. 3 . 1 ,  
the bomb was detonated not far from the 
"center" of this delta. The topography of Naga
saki is very different (Fig. 3.2) . The city lies 
at the head of a long, narrow bay, running up 
from which there is a "mountain," with a valley 
on either side. The city extends along both 
sides of the bay and up into the two valleys, 
thus roughly resembling in its outlines the letter 
"X." As indicated on the map, the bomb was 
detonated over one of the valleys, in which there 
was a heavy concentration of war industry (and, 
incidentally, the largest Christian colony and 
church in Japan, and the Nagasaki Medical 
School and its hospital) . The serious effects of 
the bomb were largely confined to this one 
valley. 

The official statistics concerning the effects 
of the bombs are paralleled by the experience of 
the ABCC in the two cities. For instance, in 
consequence of a Radiation Census carried out 
in 1949, together with certain later supplemen-

tary data, it can be estimated that in 1949 there 
were some 3 1 ,000 inhabitants of Hiroshima who 
had been within 2,000 meters of the hypocenter 
at the time of the explosion, whereas the corre· 
sponding figure for Nagasaki was 9,850. It can 
be further estimated that approximately 6,000 
persons then resident in Hiroshima, and 2,000 
in Nagasaki, had shown such symptoms of rela
tively heavy irradiation as epilation, purpura, 
andjor oropharyngeal lesions following the 
bombings (.ABCC Semi-Annual Report, Janu
ary-June, 1954) . .As can be seen from Table 2.1 , 
among the parents of children falling within 
the scope of the Genetics Program, there were 
roughly twice as many relatively heavily irradi
ated in Hiroshima as in Nagasaki . 

3.5 The det�elopment of the ABCC program 
in the two cities. - Despite the number of 
persons on the .ABCC roster (p. 2 ) , there 
was, considering the magnitude of the total 
problem to be attacked, a chronic shortage of 
trained personnel, this imposed in part by 
budgetary considerations and in part by recruit
ment difficulties. The original plan had been 
that the .ABCC would develop programs in 
Hiroshima and Nagasaki which would be quite 
comparable in size. From the first, however, the 
concentration of personnel and facilities in 
Hiroshima far outstripped that in Nagasaki. 
The reasons were chiefly two: ( 1 ) Given the 
personnel shortages alluded to above, and the 
greater number of relatively heavily irradiated 
survivors in Hiroshima, it was obviously more 
economical of available personnel to concentrate 
them in Hiroshima. (2) For a number of 
reasons which need not be entered into here, 
logistical problems, including the matter of 
housing, were less serious in Hiroshima. To 
those of your authors who found themselves 
curiously stirred by the colorful and dramatic 
history of Nagasaki - a history whose shadows 
confronted one at many turns - it has always 
seemed regrettable that practical considerations 
dictated putting so much more effort into 
Hiroshima. 

Because of the clear need from the outset for 
all the "genetic" data which could be collected 
from both cities, the Genetics Program came 
closer to an equality of effort in the two cities 
than did any other facet of the .ABCC's activi
ties. Every possible attempt was made to ensure 
the comparability of the genetics programs in 
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FJGURB 3.1 - The  topography of the Hiroshima City region, with particular reference to distance from the hypocenter of 
the atomic bomb explosion. Although the grid is laid out in 1 ,000-yard intervals, the concentric rings indicate distance from 
the hypocenter in 1,000-meter intervals. 
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A Comparison of Hiroshima and Nagasaki 

FIGUilE 3.2 - The topography of the Nagasaki City region. Explanation as for Figure 3 . 1 .  

31 

Copyr ight  © Nat ional  Academy of  Sciences.  Al l  r ights reserved.

Ef fect  of  Exposure to the Atomic Bombs on Pregnancy Terminat ion in  Hi roshima and Nagasaki
ht tp: / /www.nap.edu/cata log.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


32 Genetic Effects of Atomic Bombs Cltapter III 

Hiroshima and Nagasaki. The two chief factors 
in this effort were the formulation of a rather 
rigid set of procedures to be adhered to in the 
two cities, and frequent exchanges of personnel. 
It is felt that in the main, this effort was success-

·- - · - - - ·  -=--'·�="""""'"="" __ _ 

ful. On the other hand, as will become evident 
in Cltapter V, some of the reported differences 
in pregnancy termination between the two 
cities may not actually reflect true biological 
differences. 

---------------- · ----
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Chapter IY 

T H E C R I T E R I A  O F  RA D I A T I O N  E M P LO Y E D  

I N  T H E  S T U D Y  

THE present chapter will be devoted to an ex
amination of the available and practical criteria 
for evaluating the amount of radiation received 
by individuals exposed in Hiroshima and Naga
saki to the effects of the atomic bombs. 

4.1 The complicated na111re of the inj11ries 
s11stained by some s11rvit1ors; "disatter effect" 11s. 
"rtlliiaJion effect." - The detonation of an 
atomic bomb may be harmful to persons in its 
vicinity for a variety of reasons. The air blast 
may infiict injury directly or secondarily, from 
flying debris and falling walls and roofs. The 
thermal radiation produces severe burns, and, 
in addition, further burns may be sustained as a 
result of fires kindled by the explosion. Under 
the conditions prevailing in Hiroshima and 
Nagasaki, serious secondary infection of these 
bums was the rule rather than the exception. 
Finally, the explosion is accompanied by the 
release of a variety of deleterious high energy 
radiations, particularly X-rays, gamma rays, and 
fast and slow neutrons. The complex manner in 
which these various noxious agents affect per
sons exposed to the explosion of an atomic 
bomb is well depicted in the Report of the Joint 
Commission for the Investigation of the Effects 
of the Atomic Bomb in Japan (Oughterson 
et al., 1951  ) . 

Moreover, in the wake of such a cataclysmic 
event as the detonation of an atomic bomb 
over a city, come certain well recognized ac
companiments of any large-scale disaster, not
ably, disturbed nutrition and increased mor
bidity from disease. These "disaster effects" are 
here so complexly intertwined with the primary 
event that it will be difficult, if not in fact 
impossible, in any analysis of atomic bomb 
sequelae, to effect a realistic and completely 
satisfactory separation of the relative importance 
of what transpired at the time of the bombing 

�� 

and what transpired in the next several months. 
In this particular instance, the general prob

lem of disentangling primary and secondary 
effects upon the manner in which pregnancies 
are terminating is still further complicated by 
the fact that certain delayed somatic effects of 
irradiation have been shown to occur in the 
population under study. The "late" effects in
dude leukemia (Folley, Borges, and Yamawaki, 
1952 ; Lange, Moloney, and Yamawaki, 1954 ; 
Moloney and Lange, 1954) and cataracts (Co
gan, Martin, and Kimura, 1949 ; Sinsky, 1955 ) .  
Although both of these conditions affect only 
small numbers of the more heavily irradiated 
survivors, they do occur in the group most 
critical to this study. It seems entirely possible 
that there are other late sequelae, still unde
fined, which may influence reproductive be
havior. 

In subsequent chapters an attempt will be 
made to correlate exposure history with a variety 
of possible indicators of genetic damage. How
etler, it m11st be dearly 11nderstood that if a sig
nificant association can be shown to exist, this 
demonstration of itself does not enable one to 
cond11de that expos11re to the bomb has genetic 
conseq11ences; the latter cond11sion is jllstified 
only if an effect remains after the 11ario11s other 
factors associated with the i"tlliiaJion ha11e been 
assigned their proper role. 

4.2 The q11estion of resid11ai rtlliiation fol
lowing an atomic bombing. - The ionizing 
radiation of an atomic bomb explosion is re
leased over a relatively brief period, of approxi
mately 100 seconds. However, as a result of 
the contamination of the area due to the fall-out 
of radioactive by-products of the explosion, as 
well as secondarily induced radioactivity, there 
is a certain amount of residual radioactivity in 
an area over which a bomb has been detonated. 
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34 Genetic Effects of Atomic Bombs Chapter IV 

The estimation of the amount of residual radia
tion at Hiroshima and Nagasaki presents many 
difficulties. The distribution of residual radiation 
around the hypocenter in the two cities was 
asymmetric, the exact pattern depending on 
local meterological details (Warren, 194 5 ; 
Warren, 1946) . Based on the observed residual 
radioactivity at intervals following the bombing, 
Warren (1945) has estimated that the maxi
mum irradiation due to residual radioactivity 
was in Hiroshima during the first 60 days fol
lowing the bombing the equivalent of 4.2r, and 
in Nagasaki during the first 47 days, the equiva
lent of 14.2r. Wilson ( 195 1 ) ,  using similar 
data, has suggested that in Hiroshima the maxi
mum cumulative dose of residual radiation at 
distances greater than 1,000 feet (300 meters) 
was not more than lOr, with somewhat higher 
doses prevailing in Nagasaki, especially in a 
fall-out area extending eastward from the 
hypocenter, where the cumulative dose from 
radioactivity might have amounted to 100r. 
Irradiation of this latter degree would only be 
experienced by individuals establishing continu
ous residence near ground zero immediately 
after the bombing, a situation which rarely, if 
ever, obtained, although persons coming into 
the area later or intermittently might of course 
receive lesser amounts. On the other hand, there 
are persistent Japanese reports of members of 
rescue parties and others not actually in the two 
cities at the time of the bombing later develop
ing symptoms of radiation sickness, or leuco
penia (Japan Science Council, 1951 ; Appendix 
18, ABCC Semi-Annual Report, 1 January 
1952-30 June 1952) ; this would suggest a 
dose of 200r ( cf. Sec. 4.8) . This apparent con
flict of evidence remains unresolved at present ; 
we shall adhere for the time being to the more 
conservative view concerning residual radioac
tivity. By and large, individuals exposed to the 
effects of the atomic bombs tended to leave the 
area as rapidly as possible. Accordingly, for the 
purposes of this study it has been felt that 
although exposed individuals and also those 
entering the city immediately after the bombings 
may have been subjected to some residual radia
tion, by comparison with the amount absorbed 
by those present at the moment of the explosion, 
this was on the average small and could be dis
regarded. Moreover, it might be pointed out that 
in the case of an individual engaged, e.g., in 
rescue work in Hiroshima or Nagasaki during 

the first few days following the bombing, it 
appears impossible to reconstruct his behavior 
during those several days in a fashion which 
would permit a realistic estimation of the total 
radiation dose which he absorbed during this 
period. 

4.3 Factors determining the nature of the 
radiation data collected in this study. - At the 
time this study was being planned, in 1947, no 
data of any sort concerning the types of radia
tion emitted by an atomic bomb and the dis
tance-dosage relationship were available to any 
of those closely connected with the program. 
In retrospect, in view of the many revisions the 
physical estimates have undergone, this is per
haps fortunate. Be that as it may, under the 
circumstances extensive recourse was had to 
the findings of the Joint Commission, then 
available in preliminary form. These findings, 
as later published ( 1951 ) , established the fol
lowing facts of importance in the design of 
the present observations : 

4.3.1 The syndrome of radiation sickneu 
due to whole-body irradiation. - Although the 
therapeutic uses of radiation had long since 
laid the groundwork for an appreciation of the 
signs and symptoms of "radiation sickness," it 
remained for the observations of the Joint Com
mission to provide the definitive description of 
this entity. The findings, of course, vary accord
ing to the radiation dose. We are not here con
cerned with the early effects of lethal doses of 
whole-body irradiation, since persons receiving 
such doses can scarcely provide the parentage 
for a study of this nature. The Joint Commis
sion observed that individuals receiving rela
tively large but yet sublethal doses of irradiation 
(as judged by proximity to the hypocenter in 
the absence of marked shielding) may or may 
not develop nausea and vomiting within a few 
hours of their exposure. There follows a rela
tively asymptomatic period of approximately 
two weeks, after which characteristic signs and 
symptoms appear. Some of these, such as fever, 
malaise, anorexia, nausea, and vomiting, have 
a low degree of specificity, being present in a 
wide variety of diseases. Other findings were 
much more specific. The chief among these are 
summarized in Table 4 .1 .  These are figures for 
all survivors, irrespective of the amount of 
shielding which protected them. Let us restrict 
ourselves, for the moment, to a consideration 
of the findings in persons reporting themselves 
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TABLE 4.1 FllBQUBNCY OF OccUIUlBNCB OF CJIRTAIN SYMPTOMS IN PIIRSONS ALIVB 20 OR MORB DAYS FOLLOWING THB ATOWIC BoWBINGS, AS RBLATBD 
TO DISTANCB PRO.N THB HYPOCBNTBil 

(Data of Joint Commission) 
Hiroshima 

Oropha· 
ryngeal Necrotic Bloody Other Total Epilation Purpura lesions • gingivitis Diarrhea b diarrhea hemorrhage Distance no. of � � � � 

Ring (meters) people No. o/o No. o/o No. o/o No. o/o No. o/o No. o/o No. o/o 
1 . . . . . . . . . . . . . .  0-1,000 749 520 69.4 366 48.9 458 61.1 77 1o.3 375 50.1 80 10.7 285 38.1 
2 . . . . . . . • . . . . . • 1 ,100-1,500 1,125 341 30.3 241 21 .4 381 33.9 43 3.8 476 42.3 75 6.7 197 17.5 
3 . . . . . . . . . . . . . . 1,600-2,000 1,824 1 5 1 8.3 78 4.3 286 15.7 12 0.7 666 36.5 99 5.4 1 1 2 6.1 
4 . . . . . . . . . . . . . .  2,100-2,500 1,450 69 4.8 27 1 .9 230 15.9 16 1.1 519 35.8 95 6.6 94 6.5 
5 . . . . . . . . . . . . . . 2,600-3,000 700 16 2.3 1 3  1 .9 105 1 5.0 1 0.1 260 37.1 34 4.9 41 5.9 
6 . . . . . . . . . . . . .  3,100-4,000 576 7 1 .2 7 1.2 39 6.8 0 0 134 23.3 1 3 2.3 22 3.8 
7 . . . . . . . . . . . . . .  4,100-5,000 239 0 0 4 1.7 21 8.8 0 0 59 24.7 2 0.8 5 2.1 --
Total . . . . . . . .  0-5,000 6,663 1,104 16.6 736 1 1 .0 1,520 22.8 149 2 .2 2,489 37.4 398 6.0 756 1 1 .3 

9 • . . . . . . . . . . . . . Over 5,000 219 0 0 1 0.5 16 7.3 1 0.5 67 30.6 2 0.9 8 3.7 --
Grand total . . . .  - 6,882 1,104 16.0 737 10.7 1,536 22.3 150 2.2 2,556 37.1 400 5.8 764 1 1 . 1 

Nagasaki 
Oropha-
ryngeal Necrotic Bloody Other Total Epilation Purpura lesions • gingivitis Diarrhea b diarrhea hemorrhage Distance no. of � � � � � � � Ring (meters) people No. o/o No. o/o No. o/o No. o/o No. o/o No. o/o No. o/o 

1 . . . . . . . . . . . . . .  0-1,000 789 249 31 .6 168 2 1 .3 275 34.9 20 2.5 337 42.7 54 6.8 1 10 1 3.9 
2 . . . . . . . . . . . . • • 1 ,100-1,500 1,882 460 24.4 324 17.2 607 32.3 33 1 .8 736 39.1 86 4.6 233 12 .4 
3 . . . . . . . . . . . . . . 1,600-2,000 1,034 128 12 .4 92 8.9 200 19.3 16 1.5 358 34.6 56 5.4 78 7.5 
4 . . . . . . . . . . . . . . 2,100-2,500 672 41 6.1 24 3.6 101 1 5.0 4 0.6 224 33.3 23 3.4 36 5.4 
5 . . . . . . . . . . . . . . 2,600-3,000 644 16 2.5 7 1 . 1 84 13.0 6 0.9 195 3o.3 28 4.3 18 2.8 
6 . . . . . . . . . . . . . .  3,100-4,000 1,141 16 1 .4 17 1 .5 12 1 10.6 1 0.1 268 23.5 2 1  1 .8 28 2 .5 
7 . . . . . . . . . . . . . .  4, 100-5,000 265 1 0.4 1 0.4 19 7.2 0 0 23 8.7 3 1 . 1 5 1 .9 --

Total . . . . . . . .  0-5,000 6,427 9 1 1  14.2 633 9.8 1,407 2 1 .9 80 1 .2 2,141 33.3 271 4.2 508 7.9 
9 • . . . . . . . . . . . . . Over 5,000 194 0 0 0 0 5 2.6 0 0 23 1 1 .9 1 0.5 2 1 .0 

Grand total . . . .  - 6,621 91 1 13 .8 633 9.6 1,412 2 1 .3 80 1.2 2,164 32.7 272 4.1 5 10 7.7 
• Includes necrotic gingivitis. 
b Includes bloody diarrhea. 
• There is no ring 8 in the Joint Commission system of designating distance. 
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36 Gene/i( Effuts of Atomi( Bombs Chapter IV 

within 1 ,000 meters of the hypocenter. From 
the standpoint of distinctiveness, two symptoms 
- epilation and purpura - are outstanding. 
Oropharyngeal lesions also were frequently en
countered. Diarrhea, while reported by large 
numbers of persons, could, at 20 days after the 
bombing, in any individual case be as well at
tributed to the poor hygienic conditions follow
ing the bombing as to the bomb itself, and does 
not seem to be a satisfactory symptom on which 
to base a study. Bloody diarrhea is a somewhat 
more reliable symptom, but still, from the find
ings of the Joint Commission, less useful than 
the other three symptoms already discussed. 

Further evidence as to the relative validity of 
the findings listed in Table 4.1  as indicators of 
radiation exposure comes from an analysis of the 
manner in which the various findings tended to 
be associated. Epilation and petechiae were more 
highly associated than any other pair of symp
toms in both cities. The next highest associations 
observed were, in both cities, epilation with 
oropharyngeal lesions, and petechiae with 
oropharyngeal lesions. 

On the basis of these findings, it was felt 
that the appearance of epilation, petechiae, or 
oropharyngeal lesions, singly or in combination, 
within three months of the bombing, provided 
a relatively specific and objective yardstick of 
the absorption of a certain amount of radiation, 
such as could be employed in the present study 
(see also, inter alia, Warren and Bowers, 19�0 ; 
Los .Alamos Scientific Laboratory, 19�0 ; vor der 
Bruegge, 19� 2 ; Hempelmann, Lisco, and Hoff
man, 19�2)  . .Although exact data are lacking, 
it seems likely, on the basis of animal data, that 
there is considerable individual variation in 
susceptibility to these symptoms, a point which 
must of course be borne in mind when we come 
later to the problem of estimating radiation 
dosages. It will be noted that there are signifi
cant differences between Hiroshima and Naga
saki in the percentages of persons exhibiting 
certain symptoms subsequent to exposure within 
1 ,�00 meters of the hypocenter. These differ
ences are customarily attributed primarily to 
local differences in shielding factors (see be
low) , but may also be due in part to actual 
dose differences. 

4.3.2 The relation between distan(e from 
Jhe hypo(enler and radiation dosage. - .Al
though the intensity of radiation obviously must 
decrease with distance from the hypocenter, the 

exact form of the distance-dosage relationship 
in Hiroshima and Nagasaki remains to this day 
uncertain. In part this is due to inadequate in
formation concerning certain physical properties 
of these atomic explosions, in part to lack of 
detailed information concerning atmospheric 
moisture content at the time of the explosion. 
Furthermore, there is the possibility that the 
distance-dosage relationship is not the same in 
all radii from the hypocenter. Be this as it may, 
at the time this study was planned it was clear 
from such data as are given in Table 4.1 ,  con
cerning the relationship between the occurrence 
of certain of the symptoms described above and 
distance from the hypocenter, that it would be 
important to record position at the time of the 
bombing as accurately as possible. 

4.3.3 The role of shielding in determining 
radiation dose. - The third type of information 
thought to be especially valuable in estimating 
radiation dosage concerned the amount of 
shielding protecting the individual from the 
effects of the explosion. Table 4.2 illustrates 
some of the findings of the Joint Commission 
in this respect. For the sake of brevity, only 
the Hiroshima data are reproduced ; the findings 
in Nagasaki were essentially similar . .An obvious 
question which had to be disposed of early in 
the design of the program concerned the elabo
rateness of the shielding data to be collected. 
Obtaining a complete shielding history can be 
quite time consuming. Theoretically, knowing 
the distance-dosage relationship and the precise 
shielding, one can arrive at a relatively accurate 
estimate of the amount of irradiation received 
by an individual. We have already mentioned 
the uncertainties surrounding the distance
dosage relationship. These uncertainties are par
ticularly acute as regards the neutron component 
of the radiation spectrum, a component which 
in animal experiments has been shown to have 
a high relative biological effectiveness with re
spect to genetic effects. Furthermore, in the 
authors' opinion there is no realistic approach 
to the problem of radiation scatter and second
ary radiation as a factor in the exact dosage re
ceived by any individual. Finally, there is room 
for reasonable doubt as to most individuals' 
abilities to reconstruct their exact positions at 
the time of so traumatic an event as this, and 
yet nothing less than such a reconstruction will 
suffice for a precise evaluation of shielding. 
With all these considerations in mind, it was 
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TABLE 4.2 THE EFFECTIVENESS OF SHIELDING IN PR oTECTING AGAINST RADIATION SICKNESS IN HIROSHIMA 

Total Epilation 
Distance no. of ..----'------

Ring (meters ) people No. % 
1 . . . . . . . . . . . . . .  o-1,000 570 434 76. 1 
2 . . . . . . . . . . . . . . l , lOQ-1,500 960 3 1 5  32.8 
3 . . . . . . . . . . . . . . 1 ,60o-2,000 1,633 145 8.9 
4 . . . . . . . . . . . . . . 2, 10Q-2,500 1 ,4 15  68 4.8 
' . . . . . . . . . . . . . . 2,6oo-3,000 674 16 2 .4 
6 . . . . . . . . . . . . . . 3,10o-4,000 548 7 1 .3 
1 . . . . . . . . . . . . . . 4,too-:s,ooo 202 0 0 --

Total . . . . . . . .  o-:s,ooo 6,002 985 16.4 
9 4  . . . . . . . . • . . .  Over 5,000 46 0 0 

= 

Grand total . . . .  - 6,048 985 16.3 

Total Epilation 
Distance no. of � 

Ring (meters ) people No. % 
1 . . . . . . . . . . . . . .  o-1,000 1 1 3  60 H.l 
2 . . . . . . . . . . . . . .  l , loo-1,500 1 18 1 5  12.7 
3 . . . . . . . . . . . . . . 1,6oo-2,ooo 94 2 2 . 1  
4 . . . . . . . . . . . . . . 2 ,10Q-2,:SOO 12  1 8.3 
' . . . . . . . . . . . . . . 2,60o-3,000 14 0 0 
6 . . . . . . . . . . . . . .  3 ,10o-4,000 1 3  0 0 
1 . . . . . . . . . . . . . . 4,too-:s,ooo 27 0 0 -

Total . . . . . . . .  o-:s,ooo 391 78 19.9 
9 4 . . . . . . . . . . . . . Over 5,000 2 0 0 --

Grand total . . . •  
- 393 78 19.8 

• Includes necrotic gingivitis (within 39 days) .  
• Includes bloody diarrhea. 

(Data of Joint Commission) 

Outdoors or in Japanese-type building • 

Oropha-
ryngeal 

Purpura lesions • 

No. % No. o/o 
310 54.4 356 62.5 
209 21 .8 305 3 1 .8 
73 4.5 225 1 3.8 
26 1 .8 190 1 M 
12  1 .8 82 12.2 
7 1 .3  26 4.7 
3 l . :S  1 2  5.9 

640 10.7 1 ,196 19.9 
1 2 .2 8 17.4 

641 10.6 1 ,204 19.9 

Indoors, in heavy building 

Purpura 
..----'------
No. % 
38 33.6 
2 1  17 .8 
3 3.2 
1 8.3 
1 7. 1  
0 0 
1 3.7 

65 16.6 
0 0 

65 16.5 

Oropha-
ryngeal 
lesions • 

,.---A-----., 
No. % 
55  48.7 
26 22.0 
12  1 2.8 
1 8.3 
3 2 1 .4 
2 15 .4 
1 3.7 

100 25 .6 
0 0 

100 25.4 

Necrotic 
gingivitis 

..----'------
No. % 
67 1 1 .8 
37 3 .9 
10  0.6 
16 1 . 1  

1 0. 1  
0 0 
0 0 

1 3 1  2.2 
0 0 

1 3 1  2.2 

Necrotic 
gingivitis 

..----'------
No. % 
' 4.4 
3 2.5 
1 1 . 1  
0 0 
0 0 
0 0 
0 0 

9 2 .3 
0 0 

9 2 .3 

• Includes people indoors, type of building unknown. 
« There is no ring 8 in the Joint Commission system of designating distance. 

Diarrhea • 
Bloody 

diarrhea 
� 

No. o/o No. o/o 
301 52.8 66 1 1 .6 
405 42.2 66 6.9 
613  37.5 90 :s.:s 
508 35 .9 93 6.6 
2 5 1  37.2 32 4.7 
1 24 22.6 1 3  2 .4 

:so 24.8 1 o.:s 

2,252 37.5 361 6.0 
1 8  39.1 0 0 

2,270 37.5 361 6.0 

Bloody 
Diarrhea b diarrhea 

,.--A-.. � 
No. % No. % 
46 40.7 8 7 .1  
58 49.2 8 6.8 
35 37.2 ' 5 . 3  
7 58.3 2 16.7 
2 14 .3  1 7 . 1  
' 38.5 0 0 
7 25 .9 1 3.7 

160 40.9 25 6.4 
1 50.0 0 0 

161 4 1 .0 25  6.4 

� 

Other 
hemorrhage 
..----'------
No. o/o 
240 42.1  
179 18.6 � 
100 6.1 'I> 
94 6.6 Q 39 5 .8 �-
22 4.0 

'I> � 
4 2.0 �-

678 1 1 .3  � 
4 8.7 � 682 1 1 .3  �-

cs· 
;:s 

� Other � hemorrhage () 
,.....-----A--- '<: 
No. % � 
30 26.5 s· 
1 3  1 1 .0 
8 8.5 � 'I> 
0 0 � 2 14.3 lie 
0 0 � 
1 3.i 

54 1 3 .8 
0 0 

54 1 3.7 

V> 
-...J 
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38 Genetic Effects of Atomic Bombs Chapter IV 

concluded that while the experience of the Joint 
Commission left no doubt as to the desirability 
of collecting shielding data, this should be sim
ple in nature. 

4.4 The type of radiation data collected in 
this study. - In addition to the biological con
siderations which we have just discussed, certain 

Finally, since the history taking was to extend 
over an indefinite number of years, much was 
to be said for concentrating on certain salient 
features of the individual's experience, which 
could be as readily recalled relatively late as 
relatively early. 

With all these considerations in mind, the 

TABLE 4.3 DISTRIBUTION BY DISTANCJ! AND SHIELDING OF HUSBANDS OF WIVES RIIGISTEIUNG 
PREGNANOES WITH THB GBNBTICS P!lOGILU( (HIROSHIMA) 

(For a definition of the classes see Sec. 4.�. ) 
Total no. 

No. Total no. symptoms 
Distance persons persons experi-
(hundreds No. persons asymp- exposed enced Ratio 
of meters) symptomatic p •  G •  E •  PG PE GE PGE tomatic (a) (b) (b/a) 
In open 

()(}...{)4 • • • • • • • • • • • •  1 1 2 3 3 
0� . . . . . . . . . . . .  n 1 6 2 � 1 2  2 7  28 1 .04 
1G-14 . . . . . . . . . . . .  53 4 3 22 3 9 12  102 n� 89 .57 
1 �19 . . . . . . . . . . . .  44 � 6 23 2 3 3 2 287 331 �6 .17 
2o-24 . . . . . . . . . . . .  29 4 6 12  1 2 4 409 438 36 .08 
2�-29 . . . . . . . . . . . . 1 1  4 4 1 2 2 1 3  224 14 .06 
30+ . . . . . . . . . . . .  17  7 � 2 2 868 88� 2 1  .02 

1 ,893 2,063 

In Japanese building 
Oo-04 . . . . . . . . . . . .  2 2 1 3 6 
o�-o9 . . . . . . . . . . . .  39 1 1 8 4 9 16 1 3 �2 84 1 .62 
1G-14 . . . . . . . . . . . .  127 1 1  8 29 10 16 14 39 387 � 14 24� .48 
1 �19 . . . . . . . . . . . .  �4 20 1 1  10 3 4 4 2 69� 749 69 .09 
2o-24 . . . . . . . . . . . .  27 9 6 � 2 3 2 634 661 36 .0� 
2�29 . . . . . . . . . . . .  1 1  2 1 2 2 2 1 444 4�� 18 .04 
30+ . . . . . . . . . . . .  24 � 3 10 1 4 1 1,636 1,660 3 1  .02 

3,8 10 4,094 

In other she! ter 
Oo-04 • • . • • . . . . . . •  2 2 
O�-G9 . . . . . . . . . . . .  14 2 � 1 3 3 17 31  24 .77 
1G-14 . . . . . . . . . . . .  17  6 4 1 1 1 2 2 33 �0 2� .�0 
1 �19 . . . . . . . . . . . .  6 1 3 2 6 1  67 8 .12  
2G-24 . . . . . . . . . . . .  2 1 1 46 48 2 .04 
2 �29 . . . . . . . . . . . .  2 1 1 �1 5 3  4 .08 
30+ . . . . . . . . . . . .  2 200 202 2 .01 

410 453 

• P = Petechiae ; G = Gingivitis ; E = Epilation. 

"practical" considerations entered into the de- following information was obtained concerning 
termination of the type of data to be collected. each pregnant woman and her spouse included 
The histories were to be obtained by clerks with in this study: 
the equivalent of a high school education. These 1 .  Presence in Hiroshima or Nagasaki at the 
clerks, although they could be carefully drilled time of the bombing. 
in their duties, could not be expected to exercise 2. Location in city at time of bombing. 
a great deal of judgment if the approach to the 3. Distance from the hypocenter [calculated 
problem involved the compilation of an elabo- from (2) } . 
rate history. It could be anticipated that the 4. Indoors or outdoors. 
turn-over among clerks would be rather high. 5. Type of building. 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


The Criteria of Rizdtation Employed in the Stud1 39 

6. Occurrence of subcutaneous bleeding (pe
techiae) . 
7. Occurrence of gingivitis. 
8. Occurrence of bloody diarrhea. 
9. Occurrence of epilation (partial or com
plete) . 
10. Occurrence of bums. 
1 1 .  Occurrence of external injuries. 

of calculation, meters are rounded to decameters, 
and decameters further rounded to hectometers, 
so that the coded interval in hectometers de
notes (x - �� )  to (x + 44) meters. 

Items 4 and � on the above list represent an 
attempt, however rough, to accumulate certain 
data relative to the evaluation of shielding. 
Item 4 was to be answered simply as indoors or 

TABLE 4.4 DJSTRIBunoN BY DmANCB AND SHIBLDJNG oP FWBS RJIGISTBIUNG Plu!GNANCBS WITH ms 
GBNBnCS PllOGJlAK (HntOSHIKA) 

Total no. 
No. Total no. symptoms 

Distance persons persons experi-
(hundreds No. persons asymp- exposed enced Ratio 
of meters) symptomatic p •  G •  E "  PG PE GE PGE tomatic (a) (b) (b/a) 
In open 

00--04 . . . . • • • . . • • •  1 1 
0� . . . . . . . . . . . .  14 4 1 6 3 8 22 27 1 .23 
1()-14 . . . . . . . . . . . .  n 9 2 24 1 8 B 18 U6 231 B3 .58 
1 5-19 . . . . . . . . . . . .  85 10 9 50 3 4 3 6 489 574 107 .19 
2()-24 . . . . . . . . . . . .  53 7 6 26 1 8 5 560 6B 72 .12 
25-29 . . . . . . . . . . . .  18 7 3 4 2 2 3 1 1  329 24 .07 
30+ . . . . . . . . . . . .  24 2 6 1 1  1 4 1,020 1,044 29 .03 

2,545 2,814 

In Japanese building 
oo-o4 . . . . • . . . . . . •  2 2 1 3 6 
0� . . . . . . . . . . . .  52 1 1 7 2 1 5  6 20 23  75 1 1 5  1 .53 
1G-14 . . . . . . . . . . . .  254 4 1  17 66 8 38 23 61 881 1,135 445 .39 
1 5-19 . . . • . . . . . . . .  1 16 36 24 36 1 8 4 7 1 ,668 1,784 143 .08 
2()-24 . . . . . . . . . . . •  65 18 13 22 1 6 1 4 1,398 1,463 81 .06 
25-29 • . . • . . . . . . . .  28 B 4 6 2 2 1 1,205 1 ,233 33 .o3 
30+ . . . • • . . . . . . .  31  9 1 1  8 2 1 3,369 3,400 34 .01 

8,545 9,093 

In other shelter 
oo-o4 . • . . . . . . . • . .  3 1 2 3 5 
0� . . . . . . . . . • • .  35 3 5 1 8 6 12  75 1 1 0  74 .67 
IG-14 • . . . . . . . . • . •  1 3  3 2 1 2 1 2 2 102 1 1 5  2 2  .19 
1 5-19 . . • . . . . . . . . .  1 1  3 6 1 181 192 13 .07 
2G-24 . . . . . . . . . . . .  8 5 1 2 1 1 7  125 8 .06 
25-29 . . . . . . . . • . • •  1 1 148 149 1 .01 
30+ . . . . . . . . . • . .  3 1 1 188 191 4 .02 

811  885 

• P = Petechiae ; G ::: Gingivitis ; E = Epilation. 

In locating the position of an individual at outdoors. Item � pursued the point somewhat 
the time of the bombing an effort was made to further, admitting of ten alternatives, namely, 
pinpoint position as accurately as possible. The if indoors, then 
distance from the hypocenter was then deter-

1 .  Inside concrete building, mined by actual measurement on a large-scale 
map of the city. The method of measurement 2.  Inside brick building, 
has varied from time to time, involving vari- 3. Inside wooden Japanese or other type build-
ously the use of plastic and metal tapes, co- ing, 
ordinates, and concentric circles. In the process 4. Inside cave or "bunker," 

� 
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40 Genetic Effects of Atomic Bombs Chapter IV 

and if outdoors, then 

5 .  In open, 
6. Behind (within two meters) wall, 
7. In trench, 
8. Behind post or tree, 
9. In tram, train, or car, and 
10. Under eaves of house (i.e., shielded by 
house) . 

In the original design of the study, no symp
tom among those listed was to be recognized 
unless it developed prior to December 1 5, 1945. 
Some instances have come to light where the 
alleged onset of symptoms after that date have 
been recorded. This cannot be attributed to 
exposure to the bomb. There is a good reason to 
believe that the erroneous inclusion of such re-

TABLE 4.5 DISTlUBUTION BY DISTANCB AND SHIELDING OP HUSBANDS OP WIVES RI!GISTEIUNG 
PREGNANCIES WITH THE GENETICS PROGRAM (NAGASAKI) 

Distance 
(hundreds No. persons 
of meters) symptomatic P • 
In open 
Oo-o4 . . . . . . . . . . .  . 
0� . . . . . . . • • • • •  � 
10-14 . . . . . . . . . . . .  20 3 
1 �19 . . . . . . . . . . . .  1 1  2 
20-24 . . . . . . . . . . . .  4 1 
2�-29 . . . . . . . . . . . .  7 2 
30+ . . . . . . . . . . . .  8 3 

In Japanese building 
Oo-o4 . . . . . . . . . . .  . 
0�-()9 . . . . . . . . . . . .  6 
10-14 . . . . . . . . . . . .  4� 
1 �-19 . . . . . . . . . . . .  23 
20-24 . . . . . . . . . . . .  2 
2�29 . . . . . . . . . . . .  2 
30+ . . . . . . . . . . . .  1 1  

I n other shelter 
00-04 . . . . . . . . . . .  . 
0� . . . . . . . . . . . .  10 
10-14 . . . . . . . . . . . .  43 
1 �19 . . . . . . . . . . . .  14 
20-24 . . . . . . . . . . . .  2 
2�29 . . . . . . . . . . . .  2 
30+ . . . . . .  . . . . . .  4 

6 
2 

1 
4 

1 
� 
3 

2 

G "  E "  PG 

1 1 
2 10 

� 1 
2 

6 
� 
2 

2 

4 
4 

1 
9 
9 

1 
3 

1 3 
4 10 

4 
1 1 
1 

1 

� 
1 

• P = Petechiae ; G = Gingivitis ; E = Epilation. 

Items 6-9, bearing on radiation sickness, were 
to be answered simply as "yes" or "no," after 
a brief explanation of the symptom by the clerk, 
if necessary. Limiting answers to "yes" or "no" 
obviously required the clerk to exercise her 
judgment in some cases. For the more vague 
term "oropharyngeal lesions" we have substi
tuted gingivitis, since a necrotic-type of gingivi
tis with gingival bleeding was one of the more 
prominent and specific of the oropharyngeal 
lesions. 

PE 

1 
3 

1 
7 
2 

2 
4 
2 

No. Total no. 
persons persons 
asymp- exposed 

GE PGE tomatic (a)  

2 
1 
6 

2 � 1  
2 72 

94 
16S 

1 , 1 5 1  

1 
1 1  
7 1  
83 
98 

172 
1 ,1�9 

1,�40 1,S95 

1 1 
2 2 
2 1 2  
2 2 

10 16 
186 231 
2 16 239 

2 

6 
1 

1 

220 222 
387 389 

2,714 2,725 

3,734 3,823 

1 
3 34 
9 188 
3 171  

103 
101 

1,�60 

1 
44 

231 
185 
10� 
103 

1,�64 

2,158 2,233 

Total no. 
symptoms 
experi-
enced Ratio 
(b) (b/a) 

9 .82 
27 .38 
17 .20 
4 .04 
7 .04 

10 .01 

1 3  
81  
32  

2 
2 

1 3  

1 8  
76 
24 

2 
3 
4 

.81 

.35 

.13  

.01 

.00� 

.00� 

.41 
.33 
.13 
.02 
.03 
.003 

ports of "delayed effects" occurred very rarely. 
Items 10 and 1 1  were included as one of 

several approaches to the problem of disen
tangling the possible radiation effects of the 
bombs from other effects and also the general 
disaster effect. Thus, it was anticipated that in 
the event of a positive correlation between some 
aspect of pregnancy termination and radiation 
history, an attempt could be made to determine 
if the correlation still held up after the elimina-
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The Criteria of Radiation Employed in the Study 41 

tion of those recording bums or external in
juries of any type. 

Those familiar with the problem of evaluat
ing radiation exposure will be quick to recognize 
the very simple nature of the data collected in 
this study. The adequacy of these data as a 
basis for quantitative estimates of irradiation 
has been the subject of considerable discussion. 

4.6 summarize the findings of the present study 
as regards the relationship between certain types 
of shielding, certain symptoms, and distance 
from the hypocenter. Based on items of the 
questionnaire (see preceding section) , two de
grees of shielding have been recognized, namely, 
that provided by being inside a Japanese-type 
home at the time of the explosion, and that 

TABLE 4.6 DlsntmunoN BY DlsTANCB AND SHIBLDJNG OP JYWI!S REGISTERING PREGNANCIES WITH THE 
GENETICS PROGRAM (NAGASAitl) 

Distance 
(hundreds No. persons 
of metets) symptomatic P • 
In open 

� . . . . . . . . . . .  . 
0� . . . . • • . . . . . .  5 
1(}-14 . . . . . . . . . . . .  24 � 
1 5-1 9 . . . . . . . . . . . .  18 2 
2Q-24 . . . . . . . . . . . .  7 
25-29 . . . . . . . . . . . .  9 1 
�O+ . . . . . . . . . . . .  10 2 

In Japanese building 
� . . . . . . . . . . .  . 
0� . . . . . . . • . . . .  4 
1Q-14 . . . . . . . . . . . .  129 
1 5-19 . . . . . . . . . . . .  55 
2Q-24 . . . . . . . . . . . .  26 
25-29 . . . . . . . . . . . .  6 
�O+ . . . . . • . . . . . .  19 

In other shelter 
oo-o4 • • . . . . . . . . . .  

0� . . . . . . . . • . . .  19 
1Q-14 . . . . . . . . . . . .  56 
15-19 . . . . . . . . . . . .  25 
2Q-24 . . . . . . . . . . . .  9 
25-29 . . . . . . . . . . . .  5 
30+ · · · · · · ·  . . • . •  7 

1 1  
12 

5 
2 
7 

1 
� 
6 
2 
1 
1 

No. Total no. 
persons persons 
uymp- exposed 

G • E • PG PE GE PGE tomatic (a)  

2 
2 

1 
� 

2 
7 
9 
5 
5 
4 

1 
7 �5 
6 19 
9 9 

� 
5 6 

2 9 
6 24 
1 1 1  
� � 
2 1 
� 2 

1 2 
2 

2 

2 
3 
1 
2 

1 
1 7 
6 60 
2 108 

173 
274 

1,674 

12  
84 

126 
180 
283 

1,684 

2,297 2,369 

1 2 
7 1 5  22 32 
1 6 6 5 
1 1 1 

1 
1 

7 
292 
459 
842 

1,106 
7,162 

1 1  
421 
514 
868 

1, 1 1 2  
7, 181 

9,868 10,107 

1 
4 

1 

1 
5 

4 
7 
1 

1 

5 
1 74 
7 185 
6 109 
1 145 

1 54 
2,005 

93 
241 
134 
154 
1 59 

2,012 

2,677 2,793 

• P = Petechiae; G = Gingivitis ; E = Epilation. 

Total no. 
symptoms 

experi-
enced Ratio 
(b) (b/a) 

9 .75 
42 .50 
25 .20 

9 .05 
1 1  .04 
1 1  .01 

9 
237 

78 
29 

7 
20 

27 
86 
38 
1 1  

6 
8 

.82 
.56 
.15 
.o� 
.006 
.003 

.29 

.36 

.28 
.o7 
.04 
.004 

Specifically, the possible desirability of a much 
more elaborate history was repeatedly discussed. 
It is our contention, admittedly subjective but 
documented in part by the internal consistency 
of the data presented in the following sections, 
the recall factor in these situations being what 
it is, and in view of the radiation variables, that 
this represents the most practical approach to 
this problem which could be adopted. 

4.5 The relation between distance, shielding, 
and symptoms in these data. - Tables 4.3 to 

provided by being inside any other type of 
structure - concrete or brick building, cave or 
bunker-type air raid shelter. Figures 4.1 and 4.2 
present these same findings in graphic form. 
For ease of presentation, a "symptom ratio" 
has been used, consisting of the total number 
of symptoms (epilation, petechiae, or gingivi
tis) recorded by the survivors at a particular dis
tance, divided by the number of survivors giving 
information. Data are not plotted for the 00-<>4 
distances because of the few individuals in-
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42 Genetic Effects of Atomic Bombs Chapter IV 

volved. Several important conclusions emerge 
from a consideration of these data : 

4.5.1 For all three groups, the symptom 
ratio falls off rapidly with distance. In the light 
of these findings, as well as the distance-dosage 
relationship estimated on physical grounds (see 

••• 

•• o 

•• 

SYMPTOM 
RATIO 

• •  

• 4 

. 
� . . 
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� . . 
. 
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. 

\ 
\ 

. . . . . . 

' 
' 

' 
\ 

\ 
\ 

', \ .... ' . 
\ . . .. \ . ', 

.... 

3,000 meters may also be somewhat "diluted" 
by false reporting. 

4.5.2 There is evidence that shielding in 
"other style" buildings substantially reduced 
the proportion of persons with symptoms at 
distances within 1,500 meters. 

LEGENO 
IN OfllN 
IN JAMNEst•STYLE IUILOIHG 
IN OTICR • STYLE IUILOING 

. z 
' . ' . 

' . 
' .. ' . 

, .. ' ·  
� 

� .... -- .... ... 

20 
....... _ ___ __ 

.... ....... .
.

. .... ...... . .  _ _ __ _ 

30 
DISTANCE IN 100'S OF METERS 

FIGUllJ! 4.1 - Symptom ratio in relation to distance from hypocenter for Hiroshima (husbands and wives 
combined) .  Explanation in text. 

below) , it seems unlikely that there was signifi
cant radiation beyond 3,000 meters from the 
hypocenter. The few individuals reporting epila
tion, petechiae, andfor gingivitis beyond that 
distance are, with possible rare exceptions, al
most certainly in error in attributing their 
symptoms to irradiation. Taking this 1-2 per 
cent as a baseline for "false reporting," it 
follows that the symptomatic �roup within 

4.5.3 In what appears at first sight to be 
a paradox, in the 500-900 meter ring a sub
stantially higher proportion of persons in Japa
nese homes developed symptoms than did 
persons in the open. The reason for this seems 
clear. At this distance, persons reporting them
selves in the open must actually have been 
shielded by one or more buildings from the 
bomb burst, otherwise they almost certainly 
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The Criteria of Radiation Employed in the Study 43 

would have sustained fatal bums. The biologi
cal evidence suggests that the total average 
shielding of such persons actually exceeded that 
of persons in Japanese homes. 

4.5.4 In the 1,00(}-1 ,900 meter ring, there 
is a suggestion that in Hiroshima, although not 
so clearly in Nagasaki, presence in a Japanese
style home conferred some protection against 
the development of symptoms, the basis for 
comparison being persons reporting themselves 

4.0 

•• 

•• 

SYMPTOM 
RATIO 

•• 

- - - - - - --..... , .... 

and the consequent variation in the angle of 
incidence of the radiation. However, for radia
tion incident at right angles, the average tile 
roof has an absorptive value in the neighbor
hood of 45 mm. of aluminum. Beyond 1 ,000 
meters, persons in Japanese-type buildings in 
Hiroshima at the time of the explosion probably 
averaged several such walls or roofs between 
themselves and the exploding bomb. This is a 
significant degree of shielding. In very round 

LEGEND 

IN OPEN 

1H JAMNESE · STYLE BUILDING 
IN OTHER • STYLE BUILDING 

. a 

' .. 
, . " 

'•\ . .. .. .. .. 
10 

. . .. 

20 

. . .. 
..... . . . . . .. . . . ... . . 

30 

DISTANCE IN 100'S Of' METERS 
FIGUIU! 4.2 - Symptom ratio in relation to distance from hypocenter for Nagasaki (husbands and wives 

combined) .  Explanation in text. 

"outdoors." The average amount of shielding 
by which a person "in the open" was protected 
is very difficult to estimate. It is somewhat 
easier to quantitate the shielding of the persons 
in Japanese-style buildings. Woodbury ( 1953 
and unpublished) reports that X-ray photo
graphs taken at 62-kv indicate that the absorp
tion of the bamboo-lattice and mud walls of 
the average Japanese house is equal to about 
33  mm. of aluminum in the densest portion, and 
1 5  mm. in the lightest. The absorptive value 
of the tile roofs which are standard construction 
in Japanese houses is undoubtedly more variable, 
depending on the distance from the hypocenter 

terms, such shielding would screen out in the 
neighborhood of 50 per cent of the dosage at 
a level of lOOr of the high-energy X-ray and 
gamma radiation released by the bomb. 

It seems worth pointing out that the amount 
of shielding implied in the statement, " in a 
Japanese-style home," varies directly with dis
tance from hypocenter, since at greater distances, 
because of the angle of incidence of the radia
tion, more walls and roofs would usually inter
vene between the source of radiation than at 
lesser distances. Persons in Nagasaki in Japanese 
homes at the time of the explosion on the 
average were probably less shielded than in 
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44 Genetic Effects of Atomic Bombs Chapter IV 

Hiroshima, because of the difference in terrain 
and the extension of homes up the sides of the 
valley. 

4.6 Factors contributing to the validity of the 
radiation histories. - The value of several dif
ferent persons obtaining a history from a given 
individual is well known in clinical medicine. 
The changes in emphasis and the new material 
introduced, as the patient passes from one inter
viewer to the next, are sometimes remarkable. 
From the standpoint of verifying information, 
the Genetics Program has been fortunate for the 
following reasons : 

4.6.1 Over the 6·year span covered by this 
program, many women registered two or more 
times (cf. Sec. 5.6) . At each registration, a 
history was obtained without reference to any 
previous history. 

4.6.2 In 1950 a Radiation Census was 
carried out in both Hiroshima and Nagasaki. 
This census obtained brief data on each survivor 
of the bombings then living in Hiroshima and 
Nagasaki, including position at the time of the 
bombing. 

4.6.3 Some of the parents falling within 
the scope of the Genetics Program - especially 
the more heavily irradiated - also came under 
scrutiny in connection with other special studies 
of the ABCC, such as the Adult Medical Pro
gram, the Ophthalmology Program, etc. Each 
of these latter programs obtained a very detailed 
radiation history. 

All of the information available on any given 
person was correlated through a Master File. 
Particular attention was directed towards a 
comparison of the radiation histories obtained 
from a given person on different occasions. In 
the event of a discrepancy, an effort was made 
to query the individual concerned, in an attempt 
to resolve it. On the basis of the information 
obtained on the query, a single uniform entry 
was made on all the forms involved. As might 
be expected, changes on the Genetics Short 
Form were not infrequent, although the data 
have not been kept in such a fashion as to per· 
mit a precise analysis. However, it is our im
pression that important changes were not 
common. 

4.7 Definition of radiation categories. - We 
are now in a position to define certain "radiation 
categories" which will be basic to the analysis 
which follows. This is done in Table 4.7. 
"Heavy" shielding denotes presence in concrete 
or brick building or air raid shelter at the time 

of the explosion. "Moderate" shielding includes 
being within a street car, train, or car, behind 
a wall or under the eaves of a house, i.e., on 
the side of the house away from the hypocenter. 
Finally, "light" shielding includes those giving 
their location as in a Japanese-style building or 
in a trench or behind a post or tree. Trench-type 
shielding is classified as "light" because of the 
difficulty in establishing how well an individual 
was protected by a trench. 

TABLE 4.7 THB DBPINmoN OF "EXPOSURB 
UTBGOIUBS" TO BB EMPLOYBD IN 

THIS ANALYSIS 

1 2 
Unexposed . . . . . . . . . . . . + 
Over �.ooo meters, with 

or without alleged 
symptoms . . . . . . . . .  -

2,00o-2,900 meters 
Heavy shielding . . . . . -
Moderate shielding . . . -
Light shielding . . . . . . -
No shielding . . . . . . . . -

1,�oo-t,900 meters 
Heavy shielding . . . . . . -
Moderate shielding . . . -
Light shielding . . . . . . . -
No shielding . . . . . . . . -

l ,Ooo-1,400 meters 
Heavy shielding . . . . . -
Moderate shielding . . . -
Light shielding . . . . . . -
No shielding . . . . . . . . -

Under 1,000 meters 
Heavy shielding . . . . . . -
Moderate shielding . . . -
Light shielding . . . . . . -
No shielding . . . . . • . . -

Symptoms (epilation, pete· 
chiae, gingivitis) ,  un
der �.ooo meters . . . . -

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

Groups 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

Inspection of Table 4. 7 in the light of the 
preceding discussion suggests that this is a some
what "conservative" classification, in terms of 
correction for shielding. Thus, individuals re
porting "heavy" shielding but asymptomatic 
have all been relegated to group 2, despite the 
fact that the symptom ratio in heavily shielded 
persons within 1 ,000 meters is approximately 
0.7. Since relatively few persons were "heavily" 
shielded (see below) , the net effect of this will 
be to increase slightly the average radiation 
dosage of group 2. On the other hand, this re
moves from categories 3 and 4, which received 
intermediate amounts of radiation, a group of 
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The Criteria of Rlldiation Employed in the Study 4' 

individuals whose average radiation dose would 
be extremely diffirult to evaluate. 

The distribution of all the parents of regis
tered terminations included in this study in 
terms of their radiation category is given in 
Table 4.8. Approximately 78 .3 per cent of all 
the fathers who were registered, and ,7.0 per 
cent of all the mothers, were not in the cities 
at all at the time of the explosion. Of those 
present in the cities, a substantial majority was 
beyond 3,000 meters from the hypocenter. Only 
1 .2  per cent of fathers, and 2.4 per cent of 
mothers, reported symptoms characteristic of 
radiation sickness. 

In a preliminary report on this study (Neel 
et al., 19'3) ,  a system of radiation categories 
was employed which failed to take into account 
shielding. Thus, in this treatment group 4 was 
defined simply as :  "In one of the two cities, 

categories 1 and 5, any estimate is at best an 
exceedingly rough approximation. For categories 
2, 3, and 4, we will do well if we establish the 
range within which the true average is likely 
to be found. A partirular diffirulty in estimating 
radiation dosage, already alluded to, is the fact 
that a wide spectrum of radiant energy is in
volved, with the consequent complications in 
expressing tissue dosage in simple terms, a 
diffirulty only partially circumvented by ex
pressing dosage in terms of the "roentgen 
equivalent physical" (rep) unit. This latter may 
be defined as that amount of any ionizing radia
tion (beta rays, neutrons, etc. ) which dissipates 
the same amount of energy per gram of water 
as one roentgen of X-rays or gamma rays. All 
estimates refer to surface dose. The actual 
amount of irradiation delivered to the gonad 
will be less, although because of the high energy 

TABLE 4.8 DISTRIBUTION OP Rl!GISTBRED BIRTHS BY PARENTAL EXPOSURE 

Hiroshima Nagasaki 

Mother·s exposure Mother·s exposure 

1 2 � 4 5 Total 1 2 � 4 5 Total 

·=

t 

1 8,72� 5,72 1 2,�20 417  791 27,972 16,338 10,141 82� 1 16 480 27,898 
1 ,61 1 1,99� 451 90 127 4,272 2,420 4,48� 298 �8 91 7.��0 

.£ &. � 648 416 545 49 67 1,725 258 �01 109 14 2 1  70� 

� � 4 147 1 19 81 28 26 401 42 55 14 5 1 1 17 
5 275 145 80 19 54 57� 107 1 H 25 � 2 1  289 

-- --- -- -- - --
Total 2 1,404 8,�94 �.477 60� 1 ,065 �4.94� 19,165 15 , 1H 1,269 176 614 �6.��7 

and less than 1 ,84' meters from the hypocenter, 
but asymptomatic. Most of these individuals 
were shielded to a greater or lesser extent from 
the full effects of the bombs ." In this prelimi
nary treatment, for some purposes the offspring 
of parents both of whom were group 4 or ' 
were considered. In the case of the malformation 
analysis, for example, there were available '96 
infants born to parents meeting these restric
tions. But with the radiation categories which 
have just been defined, there are in the mal
formation analysis (Table 8.4) only 145 in· 
fants born to parents both in categories 4 or 5 .  
The difference in numbers is due almost entirely 
to the attempt to correct for shielding. 

4.8 Considerations in the estimation of the 
llfltrage amount of radiation received by persons 
in etKh of the five radiation categories. - We 
come now to an attempt to estimate the average 
amount of radiation represented by each of the 
five radiation categories. It should at once be 
made clear that with the possible exceptions of 

content of atomic bomb irradiation, the gonad 
dose will actually be rather close to the skin 
dose. 

Category 1 individuals, outside the cities at 
the time of the bombing, of course have received 
no radiation from the atomic bomb (ignoring, 
of course, the possibility of residual radiation) . 
Category 5 individuals, symptomatic and within 
3,000 meters, are considered to have received 
as a minimum the equivalent of 200 roentgens 
of gamma rays (Los Alamos Scientific Labora· 
tory, 19,0) . The maximum dose received by a 
category 5 individual is in the neighborhood of 
the equivalent of 600 roentgens of gamma rays. 
The latter figure is based on the premise that 
the LD10 in man for whole-body radiation is 
about 400 roentgens of gamma rays, but that a 
few individuals may survive doses amounting to 
600r of gamma rays (Hempelmann, Lisco, and 
Hoffman, 1952) . The average dose received by 
category 5 individuals can probably be placed 
at the equivalent of 3oo-400 roentgens of 
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46 Genetic EffeciJ of Atomic BombJ Chapter IV 

gamma rays. We will return shortly to the im
portant question of the magnitude of the neu
tron component of this estimated dosage. Suffice 
it to say at this point that category 5 persons as 
a group received a relatively larger amount of 
neutron radiation than any other group, and 
because of the relatively greater biological ef
fectiveness of neutrons as contrasted to gamma 
rays, generally speaking, the dose in rep units 
received by category 5 persons may be substan
tially below the dose as expressed in roentgens. 

lo" 

\ 

1\ 

1\ 
i 1\ 

' 
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1\. 
0 11100 5000 41100 I( Xlo 7500 1000 

DIIT&IICI ,_ IXPLOIIOII IIll 

FIGUilll 4.3 - Total dosage of initial gamma 
radiation as a function of distance from the hypo
center of the explosion of a .. nominal"' atomic bomb, 
from .. The Effects of Atomic Weapons." 

In arriving at our estimate of the amount of 
radiation received by category 2, 3, and 4 indi
viduals, three considerations are outstanding: 

4.8.1 The estimated diJiance-dosage CUN!e. 
- Figures 4.3 and 4.4 are the distance-dosage 
curves in terms of neutron and gamma radiation 
for the explosion of a "nominal" atomic bomb, 
roughly comparable to what was detonated over 
Hiroshima and Nagasaki, as published in "The 
Effects of Atomic Weapons." In the absence of 
other unclassified data, this must of necessity 
serve as the only guide available. Note that the 
abscissa in both figures is scaled in terms of feel 
rather than the meters in which we have ex-

pressed distance. Figure 4.3, if taken at face 
value, indicates that beyond approximately 1 ,600 
meters the amount of gamma radiation received 
was less than 100r. Our own observations, in
volving the reported appearance of symptoms 
in, e.g., significant numbers of persons in the 
2,000-2,400 meter ring, lead us to feel this 
estimate is somewhat conservative. Also, un
published calculations of Wilson (195 1 )  sug
gest that, at least for Hiroshima, the neutron 
curve given in Figure 4.4 is on the conservative 
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\. 1\.. � IIIUT-0111 t-t-

1\. 
' [\ f\c: j-#AIT IIIUTIIOIII 

l_, 
L� 

" � 
" " 

f\ � 

... 
I"  

1100 11100 1100 1100 1400 llOO 1000 
DIITAIICI ,_ UPLDIIOII Ifll 

FIGURE 4.4 - Fast and slow neutrons delivered 
per square centimeter as a function of distance from 
the hypocenter of the explosion of a .. nominal" 
atomic bomb, from .. The Effects of Atomic Weap-
ons.'' 

side. On the other hand, both from these two 
curves and on the basis of our own observations 
regarding the shape of the distance-dosage curve, 
it seems likely that persons at distances in excess 
of 3,000 meters received little if any radiation. 

4.8.2 The obJeN!ations of the Joint Com
miJJion regarding leucopenia. - One of the 
well recognized effects of whole-body irradiation 
in amounts compatible with survival is a tem
porary leucopenia. Information concerning the 
proportion of individuals in the radiation cate
gories defined above who developed leucopenia 
following their exposure would therefore be of 
value in any attempt to estimate radiation 
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dosage. Certain of the published observations of 
the Joint Commission are quite useful in this 
respect. The more pertinent portion of their 
published data is summarized in Table 4.9 (see 
also leRoy, 1950) . leucopenia is here de6ned 
as a total leucocyte count per mm. • of less than 
3,000 at some time during the second through 
the fifth weeks following the bombing. Some 
of the individuals on whom the percent
ages in Table 4.9 are based had repeated 
leucocyte determinations during a hospitaliza
tion, others had but a single count, at any time 

TABLE 4.9 THB FINDINGS OP THB }OINT CoMMIS
SION IN HDlOSHIMA WITH RJIGAilD TO THB Qc. 
CUIUI.BNCB OP EPILATION, PBTBCHIAB, AND LJ!u
COPBNIA IN PBUONS FALUNG INTO VAIUOVS 
ExPOSVJtB CATBGOiliBS 

(Further explanation in text. ) 

Exposure category 

Epilation 
No. examined 

A B C D 

HO 1 , 119 1,817 1 ,604 
No. epilated . . .  434 400 172 74 
% epilated . . . . .  76.1 35.7 9.� 4.6 

Petechiae 
No. examined . .  �70 1 , 1 19 1,817 1,604 
No. with pete-

chiae · · · · · · ·  �10 262 108 �1  
% with petechiae . �4.4 2M 5 .9 1 .9 

Leucopenia 
No. examined . . 19� 2 1 1  1 �6 1 1 1  
No. with leucope-

nia . . . . . . . . . .  146 121  �1  10 
% with leucope-

nia • . . . . . . . . .  74.9 �7.� 19.9 9.0 

between the second and fifth weeks. The 
figures are thus at best estimates of the per
centage which on careful studies would be 
found to develop leucopenia. The exposure cate
gories utilized by the Joint Commission and 
reproduced in Table 4.9 are somewhat diJierent 
from our own, the four most severe, the ones 
with which we are concerned, being de6ned as 
shown in Table 4 . 10. 

It will be noted that the figures regarding 
leucopenia are based on fewer individuals than 
those with respect to epilation and petechiae. 
This is understandable in view of the difficulties 
in obtaining leucocyte determinations imposed 
by the conditions prevailing following the 
bombing. As the Commission report points out, 
these figures must be accepted with some reser
vations in view of the unfavorable circumstances 
under which they were obtained ; on the other 

47 

hand, the manner in which the findings regard
ing leucopenia parallel those on petechiae and 
epilation gives indirect confirmation of their 
validity. Since the Commission worked with a 
selected sample, composed largely of injured 
and, in the majority of cases, hospitalized sur
vivors, caution must be exercised in extrapolat
ing to our own, Iota/ sample. It will be noted, 
however, that with the exception of exposure 
category A, more of the persons examined de-

TABLE 4.10 THB EXPOSUilB CATBGOiliBS DBPINBD BY THB }OINT CoMMISSION, TO BB APPUBD 
TO THB INTBilPilBTATION OP TABLB 4.9 

Exposure group 

Description A B C D E F 
0-1,000 meters 

Outdoors or in Japanese 
buildings . . . . . . . . + 

In heavy buildings . . • . -
In bomb shelters . . . . . .  -

1, 100-1,�00 meters 
Outdoors or in Japanese 

buildings . . • . . . . -
In heavy buildings . . . . -
In bomb shelters . . . • . • -

1,600-2,000 meters 
Outdoors or in Japanese 

buildings . . . . . . . -
In heavy buildings . . . . -
In bomb shelters . . . . . . -

2, 100-2,�00 meters 
Outdoors or in Japanese 

buildings . . . . . . . -
In heavy buildings . . . .  -
In bomb shelters . . . . . . -

2,600-�,000 meters 
Outdoors or in Japanese 

buildings . . . . . . • 
-

In heavy buildings . . . • -
In bomb shelters . . . . • • 

-

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

veloped leucopenia than either epilation or 
petechiae. 

Through the courtesy of The Armed Forces 
Institute of Pathology, it has been possible to 
obtain certain very useful additional tabulations 
of the material collected by the Joint Commis
sion. Among exposed Japanese in Hiroshima 
who received one or more leucocyte determina
tions sometime between the second and four
teenth weeks, who failed to develop epilation, 
petechiae, or gingivitis, and who are not known 
to have died within the foMrleen weeks follow
ing the bombings, the distribution of lowest 
obser11ed leucocyte counts by distance is as shown 
in Table 4.1 1 . More intensive studies would 
have shown a higher proportion with leucopenia. 
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48 Genetic Effects of Atomic Bombs Chapter IV 
TABLE 4.11  THE DISTlliBUTJON OP I.BUCOCYTII VALVES IN HIROSHIMA jAPANESE WHO FAILED TO 

DEVELOP EPILATION, PETECHIAE, OR GINGIVITIS FOLLOWING THB BoMBING, IN RE· 
LATION TO DisTANCE PROW HYPOCENTER. AND TYPE OF SHIELDING 

( Data of Joint Commission, as tabulated by the Armed Forces Institute of Pathology) 

Distance from hypocenter less than 1,500 meters 

Outdoors, unshielded Outdoors, shielded Indoors, Jap. bldg. 
,.------'-.. ,.------'-.. ,.------'-.. 

Leucocytes/mm.s No. Cum. % No. Cum. o/o No. Cum. % 
()- 500 . . . . . . . . .  1 1 .4 0 0 0 0 

60()-1,000 . . . . . . . . .  2.9 1 2.7 1 .5 
1 , 10()-1 ,500 . . . . . . . . . 1 4.3 1 5.4 2 1 .6 
1 ,60()-2,000 . . . . . . . . . 0 4.3 1 8.1 6 4.9 
2 , 10()-2,500 . . . . . . . . . 1 5.7 2 1 3.5 6 8 .2 
2,60()-3,000 . . . . . . . . .  1 7.1 1 16.2 9 13 .0 
3, 10()-3,500 . . . . . . . . . 3 1 1 .4 1 18.9 16 21 .7 
3,6oo-4,000 . . . . . . . . . 5 18.6 2 24.3 22 33.7 
4, 10o-4,500 . . . . . . . . . 7 28.6 6 40.5 1 1  39.7 
4,60()-5,000 . . . . . . . . .  5 35.7 3 48.6 14  47.3 
5,10()-5,500 . . . . . . . . . 3 40.0 3 56.8 16 56.0 
5,60o-6,000 . . . . . . . . . 6 48.6 9 8 1 . 1  9 60.9 
6, 10o-6,500 . . . . . . . . .  8 60.0 3 89.2 16 69.6 
6,60()-7,000 . . . . . . . . . 7 70.0 0 89.2 1 5  77.7 
7, 100-7,500 . . . . . . . . .  2 72.9 0 89.2 8 82.1 
7,60()-8,000 . . . . . . . . .  4 78.6 2 94.6 7 85.9 
8, 10o-8,500 . . . . . . . . . 2 81 .4 0 94.6 9 90.8 
8,6()()-9,000 . . . . . . . . .  5 88.6 1 97.3 3 92.4 
9, 1 0()-9,500 . . . . . . . . . 1 90.0 1 100.0 2 93.5 
9,60()- . . . . . . . . .  7 100.0 0 100.0 12  100.0 

70 37 184 

Distance from hypocenter 1,60()-2,000 meters 

Outdoors, unshielded 

Leucocytes/mm.a 
()- 500 . . . . . . . . .  

60()-1,000 
1 , 10()-1,500 
1 ,60o-2,000 
2,10()-2,500 
2,60o-3,000 
3, 10()-3,500 
3,60()-4,000 
4,10o-4,500 
4,60()-5,000 
5,10()-5,500 
5,60o-6,000 
6, 10o-6,500 
6,60o-7,000 
7,10()-7,500 
7,6oo-s,ooo 
8,10()-8,500 
8,60o-9,000 
9, 10()-9,500 
9,60o-

. . . . . . . . . 

. . . . . . . . . 

. . . . . . . . .  

. . . . . . . . . 

. . . . . . . . . 

. . . . . . . . . 

. . . . . . . . . 

. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
• • • • • • • •  0 

. . . . . . . . . 

. . . . . . . . . 

. . . . . . . . .  

. . . . . . . . . . . . . . . . . . 

. . . . . . . . .  

,.------'-.. 
No. Cum. % 

0 0 
0 0 
3 1 . 1  
1 1 .5  
3 2 .6 
5 4.5 

1 1  8.6 
16 14.7 
17 2 1 . 1  
10  24.8 
30 36.1 
18 42.9 
22 5 1 .1 
26 60.9 
14 66.2 
2 1  74.1 
9 77.4 

2 1  85.3 
9 88.7 

30 100.0 

266 

Outdoors, shielded Indoors, Jap. bldg. 
,.------'-.. ,.------'-.. 
No. Cum. % No. Cum. % 

0 0 1 .4 
0 0 0 .4 
1 1 .7 0 .4 
0 1.7 2 1 . 1  
0 1 .7 5 3.0 
1 3.4 4 4.5 
4 10.2 10 8.2 
2 1 3.6 16 14.1 
6 23.7 26 23.8 
1 25 .4 17  30.1 
8 39.0 23 38.7 

1 1  57.6 27 48.7 
5 66.1 17 55.0 
2 69.5 27 65.1 
3 74.6 2 1  72.9 
3 79.7 14 78.1 
3 84.7 16 84.0 
3 89.8 1 1  88.1 
2 93.2 8 91 . 1  
4 100.0 24 100.0 

59 269 

Indoors, heavy bldg. 
shelter 

No. Cum. % 
0 0 
0 0 
1 1 .0 
3 4.1 
1 5 .2 
1 6.2 
3 9.3 
7 16.5 
0 16.5 
1 17.5 

18 36.1 
7 43.3 

11 54.6 
8 62.9 
4 67.0 
8 75.3 
3 78.4 
7 85.6 
2 87.6 

1 2  100.0 

97 

Indoors, heavy bldg. 
shelter ,.------'-.. 

No. Cum. % 
0 0 
0 0 
1 1 .9 
0 1 .9 
1 3.7 
0 3.7 
1 5 .6 
2 9.3 
6 20.4 
1 22.2 
6 33.3 
8 48.1 
4 55.6 
2 59.3 
3 64.8 
3 70.4 
4 71.8 
8 92.6 
1 94.4 
3 100.0 

54 
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The Critnia of Radiation Employed in the Study 49 

TABLE 4.11-Contint�ed 

Distance from hypocenter 2,1D0-3,000 meters 

Indoors, heavy bldg. 
Outdoors, unshielded Outdoors, shielded Indoors, Jap. bldg. shelter 

l.eucocytes/mm.s 
o- 500 . . . . . . . . .  

600-1,000 . . . . . . . . . 
1 , 1D0-1,500 . . . . . . . . . 
1 ,600-2,000 . . • . . . . . .  

2, 10Q-2,500 . . . . . . . . . 
2,6oo-3,000 . . . . . . . . . 
3, 1oo-3,500 . . . . . . . . .  
3,600--4,000 
4,1oo-4,500 
4,60o-5,000 
5,1oo-5,500 
5,6oo-6,000 
6,1oo-6,500 
6,600-7,000 

. . . . . . . . . 

. . . . . . . . .  

. . . . . . . . . 

. . . . . . . . . 
0 • • • • • • • •  

. . . . . . . . . 

. . . . . . . . . 
7,10Q-7,500 . . . . . . . . .  
7,60o-s,ooo . . . . . . . . .  
8, 1 oo-s, 5oo . . . . . . . . . 
8,600-9,000 . . . . . . . . . 
9, 10Q-9,500 . . . . . . . . . 
9,600- . . . . . . . . .  

� 
No. Cum. % No. 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
5 1 .9 0 
3 3 . 1  1 
8 6. 1  1 

12  10.7 1 
14 16.0 0 
20 23.7 1 
19 30.9 5 
27 41 .2 2 
27 5 1 .5 4 
23  60.3 4 
1 5  66.0 2 
14 7 1 .4 2 
18  78.2 2 
17  84.7 4 
6 87.0 1 

34 100.0 8 

262 38 

The concentration of values in the "9,600 
and above" class would seem to indicate a 
grouping of values which would vitiate attempts 
to calculate a mean. However, generally speak
ing, these observations suggest that a significant 
number of persons in our radiation categories 
3 and 4 probably developed leucopenia as that 
term is here defined. An exact estimate of the 
proportion is difficult because of the difference 
between the way the Joint Commission's and 
our own data are broken down, but in round 
figures, based in part on the data in Table 4. 1 1 ,  
it can be estimated that some 5-10 per cent of 
group 4 parents and 2-4 per cent of group 3 
parents developed leucopenia. 

The average amount of whole-body irradia· 
tion which, when delivered over a period of a 
day or two, will produce in man leucopenia of 
this degree is not known with certainty. For 
obvious reasons, there are not many pertinent 
observations. Thus, studies of patients with 
leukemia or multiple myeloma (e.g., Collins 
and Loe£Ber, 1956) , while valuable for thera
peutic reasons, obviously do not permit extrap
olation to normal persons. Of the more recent 
investigations, the most valuable for present 
purposes - although still, because of the nature 
of the subjects, to be interpreted with caution -

� � 
Cum. % No. Cum. % No. Cum. % 

0 0 0 0 0 
0 0 0 0 0 
0 1 .2 0 0 
0 2 .6 0 0 
0 3 1 .3 0 0 
2 .6 9 3.2 1 9.1 
5.3 16 6.6 0 9.1  
7.9 16  10.0 0 9.1 
7.9 28 16.0 2 27.3 

10.5 29 22.2 0 27.3 
23 .7 50 32.9 3 54.5 
28.9 43 42.1 0 54.5 
39.5 47 52.1 1 63.6 
50.0 34 59.4 1 72.7 
55 .3  34 66.7 0 72.7 
60.5 25  72.0 1 81 .8 
65.8 34 79.3 0 8 1 .8 
76.3 26 84.8 1 90.9 
78.9 10 87.0 0 90.9 

100.0 61 100.0 1 100.0 

468 1 1  

are those of Nickson ( 195 1 ) ,  who found that 
in three patients with carcinoma with metastases, 
1 20r of whole-body irradiation with 400-kv 
X-rays produced no significant leucopenia. Two 
of these patients had a moderate leucocytosis 
at the time of treatment, amounting to 
14,700jmm.8 and 1 3,900jmm.8, respectively. A 
fourth patient, also with carcinomatosis, who 
was treated with 107r of 200-kv whole-body 
X-rays on two successive days likewise failed 
to develop significant leucopenia. The impro
priety of extrapolating from such patients to 
normal individuals is apparent. Furthermore, it 
does not appear that these patients were fol
lowed long enough for the detection of late 
leucopenic effects. The studies of Hempelmann, 
Lisco, and Hoffman (1952) on the few persons 
who have been involved in industrial radiation 
accidents are also especially pertinent. In one 
case, an individual was exposed to an amount 
of irradiation estimated as the equivalent of 
186 roentgens of 80-kv X-rays and 10.7 roent
gens of y-rays, and in another case, to the esti
mated equivalent of 140r of 80-kv X-rays and 
8.7r of y-rays. In neither case did leucopenia 
as here defined develop. 

In March of 1954 certain natives of the 
Marshall Islands and a lesser number of Ameri-
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Genetic Effects of AJomic Bombs Olapter IV 

an mi litary personnel were accidentally exposed 
to the fall-out of radioactive materials subse
quent to the explosion of an experimental 
thermonuclear device. Detailed hematological 
stud ies were carried out on these individuals 
(Cronlcite, Bond, and Dunham, in manuscript) . 
Through the courtesy of Dr. E. P. Croolcite and 
Mr. Hyman Hechter, the original data on the 
Marshall Islanders regarding total leucocyte 
counts during a 10  to 70-day period following 
the exposure have been made available to us. 
There were two groups of Marshall Islanders 
involved, one group of 64 estimated to have 
received an average dose of 17'5r of whole-body, 
gamma radiation as measured in air, and a sec
ond group of 1 8  estimated to have received an 
average dose of 69r of gamma radiation as 
measured in air. The actual dose received by the 
Marshallese has been the subject of lively dis
cussion. The observed maximum depression in 
the total leucocyte count occurred between days 
39 and 5 1  following the exposure (counts were 
made every four days) . On day 39, 3 . 1  per cent 
of the Group I Marshallese were found to have 
a leucopenia of 3,000 WBCjmm.• or less ; on 
day 43, 6.5 per cent ; on day 47, 3 .1  per cent ;  
and on day 5 1 ,  0.0 per cent. None of the 
Group II natives showed a leucopenia of this 
degree during this period. 

A. comparison of these figures with the Japa
nese figures cited above is biased by the fact 
that the Marshall Island figures refer to the 
period of peak depression, whereas the Japa
nese data include a longer period of time. 
Nevertheless, the important fact emerges that 
in a group of healthy persons known with some 
accuracy to have received a dose of whole-body 
gamma irradiation of approximately 1 75r, the 
frequency of leucopenia was probably no greater 
than (if as great as) that occurring in the 
category 4 parents of this study. The obvious 
inference is that the average radiation dose 
experienced by category 4 parents is at least 
the equivalent of 200r of whole-body gamma 
radiation, with category 3 parents receiving a 
smaller average dose, but very likely one in 
the neighborhood of the equivalent of lOOr of 
whole-body gamma radiation. 

4.8.3 The proportion of indit�id11als pro
tected by t1ario11s types of shielding. - The final 
consideration to be introduced into this attempt 
to approximate the average radiation exposure 
in the various categories is the proportion of 

individuals experiencing various types of shield
ing. Data are not available for the whole sam

ple. However, in a special study carried out in 
1953 on all parents falling in the 1,800-2,500 
meter ring. a group especially critical to this 
study, the breakdown shown in Table 4.12 was 
observed for 4,5 1 5  Hiroshima parents and 
2,083 Nagasaki parents. The important point 
which emerges is the relatively small proportion 
of persons classified as receiving heavy or 
moderate shielding. It will be recaUed that in 
the radiation classification adopted here, the 
report of "heavy" or "moderate" shielding re
sulted in an individual being placed in a lower 
radiation category. The contribution of such 
individuals - whose shielding is especially 
difficult to evaluate - to the composition of 
any radiation category is small. 

TABLE 4.12 Pa.oPOR.noNs OP PAJU!NTS ExPOSED IN 
THB 1 ,8()(}-2,:500 METER. RING WHO RBPOR.TED 

v AJUOUS TYPBS OP SHJBLDING 

Degree of shielding Hiroshima Nagasaki 
Heavy . . . . . . . . .  . . .  . 4.9 1:5.9 
Moderate . . . . . . . . . . 2.5 3.0 
Light . .  . . .  • . . . • . . . . 68.0 67.0 
None . . . . . . . . . . . . . 24.6 14.1 

100.0 100.0 

4.9 E.stimales of the tl11erage amo11nt of ir· 
radiaJion rerei11ed by indit�id11al.r in the 11ario11s 
expos11re caJegories. - We are now in a posi
tion to approximate the average amount of 
whole-body irradiation received by individuals 
in categories 2 through 5. Category 2 individ
uals, on the basis of the distance-dosage curve, 
probably received on the average no more than 
5-10 roentgens equivalent physical ( re p• s) . 
Category 3 survivors, on the same basis, as well 
as the known incidence of leucopenia and the 
shielding data, may be estimated on the average 
to have received 50-100 refs. The estimation of 
the dosage in rep's for groups 4 and 5 is more 
difficult because, in contrast to groups 2 and 3, 
there is, on the basis of the distance-dosage 
curves and the occurrence of radiation cataracts 
in appreciable numbers of these survivors, a 
significant neutron component in the irradiation 
experienced by these persons. To make approxi
mate allowance for this, we will express "the 
equivalent of 300-400 roentgens of gamma 
rays" suggested earlier as the average dose in 
category 5, as 200-300 rep's, and on the same 
grounds estimate the average dosage for cate-
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The Criteria of RtldiaJion Employed in the St11dy 5 1  

gory 4 individuals as 100-1 50 rep's. The arbi
trary nature of these estimates will be apparent 
to all students of radiobiology. Any one might 
well be off by a factor of 2. We feel that any 
attempt to be more specific cannot be justified. 
In arriving at what some will term overly con
servative estimates, we have been infiuenced by 
the fact that traumatic and thermal injuries may 
in a significant proportion of persons have 

5 
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neutrons in inducing genetic change (summary 
in Symposium : Some Biological Effects of Ra
diation from Nuclear Detonation, 1954) . How
ever, it is important to recognize that the average 
dosages estimated above include, in the case of 
category 4 and 5 persons, a component of high 
effectiveness in producing genetic change. 

Even should the upper rather than the lower 
estimates of the average . amount of radiation 

(REP) 

NAGASAKI 
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FIGURE 4.5 - Neutron and gamma radiation distance-dosage curves for the atomic bomb explosions at 
Hiroshima and Nagasaki. 

combined with ordinarily sublethal radiation 
effects in causing death, thus lowering the mean 
radiation dose expected in the various categories 
on radiological grounds alone. On the other 
hand, any allowance for residual irradiation 
would revise the dose upward . 

There are at present no published data which 
permit making a realistic estimate of the con
tribution of fast and slow neutrons to the total 
radiation spectrum. This is unfortunate in view 
of the relatively high biological efficiency of 

received by survivors prove correct, the fact is 
clear that in the terms of the radiation geneti
cist, these are small doses indeed. This was 
recognized from the outset. But despite the im
probability of being able to detect induced 
genetic effects in this material, there was no 
doubt in the minds of those who considered the 
problem initially, at all echelons, that "this 
unique possibility for demonstrating genetic 
effects caused by atomic radiation should not 
be lost" (cf. p. 2 ) . 
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52  Genetic Effects of Atomic Bombs Chapter IV 

Note added in proof. - At the time this chap
ter was written, only the distance-dosage curves 
for a "nominal" atomic bomb had been pub
lished. However, since this manuscript went to 
press, distance-d05age curves, in terms of neutron 
and gamma radiation, have been declassified for 
both Hiroshima and Nagasaki. These are pre
sented in Fig. 4.5 .  The gamma curves for the two 
cities are quite comparable, and correspond satis
factorily with those published earlier for the ex
plosion of a "nominal" atomic bomb. How
ever, it will be noted that the neutron curves for 
the two cities appear to differ significantly, 
with, at a given distance, rather more radiation 
of this type in Hiroshima than in Nagasaki .  
The curve for the latter city approximates that 
published earlier for the explosion of a "nomi-

nal" bomb. In view of the many uncertainties 
that enter into assigning mean dosages to our 
radiation exposure categories, it is not felt that 
these new data warrant a revision of the esti
mates given in this chapter. On the other hand, 
it is clear that there is a very strong neutron 
component in the radiation experienced by cate
gory 4 and 5 parents in Hiroshima, and in this 
connection, it will be recalled that approxi
mately 68 per cent of all category 4 or 5 parents 
were from Hiroshima. In view of the high rela
tive effectiveness of neutrons in inducing ge
netic change, the publication of these new 
curves has the effect of increasing the genetic 
significance to be attached to the observations 
herein to be reported. 
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Chapter J7 

T H E  C O M PARAB I L I TY O F  I R RA D IAT I O N  

S U B C LAS S E S  

THE infants examined in Hiroshima and Naga
saki during the course of this study may be 
apportioned among 25 subclasses on the basis 
of the radiation exposure categories of their 
fathers and mothers, as these categories were 
defined in the preceding chapter. The crux of 
our problem is a comparison of the characteris
tics of the infants comprising these subclasses. 
As has been emphasized several times already, 
all of the indicators of possible genetic damage 
utilized in this investigation may also be in
fluenced by a variety of other factors. It will 
be the purpose of this chapter to undertake a 
detailed comparison of the parents of the in
fants comprising these subclasses with respect 
to certain possible differences which might in
fluence the outcome of pregnancy. Of the many 
possible differences which could be explored, 
we shall restrict ourselves to those which in our 
opinion are most pertinent to the problem at 
hand and for which we have more nearly satis
factory data. 

In the comparisons which will be presented, 
usually no allowance has been made for the fact 
that because of repeated pregnancies the same 
couple may be represented more than once 
among the parentage of a subclass. The tests of 
significance that follow assume no duplicate 
registration and thus yield underestimates of 
th!! errors of differences. It might be pointed 
out that, in the main, we should underestimate 
variances in the parental population more than 
in the offspring population. 

5.1 Consanguinity. - It is generally recog
nized that the offspring of consanguineous 
marriages more often exhibit the consequences 
of genetic homozygosity than do the offspring 
of non-consanguineous unions. To the extent 
that there is a recessive, incompletely recessive, 
or semi-dominant genetic component in the 

etiology of congenital defect, stillbirth, or neo
natal death, such homozygosity might be ex
pected to alter the frequency of these events 
sufficiently to obscure real irradiation differ
ences or to create spurious ones. The occurrence 
within the populations under study of a non
random distribution of consanguineous mar
riages thus might introduce a source of bias into 
the findings. This, then, was the theoretical 
consideration which led to the inclusion of an 
item in the Genetics Short Form regarding 
parental consanguinity. The problem seemed of 
special importance because of the relatively high 
frequency of consanguineous unions in Japan 
(Neel, Kodani, Brewer, and Anderson, 1949) . 

In Tables 5 . 1  and 5.2 the present data are 
examined as regards a relationship between ex
posure subclass and the frequency of consan
guinity.1 .Although all known degrees of con
sanguinity were recorded by the clerks, in the 
analysis attention has been restricted to mar
riages of first cousins, first cousins once re
moved, and second cousins. .A few uncle-niece 
unions, and some involving more remote de
grees of consanguinity than second cousin 
marriages, have been recorded during the study ; 
all such unions have been excluded from these 
considerations because of the uncertainty regard
ing the exhaustiveness of the ascertainment. 

There is significantly more consanguineous 
marriage in Nagasaki than in Hiroshima, this 
presumably a reflection of social and cultural 
differences between the two localities. Moreover, 
within the cities there is heterogeneity among 
exposure subclasses. In general this consists in 
less consanguineous marriage among the "ex
posed" (categories 2, 3, 4, 5 )  than among the 

1 The differing forms utilized in the presentation 
of the results of the analysis of the various tables 
will be evident following the reading of Chapter VI. 
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Genetic Effects of Atomic Bombs Chapter V 

TABLE 5.1 CoNSANGUINITY (FIRST CousiN, FIRST CousiN ONCB 
RI!MOVI!D, SI!COND COUSIN )  BY CiTY AND PARENTAL EXPOSURE 

Hiroshima 

Fathers • 

2 3 4-� Total 

1H 18,723 1 ,61 1 648 422 21 ,404 
1,242 97 42 23 1,404 
.0663 .0602 .0648 .0�4� .06�6 

2H 
�.72 1 1,993 4 16  264 8,394 

3 1 1  1 17 27 16 471 
.0�44 .0�87 .0649 .0606 .0�61 . 

3H 3,477 � 2,320 451  545 161 .. 97 23 16 4 140 £ 
� .0418 .05 10 .0294 .0248 .0403 

4-5{; 1 ,208 217  1 16  127  1,668 
77 9 6 6 98 

.0637 .0415  .0�17 .0472 .0�88 

Total{� 27,972 4,272 1,72� 974 34,943 
1 ,727 246 91 49 2,1 1 3  
.0617 .0�76 .0528 .0503 .0605 

Nagasaki 

Fathers • 

1 2 3 4-5 Total 

1U 16,338 2,420 258 149 19,165 
1 ,541  2 1 1  1 3  8 1,773 
.0943 .0872 .0504 .0537 .0925 

2u 10,141 4,483 301 188 1 5, 1 1 3  
683 293 22 10 1 ,008 

.0674 .0654 .0731  .0532 .0667 . 
3H � 823 298 109 39 1,269 

69 14 7 4 94 

� .0838 .0470 .0642 .1026 .0741 

4-5H ,596 129 35 30 790 
33  10 2 45 

.0554 .0775 .0667 .0570 
---..-

TotalU 27,898 7,330 703 406 36,337 
2,326 528 42 24 2,920 
.0834 .0720 .0597 .0591 .0804 

• In this and subsequent tables, the term "Fathers"" will be used as an 
abbreviation for Father"s Exposure Category, and the term "Mothers" 
similarly. 
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The Comparability of lmuJiation Subclasses 

unexposed (category 1 )  , although the tendency 
is statistically significant only with respect to 
the mothers. There is also a significant city
mother interaction. Category 1 contains a high 
proportion of persons who did not legally re
side in either of the two cities at the time of 
the bombings. It may be surmised that a sub
stantial proportion of these persons have rural 
antecedents ; the frequency of consanguinity is 
known to be higher in rural communities (Neel 
et al., 1949) . 

abies, parental age a and parity, 1 and most of 
the indicators of possible genetic damage herein 
studied is attested to by a voluminous literature 
(e.g., Ciocco, 1938 ; Yerushalmy, 1938 ; Pen
rose, 1939 ; Murphy, 1947 ; Landtman, 1948 ; 
Record and McKeown, 1949 ; Sutherland, 1949 ; 
Carter, 1950 ; Lowe and McKeown, 1950 ; 
Worcester, Stevenson, and Rice, 1950 ; Heg
nauer, 195 1 ; Karn and Penrose, 195 1 ; Novitski, 
1953 ; Salber and Bradshaw, 195 3 ;  MacMahon 
and Gordon, 1953 ; Myers, 1954) . Our own 

TABLE 5.2 UU·SQUAllB ANALYSIS OP THB FuQUBNCY OP CoNSANGUINBOUS MAiuuAGBS BY CITY AND 
PARBNTAL EXPOSURB 

Source DF 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �1  

Interactions, first order 
CM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � 
CF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  � 
MF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Main Effects 
City . 

Mother's exposure - ! . . . . . . . . . . . . . . . . . . 1 
Mother's exposure - 2 . . . . . . . . . . . . . . . . . . 1 
Mother's exposure - � . . . . . . . . . . . . . . . . . . 1 
Mother's exposure - 4, 5 . . . . . . . . . . . . . . . . 1 

Mother • 
Hiroshima (H) . . . . . . . . . . . . . . . . . . . . . . . . � 
Nagasaki (N) . • . . . . . . . . . . . . . . . . . . . . . . . � 

Father • 
(H) Mother's exposure - 1 . . . . . . . . . . . . . � 

Mother's exposure - 2 . . . . • . . . . . . . . � 
Mother's exposure - � . . . . . . . . . . . . . � 
Mother's exposure - 4, 5 . . . . . . . . . . . � 

(N) Mother's exposure - 1 . . . . . . . . . . . . . � 
Mother's exposure - 2 . . . . . . . • . . . . . � 
Mother's exposure - � . . . . . . . . .  . .  . .  � 
Mother's exposure - 4, 5 . . . . . . . . . . . � 

Sum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24 

x • 
261 .45� 

16.913  
1 .610 
6.�17 

101 .499 
10.257 
22.672 
0.0�1 

�7.775 
8�.002 

1 .78� 
1 .292 
4.1 56 
2 .12� 
9.581 
0.947 
4.950 
�.210 

28.042 

p 

< .001 

< .001 
.5o-.7o 
.7o-.8o 

< .001 
.001-.01 
< .001 
.8o-.9o 

< .001 
< .001 

.5o-.70 

.7o-.8o 

.2o-.�o 

.50-.70 

.02-.05 

.80-.90 

.1o-.20 

.�o-.50 

.2o-.�o 

• Adjusted for mothers. (The meaning of the term "adjusted" is explained in Sec. 6.5. ) 
• Adjusted for cities. . 
• Adjusted for cities and mothers. 

In Nagasaki, the bomb was detonated over 
that area of the city in which there walthe high
est concentration of Christians ; Schull ( 195 3 )  
has shown that there is Jess consanguineous mar
riage among Christian (Catholic) Japanese in 
Nagasaki than among non-Christians. Thus, it 
may be surmised that among the non-Christian 
Japanese, the differences in frequency of con
sanguineous unions between Hiroshima and 
Nagasaki are even more striking than shown in 
Table 5 . 1 .  

5.2 Age and parity. - A probable or cer
tain relationship between the correlated vari-

• 

analysis of these relationships in the present 
data will be published elsewhere. Suffice it to 
say at this point that significant associations can 
be readily demonstrated. 

The findings in these data with respect to 
mean maternal age and parity differences among 
the mothers of the children falling into the 
various subclasses are shown in Tables 5.3 

2 The terms "parental age," "maternal age," or 
"paternal age" as here used refer simply to age of 
parent ( s) at birth of child. 

• The term "parity" refers simply to total number 
of conceptions, including the present. 
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Genetic Effects of Atomic Bombs Chapter V 

TABLE 5.3 MEAN MATERNAL AGE BY CITY AND PARl!NTAL EXPOSURl! 
(Based on unrelated parents only) 

Hiroshima 

Fathers 

2 3 4 � Total 

1{; 1 7,481 1 , � 14  606 1 36 263 20,000 
27.0469 27.32�0 27.5 1M 27.4853 28.2700 27 . 1013  

2{; �.4 10  1,876 389 108 140 7,923 
26.8366 30.1 3 1 1  29.29�6 28 .0926 28.7500 27.7883 

3{; 2,223 428 n9 81  76 3,337 
� 26.9523 29. 1402 30.998 1 30.0 123  29.039� 27.9961 ... .c 
0 

4{; 388 88 4�  24 19 �64 ::s 27.7861 28.3636 29.6667 3 1 . 1 667 29.6842 28.2340 

�{; 743 1 20 6� 26 �2 1 ,006 
27. 12�2  29.3667 29.338� 28.538� 3 1 .4808 27.7972 

Total{� 26,24� 4,026 1 ,634 375 �50 32,830 
27.0087 28.9091 29.1989 28.� 147 28.8509 27.3988 

Nagasaki 

Fathers 

2 3 4 � Total 

r 1{: 14,797 2,209 24� 4 1 100 1 7,392 
28.H27 29. 142 1 29.�26� 28.4878 30.2800 28.6425 

2{: 9.4�8 4,190 279 5 1  127 14, 105 
27 .6087 30.8477 30.3 1 18 30. 1 176 29.8976 28.6540 

3{: 754 284 102 1 2  23  1 , 175 
� 27.M78 29.84 1 5  3 1 .5294 3 1 .5833 3o.6n2 28.6204 ... .c 0 

4{; 105 35  14 4 3 161 ::s 29.9333 30.4857 34.6429 32 .0000 34.6667 30.6025 

5{; 458 84 2 1  1 20 584 
26.7445 28.4762 29. 1905  1 3 .0000 29.4000 27. 1490 

Total{� 2�,H2 6,802 661 109 273 33,417  
28. 1447 30.2207 30.2648 29.�780 30. 1 172 28.6299 
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The Comparability of Irradiation S11bclasses 57 

through 5.8. It will be noted that the compari
son is restricted to 11nrelated parents. In the fol
lowing chapter we shall advance reasons for 
excluding children born to related parents from 
the analysis. Because of the potential great im
portance of age-parity differences in this analy-

2, 3, 4, or S )  than when non-exposed ( cate
gory 1 ) . This appears to be true with reference 
to fathers' but not mothers' exposure in Naga
saki. An obvious explanation of the findings 
with regard to the relation between paternal ex
posure and mean maternal age is the fact that 

TABLE 5.4 ANALYSJS oF VAJUANCE : MoTHER's AGB BY CITY AND PAilBNTAL ExPosuRE 
(Unrelated parents) 

( In this and subsequent tables, one asterisk will be used to denote a value significant at the 5 per cent level, 
and two asterisks, a value significant at the 1 per cent level. ) 

Source 
Main effects 

Sums of squares 
of deviations DF Mean square F 

City (C) . . . . . . . . . . . . . . . . . . . . . .  . 
Father (F) . . . . . . . . . . . . . . . . . . . . . 
Mother (M) . . . . . . . . . . . . . . . . . . .  . 

2 1 ,983.32 155 1  
43,401 .030323 

947.687594 

1 
4 
4 

2 1 ,983.32 16 
10,850.2576 

236.92 19 

830.86* * 
410.08**  

8.95* *  
Interactions 

First order 
CF . . . . . . . . . . . . . . . . . . . . . . . . .  . 

CM . . . . . . . . . . . . . . . . . . . . . . . . .  . 

MF . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Higher orders . . . . . . . . . . . . . . . . . .  . 

Between classes . . . . . . . . . . . . . . . . . . .  . 

Within classes . . . . . . . . . . . . . . . . . . . . •  

74.432938 
3, 1 07.667017  

18,682.8 1 3301 
871 .8701 14 

94,513 .849388 
1 ,  751 ,484.087605 

Total . . . . . . . . . . . . . . . . . . . . . . 1,845,997.936993 

4 
4 

16  
16 
49 

66,197 

66,246 

18.6082 
776.9168 

1,167.6758 
54.4919 

1 ,928.8541 
26.4587 

1 .42 
29.36* * 
44.1 3* *  

2.06**  
72.90** 

TABLE 5.5 THB DlsnuBUTION OF ME AN  SQUAilBS FOil MATBilNAL AGB BY CITY, SBX OF INFANT, AND 
PAilBNTAL EXPOSURE (Unrelated parents) 

(lne sample numbers are the same as in Table 5.3. The form of the analysis will be discussed in Chapter VI.) 

Hiroshima Nagasaki 

Fathers 

Sex 1 2 3 4-5 

1 {� 22 . 160 27.336 29.653 25.529 
2 1 .628 24.205 29.271 23 .310  

ll 2{� 2 1 .999 28.964 33.690 28.247 
" 22 .327 29.351  40-519 34.122 .0: 
0 3{� 24.2 16  29.592 32.618 25 .009 � 23.381 29.429 3 1 .245 36.640 

4-5{� 26. 1 1 2  28.495 47.317  35 .253  
24.226 36.7 1 3  27.148 36.738 

x; = 1 2 1 .02 1 • •  DF = 1 5  
x 9 = 144.25 1  . .  DF = U  

sis, it has seemed wise to anticipate this decision 
with respect to this tabulation. 

Not only do the cities differ but there is also 
significant heterogeneity within cities among 
exposure subclasses as regards both mean ma
ternal age and mean parity. In Hiroshima there 
is a dear tendency for maternal age to be greater 
when the mother or father is exposed (category 

Fathers 

Sex 1 2 3 4-5 

1{� 25 .376 36.2 1 3  40.472 38.920 
25 .822 33.257 32.491 32.455 

ll 2w 28.335 37.926 43.489 31 .397 
" 26.361 38.289 42.377 40.381 

..c � 3{� 30.266 49.061 42.83 1 18.423 
29.384 39.629 37.398 3 1 .729 

4-5{� 27.956 28.292 32.5 1 5  28.743 
27.720 48.456 39.000 55.269 

x; = 222.236••  DF = 1 5 
x 9 = 192.154 • •  DF = l 5 

the younger males tended to be in military 
service while the older males remained at home 
(and so were exposed) , and mother's age is 
correlated with father's. Heterogeneity between 
the subclasses is also indicated by the fact that 
most of the interaction terms are also significant. 

No less variable than the mean maternal ages 
and parities are the mean squares (variance esti-
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58 Genetic Effects of Atomic Bombs Otapter V 

TABLE 5.6 MEAN PAJUTY BY CrrY AND PAIU!NTAL ExPOSUllB 
(Based on unrelated parents only) 

Hiroshima 

Fathers 

2 3 4 ' Total 

1 { :  1 7,481 1 ,:114 606 1 36 263 20,000 
2.4228 2.4108 2.3762 2.3676 2.4677 2.4207 

2 { :  :1,410 1 ,876 389 108 140 7,923 
2.4222 3.61:1 1  3.2339 2 .7963 2 .9429 2 .7:188 

3 { �  2,223 428 :129 81 76 3,337 
� 2.4368 3.2897 3.9187 3.9136 3 .31:18 2.8370 .. 

..<: 

{ :  4:1 24 :164 � 4 388 88 19 
2.6031 3.2273 3.4889 3.87:10 3.3684 2.8:11 1  

' {� 743 1 20 6:1 26 :12 1 ,006 
2.4078 3.:1333 3 .061:1  3.4231 3.:1 192 2.6680 

Total{: 26,24:1 4,026 1 ,634 37:1 ,0 32,830 
2.4261 3 . 1 167 3.1377 2.9947 2.8364 2.,96 

Nagasaki 

Fathers 

1 2 3 4 ' Total 

1 { :  14,797 2,209 24:1 41  100 17,392 
2.9008 3.0946 3 . 1,1  2.4878 3 .1 :100 2.929:1 

2 {: 9,4:18 4,190 279 :1 1  127 14,10:1 
2.7294 3.97:14 3.6810 3.2941 3.64:17 3.1287 

3 {: 7:14 284 102 12  23  1 ,17:1 
� 2.8:194 3.72:14 4.0000 :1 .0000 3.69:17 3.2060 
.£! { �  10:1 3:1 14 4 3 161 � 4 

3.4762 3.8000 :1.3:171 4.7:100 6.3333 3.79:10 

' {: 4:18 84 2 1  1 20 :184 
2.6201 3 .1667 3.6190 1 .0000 3.7:100 2.770:1 

Total{: 2:1,:172 6,802 661 109 273 33,417 
2.833:1 3.6680 3 .:1688 3.2 1 10 3.:10, 3.0247 
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The ComptWability of I"'tdiation Subclasses 59 

mates) for these two variables.' From Tables 
5 . 5  and 5.8 we note a significant heterogeneity 
among exposure classes, within each sex and 
city, in the variance estimates. It can also be 
shown that the variance estimates differ signifi
cantly between cities. In general, the variance 

in post-war Japan, those persons closer in having 
suffered in material ways to a greater extent than 
those farther out. Economic status appears to 
be related to some of the indicators of radiation 
effect here under consideration, notably still
birth frequency, birthweight, and neonatal 

TABLE 5.7 ANALYSIS OF V.AJUANCB: PARJTY BY CrrY AND PARBNTAL ExPOSURE 
(Unrelated parents) 

Source 
Sums of squares 

of deviations DF Mean square F 
Main effects 

City (C) . . . . . . . . . . . . . . . . . . . . . . .  1,66�.729494 1 1 ,66�.7295 5�1.52 • •  
Father (F) . . . .  · · · · ·  . . . . . . . . . . . .  6,053. 77942 1 4 1 ,51 �.4449 48�.5 1 * •  
Mother (M) • •  0 0 • • • • • • • • • • • • • • • •  852.862735 4 2 1 3.2 1 57 68.12 • •  

Interactions 
First order 

CF . . . . . . . . . . . . . . . . . . . . . . . . . .  181.504471 4 45.3761 14.5o • •  
CM . . . . . . . . . . . . . . . . . . . . . . . . . .  62.510��9 4 15 .6276 4.99 • •  
MF . . . . . . . . . . . . . . . . . . . . . . . . . .  2,637.923744 16 164.8702 52.67 • •  

Higher orders . . . . . . . . . . . . . . . . . . .  77.508�27 16 4.8443 1.55 
�een � . . . . . . . . . . . . . . . . . . . .  1 3,59�.325165 49 2,774.1480 886.27• •  
Within classes . . . . . . . . . . . . . . . . . . . . .  207,206.531342 66,197 � -1302 

Total . . . . . . . . . . . . . . . . . . . . . .  220,799.856507 66,246 

TABLE 5.8 THB Dlsn.mUTION OF MBAN SQUARES FOB. PARJTY BY CrrY, SBX OF INFANT, AND 
PARENTAL EXPOSURE (Unrelated parents) 

(The sample numbers are the same as in Table 5.6.) 
Hiroshima 

Fathers 

Sex 1 2 3 4-5 

1{� 2.255 2 .156 2.�60 2.067 
2.076 2.3 1 1  1 .691 2.217 

] 2{� 2.242 3.438 4.02� 2.286 
2.232 3.840 3.659 2.729 

� 3{� 2.�61 3.610 4.460 4.286 
2 . 134 3.274 3.785 4.251  

4-
5{� 2.239 4.171 4.999 5.328 

2.206 4.526 3.884 3.441 

x; = 28 1 .717• • DF = 1 5 

x; = 324.417• • DF = 15 

estimates increase with increasing conjoint 
parental exposure. 

5.3 E(onomic slalus.-On a priori grounds 
it seemed quite possible that there might be a 
correlation between distance from the hypocenter 
at the time of the explosion and economic status 

4 The effect of heterogeneity of the variances on 
the tests given in Tables 5.5 and 5.7 will be discussed 
in Section 6.6. 

Nagasaki 

Fathers 

Sex 2 3 4-5 

1{� 2.867 4.1 1 1  4.717 3.266 
2.899 4.036 3 .297 2.328 

j 2{� 3.022 4.933 4.652 3.984 
2.795 5.18� 4.284 �-992 

3{� 3.059 4.849 4.306 4.474 
3.624 4.647 3.�50 5.862 

4-5{� 3.258 2.967 4.434 6.495 
3.434 4.878 4.529 5.359 

x; = 3�7.847• •  DF = 1 5 

x ; = 397.544 • •  DF = 1 5 

death (e.g., Ebbs et al., 1942a, b ;  Balfour, 
1944 ; Antonov, 1947 ; Smith, 1947 ; Burke 
et al., 1949 ; Dean, 1950 ; Nixon, 1950) . It 
therefore seemed advisable to make some at
tempt to evaluate this possibility. 

The economic status of the home into which 
the child was born was estimated for all preg
nancies terminating abnormally, as well as every 
pregnancy whose registration number ended in 
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60 Genetic Effects of Atomic Bombs Chapter V 

TABLE 5.9 ECONOMIC STATUS BY CrrY AND PARENTAL EXPOSURE 
(The figure given for economic status is proportion of homes falling 

into the "poor" and ··very poor" categories. )  

Hiroshima 

Fathers 
--------

1 2 3 4-5 Total 

1{; 1,770 143 65 46 2,024 
144 4 6 1 54 

.08 14 .0280 .0923 .0761 

2{; 569 17 1  47  28  8 15  
49 24 4 2 79 

.0861 . 1404 .085 1  .07 14  .0969 

I!! 
3{; 2 1 8  26 56 19 3 19  

i 14 � 6 1 26 

� .0642 .1923 . 107 1  .0526 .08 1 5  

4-�{� 103 2 1  1 0  1 1  14� 
9 1 1 1 1 2  

.0874 .0476 . 1000 .0909 .0828 

Total{; 2,660 361 178 104 3,303 
216  34 17  4 271 

.08 1 2  .0942 .09�� .0385 .0820 

Nagasaki 

Fathers 

2 3 4-5 Total 

1u 1 ,459 227 27 14 1,727 
226 33 8 267 

. 1 549 . 1454 .2963 . 1 546 

2{; 894 387 33 14 1,328 
125  74 ::; 1 205 

. 1 398 . 1912  . 1 5 1 5  .07 14 . 1 ::;44 

j 3{; 61 29 10 6 106 
7 ::; 2 2 16  

. 1 148 . 1724 .2000 .3333 . 1 509 

4-5{; 56 1 2  4 3 75 
9 2 1 l 2  

. 1607 . 1667 .2�00 . 1600 

l Tmal{; 2,470 65� 74 37 3,236 
367 1 14 16 3 ::;oo 

. 1486 . 1740 .2162 .08 1 1  . 1 545 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


The Comparability of l"adiation Subcla.rsei 61 

zero, in connection with the use of the Genetics 
Long Form (Sees. 2.2 and 2 .3) . This evalua
tion was made according to a very rough scoring 
system admitting of five economic classifica
tions : very poor, poor, average, well-to-do, and 
rich. The evaluation was carried out by the 
Japanese physician at the time of the home visit. 
The physicians were instructed that it was ex
pected that most homes would be graded as 
average, i .e., that existing rather than pre-bomb
ing standards should serve as the yardstick of 
comparison. Inasmuch as in the course o� time 
a physician employed in the program found 
himself in all sections of the city, it was felt 
that this crude system of rating would pick up 
any marked differences between exposure cate
gories. 

The findings are given in Tables 5 .9 and 
UO. The data are presented in simplified form, 
in terms of proportion of all homes graded as 
"poor" or "very poor." In view of the subjective 
nature of the ratings, it is difficult to attach sig
nificance to the apparent difference between the 
two cities. There is no apparent relation between 
economic status and mother's exposure category, 
nor is there a relation between father's category 
and economic status . .At first glance this observa
tion would seem to be counter to common sense, 
since it would seem obvious that persons close 
to the hypocenter would have suffered greater 
material losses than those more distant, losses 
which would reflect themselves in economic 
level. However, the effect of the atomic bomb 
was but one of a number of sources of severe 
economic dislocation in post-war Hiroshima 
and Nagasaki . The obvious conclusion from the 
findings summarized in this section would be 
that these other causes of economic readjustment 
tended to complicate and even to nullify the 
effects of the bombs. 

5.4 Frequency of poiitive serological teJt for 
Iyphilii.-In view of the well-known relation
ship between syphilis and stillbirth and neonatal 
death, a serological test for syphilis was carried 
out in the .ABCC laboratories on each woman 
whose registration number terminated in "0," 
as well as for any woman whose pregnancy 
terminated abnormally. In about 3 per cent of 
the terminations no test was performed, usually 
because of the disinclination of the mother to 
submit to venipuncture. The tests used were the 
cardiolipin microflocculation and the Kline. 
Tables 5 . 1 1 and 5 . 12  present the findings. 

There is a significant difference between cities, 
but no indication of heterogeneity between 
parental exposure classes. 

5.5 Frequency of induced abortionJ and of 
dilatation and curettage of the uterui ( D and C) . 
- During the post-war years, in an effort to 
control birth rates, the Japanese government 
relaxed the indications for legal "therapeutic" 
abortion. Exact figures on the frequency with 
which abortions were performed are impossible 
to obtain for a variety of reasons. However, be
cause of the possibility that the late complica
tions of uterine infection following an induced 

TABLE 5.10 UU-5QUARE ANALYSIS OF THE 
DISTRIBunON OF ECONOMIC STATUSES 

BY CrrY AND PARENTAL EXPOSURB 
( Unrelated parents) 

Source DF x 1 P 

Total . . . . . . . . . . . . . . .  

Interactions, first order 
CM · · · • · · · • · · · · · · · 

CF • • • •  0 • • • • • • • • • •  

MF . . . . . . . . . . . . . . .  
Main effects 

Cities (C) • • • • • • • •  0 

Fathers (F ) •  
Hiroshima • •  0 • • •  0 

Nagasaki . . . . . . . . 

Sum 
Mothers 

• • •  0 • • • • • •  

(M)•  
Hiroshima . . . . . . .  
Nagasaki 0 0 • • • • • •  

Sum • • • • •  o o  • • •  

• .Adjusted for cities. 

31  120.378 < 0.001 

3 2.268 .5Q-.70 
3 0.365 .9G-.95 
9 17.683 .02-.05 

1 82.529 < 0.001 

3 3 .782 .2Q-.30 
3 6.262 .05-.10 

6 10.044 .1Q-.20 

3 3.354 .3D-.50 
3 0.028 > .99 

6 3.382 .7o-.8o 

abortion might influence pregnancy termination, 
an attempt was made to obtain some informa
tion on this point through the use of the Genet
ics Short Form. Each registrant was questioned 
concerning the occurrence of abortions. The 
abortions which were reported were divided 
into two categories, depending on occurrence 
before or after the date of the atomic bombing, 
and further subdivided as to whether they were 
spontaneous or induced. The findings concern
ing induced abortions are shown in Tables 5 . 1 3  
and 5 . 14. The figures refer to the proportion of 
women reporting one or more induced abor
tions. Each mother is scored only once, on the 
basis of the first registered pregnancy. Induced 
abortions are reported with a significantly 
greater frequency in Hiroshima than in Naga
saki and, in both cities, appear to be more 
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TABLE 5.11 FREQUENCY OF POSITIVE SEROLOGY BY PARENTAL EXPOSURE, 
CnY, AND GROUP 

(Unrelated "zero·· parents only) 

Hiroshima 

Fathers 2 3 4-5 Total 

�u 1,610 131 60 41 1 ,842 61 3 5 2 71 
.0379 .0229 .0833 .0488 .0385 

2H 509 145 43 26 723 12 10 4 2 28 .0236 .0690 .0930 .0769 .0387 
r: 3{� 

197 25 5 1 18 291 
.. 5 1 1 1 8 ..<: � .0254 .0400 .0196 .0556 .0275 

4-5{� 84 18 9 1 1 122 5 1 1 7 .0595 .1 1 1 1 .0909 .0574 
l To�l{; 2,400 319 163 96 2,978 83 14 1 1 6 1 14 .0346 .0439 .0675 .0625 .0383 

Nagasaki 

Fathers 1 2 3 4-5 Total 

1H 
1,401 214 26 14 1,655 70 1 1 4 85 .0500 .05 14 . 1 538 .0514 

2{; 853 363 32 1 1 1 ,259 42 23 2 67 .0492 .0634 .0625 .0532 
r: 3H 

62 25 10 6 103 
J! 1 1 1 1 
� . 1774 .1068 

4-5H 
55 12 4 72 3 3 .0545 .0417 

TotalH 2,371 614 72 32 3,089 126 34 6 166 .053 1 .0554 .0833 .0537 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


The ComptNabilit1 of Imuliation Subdasses 63 

common following the bombing than before. 
However, there is no apparent, consistent rela
tion to exposure history. Three of the interac
tion terms are significant. 

In view of the possibility that it might be 
easier to obtain a history of a "therapeutic" D 
and C than of an induced abortion, a question 
concerning D and C was included in the Ge
netics Long Form. The findings in those termi
nations where the registration number ended in 
"0" are shown in Tables 5 . 1 5  and 5 .16. The 
figures refer to the proportion of women report· 
ing one or more D and C's, with no reference 

TABLE 5.12 Qu-SQuAJUI ANALYSJS OP THB 
FIU!QUBNCY OP PosmvB SBROLOGIBS BY 

CITY AND PAIUINTAL EXPOSUIUI 
(Unrelated parents) 

Source OF x • P 

Total . . . . . . . . . . . . .  . . .  3 1  60-330 .001-.01 

Interactions, first order 
CM . . . . . . . . . . . . . . . 3 6.64� .05-.10 
CF . . . . . . . . . . . . . . . .  3 3.�22 .3o-.�o 
MF . . . . . • . . . . . . . . . .  9 12 .876 . 1o-.20 

Main eifects 
Cities (C) . . . . . . . . . .  1 8.23 1  .001-.01 
Fathers (F) • 

Hiroshima • •  0 • • • • •  3 6.469 .o�-.10 
Nagasaki · · · · · · · · ·  3 3.106 .3o-.�o 

Sum . . . . . . . . . . . 6 9.51� . 1o-.20 
Mothers (M) • 

Hiroshima . . . . . . . .  3 2. 1 36 .�o-.70 
Nagasaki . . . . . . . . . 3 6.099 .1o-.20 

Sum . . . . . . . . . . . 6 8.23� .2o-.30 

• Adjusted for cities. 

as to whether the event preceded or followed 
the bombings. There is a striking difference be
tween the cities, similar in direction to that re
ported with respect to induced abortions, but 
much greater in magnitude. However, no differ
ence with respect to exposure groups is apparent. 
nor are any of the interaction terms significant. 

5.6 The frequenc1 of repeat registrations. 
Depending upon the number of pregnancies 
which she experienced during the period cov
ered by this study, a woman residing in Hiro
shima or Nagasaki could bear one, two, three, 
four or even more infants whose examination 
fell within the scope of the program. Table 
5 .17 summarizes the mean number of infants 
per mother in relation to the exposure categories 
of mother and father, by city. There is a tend
ency towards a higher average number of preg-

nancies in Nagasaki than in Hiroshima. Fur· 
thermore, particularly with respect to mothers' 
exposure in Nagasaki, there is apparent a tend
ency for the more heavily irradiated mothers 
to have borne more children. 

5.7 PtNentaJ cooperation. - If for any reason 
one group of parents was more cooperative than 
another in permitting an examination of their 
newborn child, herein lies a source of bias. 
Fortunately, parental cooperation was excellent 
throughout the course of this study. Refusals to 
permit the ABCC physician to examine a child 
were infrequent, so infrequent that no analysis 
of the phenomenon has been carried out. It 
should in this connection be pointed out that 
such refusals could influence only the data on 
malformation, since sex, birthweight, and the 
occurrence of stillbirth were reported by the 
midwife, and since, further, it would be im· 
practical to attempt to conceal a neonatal death . 

In Japan as in the United States, the birth of 
a malformed child tends to stigmatize the par
ents in the lay mind. In a country where mar
riages are still often arranged to a large extent 
by the families concerned, and where the koseki 
(census register) is freely consulted when a 
marriage is under consideration, there are at 
work social factors encouraging the concealment 
of congenital abnormality. In this connection, 
the possibility has to be recognized of subtle 
influences tending to make one of the groups 
under study more cooperative than another 
group. More specifically, one had to recognize 
the possibility that some of the "exposed" 
group, learning from the newspapers that con
genital abnormalities were a possible aftermath 
of exposure to an atomic bomb, would cooperate 
more completely than the controls, and thus 
introduce a bias. 

The chief opportunity for concealing major 
congenital defect lay in children who were still
born or died shortly following birth, and whose 
bodies were disposed of without being seen by 
an .ABCC physician. As mentioned earlier (Sec. 
2 .5 ) ,  an attempt was made to obtain autopsies 
on as many children who were stillborn or died 
during the neonatal period as possible. In 1950 
and 195 1, when the autopsy program was in 
full stride in Hiroshima, autopsies were obtained 
on approximately 50 per cent of all children 
who were stillborn or died during the neonatal 
period . .Another 1 5  per cent of all children who 
were stillborn or died during the neonatal 
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64 Genetic Effects of Atomic Bombs 

TABLE 5.13 FREQUENCY OF MOTHERS REPORTING ONE OR MORE INDUCED 

rl .! � 

� 

j 

ABORTIONS BY PARENTAL EXPOSURE, CITY, AND TIME 

lt 
2H 
3t 

4-5H 
Total{: 

' p 

lt 
2t 
3H 

4-5H 
Total{� 

( Unrelated parents ) 

Hiroshima - before .Aug. 6, 1945 
Fathers 2 3 4,738 310 1 1 5 207 16 4 .0437 .0516 .0348 1,037 902 137 42 28 6 .0405 ,0310 .0438 437 165 281 19 3 6 .0435 .0182 .02 14 186 73 62 2 7 4 .0108 .0959 .0645 6,398 1 ,450 595 270 54 20 .0422 .0372 .0336 

Hiroshima - after .Aug. 6, 1945 
Fathers 

1 2 3 10,599 799 426 581 50 20 .0548 .0626 .0469 2,860 402 128 187 18 9 .06H .0448 .0703 1,185 127 99 77 8 7 .0650 .0630 .0707 599 5 1 39 45 4 7 .0751 .0784 .1795 1 5,243 1,379 692 890 80 43 .0584 .0580 .062 1 

4-5 79 4 .0506 78 1 .0128 83 1 .0120 66 
306 6 .0196 

4-5 223 19 .0852 85 4 .0471 42 
19 
369 23 .0623 

Total 5,242 231 .0441 2,154 77 .0357 966 29 ,0300 387 13 .0336 8,749 350 .0400 

Total 12,047 670 .0556 3,475 218 .0627 1,453 92 .0633 708 56 .0791 17,683 1,036 .0586 

Olapter V 
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TABLE 5.13-Continued 

Nagasaki - before Aug. 9, 1945 
Fathers 

�---. 2 4-5 Total 

1{; 5,616 706 65 H 6,421 121 17 1 38 .02 1 5 .0241 .02 1 5 
2{; 1,918 2,322 128 80 4,448 27 27 3 1 58 .0141 .01 16 .0234 .0 125 .01 30 

� 3{; 171 120 58 29 378 
" 1 1 2 � .0083 .0345 .0053 

4-5{; 87 48 2 1  10 166 1 1 .1000 .0060 
Total{; 7,792 3,196 272 153 1 1,4 13 148 45 3 3 199 .0190 .0141 .01 10 .0196 .0174 

Nagasaki - after Aug. 9, 1945 
Fathers 

2 3 4-5 Total 

1{; 7,953 1,073 129 85 9,240 182 23 2 207 .0229 .02 14 .0155 .0224 
2{; 4,692 1,028 90 55 5,865 98 20 3 121 .0209 .0195 .0333 .0206 

e 3{; 361 120 25 3 509 
-5 4 4 R 

� .01 1 1 .0333 .01 57 
4-5{; 291 56 1 3 8 368 5 1 6 .0 1 72 .0 179 .0 163 

Total{; 1 3,297 2,277 257 1 5 1 15 ,982 289 48 5 342 .02 17 .02 1 1 .0 195 .02 14 
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66 Genetic Effects of Atomic Bombs 

TABLE 5.14 CHI·SQUARE ANALYSIS OP THB PRE· 
QUENCY OP MOTHERS REPORTING 0NB OR MORE 

INDUCED ABORTIONS BY PARENTAL EXPO· 
SURE, CITY, AND TIME (Unrelated parents ) 

Source DF 

Total . . . . . . . . . . . . . . .  63 

Interactions, first order 
cr . . . . . . . . . . . . . . .  1 
TM . . . . . . . . . . . . . .  3 
TF . . . . . . . . . . . . . . . 3 
CM . . . . . . . . . . . . . . . 3 
CF . . . . . . . . . . . . . . . 3 
MF . . . . . . . . . . . . . .  9 

Main effects 
Cities (C) 

Before bombing . . . 1 
Mter bombing . . .  

Sum . . . . . . . . . .  2 
Time (T) 

Hiroshima (H) . . 1 
Nagasaki (N) . . . 1 

Sum . . . . . . . . . . 2 
Mothers (M) 

(H)  Before bomb
ing . . . . 3 

Mter bomb
ing . . . . 3 

(N)  Before bomb
ing . . . . 3 

After bomb
ing . . . . 3 

Fathers (F)  
(H)  Before bomb

ing . . . • 3 
Mter bomb

ing . . . . 3 
(N)  Before bomb

ing . . . . 3 
Mter bomb

ing . . . . 3 

Sum . . . . . • . . . •  1 2  

x • 
:574.384 

3.0:57 
16.26:5 
3.72:5 

10.087 
2.616 

30.308 

9:5.230 
270.261 

36:5.491 

40.677 
:5.401 

46.078 

6.191 

9.001 

1:5 .700 

0.4:59 

:5.039 

3.127 

3.898 

0.8:5 1 

12.91:5  

p 

< .001 

.0:5 -.10 

.001-.01 

.20 -.30 

.01 -.02 

.30 -.:50 
< .001 

< .oo1 
< .001 

< .001 

< .001 
.02 -.0:5 

< .001 

.10 -.20 

.02 -.0:5 

.001-.01 

.90 -.9:5 

. 10 -.20 

.30 -.:50 

.20 -.30 

.80 -.90 

30. -.:50 

Olapter V 
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TABLE 5.15 FREQUENCY OP DlLATAnON AND CURBlTAGB BY PARENTAL 
ExPOsURE AND CITY: Zl!llo TBtl.WINAnoNs 

Hiroshima 

Fathers 

1 2 3 4-:1 Total 

1H 1 ,770 143 6:1 46 2,024 
266 19 10 ' 300 

.1:103 . 1329 . 1 :138 .1087 .1482 

2H :169 171 47 28 8U 
7:1 16 ' 6 102 

.1318 .0936 .1064 .2143 .12:12 

J 3{; 218 26 :16 19 319 
34 1 1 1  1 47 

.1:160 .038:1 .1964 .0:126 .1473 

4-,H 103 21  10 11 14:1 
17 4 2 1 24 

.16:10 .190:1 .2000 .0909 .16" 

Total{; 2,660 361 178 104 3,303 
392 40 28 13 473 

. 1474 .1 108 . 1:173 .12:10 .1432 

Nagasaki 

Fathers 

1 2 3 4-:1 Total 

1H 1,4,9 227 27 14 1,727 
2'  3 1 29 

.0171 .0132 .0370 .0168 

2{! 894 387 33 14 1,328 
12 12  1 1 26 

.0134 .0310 .0303 .0714 .0196 

J 3H 61 29 10 6 106 
1 1 2 

.034' .1000 .0189 

4-:it '6 12 4 3 7' 

Total{; 2,470 6, 74 37 3,236 
37 16 3 1 :17 

.ouo .0244 .040:1 .0270 .0176 
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68 Genetic Effects of Atomic Bombs 

TABLE 5.16 CHI-SQUARE ANALYSIS OF THE FRE-
QUENCY OF DILATATION AND CURETTAGE BY 

PARENTAL EXPOSURE AND CITY: ZERO 
TERMINATIONS ( Unrelated parents ) 

Total 
Source 

• • • • • • • • • • • •  0 • • •  

Interactions, first order 
CM . . . . . . . . . . . . . . . .  
CF . . . . . . . . . . . . . . . .  
MF • • • • • • •  0 • • • • • • • 

Main effects 
Cities (C)  . . . . . . . . . .  
Mothers (M) • 

Hiroshima . . . . . . . .  
Nagasaki . . . . . . . . .  

Sum . . . . . . . . . . .  
Fathers (F) • 

Hiroshima . . . . . . . . 
Nagasaki . . . . . . . . . 

Sum . . . . . . . . . . .  

• Adjusted for cities. 

DF x • 3 1 372 .060 
3 3.099 3 7.426 9 10.799 346.140 3 3.2 12 3 1 .718 6 4.930 3 4.034 3 �.18� 6 9.2 19 

p 
< .001 
.3o-.�o .0�-. 1 0 .20--.30 
< .001 .3o-.�o .�Q-.70 .�o-.70 .20--.30 .10--.20 .10--.20 

TABLE 5.17 MEAN NUMBER OF REGISTERED PREGNANOBS PER MOTHER 
BY PARENTAL EXPOSURE AND CrrY 

Hiroshima 

Fathers 1 2 3 4-� Total 

1 {; 1 3,577 1 , 1 55 490 301 1 5,523 1 .288 1.31 1 1 .237 1 .326 1 .288 2{; 3,964 1,472 308 189 5,933 1.365 1.274 1 .263 1 .312 1.33� 
r: 3{; 1 ,653 318 420 121 2,5 12 ., ..c 1 .345 1.346 1 .260 1 .298 1 .328 � 4-5{; 821 156 82 99 1, 158 1 .378 1 .333 1 .341 1 .222 1.356 

Total{ : 20,01 5 3,101 1,300 710 25, 1 26 1 .31 1 1 .298 1 .257 1 .303 1.307 
Nagasaki 

Fathers 1 2 3 4-� Total 1{� 10,581 1,582 166 97 12,426 1.398 1 .396 1 .476 1 .454 1 .400 2{; 6,246 2,971 188 122 9,527 1.514 1.410 1 .484 1.459 1 .481 
.. 3 ( n  476 196 " 20 767 ] � \x 1 .632 1 .449 1 .360 1 .750 1 .532 

4-5{; 34� 81 24 2 1 471 1 .632 1 .469 1 .458 1 .333 1 .582 
Total{� 17,648 4,830 453 260 23,191 1 .449 1 .408 1 .459 1 .469 1.441 

<llapter V 
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period were seen by a physician in the employ 
of the ABCC but did not come to autopsy. It 
follows that opportunities for the concealment 
of defect existed with respect to only 35  per cent 
of all stillbirths and neonatal deaths. In 1952 
and 1953 the efficiency of the autopsy program 
increased, to the point where some 60-70 per 
cent of the possible material was being autop
sied, with a corresponding decrease in oppor
tunities for concealment. Tables 13 . 1  through 
1 3 .4 analyze the material coming to autopsy 
with reference to its randomness. It can be 
shown that there is no detectable bias as regards 
the exposure history of the parents. Since this 
autopsy material includes the majority of the 
stillbirths and neonatal deaths, it seems unlikely 
that there exists the possibility of a serious bias 
as regards parental exposure among the still
births and neonatal deaths who were not seen. 
If, for instance, unirradiated mothers of still
born (malformed ) children were especially 
prone to dispose of these infants without their 
coming to the attention of the ABCC, then, 
since approximately 10 per cent of stillborn 
children are malformed, this should depress the 
representation of unexposed mothers in the 
parents of the autopsy material ; such a dispro
portion was not observed. On the other hand, 
the data are of course not sufficiently extensive 
to exclude small biases in this direction. In this 
connection, however, it must be borne in mind 
that all of the infants falling in this 25 per cent 
were seen by a Japanese midwife or obstetrician, 
which provides a partial safeguard against the 
concealment of defect, even though there were 
occasionally encountered striking shortcomings 
in midwife reporting. 

5.8 LaJe seq11elae of expos11re to the bombs. 
- Reference has already been made (Sec. 4.1 ) 
to the occurrence among the parents of the in
fants under study of certain late sequelae of 
exposure to the atomic bombs. The best docu
mented of these late effects are cataracts (Cogan, 
Martin, and Kimura, 1949 ; Sinsky, 195 5 )  and 
leukemia (Folley, Borges, and Yamawaki, 
1952 ; Lange, Moloney, and Yamawaki, 1954 ; 
Moloney and Lange, 1954 ; Moloney and Kas
tenbaum, 1955 ) .  Refractory anemia may also 
be a delayed manifestation of radiation injury 
(Lange, Wright, Tomonaga, Kurasaki, Mat
suoke, and Matsunaga, 195 5 ) . These events 
occur with a frequency which cannot be ignored 
in a study of this type. Thus, the findings with 
respect to leukemia are given in Table 5 . 18. To 

date, the over-all frequency of this disease in 
individuals who at one time displayed one or 
more of the three radiation symptoms, epilation, 
petechiae, or gingivitis, is 0.5 per cent. 

While the occurrence of cataracts would not 
be expected to influence pregnancy outcome, 
there is little doubt that a disease with the 
systemic manifestations of leukemia has pro
found effects. Whether in addition to leukemia 
there are other serious sequelae which have so 
far escaped detection cannot be said. Fillmore 
( 1952 )  was not able to detect any significant 
sequelae in a general medical examination of 
78 persons who had received sufficient radiation 
at the time of the bombings to develop, later, 
radiation cataracts. On the other hand, Lorenz 
and his collaborators ( 1954) have demonstrated 
a shortened life span in a variety of animals 
exposed to chronic irradiation, associated with 
the development of such conditions as pancyto
penia and lymphoid, pulmonary, ovarian, and 
mammary tumors. Whether there are compar
able effects in man is not yet known. 

Whereas techniques exist for coping with 
the age-parity and consanguinity differences be
tween the groups of parents with whom we are 
concerned, it is much more difficult in any plan 
of analysis to make allowance for the somatic 
effects of irradiation which might influence the 
outcome of a pregnancy. These somatic effects 
should be exerted largely through the mother. 
Thus, "effects" apparently consequent upon 
maternal radiation which are not confirmed by 
a corresponding analysis with regard to pa
ternal radiation history must be viewed with 
reservations. 

5.9 The changing proportion of control and 
irradiated from 7ear to 1ear. - Table 2 . 1  pre
sented a summary of the number and propor
tion of registrations with at least one parent 
falling into categories 4 or 5 for the years 1948 
through 1953 .  There was apparent a recent de
crease in both the absolute and the relative 
representation of the more heavily irradiated. 
If there were any marked tendency for the level 
of diagnostic accuracy or parental cooperation 
with respect to congenital malformation to 
change during the course of the study, or if be
cause of post-war improvements in medical and 
economic levels the stillbirth or the neonatal 
death rate fell appreciably or the birthweight 
increased, then here again are factors capable 
of introducing a source of spurious conclusions. 
Tables 5 .19  and 5 .20 summarize our annual 
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70 Genetic Effects of Atomic Bombs 

TABLE 5.18 INCDENCE OF LEUKEMIA IN THE HlllOSHJMA SURVIVORS OF THE 
ATOMIC BoMBING AS RELATED TO DISTANCE FROM THE HYPOCENTER 

AND THE PRESENCE OF SBVERE RADIATION CoMPLAINTS 
(After Moloney and Kastenbaum, 19�� )  

Distance from 
hypocenter 
(meters) 

()- 999 . . . . . . . . . . . . . . . . . . . . . . . . .  . 

SRC ' 
7�0 

2,2�0 
1 ,7�0 

9�0 

1,00()-1,499 . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1,�0()-1,999 . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2,00()-2,499 . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2,�00 and over . . . . . . . . . . . . . . . . . . . . . . .  . 8�0 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.��0 

Cases of leukemia 

SRC NRC Total SRC 
14 1 1 �  1 :  53  
1 �  9 24 1 : 1 �0 
3 2 � 1 : �83 
1 1 2 1 :9�0 
0 4 4 

33 17 50 1 : 198 

Population • 

NRC • 
4�0 

8,2�0 
16,9�0 
16,2�0 
49,650 

91 .�50 

Incidence 

NRC 
1 :  4�0 
1 :  917 
1 :  8,475 
1 :  16,2�0 
1 : 1 2,412  

1 :  5,385 

Total 
1,200 

10.�00 
18,700 
17,200 
50,500 

98, 100 

Total 
1 :  80 
1 :  438 
1 :  3,740 
1 :  8,600 
1 : 12,625 

1 :  1 ,962 
• Population estimated and rounded off to the nearest 50 persons. These 

population figures were based on the Commission·s 1949 radiation census and 
the Japanese national census ( 19�0 ) .  Numbers of survivors with severe radia
tion complaints were estimated from an analysis of the pregnancy registration 
data. 

• SRC: severe radiation complaints (heavily irradiated) .  
• NRC: no radiation complaints ( lightly irradiated) . 

TABLE 5.19 THE FRBQUBNCY OF MALFORMATIONS BY YEAR AMONG 
THE OFFSPRING OF PARBNTS NBJTHER OF WHOM WAS 

EXPOSBD TO THE ATOMIC BoMBS 

Hiroshima 

Total births . . . . . .  . 

Malformations . . . . .  . 

Percentage . . . . . . . .  . 

x • = 2.496 

1948 1949 

1 ,756 4,005 
14 34 

0.80 0.85 
DF = 4 

Nagasaki 

1948-49 

Total births · · · · · · · · · · · · · . .  3,934 
Malformations . . . . . . . . . . . . .  3 1 
Percentage . . . . . . . . . . . . . . . . .  0.79 

x • = 6.584 DF = 3  

1950 195 1 19�2 Total 

3,602 3,324 3,084 1 5,771 
34 36 35 153  

0.94 1 .08 1 .  u 0.97 

0.70 > p > 0.50 

1950 195 1 1952 Total 

3,243 3, 189 3,123  1 3,489 
36 45 32 144 

1 . 1 1  1 .41  1 .02 1 .07 

0.10 > p > 0.05 

Otapter V 
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TABLE 5.20 THB FUQUBNCY oF STU.LBIIlTHS BY YBAR AMoNG mB 
0FFSPIUNG OF PAilBNTS NBITHBR OF WHOM WAS 

ExPOSBD TO THB ATOMIC BOMBS 

Hiroshima 

1948 1949 1950 1951 1952 Total 

Total births . . . . . . . .  1 ,742 3,971 3,564 3,287 3,037 1 5,601 
Sti !!births . . . . . . . . . . 5 1  87 64 58 61 321 
Percentage . . . . . . . . . .  2 .93 2.19 1 .80 1 .76 2.01 2 .06 

X 1 = 9.544 DF = 4  0.05 > p > 0.02 

Nagasaki 

1948-49 1950 195 1 1952 Total 

Total births . . . . . . . . . . . . . . . 3,902 
Stillbirths . . . . . . . . . . . . . . . . . 63 
Percentage . . . . . . . . . . . . . . • . •  1 .61 

X 1 = 4.372 DF = 3 

I 
figures for the frequency of gross malformations 
and stillbirths for the first five years of the study 
among the offspring of parents neither of whom 
was exposed to the atomic bombs. The fre
quency of malformations and stillbirths appears 
to remain sufficiently constant from year to 
year, that time trends should not complicate the 
analysis of these two indicators. On the other 
hand, we shall in a subsequent section (Sec. 
10.4) present evidence that time trends may be 
of importance in the birthweight analysis. 

5.10 The backgro11nd of gro11p 1 individ11als. 
- There remains one final problem for dis
cussion. There are important differences in back
ground between the parents in radiation cate· 
gory 1 and those in categories 2 through 5. The 
latter have all been urban dwellers since 1945 
or before. The former parents, although in part 
composed of residents of Hiroshima and Naga
saki who were away at the time of the bombings, 
and also of urbanites who have come to Hiro
shima and Nagasaki from the other cities of 
Japan, in addition include a high proportion 
of emigrants from rural areas and repatriates 
from Manchuria, Korea, and Formosa. In addi
tion, among the men there are many with ex· 
tensive overseas military service. Although there 
are well-known urban-rural differences with 
respect to the indicators of possible genetic 
effect here considered, it is by no means clear 
to what extent these are apparent and to what 

3,200 3,134 3,084 1 3, 320 
61 49 67 240 

1 .91  1 .56 2.17 1 .80 

MO > P > 0.20 

extent real, and if the latter, whether they are 
socio-economic or biological in origin. Finally, 
if biological, there are no data as to how long 
they persist after urbanization. In the face of 
this situation, one can only conclude that the 
significance of any finding based solely on a 
difference between category 1 and categories 2 
through 5 collectively must be viewed with 
reservations. 

5.11 S11mmtW7. - Of the differences between 
the individuals in the various exposure subcate· 
gories which have come to light in the forego

ing analysis, some appear to be inconsequential, 
of such a nature that they can be ignored with 
safety. Others of the differences appear to repre
sent sources of potentially significant bias. These 
latter differences fall into a natural dichotomy, 
depending on whether or not allowance can be 
made for them in an analysis. Thus, one way or 
another, differences in the frequency of con
sanguinity, age, and parity can be circumvented. 
This is not so either with respect to the occur
rence of late sequelae of the bombing among the 
more heavily irradiated, the possible implica
tions of the progressive decline during the six 
years covered by this study in the proportion of 
category 4's and 5 's among the registrants, or 
the differences in background among persons 
falling into category 1 as opposed to categories 
2 through :; .  In the following chapter, the steps 
taken to meet this situation will be described. 
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Chapter Jl' I 

S T AT I S T I C A L  M E T H O D S  

THE problems posed when one attempts to 
employ survey data in an analytical fashion are 
legion. As a consequence, it is doubtful whether, 
given a body of survey data, any two competent 
statisticians would evolve essentially the same 
approach. Accordingly, it seems important that 
an attempt be made to establish the line of 
reasoning which led to the final form which the 
analysis of the Japanese data assumed. In this 
chapter, therefore, we shall set out in some de
tail the analytical plan, and consider briefly the 
tests of significance to be employed. 

6.1 The problem and the general plan. - It 
has been previously stated that the purposes of 
this study were to answer the questions, "Is 
there a difference between the progeny of ir
radiated and non-irradiated parents ?", and "If 
a difference exists, how is it to be explained ?'' 
The latter question is, of course, outside the 
purview of statistics, but the former may be 
paraphrased in terms of the general statistical 
problem posed by this study. We may state the 
problem as follows : What is the significance of 
the association of parental exposure with those 
variables indicative of genetic damage due to 
irradiation ? A meaningful answer to this ques
tion requires that no differences with respect to 
any of the indicators exist between the exposure 
groups being compared save those differences 
which have been taken into account in the course 
of the analysis or which arise from exposure 
experience itself. Available to us are the follow
ing two collections of data: 
1 .  Observations on some 75,000 pregnancies 
terminating sometime after 20 weeks of gesta
tion. These observations are distributed over two 
cities and 25 parental exposure combinations. 
2. Oinical and anthropometric examinations at 
9 months of age of some 21,000 infants 
randomly selected from pregnancies comprising 
( 1 )  . These observations are also distributed 
over two cities and 25 parental exposure com
binations. 

72 

The fact that observations have been obtained 
in two cities permits us to view these data as 
constituting two approximate replications of 
one basic experiment. 

While the basic problem is readily formulated 
statistically, its solution is complicated by two 
factors, namely, extraneous (concomitant) varia
tion and differing numbers of observations in 
the various exposure cells. Before we consider 
the impact of these factors on the form of the 
analysis, let us examine the indicators of radia
tion damage, that is, the measurements by which 
we shall attempt to determine whether radiation 
has or has not resulted in a measurable effect 
upon the outcome of pregnancy terminations. 

6.2 Indicator! of radiation damage and the 
problem of non-overlapping meaJNremeniJ. 
Among the numerous measurements or at
tributes by which a newborn infant or a 
9-months-old child may be classified there exist 
at least six which a priori may be expected to 
reflect genetic changes due to irradiation. These 
six indicators of genetic damage are ( 1 )  the 
sex ratio, ( 2 )  birthweights, ( 3) measurements 
of bodily development, and the frequencies of 
( 4) stillbirths, ( 5 )  neonatal deaths, and ( 6) 
gross malformations. As has already been made 
clear, none of these measurements is a unique 
yardstick of radiation damage; this is an in
herent difficulty in the problem. Moreover, it 
is apparent that these indicators are not all 
mutually independent measurements of radia
tion damage. Some are correlated, and many 
would measure, to some degree, the same ge
netic damage. 

Extrapolation from experiments involving the 
irradiation of laboratory animals at the relatively 
low levels obtaining in Hiroshima and Nagasaki 
suggested that the effects appearing in the hu
man populations in question would undoubtedly 
be small, small enough that such effects would 
be demonstrable only with a very large sample 
(review of literature in Chapter XV) . This in 
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conjunction with the lack of unique indices of 
radiation damage led us to believe that it was 
advisable to attempt to develop a method 
whereby information gained with respect to the 
various indicators of radiation damage would 
be additive, e.g., a method permitting combin
ing information from tests of significance 
through the chi-square transformation of prob
abilities. This required that the tests of signifi
cance performed on various segments of the 
data be independent of one another. It was 
clear, however, that insofar as children who 
were grossly malformed were apt to be stillborn, 
or stillborn infants were apt to be small, tests 
on malformation and stillbirths, or stillbirths 
and birthweight, would not be wholly inde
pendent measures. We chose to remove effects 

for example, amounted to less than 3 per cent 
of the total observations. 

Presumably the device just described would 
not be necessary were we able to combine non
independent tests of significance. However, as 
Wallis ( 195 1 )  has pointed out, to combine de
pendent tests of significance requires that we 
be able to specify the n-dimensional surface 
formed by groups of probabilities of n events 
which are not all necessarily equally probable. 
To specify this surface, we must know the exact 
kind of dependence which is present, and we 
obviously do not know this. 

6.3 Concomitant fltWiation. - .As stated ear
lier, the analysis of these data is complicated 
not only by extraneous variation, but also by 
disproportion in the number of observations 

Total 
observations 
within an 
exposure 
treatment 

a e · · · · · · · Liveborn . . . . .  M I {No malformation . . . . . . . death 
{Stillborn {Neonatal 

Malformation No neonatal } Birthweight death 

. Stillborn Neonatal 

Female . . . . . Liveborn . . . . .  
Malformation No neonatal 

death 

Indicator: Sex Ratio Malformation Stillbirths Neonatal Death 

} Birthweight 

Birthweight 

FIGURE 6.1 - A schematic representation of the method of sorting the data to obtain non-overlapping 
indicators. 

such as those just indicated by a pyramidal 
handling of the data. Under the scheme em
ployed, the first attribute to be measured was 
the sex ratio. This was followed by the fre
quency of malformation. In this and all subse
quent partitions sex was taken into account. .All 
grossly malformed infants were then excluded, 
and the frequency of stillbirths obtained. The 
stillborn infants were discarded in turn, and 
birthweights distributed on the remainder. Thus 
the frequencies of stillbirths in the various ex
posure categories were based only on those 
infants with no clinically obvious malformation. 
Similarly, birthweights were based only on those 
liveborn infants without clinically recognizable 
gross abnormalities. The order of the testing is 
indicated in Figure 6.1 .  This approach must 
lead to the loss of some data. However, the 
advantages to be gained by having measure
ments which were essentially non-overlapping 
seemed to outweigh the loss in data, particularly 
since the "loss" with respect to birthweight, 

within the exposure cells. The problems posed 
by the latter we shall treat of presently ; for the 
moment let us concern ourselves only with 
extraneous variation. 

In Chapter V attention has been called to a 
rather large number of variables in which the 
exposure subpopulations differ significantly 
within or between cities. Thus, the reader has 
been apprised of differences in ( 1 )  the fre
quency of consanguineous marriages, (2)  mean 
maternal age at birth of a registered infant, (3) 
mean parity, (4) the frequency of "D and C," 
( 5 )  the frequency of a positive serology, (6) 
the frequency of induced abortions, (7) the 
frequency with which repeat registrations oc
curred, and (8), possibly, the economic status 
of the parents. A number of these concomitant 
variables are known to influence the outcome of 
pregnancy terminations, for example, the fre
quency of malformation increases with increas
ing age, and birthweight increases with parity. 
We might rightly ask, however, whether the 
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effects of these variables are of sufficient conse
quence to lead to misinterpretation of the radia
tion effects, or to the obfuscating of a real effect 
if one should exist. It is obviously impossible 
to answer this question categorically with regard 
to all of the concomitant variables. It is possible, 
however, to make a general appraisal of the 
effect of these variables, and then to make a 
value j udgment with regard to whether or not 
the effect of a given concomitant is of a magni
tude large enough to warrant consideration in 
the analysis of a given indicator. The methods 
of appraisal are not fully rigorous but are de
scriptive and convenient to use. Since the use 
of these methods is not widespread and since 
concomitant variation is a major problem in the 
analysis of the data to be presented in subse
quent chapters, we shall present the methods 
which we have employed in some detail. 

In the case of a continuously distributed indi
cator we shall employ the ratio of two residual 
mean squares obtained under different assump
tions regarding the population sampled, to esti
mate the amount of variation in the india.tor 
ascribable to a concomitant variable and to varia
tions in the relation between the indicator and 
a concomitant variable. The basis for using the 
ratio in this way was first pointed out to us by 
Dr. H. L. Lucas, Jr. whose argument, which is 
unpublished, we have been kindly permitted to 
reproduce here. The argument is as follows : 

Consider the variable 1• which is known or 
thought to be infiuenced by the concomitant 
variable, x . .A simple model of this relationship 
would be 

where 

i= 1, 2, . . .  , p, designates the group, 
i= 1,  2, . . .  , n,. designates the indi-

vidual within a group (ln,= n) , 
' 

m, = the intercept of the i'11 group, 
fJ•= the regression coefficient of the ;ra. 

group, 
and f<i= random, independent errors with vari

ance ul. 
Within this model, we may work out the expec
tations of the following quantities : 

( 1 ) The mean square for y after correction 
for the group means but not for regression on 
x. This quantity would be 

ll (y,J -y,) 2 
s 2 - .;_' .:_l ___ _ o - n -p 

( 2) The mean square for 1 after correction 
for (a) the group means and (b) the common 
regression on x. This would be computed as 

Scz = 
1 [ [ll (y,1- y,) x,1J z] 

n - p - 1  ;.; (y,J-y,) 2 -
'j7 (x,1-x,p 

(3)  The mean square for 1 after correction 
for (a) the group means and (b) separate re
gressions on x in each group. This residual 
mean square we compute as 

sz = 

n � 2p[ �� (yd) ' -� {[7 ��.::��;')' }] 
If now we let 

and 

/o = lf,= l (n,- 1 )  = n - p ' ' 

l,B.l (x,1-x,) l 
- ' I ,8= ll (x,1-x,) l 

' I 
We find the expectations for a given set of 
x,1 to be 

1 -
E(S02) = u2 + /-l (fJ,- ,8) 1l (x,1-x,) 1  o ' I 

1 -+ T ,B1ll (x,1- x,) 1 /O ' J 
1 -

E (.tc1) = ul + -1 1 l (,B,- ,B) 2l (x,l- x,p o - ' I 
E (.r•) = ul. 

Now, if we define the second and third terms 
of E(.r02) as u111 and u01, we can write 

E(.rl) = ul + ui + uc1 
E(.t01) = ul +

--.l!_
u,• fo - 1  

E (.r1) = ul. 
Or, since fol (f0- 1 ) is essentially unity, we 
could in the above have written with little error 

E(s01) = ul + u,•. 
.An objection could be made, of course, that 

the meanings of u,Z and u02 depend upon the 
sample pattern of the x,1• Let us assume, how
ever, (a) that the sample of size n = ln, was 

' 
drawn from a population of size N which 
divides into p groups with N, individuals in a 
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group, (b) that the within-group variance of 
x is u.• in all groups, (c) that the sample is 
random and large with the restriction (d) that 

j, _ N, 
fo - N "  

In this event, stable meaning can be given to 
u42 and uc1• Define 

and 

rT a fJ 
l (p,- Po) 2/c l (p,- Po) •N, 
' - -'''-----.,.....---lo N 

lp,f, lp,N, ' = ' Po= --r;- r;r-
Oearly under the assumptions and restrictions 
just given, jj = Po to a close approximation and 

E ' I = u.1 [ll (x,1-x,p ] 
fo 

E I = u.•. [l (x,1-x,) 1] 
f, 

Then we see that to a close approximation 

rTtJ1 = u ;u.2 
rToa =Po•u.• 

These are definitions in terms of population 
values . In practice, of course, instead of large 
random samples, arbitrarily chosen samples of 
any size may be used that satisfy the restrictions 

and 

f, 

f, _ N, 
fo - No 

to a dose approximation. 
fo 

To estimate, now, the percentage of variation 
in y ascribable to the common relation to x, we 
form the ratio 

The percentage ascribable to between-group 
variation in the relation to x is obtained by 
computing 

s •  La=-7· s 

Now 

1 00 (� - 1 )  
f th .

. 
--�

L
,:......___:_ = per cent o e vartatlon re-

1 maining after correction for 
group means that is ascribable 
to the common regression, and 

100 (L2 - 1 )  
f th . .  La = per cent o e vartahon re-

maining after correction for 
the group means and common 
regression that is ascribable 
to the different regressions. 

When � and L2 are near unity, as in 
our data, 100(� - 1 )  and 100 (L2 - 1 )  differ 
but negligibly from 100 (� - 1 )  /� and 
100 (L1 - 1 ) /La, and we shall employ the 
former. If � and L2 differ materially from 
unity, then 100 (L1 - 1 )  /L1 and 100 (f.a - 1 )  /La 
are appropriate when one wishes to speak of the 
per cent of the total variation due to a specified 
source. Even under the latter circumstance, 
however, 100 (� - 1 )  and lOO (f.a - 1 )  would 
be appropriate if one should wish to speak of 
the per cent increase in error variance which 
would result from a failure to remove a given 
variance source. 

It seems appropriate at this point to comment 
briefly on the simplifying assumptions which we 
have used in the foregoing presentation. In the 
main these assumptions are not particularly 
restrictive when one notes that the purpose of 
this procedure is not a precise estimate of the 
variation contributed by a particular variance 
source, but rather to determine the order of 
magnitude of the contribution of this source. 

In the case of a discrete indicator, we shall 
employ a method devised by Krooth (1955)  for 
the analysis of the "importance" of an effect of 
maternal age on the presence or absence of some 
character among the mother's offspring. A slight 
modification of Krooth's method has been neces
sary to permit estimating, independently, the 
"importance" of parity in addition to maternal 
age. This modification, which merely involves 
holding one concomitant constant while meas
uring the other, will be apparent from a study 
of the tables dealing with maternal age and 
parity in Chapters VIII, IX, and XI. 

Generally, problems posed by concomitant 
variation are met by one or another of the fol
lowing three techniques : balanced sampling, 
covariance analysis, or the addition of another 
way of classification to the analysis wherein this 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776
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classification corresponds to intervals in the 
distribution of the concomitant variable. We 
will have occasion in analyzing these data to 
employ all of these alternatives save the tech
nique of balanced sampling. The latter was not 
employed because in those instances where it 
was applicable, exact balancing led to a very 
large loss of data, and balancing in terms of 
intervals in the distribution of the concomitant 
variable does not generally relieve one of the 
responsibility of a covariance analysis. We shall 
now tum to a brief consideration of the courses 
of action adopted in each of the concomitant 
variables. 

( 1 )  Consanguinity. - .Among these data 
over 90 per cent of the observations represent 
observations on pregnancies occurring to unre
lated parents. Thus, if warranted, all preg
nancies occurring to consanguineous unions 
could be excluded without an exorbitant loss 
of data. The justification for and the decision 
to exclude these terminations rests primarily on 
two factors. Firstly, Schull ( in manuscript) and 
Morton (in manuscript) have shown fairly 
general, if not large, effects of consanguinity on 
pregnancy outcome as here measured. In the 
main, these effects consist of an increase in 
frequency of malformation with increasing con
sanguinity, an increase in infant mortality with 
increasing consanguinity, and a decrease in 
birthweight. Secondly, the distribution of con
sanguineous marriages by parental exposure is 
such as to introduce a bias (tending to mini
mize exposure differences if such exist) . 

(2) Maternal age and parity. - Adjustment 
for one oc both of these variables has been 
undertaken for all indicators save the anthropo
metric measurements obtained at 9 months of 
age. For the analysis of the malformation data, 
stillbirth data, and infant mortality data, com
pensation for these variables took the form of 
adding to the analysis another level of classifi
cation. For the birthweight data, compensation 
for these variables took the form of an analysis 
of covariance. 

(3) Economic status. - In respect to only 
one variable, birthweight, has an attempt been 
made to determine the effect of economic status. 
This stems from three considerations. Firstly, 
it was possible to obtain information on the 
economic status on only 10 per cent of the 
infants, so that adjustment for this variable, in 
the total data, is impossible. Secondly, economic 

status is probably of importance only insofar 
as it is a measure of nutritional standards. 
Thirdly, the only differences with regard to 
economic status in these data which are demon
strable are between cities and not parental ex
posure. It seemed dubious, therefore, whether 
any form of adjustment which could be enter
tained would justify the effort. 

( 4) Dilatation and curettage. - The more 
or less standard procedure in Japan for inter
rupting a pregnancy or treating a woman fol
lowing a spontaneous abortion consists of dilat
ing the cervix and curetting the uterus. It seems 
logical to suppose that repeated performance 
of this routine can lead to the formation of 
sufficient scar tissue in the uterus to pose an 
obstacle to the successful implantation · and de
velopment of subsequent concepti. On this 
thesis the frequency of D and C was investi
gated with the full knowledge that possibly no 
adequate adjustment could be determined if 
exposure or city differences obtained. In Chap
ter V, we have indicated that while city differ
ences obtain, no exposure differences are demon
stable. We are inclined to view the recorded 
city differences as being largely a reflection of 
differences between the cities in the enthusiasm 
with which this question was approached by the 
examining physicians. No attempt has been 
made to take into account this variable. 

( 5 )  Positive serology. - Congenital syphilis 
markedly affects the frequency of stillbirths, 
and the neonatal mortality rate. Again, informa
tion on maternal serology was limited to but 10 
per cent of the total sample. This sample, how
ever, revealed that, within cities, no significant 
differences exist among exposure groups (see 
Sec. 5 .4) . The paucity of data precluded any 
attempt to take into account this variable in 
the analysis. 

(6) Induced abortions. - The liberalization 
of the Japanese abortion law has resulted in a 
large-scale interruption of pregnancies. This 
could obviously pose a serious bias if in some 
parental exposure categories more interruptions 
occurred than in others. Moreover, undetected 
interruptions could play havoc with an attempt 
to assess the "importance" of parity on a given 
indicator. The data reveal no consistent ex
posure differences although the city rates are 
significantly different (see Sec. 5 .5 ) . This vari
able has been ignored in the analysis of the 
indicators. 
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(7) Repeat registrations. - We have stated 
that in the course of this study some mothers 
registered more than one pregnancy. Since the 
indicators being used are in part genetically de
termined, there will be a non-zero sib-sib corre
lation for many, if not all, of them. Therefore 
when repeated births involving the same parent 
or parents are entered into the radiation sub
classes, these entries will be non-independent. 
The tests of significance which follow assume 
that each entry is independent. Consequently, 
the standard errors, or their equivalents in more 
complex tests, may in general be slightly too 
low, since there is actually rather less informa
tion than the test assumes. The data suggest that 
the frequency of repeat registrations is not the 
same over all exposure cells (see Sec. 5.6) . The 
bias which this might introduce into the esti· 
mates of within-cell variances would probably 
be small in view of the number of repeat regis· 
trations. We have, as a consequence, ignored 
the fact that repeat registrations occur with 
different frequencies in the various exposure 
cells. 

In general, in the succeeding chapters we shall 
have occasion to present analyses of the data 
where, on the one hand, the effect of con
comitant variation is ignored, and, on the other 
hand, some adjustment has been made for one 
or more of the above-mentioned concomitants. 
The primary purpose of presenting the analysis 
in this extended fashion is to enable the reader 
to judge the necessity of correcting for con
comitant variation, and to ascertain the effects 
of such corrections on the data. 

6.4 Rejected observations. - As would be 
surmised in a study of this kind, there arise in
stances in which observations of dubious validity 
occur, and instances where the information rela
tive to a particular variable is incomplete. In 
Table 6.1  are presented the number of infants 
who were excluded from the final analysis of 
the "at-birth" data along with the reasons for 
exclusion. Several entries in this table require 
comment. Firstly, it will be noted that the two 
largest numbers of rejections, in each city, occur 
by virtue of the fact that the pregnancy was un
registered (and these pregnancies are known to 
be biased exposure-wise and in the frequency 
with which abnormal terminations occur) , or 
the pregnancy occurred to parents related as 
first cousins, first cousins once removed, second 
cousins, or occasionally closer or slightly more 

remote relationships. Secondly, a fairly large 
number of rejections occurred where the infant 
was described as representing an "induced 
termination where the birthweight was less than 
2,500 grams." The argument for rejecting these 
infants hinges primarily on the word "induced:" 
In Japan, it is customary to view any termination 
in which medicinal or mechanical assistance was 
given to the laboring mother as an induced 
termination.1 This definition, while a patently 
plausible one, is much broader than occurs else
where. It was generally agreed that any preg
nancy which was terminated before the natural 
occurrence of labor could not be scored in this 
study. The reason for this is two-fold, namely 

TABLE 6.1 THE NUMBER OF INFANTS REJECTl!D 
FROM THE STUDY, TABULATED BY REASON 

FOR REJECTION 

Hiroshima 
Unregistered births . . . . . . . . . .  2,372 
Registered births 

Consanguinity . . . . . . . . . . . .  2, 184 
Induced terminations where 

birthweight less than 
2,,00 gms. • . . . . . . . . . . 379 

Unknown birthweight . . . . . . 274 
Unknown parity . . . . . . . . .  . 
Gestation less than 2 1  weeks, 

or unknown and infant 
less than 2,,00 gms. . . .  149 

Unknown sex . . • . . . . . . . . . . . 4 
Unknown maternal age . . . . .  
Unknown distance . . . . . . . . . 177 
Exposed in one city, now 

residing in other city . . . ,2 

Total . . . . . . . . • . . . . . . . . • ,,591 

Nagasaki 
892 

2,979 

338 
209 

2 

44 
8 

164 

1 52 

4,788 

( 1 ) the possibility that such terminations would 
be non-randomly distributed with respect to 
parental exposure, and (2)  the high probability 
that an induced termination will result in a still
born infant, or one dying during the neonatal 
period and wherein the cause of death is di
rectly or largely attributable to the inducing 
agent. Our problem, therefore, was that of sort
ing out of all terminations loosely labelled 
"induced" those in which there was probably a 
true induction of labor. The only reasonably 
reliable standard for which data existed ap
peared to be birthweight. It seemed highly prob
able that if an induced termination gave rise to 
an infant weighing less than 2,500 grams then 

t This use of the word "induced" did not become 
known to us until a large number of terminations had 
been scored as induced in the Japanese sense. 
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induction was an overt attempt to end the 
pregnancy rather than an attempt to assist the 
parturient mother. Lastly, a comment is in order 
regarding the category "gestation less than 21  
weeks or unknown and the infant less than 
2,500 grams." It has been .mentioned that the 
rationing system obtaining in these cities pre
sented possibilities for error and that occasion
ally a pregnant female registered prior to the 
time when the law permitted. This would 
present no problem if the pregnancy continued 
past the time officially designated for registra
tion. If, however, the pregnancy terminated, 
naturally or artificially, prior to the 21st week, 
then the registration represented a type of preg
nancy not normally coming to our attention. 
Since such registrations could not be viewed as 
necessarily representative of pregnancies ter
minating before 2 1  weeks of gestation and be
cause of a possible exposure bias, it seemed 
advisable to reject them. In some instances, 
mothers would not or could not provide in
formation which would permit an estimation 
of the length of gestation. Accordingly, if the 
duration of gestation could not be estimated 
and the infant was apparently premature (as 
judged by birthweight) ,  the termination was 
excluded. 

To appraise the effect on the data available 
for analysis of the most frequent cause of ex
clusion of registered pregnancies, consanguinity, 
the reader's attention is directed to Table 5 . 1  
wherein the distribution by exposure of the 
consanguineous unions is given. It will be noted 
from Table 5 . 1  that exclusion of the consan
quineous marriages is more at the expense of 
the unexposed and lightly exposed parents than 
the heavily exposed parents. 

The reader will find in Tables 6.2 and 6.3 an 
accounting, at representative stages in the analy
sis, of all observations which were rejected from 
the "at-birth" or "9-months" data. An explana
tion will be found in the tables for those re
jections which have not been accounted for in 
the previous paragraphs of this section, in Sec
tion 6.2, or in Section 6.3 (1 ) .  

6.5 The analysis of the attribute data. - The 
analysis of attribute data presents a number of 
formidable problems not the least of which is 
the appropriate specification of the hypotheses 
of interest. More exactly, difficulties arise in the 
formulation of hypotheses regarding "main ef
fects" and "interactions." Specification of these 

hypotheses becomes increasingly difficult as the 
number of ways of classification of the observa
tions increases. The statistical literature outlin
ing tests of significance in multi-way classifica
tions of attribute data is surprisingly scanty, 
when one ignores that portion of the literature 
devoted to transformations necessary to fit at
tribute data into one of the conventional meth
ods of handling measurement data. Until re
cently, the one and only case to be considered 
in any detail was the 2 x 2 x 2 system of classi
fication (Bartlett, 1935 ) .  A generalization of 
Bartlett's approach is to be found in Roy and 
Kastenbaum (1956) , on which we shall draw 
freely. The latter authors succeed in more 
sharply defining the parallelism between the 
analysis of variance for continuous data and the 
analysis of attribute data. 

The method of analysis which we shall out
line in the succeeding paragraphs is complex. 
Lest the reader doubt the necessity of so com
plex an analytical form it is worth pointing out 
that our problems stem largely from the numer
ous ways in which these data are partitioned. 
The approach could certainly be simplified by 
ignoring some of the ways in which we have 
elected to partition the data such as, say, city 
of birth, sex, and the concomitant variation. It 
is our contention that such an omission is un
justifiable. If one accepts this point of view, 
then there is no alternative known to us other 
than a multi-way analysis. In attribute data, this 
poses problems often more ctimplex than those 
which arise in the analysis of continuously dis
tributed data. Our approach is essentially one of 
pooling information from different ways of 
classification but only after such pooling can bt 
shown to be justified. When pooling cannot be 
justified, alternative statistical procedures, to be 
explained later, will be adopted. Few, if any, 
instances in the statistical literature exist 
wherein attribute data have been employed in 
the fashion required here. This is a commen
tary, in part, on the difficulties which arise when 
multi-way classification of attributes occurs, and 
on the biological complexity of the indicators 
of irradiation damage. 

Before we discuss some of the particulars in 
the analysis of the Japanese data, we shall con
sider in some detail the basic arguments under
lying the tests of "main effects" and "interac
tions." For illustrative purposes, let us examine 
a simple problem. We shall assume that we are 
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TABLE 6.2 AN ACCOUNTING OF niB NUMBBR OF 0BSBRVATIONS CoNSJDBRBD AT RBPRBSBNTAnvB STAGBS 
IN THB ANALYSIS OF THB "AT-BIRTH" DATA AND niB NUMBER OF RBJBCTBD 0BSBRVATIONS 

WITH THB CAusa oF RBJBCTION 

Available observations 

Hiroshima 
Total infants seen . . . . . . . . . . . . . 38,42 1 

Rejected because the pregnancy 
was unregistered, parental 
exposure was unspecifiable, 
consanguinity or other obser
vations were incomplete 
(see Table 6.3 ) . . . . . . . . •  

Considered for consanguinity . . • . • 34,943 
Rejected consanguinity . . . • . . .  

Considered for maternal age . . . . . 32,830 
Rejected multiple births • . . . . • .  

Considered for sex ratio . . . . . • . . . 32,46' 

Considered for malformations . . . •  32,46' 
Rejected malformations . . • • • • •  

Rejected congenital heart dis-
ease • . . . . . . . . . . • . . . . . . .  

Total • . . . . . . . • . • • . • • . . . . .  

Considered for stillbirths . • • . . • • .  32, 108 
Rejected stillbirths . . . . . . . . • . .  

Considered for neonatal deaths . . .  3 1 ,636 
Rejected neonatal deaths . . . . .  . 

Considered for birthweights . . . . . . 3 1,222 

36,337 

33,417 

32,966 

32,966 

32,632 

32, 1 �0 

3 1 ,670 

Total 
76,626 

71,280 

66,247 

6M31 

6,,431 

64,740 

63,786 

62,892 

Rejected observations 

Hiroshima Nagasaki Total 

3,478 

2, 1 1 3  

36, 

313 

44 
3'7 

472 

414 

1,868 

2,920 

4H 

281 

482 

480 

,,346 

'94 

97 
691 

894 

• Jn Hiroshima one set of registered triplets and 18 1  sets of registered twins occurred ; in Nagasaki 
there were one set of registered triplets and 224 sets of registered twins. 

TABLE 6.3 AN ACCOUNTING OF niB NUMBBR OF 0BSBRVATIONS CoNSIDBRBD AT RBPRBSBNTATIVB STAGBS 
IN niB ANALYSIS OF THB '"9-MONmS'" DATA AND niB NUMBER OF RBJBCTBD OBSERVATIONS 

WITH niB CAusa OF RBJBCTION 

Available observations Rejected observations 

Hiroshima Nagasaki Total Hiroshima Nagasaki Total 
Total infants on whom there exists 

some follow-up study . . . . . . .  14,768 12,324 27,092 
Rejected inadequate exposure 

history, infant not part of 
9-months program, etc • . . . .  3,422 1 ,882 

Total infants considered under the 
9-months program . . . • . . •  1 1 ,346 10,442 21,788 

Rejected consanguinity . . . . . . . 694 828 
Rejected incomplete measure-

ments . . . . . • . . . • . • • • • . • •  140 308 448 

Considered for neonatal death . . •  10,,12  9,306 19,818 
Rejected neonatal deaths . . • . . . .  484 942 

Considered for malformation . . . . .  10,028 8,848 18,876 
Rejected malformations . . . . . . •  183 378 

Considered for anthropometries . . .  9,84, 8,6H 18,498 

• A word about this total is in order since it may appear to the reader as an inordinate loss of informa
tion. This total includes ,,089 infants who were seen at some age other than 9 months ( in fact, 8-10 
months ) . Many of these entries represent visits to the newborn malformation verification clinics. The latter 
infants are, of course, scored under the '"at-birth"' program. A second major contributor, particularly in Hiro
shima, to this total of ,,089 infants stems from the initial indecision as to the ''best age"' at which to examine 
the infants. Some of the first infants seen under what was subsequently called the 9-months program were a 
year and a half old. These children have been rejected here in order to minimize differences between cities and, within cities, between exposure categories in the age at examination. The importance of standardizing, 
insofar as possible, the age at examination need hardly be labored. 
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dealing with a variate of the presence-absence 
variety, say, presence or absence of malforma
tion, classified by sex and city. Our data, then, 
form an array of eight cells, and we shall 
denote by n1r�c the observed number of indi
viduals and by Ptfk the true proportion, under 
any given hypothesis, of observations in the 
(ijk) -th cell where i= 1, 2 ;  i= 1 ,  2 ;  and k = 1 ,  
2 ,  and where i, j, and k are, respectively, the 
classifications with regard to sex, city, and the 
variate under study. In such a table, there are 
only seven comparisons with regard to k which 
can be made, namely, ( 1 )  the influence of sex 
and city on the variate (ij with k ) ,  (2)  the 
influence of sex on the effect of city on the 
variate (j on k among i) , (3 )  the influence of 
city on the effect of sex on the variate (i on k 
among j) , ( 4) the influence of sex on the 
variate for each city (i with k for each j) , (5 )  
the influence of  city on the variate for each sex 
(j with k for each i) , (6) the influence of sex 
on the variate when cities are pooled (i with k 
ignoring j) , and (7) the influence of city on 
the variate when sexes are pooled (j with k 
ignoring i) . Let us now examine each of these 
comparisons in terms of their meaning and the 
tests which they afford. 

( 1 )  The influence of sex and city on the 
variate. - Under this comparison we are con
cerned with whether the variate is independent 
of the sex-city cell, or, alternatively stated, 
whether the variate is distributed homogene
ously over the sex-city cells. The null hypothesis 
in this instance is 

Ho:PtJt= PtJ.P . . t 
and asserts that the variate has a uniform distri
bution over the sex-city cells, that is, · that the 
ratio of individuals in category k = 1 to the 
individuals in category k = 2 is the same in each 
sex-city cell. This hypothesis affords the basis 
for a test which might be termed "total x2," and 
which is, in effect, an omnibus test of the effect 
of city and sex including, of course, interaction. 
Non-significance implies no effect of city or 
sex. The degrees of freedom associated with this 
test are 3. In general, if i= 1 , . . .  r,- i= 1 , . . .  s, 
and k = 1, 2, then the degrees of freedom are 
(rs - 1 ) . 

(2)  and ( 3 )  The influence of sex on the 
effect of city on the variate, or the influence of 
city on the effect of sex on the variate. - The 
null hypothesis is now 

H . PmP112 
o ·p212P122 

Pa21Pu1 
P211Pu1 

and asserts that the variate has the same distribu
tion with respect to cities for all sexes (or sexes 
for all cities) . This hypothesis affords the basis 
for a test which we shall term a test of "inter
action," or more specifically, the "interaction 
of sex with city (or city with sex) ." Non-signifi
cance at this level does not imply no effect of 
sex or city, but merely that the effect of city is 
the same over all sexes (or sex over all cities) . 
The degrees of freedom associated with this 
test are 1, or for the general case (r- 1 )  (s - 1 ) .  
This use of the term interaction appears to be 
due to Bartlett ( 1935 ) . 

(4) and (5 )  The influence of sex on the 
variate for each city, or the influence of city on 
the variate for each sex. - Under this compari
son we are concerned with whether the variate is 
homogeneously distributed over sexes for each 
city (or cities for each sex) . It is important to 
note that the null hypotheses, which are 

Ho: Put= Pu.P.tt 
and 

Ptzt = Ptz.P.zt 
or 

and 

where now 

'1.Pt11& = '1.Ptzt= 1 (or '1.PtJt='1.PzJt= 1 )  • 
� � � � 

do not specify that the variate must have the 
same distribution over sexes for all cities (or 
cities for all sexes) . This hypothesis affords 
the basis for a test of the effect of city (or sex) 
on the variate for each sex (or city) . There can 
be as many such tests as there are sexes (or 
cities) . The degrees of freedom associated with 
each test are 1, or in general (r1 - 1 ) ,  (r2 - 1 ) ,  
etc., where rl = rz = ·  . .  = r. The x2's associated 
with these individual tests are additive ; the sum, 
however, confounds "main effects" and "inter
action." 

(6) and (7) The variate with sex, or the 
variate with city. - Under this comparison we 
are concerned with whether the variate is dis
tributed homogeneously over all sexes neglect
ing cities (or all cities neglecting sexes) . The 
null hypothesis which is 

Ho:Pu= P.,.P . . t 
or 

P.11c = P.J.P .. " 

asserts that the variate has the same distribution 
over the sexes neglecting the cities (or over 
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cities neglecting sexes) . The hypothesis affords 
a test of the effect of sex (or city) on the 
variate assuming ( 1 )  no main effect of city (or 
sex) , and ( 2) no interaction between sex and 
city. This we shall term a "main effects" test. 
The degrees of freedom associated with this 
test are 1, or in general (r- 1 )  or (s - 1 ) .  

We shall now turn our attention to the ap
propriateness of these tests as illustrated by the 
analyses of the Japanese data. Essentially we 
are concerned with testing ( 1 )  whether sex has 
an effect on our variate independent of cities, 
(2) whether city has an effect independent of 
sex, and (3 )  whether the effects of sexes and 
cities can be c )llSidered independently. Or, to 
use the language of the analysis of variance, we 
are concerned to measure ( 1 ) the main effect 
due to sexes, ( 2 )  the main effect due to cities, 
and ( 3) the interaction of sex with city. The 
procedure for testing, which we shall outline 
as it would occur in the three-way table we have 
used for illustrative purposes, is quite general 
and can be extended to an n-way table. The 
procedure is as follows : 

1 .  Test the hypothesis of "no interaction" of 
sex and city with the variate. 
2. If the hypothesis of "no interaction" is ac
cepted, then 

(a) Test the hypothesis of "no main city 
effect," ignoring sex. 
Cb) If the hypothesis of "no main city ef
fect" is accepted, then test the hypothesis of 
"no main sex effect" ignoring city. 
(c) If this hypothesis is also accepted, then 
we may accept the general hypothesis of no 
main effects and no interaction. 
(d) If the hypothesis of "no main city ef
fect" (ignoring sex) is rejected, then a test 
of the sex effect may be influenced by the 
city differences. We are free to test the hy
pothesis of "no main sex effect" ignoring 
city only if cities are equally or proportionally 
represented among the sexes. If this does not 
obtain, that is, if the cities are disproportion
ately represented among the sexes, then any 
differences in sex when city is ignored are 

. apt to be attributable to the differences be
tween cities. Unless these city differences are 
taken into account, a test of the effect of sex 
confounds the effect of city. One possible way 
of getting around this problem is to consider 
the hypothesis of "no main sex effect" at 
each city level. The test of this hypothesis is 

a x2 which is the sum of the x2 tests at each 
city level, with appropriate degrees of free
dom (the sum of the individual tests) . We 
shall term this tett the "sum test" of sexes. 
This test will answer the question "Is there a 
main effect of sex on the variate, assuming 
no interaction of sex with city but a possible 
contribution of city ?" By this procedure we 
may pick out the levels of city which con
tribute most heavily to the total ;oc2• We will 
refer to this test as a test of the sex effect 
adjusted for cities, the "adjustment" being 
merely a consideration of the sex effect at 
all possible levels of cities. In the absence of 
an interaction, this will be our best test of 
the sex effect. 
(e) If the hypothesis of "no sex effect" 
ignoring cities is rejected, we follow the same 
procedure as outlined in (d) . 
(f) If both hypotheses, namely, "no main city 
effect" and "no main sex effect," are rejected, 
we follow the procedure outlined in (d) for 
both effects. This would yield two sets of 
tests. It is important to note that the x' and 
degrees of freedom are additive within sets 
br11 not between sets. 

3 .  If the hypothesis of "no interaction" is re
jected, then the tests of sex ignoring city, and 
of city ignoring sex may be biased . .Accordingly, 
our procedure will be as follows : 

The effect of sex will be evaluated at each 
level of city, and city at each level of sex. Here, 
however, the "sum test" obtained by the addi
tion of the two ;oc2 tests of sex (one for each 
city) or the two x' tests of city (one for each 
sex) is not a meaningful test of the main effect 
due to sex or city. This stems from the fact that 
the presence of an interaction reveals a signifi
cant inconsistency in the direction of the effect 
of the ways of classification on the variable. 
Otherwise stated, the "sum test" as a test of 
main effect is not meaningful because it con
founds interaction. 

In Chapter V, and in the chapters to follow, 
we have ad_opted the convention of indicating 
( 1 )  each of the individual tests whenever ad
justment is necessary, and (2)  the "sum test" 
only when the "no interaction" hypothesis is 
accepted. 

The adjusted tests in 2 (d) , (e) , and (f) 
above are somewhat analogous to adjusted tests 
in the analysis of variance in the sense that 
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though the degrees of freedom are additive, the 
x2' s are not. Thus in (d) we will have 

Source D F 
city (unadjusted) (s - 1 )  
sex (adjusted) s (r - 1 )  

Total (rs - 1 )  

and for (e) we will have 

Source 
sex (unadjusted) 
city (adjusted) 

Total 

O F  
(r- 1 )  

r (s- 1 ) 
(rs- 1 ) 

In the n-way classification, the interaction 
hypotheses are more numerous. For example, in 
a four-way table with dimensions h, i, j, and k, 
we have 

"First order interactions" 

( 1 )  h on k  among i 
(2)  h on k among i 
(3)  i on k among i 

"Second order interactions" 

( 1 )  h on k  among i among ;. 

While the procedure for testing outlined in the 
previous pages can be so extended that our ini
tial test is a test of "no second (or higher) 
order interaction," we shall in the analysis to 
follow assume, in general, that all interactions 
higher than the first are not significant. The 
validity of this assumption can, of course, be 
questioned. In the event that serious ambiguity 
in the interpretation of "main effects" or "first 
order interactions" might arise through ignor
ing the higher order interactions, then the 
second order interactions will be explored. In 
view of the great amount of labor involved in 
the calculation of the first order interactions, 
involving in this case simultaneous cubic equa
tions with one unknown for each degree of 
freedom, the Michigan Digital .Automatic Com
puter has been utilized. 

The above outlined procedures are, obviously, 
not the only possible approaches to these data. 
However, the logical basis for some of the al
ternative, simpler methods, such as Brandt's 
factorial chi-square, have not been set out in 
detail in the statistical literature. Other alterna
tives which will find favor in some quarters are 
( 1 ) to transform the attribute data and employ 
an analysis of variance on the transformed 
variate (see Eisenhart, 1947, or Rao, 1952 ) ,  or 

( 2 )  to attempt a regression form of analysis of 
the indicator on dose of irradiation. With re
gard to the latter, we believe this approach is 
fraught with danger for at least two reasons. 
Firstly, the estimates of average dose in each of 
the five categories of parental exposure are most 
tenuous, and secondly, even if these estimates 
are reasonably reliable the distribution of doses 
within a given category of exposure is unknown. 
In the latter connection, it seems most probable 
that in many, if not all, exposed cells the median 
dose will be less than the mean dose (judging 
from the distance distribution of survivors) . 
Be that as it may, for the data to follow on sex 
ratio, malformation, stillbirth, and neonatal 
death, one or more of these alternative methods 
of analysis was routinely performed. Since these 
alternatives did not give rise to results differing 
substantially from those obtained by the method 
of Roy and Kastenbaum, the results of the al
ternative analyses will not be presented. 

The use of chi-square as a test of significance 
in the procedure outlined here requires certain 
assumptions regarding the distribution of x• 
where 

x• = l (x, - m,p 

' m, 

and where x1 and m1 are respectively the ob
served number in a cell and the expected num
ber based on some null hypothesis. Cochran 
( 1952)  has discussed these assumptions in con
siderable detail, and has formulated a number 
of operating rules regarding the minimum ex
pectation in a cell. One of these rules, on which 
we shall draw heavily, is concerned with tables 
with more than 1 degree of freedom and some 
cells with expectations greater than 5 .  Cochran 
asserts that x•, without correction for continuity, 
is a satisfactory approximation in this instance. 
In instances where the expectation in a cell was 
less than two, the effect of this cell on the total 
chi-square was carefully noted. When the total 
chi-square was significant and due in large 
measure to a single cell with an unusually small 
expectation, an alternate scheme of classification 
was employed to increase the expectation in the 
various cells. 

6.6 The analysis of the measurement aaJa. 
In general, in the analysis of the measurement 
data, that is, the data with respect to birthweight 
and the anthropometric measurements obtained 
at 9 months of age, we have had occasion to 
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employ three common statistical procedures, 
namely, the analysis of variance, the analysis of 
covariance, and the analysis of dispersion. As is 
frequently true when one passes from a theo
retical consideration of a test of significance to 
the application of such a test to a body of data, 
certain of the assumptions underlying the test 
cannot be met in the strict sense. It seems ap· 
propriate, therefore, that we consider the as
sumptions underlying the tests here employed, 
indicating where the data do not or may not 
satisfy the assumptions, and then to discuss 
briefly the variations of the basic tests necessary 
to meet certain problems posed by these data. 

Firstly, let us consider the analysis of variance 
when there exist multiple ways of classification. 
In the classical test of the significance of the 
differences in a set of k means associated with 
a main effect, we make four basic assumptions 
in order to test the null hypothesis that m1 = 
m2 = . . .  = m1" namely, 

1 .  that the observations in a cell (for all cells) 
are values of random variables distributed about 
a true mean which is a fixed constant ; 
2. that the true cell means are simple additive 
functions of the corresponding marginal means 
and the general mean ; 
3. that the observations are uncorrelated, and 
have equal variances ; and 
4. that the observations are jointly distributed 
in a multivariate normal distribution. 

For a detailed consideration of these assump
tions the reader is referred to Eisenhart (1947) ; 
we shall concern ourselves merely with the 
validity and importance of these assumptions 
as they bear on the Japanese data. Assumption 
( 1 ) needs no comment since it is basic to any 
statistical analysis, in a sense, and is merely an 
assertion that we are dealing with random vari
ables. Assumption ( 4) , which to some extent 
impinges on assumption ( 1 ) , is probably not 
strictly satisfied in the Japanese data. In general, 
it has been found that variables such as height, 
weight, etc., are non-normal ; however, the de
parture from normality is generally not suffi
cient to jeopardize seriously the validity of the 
test. Moreover, the analysis of variance is known 
to be very insensitive to non-normality (see 

Box, 195 3 ) . From the purely practical stand
point, assumptions (2)  and (3)  are the most 
troublesome. Assumption (2 ) , the assumption 
of additivity, disallows the possibility of inter-

actions. Alternatively stated, if additivity does 
not prevail then we assert that there are inter
actions between the ways of classification ; how
ever, when additivity does not prevail, we can 
still obtain a test of the main effects. The princi· 
pal effect of non-additivity rests in the altera
tion of the model from which the effects of 
classification are estimated, and the generaliza
tions of which the new tests will admit. As an 
illustration, suppose we have a variable, xu, 
which we shall assume is normally distributed. 
Suppose, moreover, that a given observation can 
be classified with respect to properties A, and 
properties B. The additivity assumption asserts 
then that the expected value of x in the (ii) th 
cell is 

E(x,1) = m +A,+ B1, 

that is, that the expected value is a linear func
tion of the true general mean, the effect due to 
A, and the effect due to B. Alternatively, if 
additivity does not obtain, then the expectation 
in the (ii) cell is 

E(x,1) = m + A,+B1+ (AB) ,1, 

that is, the expected value is a function of the 
general mean, of A, of B, and a function of A 
and B taken conjointly. In the orthogonal case 
of the analysis of variance, whichever of these 
hypotheses obtains, the computation of the 
sums of squares due to interaction and to main 
effects remains the same. The difference between 
the models enters the picture only in the forma
tion of the appropriate variance ratio, and its 
interpretation. If additivity prevails, then our 
test of the main effect due to A, say, is the ratio 
of the mean square due to A to the mean square 
within cells (error mean square) . If additivity 
does not obtain, then we may make the com
parison just stated or we may compare the mean 
square due to A with the mean square interac
tion. The former test would permit us to draw 
inferences with respect to A only over the cir
cumstances which obtain with respect to A in 
this experiment. The latter ratio would permit 
us to make broader statements regarding the 
effect of A. For example, if the effect of 
mother's exposure was judged by the ratio of 
the mean square due to mothers to the mean 
square within cells and if an interaction involv
ing mothers and, say, cities obtained, then we 
could make statements regarding mother's ex
posure only with respect to the situation ob
taining in Hiroshima and Nagasaki. On the 
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84 Genetic Effects of Atomic Bombs Chapter V1 
other hand, if our contrast involved mother's 
exposure and the interaction of mothers and 
cities, then our statements with respect to the 
effect of mother's exposure would apply to other 
cities subjected to the same exposure conditions 
experienced by these two cities and where these 
other cities may be assumed to fulfill the re
maining experimental conditions. While both 
of these comparisons have meaning, in general 
we shall be concerned with the broadest possible 
statement regarding mother's effect. It might be 
noted that the use of the interaction to test main 
effects is not good when the cell numbers are 
unequal (either proportionate or disproportion
ate) . For a more complete discussion of this 
aspect of the analysis of variance the reader is 
referred to Fisher ( 1949) . 

Assumption (3)  may be violated because the 
observations within a cell are correlated, or the 
variances are unequal, or both. If the variances 
are unequal and if we are contrasting but two 
means, we face the classical Fisher-Behrens 
problem (Fisher, 1939) . For our purposes two 
comments here seem sufficient. Firstly, it is not 
inconsistent to test the same body of data under 
the hypothesis that the means are equal and the 
variances are equal, and under the hypothesis 
that the means are equal but the variances un
equal (the Fisher-Behrens problem) .  Secondly, 
the work of Box ( 1953, 1954 a and b) sug
gests that the test of the equality of a set of 
means is not seriously affected if there exists 
only a moderate inequality of the variances and 
if the cell numbers are equal ("moderate" en
visages an inequality of the variances wherein 
the larger is three times the smaller) . Much 
larger discrepancies, however, arise if the same 
moderate inequality exists, and if the cell num
bers are markedly unequal. The inequality of 
the cell entries becomes less important as the 
differences in the variances diminish. When an 
inequality in the variances exists in these data, 
this inequality is small and can be ignored with
out seriously jeopardizing the inferences which 
may be drawn from the tests on the means. 

Thus far we have considered only tests on the 
means ; needless to say, we shall also be inter
ested in testing the equality of the variances. 
The assumptions for a valid test of the variances 
are less numerous. We merely assume that we 
are dealing with values of a random variable 
which are normally distributed and uncorre
lated. Comparison of the variances of a series of 
exposure cells has meaning, however, only if  

all extraneous sources of variation which may be 
dissimilarly distributed between the exposure 
cells are removed. To see that this is true will 
be a matter of prime concern in the succeeding 
chapters. 

The assumptions for a valid test of the 
equality of variances and means set out in the 
preceding paragraphs have been phrased in a 
manner appropriate to the univariate case. By a 
slight extension, these assumptions are equally 
valid for the multivariate case wherein we ana
lyze the dispersion of a set of observations. 
Specifically, in the multivariate case we shall be 
concerned with testing two hypotheses, namely, 

1 .  The equality of the dispersion matrices of k 
p-variate normal populations 

Ho :�1=�2= • • • =�k 
and where �1 is the variance-covariance matrix 
in the jtA class. 
2. The equality of k means for each of p vari
ates for k p-variate normal populations with 
the same covariance matrix. 

Ho :el =e,=  . . .  = ek· 
The el are now vectors of means. 

The approach to these data which we have 
outlined in this and the preceding section calls, 
in essence, for the use of so-called "omnibus" 
or "portmanteau" tests.2 Not all readers will 
subscribe to this since omnibus tests tend to be 
less sensitive with respect to a particular com
parison than a more specialized test. The pri
mary justification for the omnibus test is, in 
our minds, the fact that such a test does not 
require the measure of specification of the al
ternatives to the null hypothesis required by a 
more specialized statistical tool. It is our opinion 
that, with the possible exception of the sex 
ratio, our knowledge with regard to the types 
of changes which may arise in human beings 
consequent to parental irradiation is so poorly 
understood as to make any real attempt to 
specify direction of change specious. To some 
our attitude will seem much too conservative, 
and for those readers we would point out that 
the more specialized tool is quite useless under 
the wrong conditions (Pearson, 1936) . Fur
thermore, since the problem of radiation-in
duced genetic change in human beings may 

2 An omnibus test is generally defined as one that 
has good discriminating power with regard to a large 
variety of alternatives to the null hypothesis. 
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well constitute the most important problem in 
human biology in our generation, we believe 
quite strongly that at this stage our approach 
must be an open-minded one which does not 
draw too heavily in any particulars upon infra
human data, the more so because of the great 
gaps which exist at present in comparable ob
servations on laboratory material. The prior 
specification of a subset of alternatives to the 
null hypothesis required by a speciali%ed test 
would imply a greater knowledge of the genetic 
effects of irradiation on the indicators here 
studied than we are willing to assume. 

6.7 Some further problems. - There remain 
two more subjects for our consideration regard
ing the analysis of the measurement data, 
namely, within-cell heterogeneity and unequal 
numbers of observations within cells. Firstly, 
a brief description of what we have elected to 
term within-cell heterogeneity. It is patent that 
so long as the observations within a cell repre
sent values of a random variable the observa
tions will be heterogeneous in the sense that 
they will not all be like-values. The heteroge
neity with which we are concerned is not of this 
variety, but rather the heterogeneity which 
arises if the observations within a given cell 
are drawn at random from not one but several 
normal parent populations. We are concerned 
with such heterogeneity since it represents a 
violation of assumption (3 )  in Section 6.6. Let 
us consider what may happen when this cir
cumstance prevails. There are two chief aspects 
of the problem : 

1 .  The parent populations may differ with re
spect to the mean, with respect to the variance, 
or with respect to both the mean and the 
variance. 
2. The parent populations may or may not be 
represented with the same relative frequency in 
each of the several exposure classes. If the rela
tive frequencies are identical among the several 
exposure cells, we shall say the heterogeneity 
is "uniform." 

What now are the consequences of within-cell 
heterogeneity ? Let us tabulate the case : 

1 .  Within-cell heterogeneity with respect to the 
mean alone. 

(a) Uniform consequences 

( 1 )  Inflation of within-cell sum of 
squares, thus reducing the sensitivity of 
the test. 

(2)  Usually a departure of the within-cell 
distribution from normality with possible 
plurimodality.8 

(b) Non-uniform consequences 

( 1 ) Those listed for the uniform case. 
(2)  In the event that the within-cell 
heterogeneity arises from concomitant 
variation, having nothing to do with ir
radiation, a spurious heterogeneity of cell 
means may be observed, or a true hetero
geneity of cell means may be concealed. 

2. Within-cell heterogeneity due to variances 
alone. 

(a) Uniform consequences 

( 1 )  Departure from normality (persist
ence of higher cumulants but no pluri
modality) . 
(2)  Inflation of within-cell sums of 
squares, leading, as before, to a reduction 
in the sensitivity of tests. 

(b) Non-uniform consequences 

( 1 )  Those listed for the uniform case. 
(2 )  In the event that within-cell hetero
geneity arises from concomitant variation 
having nothing to do with irradiation, a 
spurious heterogeneity of cell variances 
may be observed, or a true heterogeneity 
of cell variances may be concealed. 

3 .  Within-cell heterogeneity with respect to 
both means and variances. 

Consequences 

Any or all of those listed above may 
prevail. 

It is thus dear that within-cell heterogeneity 
may lead to any or all of the following: 

1 .  Departures from normality. 
2. Inflation of the within-cell sums of squares 
with consequent reduction in the sensitivity of 
statistical tests. 
3 .  Detection of spurious statistical effect - or 
concealment of true ones, provided 

(a) the within-cell heterogeneity does not 
reflect an effect of irradiation itself, but 

a A discussion of the circumstances under which 
the combination of Gaussian distributions leads to 
plurimodality can be found in Harris and Smith 
( 1947 ) .  These authors consider the case of but two 
parent distributions. 
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86 Genetic Effects of Atomic Bombs Chapter VI 

rather the operation of some purely con
comitant factor or factors, and 
(b) the relative frequencies with which the 
several parent populations are represented 
in each cell are not uniform over all cells. 

Clearly, the possibility of within-cell hetero-
geneity has to be explored in all tests, and 
wherever important concomitant factors are dis
covered they must at least be shown to exert a 
uniform effect or else be incorporated into the 
analysis. To ignore a concomitant variable uni
formly distributed among the exposure groups 
assumes, of course, that the uniformly distrib
uted variable does not interact with a variable 
whi� �y be non-uniformly distributed, and 
the ��abon �f the . err�r sums . 

of squares is 
?egltgtble . . Thts . toptc wtll be dtscussed again 
m connectiOn wtth the analysis of birthweight 
and anthropometric data. 

The analysis of variance (or dispersion) is, 
as a general rule, computationally simple and 
interpretively straightforward when the num
ber of observations within a cell is the same for 
all cells, or when the number within the cell is 
proportional to the marginal totals. This situa
tion is often referred to as the orthogonal case 
of the analysis of variance. Not infrequently, 
th� numbers within a cell do not satisfy this 
stricture of proportionality. When this occurs, 
the addition theorem for sums of squares fails 
and the usual computational procedures for the 
analysis of variance do not yield valid tests of 
main effects or interactions. There exist, how
ever, a number of techniques which are appro
priate to this situation, among them being the 
method of expected subclass numbers (Snedecor 
and Cox, 193 5 ; see Snedecor, 1946) , the 
method of weighted means (Yates, 1934) , and 
the method of "fitting constants" ( inter alia 
Wilks, 1938) . In our analysis, we shall have 
frequent occasion to employ the method of fit
ting constants as described by Wilks, and logical 
extensions of this method appropriate to the 
multivariate analysis of dispersion. In the analy
sis of the anthropometric data we shall employ 
a procedure devised by Rao ( 195 5 )  which has 
the added advantage of permitting one to find 
the standard errors of differences in the esti
mated constants. While this technique allows 
for the fact that the cell numbers are dispro
portionate it does not create additivity among the 
tests of main effects or interactions. There is a 
valid test for any set of main effects which can 

be used irrespective of the presence of interac
tion but such tests would confound interaction 
if present. For a more complete discussion of 
the problem of unequal cell numbers the reader 
is referred to Kendall ( 1946) . 

In the normal procedure in the analysis of 
variance for the non-orthogonal case, one would 
begin by inquiring into the presence or ab
sence of interactions and, frequently, at the 
same time estimating main effects under the 
additive assumption. Main effects so estimated 
provide, as we have mentioned, only approxi
�ate tc:sts �f an interaction is present. If an 
mteract1on IS present and a more accurate test 
is desired, the main effects must be estimated 
anew from a model in which the interaction is 
now accounted for. Often, however, approxi
mate tests of the main effects may suffice if the 
primary concern is to establish heterogeneity 
?etween cel�s and not to inquire exhaustively 
mto the mam effects. We have, in Chapter V, 
frequently settled for approximate tests on the 
main effects because the presence of an inter
action no less than main effects differences 
reveals heterogeneity between exposure cells. 

6.8 The 11se of exposed persons as controls. 
- We have indicated that in the analysis of 
the data with respect to the various indices of 
radiation damage a variety of tests will be 
presented. Specifically, we have stated that 
analysis will be presented in which either ( 1 )  
concomitant variation is ignored, or ( 2 )  major 
sources of concomitant variation are accounted 
for. To this list we now shall add a third com
parison and indicate its purpose. 

It has been stated that each parent of a regis
tered infant has been placed into one of five 
exposure categories depending upon his or her 
position relative to ground :zero, to the amount 
of shielding between the parent and the ex
plosion, and to the array of symptoms experi
enced or not experienced following the bomb
ing. When both parents are considered, then a 
given registered infant can be assigned to one 
and only one of twenty-five exposure cells. 
Unfortunately, the numbers of terminations to 
parents one or both of whom were in exposure 
categories 4 or 5 are so small as to necessitate 
pooling of these exposure categories. Accord· 
ingly, in the analysis to follow, an infant will 
have been assigned to one and only one of 
sixteen exposure cells wherein the appropriate 
cell was determined by whether the mother was 
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in category 1, 2, 3, or 4-5, and similarly for 
the father. 

It will be recalled that exposure category 1 
includes those individuals who were not present 
in Hiroshima or Nagasaki at the time of the 
atomic bombings. In Chapter V we have ad
vanced reasons for doubting whether category 1 
parents afford an entirely valid comparison with 
those parents who experienced some measure of 
exposure to the bombs. If exposure 1 parents 
are not an "adequate control," then the only 
meaningful comparison which can be made to 
determine the effects of irradiation on our 
indices of genetic damage would be a compari
son involving only those infants where both 
parents were present in the city at the time of 
the detonation of the bomb. Moreover, even if 
one accepts the validity of the comparison 
utilizing category 1 parents, a real irradiation 
effect would also lead to differences among the 
terminations to 2, 3, and 4-5 parents. For these 
two reasons, in the analysis of the indicators 
there will be presented two analyses, one 
wherein the parents one or both of whom are 
in category 1 are excluded, and one where they 
are included. It should be pointed out at this 
juncture that the differences which we can de
tect by statistical procedures are largely a func
tion of sample number . .Accordingly, it may be 
that differences demonstrable in the 4 x 4 
comparison including category 1 parents will 

not be demonstrable in the 3 x 3 comparison 
excluding these parents solely because of the 
curtailment of sample size occasioned by the 
exclusion of the category 1 parents. The differ
ences among the remaining exposure cells 
brought about by exposure, while no longer 
significant, should, of course, persist even fol
lowing exclusion of the category 1 parents. 

6.9 Presentlllion of material. - It would be 
highly desirable in a problem of this nature to 
present in detail the tabulations on which the 
various analyses are based . However, these 
tabulations are extremely bulky, requiring, even 
for presentation in a somewhat condensed form, 
an estimated 1 ,000 pages. Moreover, because 
of differences in statistical approach, many in
vestigators might wish for tabulations other 
than those presented. Under the circumstances, 
it would seem that the matter of making avail
able the raw material of this study is best met 
by the following procedure : the investigator 
who desires to verify some of the calculations 
presented in the following chapters, or to ex
plore other lines of analysis, can apply to the 
Division of Biology and Medicine, U.S . .Atomic 
Energy Commission, or the Committee on 
.Atomic Casualties, National Research Council, 
for a duplicate set of the IBM cards on which 
this analysis is based . The investigator must be 
prepared to meet the costs of duplicating the 
cards and all shipping charges. 
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Chapter 1711 

A N A L Y S I S  O F  T H E  S E X  RAT I O  DATA 

THE characteristic for which the most data are 
available is the sex of the offspring. 

7.1 The trail. - Among the various charac
teristics of the infants examined in connection 
with this study, sex is undoubtedly that at
tribute in whose determination there is the 
smallest margin of error . Although the sexing 
of prematurely borne infants presents certain 
well-recognized problems (cf. Tietze, 1948) , 
by the twentieth week of gestation, the earliest 
at which pregnant women were permitted to 
register, there is seldom any room for doubt con
cerning the sex of a prematurely born infant.1 

7.2 The genetic argument for radiation-in
duced changes in the sex ratio. - Lethal muta
tions, i .e., mutations resulting in the death of 
the organism sometime prior to reproduction, 
are an important type of mutation arising in 
consequence of irradiation of experimental ani
mals. Induced lethal mutations may be dominant 
or recessive to their normal alleles. Such mutarits 
are of concern to us in this chapter only inso
far as they affect the sex ratio. The heteroga
metic nature of the human male results in (a) 
a differential distribution to his offspring of 
his sex chromosomes, and (b) a difference in 
the dominance relationships between the two 
sexes. Thus lethal mutations borne on the X
or Y -chromosomes afford ample opportunity 
for an alteration of the sex ratio. Accordingly, 
our discussion shall concern itself with this class 
of mutants, i.e., the X- and Y-borne lethals. 
Let us examine separately the possible effects on 
the sex ratio of maternal irradiation, paternal 
irradiation, and conjoint parental exposure. 

t Because of unavoidable uncertainties in determin
ing the duration of gestation, a few women may have 
registered prior to the twentieth week of gestation. 
However, the contribution of infants of less than 
twenty weeks of gestation in age to the sex ratio may 
be regarded as negligible. Sex ratio is here defined as 
the proportion of male births among all births. 

88 

Maternal irradiation would be tantamount to 
the irradiation of X-chromosomes alone. Since 
there is no differential distribution of the ma
ternally derived X-chromosomes among the off
spring, induced sex-linked dominant lethals 
would be expected to result in comparable re
ductions in the frequency of male and female 
births. The same would hold true for all par
tially sex-linked lethals if such exist. Induced 
sex-linked recessive lethals would find expres
sion only in the hemizygous male or the homo
zygous female. The much more frequent occur
rence of the former would lead to a greater 
diminution in male than in female births with 
a subsequent decrease in the sex ratio. Partially 
sex-linked lethal genes would result in distor
tion of the sex ratio within specific families, but 
at the population level, the sexes would be 
equally affected. Thus the net effect of maternal 
irradiation insofar as it affects the sex ratio 
would appear to be a reduction in the frequency 
of male births. 

In the event of paternal exposure, the situa
tion would be appreciably altered. Induced sex
linked lethal mutants, be they recessive or domi
nant, would be distributed only to the female. 
Thus sex-linked lethals arising in the differential 
segment of the paternal X-chromosome would 
lead to a reduction in the frequency of female 
births, or an augmentation of the sex ratio. 
Similarly, Y-borne lethals would be distributed 
only to sons of irradiated fathers ; however, the 
evidence for the existence of any Y-borne genes 
in man is of the poorest order. The net effect 
of paternal exposure, all types of lethal mutants 
considered, would be a reduction in the fre
quency of female births. 

If both parents were exposed, the net effect 
on the sex ratio would presumably be the sum 
of the parental effects considered separately. 
Since the effect on the sex ratio is different and 
in opposite directions for the two parents, it 
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would appear that if both parents were exposed 
there would be either no appreciable effect on 
the sex ratio, or if an effect existed it would be 
at the expense of the males. The latter is con
ceivable because sex-linked recessive lethals are 
more frequent in occurrence than sex-linked 
dominant lethals. 

So far as irradiation effects are concerned, the 
sex ratio is unique among the indicators of 
genetic damage. Its uniqueness arises from the 
fact that, as has been indicated, maternal ex
posure would be expected to produce an effect 
different from paternal exposure. 

7.3 Concomitant variation injlllencing the 
indicator. - Before we turn to a consideration 
of the data regarding the effect of parental ex
posure on the sex ratio, a brief consideration of 
the sex ratio as a variable is indicated. While it 
is true that in some respects the sex ratio may 
be the most specific of the indicators of genetic 
damage herein studied, in other respects it is 
a less satisfactory variable. A variety of factors 
have been alleged to influence the outcome, with 
regard to sex, of a pregnancy. Among these 
factors are maternal age (Lowe and McKeown, 
19:50) , paternal age (Novitski, 19:53) ,  birth 
order (Ciocco, 1938) , race (Strandskov, 194:5 ) ,  
urban versus rural origin of the parents (Ciocco, 
1938) , and social strata (Bernstein, 1948) . In 
the main, the effects of these variables are small. 
For example, Ciocco ( 1938) has shown that the 
difference in the sex ratio between .first and 
.fifth or higher born children is the difference 
between 0.:5 1 :5 3  and 0.:5 124. The relationship 
in these data between maternal age and parity, 
on the one hand, and sex ratio, on the other 
hand, is illustrated in Figures 7 . 1  and 7.2.  The 
fact that these concomitants exert such small 
effects and the difficulty in classifying some of 
them, has led us not to attempt any adjustment 
for maternal age, paternal age, birth order, 
social strata, or origin of the parents in the 
Japanese data. 

7.4 The data. - In Table 7 . 1  are given the 
frequencies of male births by parental exposure 
and cities. Inspection of this table reveals no 
striking differences in the sex ratio among the 
classes of parental exposure. The analysis of 
these data is given in Tables 7.2a and 7.2b. 
Analysis fails to reveal a significant effect of 
cities, mother's exposure, or father's exposure, 
and there exists no evidence from the interac
tions of significant heterogeneity among these 
data. 

As we have previously indicated, the sex 
ratio is the one indicator of irradiation damage 
wherein genetic theory �pecifies, with the great
est precision, the direction of change anticipated 
if irradiation exerts an effect on the sex ratio. 
Accordingly, we may ask what these data would 
show under a more restrictive set of alternatives 
to the null hypothesis, that is to say, under a 
one-tailed significance test. This alternative 
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FIGURB 7.1 - The distribution of the frequency 
of male births by age of mother at the birth of the 
infant with parity ignored. 
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FIGURB 7.2 - The distribution of the frequency of 
male births by parity with maternal age ignored. 

analysis could proceed as follows : it may be 
argued that ( 1 )  the genetic effect of irradiation 
mediated through exposed mothers would be 
greater than that mediated through exposed 
fathers and hence the status of the father's 
exposure may be disregarded without undue 
loss of information. It may be further argued 
that (2)  the absence of evidence for hetero
geneity between cities permits pooling the ob
servations from the two cities. Finally, (3)  we 
have advanced reasons for believing that parents 
who were unexposed may not be in pari materia 
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TABLE 7.1 THE FREQUENCY OF MALE BlllTHS BY PARENTAL EXPOSURE 
AND CITy 

(Unrelated parents ) 

Hiroshima 

Fathers 

2 � 4-5 Total 

1 {� 17,294 1 ,500 596 �95 19,785 
9,005 772 � 1 3  209 10,299 
.5207 .5 147 .5252 .5291 .5205 

2{� 5,�68 1 ,850 �85 244 7,847 
2,8�2 941 197 122 4,092 
.5276 .5086 .5 1 17 .5000 .52 1 5  

rl 
�{� 2,185 424 521  1 57 �.287 

.. 1 , 1 14 220 268 80 1 ,682 -5 0 .5098 .5189 . 5 144 .5096 .5 1 17  � 
4-5{� 1 , 1 17  202 1 10 1 17 1 ,546 

571 109 54 56 790 
.5 1 12 .5396 .4909 .4786 . 5 1 10  

Total{� 25,964 �.976 1,612 913 �2,465 
13,522 2,042 8�2 467 16,86� 

.5208 . 5 1�6 .5161  . 5 1 1 5  .5194 

Nagasaki 

Fathers 

1 2 � 4-5 Total 

1{� 14,610 2, 170 24� 1 39 17,162 
7,608 1 , 120 129 75 8,9�2 
.5207 .5161  .5309 .5�96 .5205 

2{� 9,�16  4,144 273 178 13,91 1 
4,849 2, 1 1 2  140 10� 7,204 
.5205 .5097 .5128 .5787 .5 179 

rl 
�{� 747 279 94 �5 1 , 155  

� �60 1 34 5 1  14  559 

� .4819 .480� .5426 .4000 .4840 

4-5{� 559 1 16 �5 28 7�8 
279 56 18 1 5  �68 

.4991 .4828 .514� .5357 .4986 

Total{� 25,2�2 6,709 645 �80 �2.966 
1 3,096 �.422 ��8 207 17,06� 

.5 190 .5101 .5240 .5447 .5 176 

Chapter VII 
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with parents who were exposed, and therefore 
terminations occurring to mothers who were un
exposed should be rejected. If now we proceed 
on these three assumptions we may test whether 
the sex ratio is lower among the offspring of 
all mothers in exposure classes 3, 4, and 5 than 
it is among the offspring of all mothers in ex
posure class 2. The pooling of exposure class 3 
with 4 and 5 serves to increase the number of 
observations which may be brought to bear on 
the question of a maternal exposure effect, and 
may be interpreted as a conservative step since 

TABLE 7.2 CJU·SQUAIUI ANALYSIS OF THB 
FRBQUBNCY OF MAl.B BIRTHS BY CITY AND 
PAJtBNTAL ExPOSURB (Unrelated parents ) 

a. All exposure cells ( 4 X 4)  

Source OF x 1 P 
Total · · · · · · · · · · · · · · · · ·  31  20. 1 18 .90-.95 

Interactions, first order 
CF . . . . . . . . . . . . . . . . .  3 1 .498 .5o-.70 
CM . . . . . . . . . . . . . . . .  3 2.582 .3o-.5o 
MF . . . . . . . . . . . . . . . . .  9 3.606 .9o-.95 

Main effects 
City (C) . . . . . . . . . . . .  1 0.2 19 .5o-.70 
Mother (M) . . . . . . . . . 3 5 .327 . 1o-.20 
Father (F)  . . . . . . . . . .  3 2 .630 .3o-.5o 

b. Excluding parents with exposure 1 ( 3  X 3 ) 

Total . . . . . . .  · · · · · · · · · ·  17  8.485 .95-.98 

Interactions, first order 
CF . . . . . . . . . . . . . . . . .  2 1 .940 .3o-.5o 
CM . . . . . . . . . . . . . . . . 2 1 .099 .5o-.70 
MF . . . . . . . . . . . . . . . . . 4 1 .675 .1o-.8o 

Main effects 
City (C) . . . . . . . . . . . .  1 0.002 .95-.98 
Mother (M) . . . . . . . . . 2 0.082 .95-.98 
Father (F)  . . . . . . . . . . 2 0.127 .9o-.95 

it lowers the mean dose in the "heavily" exposed 
group. The results of such a comparison are 
presented in Table 7.3 (Comparison 1 )  from 
which we note a x1 = 3.925 which on a one: 
tailed test of significance corresponds to a prob
ability level of 0.02. There may, then, be an 
effect of maternal exposure on the sex ratio. 
We could now ask whether there exists ancillary 
evidence which may shed light on the reality 
of this observed difference. 

Let us consider first what may be termed the 
"internal" evidence, that is to say, evidence 
which can be obtained from further analysis of 
the data given in Table 7.1 .  To this end four 
other comparisons are given in Table 7.3. These 
comparisons are as follows (the numbers coree-

spond to the numbers given in Table 7.3) : a 
comparison of the sex ratio among terminations 
occurring to ( 2)  mothers in class 2 with 
mothers in classes 3, 4, and 5 b111 eliminating 
all those observations where the father was un
exposed, (3)  mothers in class 2 whose spouses 
were unexposed with mothers in classes 3, 4, 
and 5 whose spouses were also unexposed, ( 4) 
mothers in class 2 whose spouses were unex
posed with mothers in class 2 whose spouses 
were exposed, and lastly ( 5 )  mothers in class 
2 with mothers in classes 3, 4, and 5 b111 elimi
nating the single cell where mothers were in 
class 2 and had unexposed spouses, i.e. the 
M1F1 cell. The arguments underlying these 
comparisons and the results obtained are as 
follows : 

Comparison 2 :  The exclusion of mothers in 
class 1 is based on the assumption that this 
group is not comparable to groups 2 to 5 with 
regard to a number of concomitants, including 
age of mother, parity, and origin. From Tables 
5 .3  and 5.6 it should be noted that exclusion 
of mothers in class 1 alone leaves a series of 
cells, namely, mothers 2, 3, 4, and 5 and 
fathers 1, in which the mothers are clearly 
younger and have had fewer pregnancies, on 
the average, than is true of the mothers in the 
remaining exposure cells. While the effect of 
parity and maternal age on the sex ratio is cer
tainly not striking, what effect there is suggests 
that younger mothers have a higher proportion 
of male births, and that first parities more fre
quently terminate in male infants (Ciocco, 
1938) . In this connection, it is interesting to 
note that in both cities one of the highest sex 
ratios among the numerically large cells occurs 
in that cell where the mothers are the youngest 
and have had the fewest pregnancies (the 
mothers 2-fathers 1 cell) .  It would be informa
tive, then, to know whether a significant differ
ence would obtain if the differences in maternal 
age and parity were further reduced by elimi
nating those cells in which the fathers were 
unexposed. Comparison 2 in Table 7.3 affords 
information on this point. We find not only no 
significant difference when unexposed fathers 
are rejected but also that the absolute value of 
the difference is smaller than that obtained when 
unexposed fathers were included in the compari
son. The direction of the difference is, however, 
still consistent with the genetic argument. It 
may, of course, be argued that the lack of a 
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92 Genetic Effecti of Atomic Bambi Chapter VII 

significant effect in this comparison is not unex
pected because of the depletion of the sample, 
and the fact that the absolute difference is 
smaller could merely reflect an effect of fathers. 

Compariion 3 :  The comparison which would 
maximize an effect due to mother's exposure if 

TABLE 7.3 SELECTED COM PARISONS REGAlli>ING THE 
EFFECT OF IRRADIAnON ON SEX·RAno 

(See 1ex1 for au11mp1ions 11nderlying 1he se/e(lion of 
romparisons. ) 

( 1 )  Comparison: M. with M.-e (summing over cities 
and fathers) 

Sex of infant Number of 
,------A----, males per 

c! � Total 100 females 

r 

1 1 ,296 10,462 2 1,7:$8 107.99 

·:! � (0.:$ 192) 
,S � M,._,, 3,399 3,327 6,726 102. 18 

� �  (0.:$0:$4) 
Total 14,69:$ 1 3,789 28,484 

x21 = 3.92:$ • 

( 2 )  Comparison: M. with Ma-e (summing over cities 
and fathers but eliminating fathers 1 ) 

Sex of infant Number of 
,------A----, males per 

c! � Total 100 females 
3,61:$  3,4:$9 7,074 104.:$0 

(M1 10) 
1,on 1 ,043 2, 1 1 8  103.09 

(0.:$076) 
4,690 4,,02 9,192 

x21 = o.786 

( 3 )  Comparison : M.P. with Ma...F. (summing over 
cities) 

Sex of infant Number of 
,------A----, males per 

c! � Total 100 females 

r· 

7,68 1 7,003 14,684 109.69 

'3 �  (0.:$23 1 )  � 1 Ma...F. 2,324 2,284 4,608 101 .73 

p. "  (0.:$043)  
Total 10,00:$ 9,287 19,292 

(4)  Comparison: M.P. with M.P .... (summing over 
cities) 

Sex of infant Number of 
males per 

c! � Total 100 females 

r· 

7,68 1 7,003 14,684 109.69 

'3 �  (M231 )  � & M.P .... 3,61:$  3,4:$9 7,074 104.:$0 

p. "  (0-5 1 10) 
Total 1 1 ,296 10,462 2 1,7:$8 

x\ = 2.782 

TABLE 7.3-Conlimmi 

( :$ ) Comparison: M. with M.-e (summing over cities, 
fathers, but excluding fathers 1, mothers 2 cell ) 

Sex of infant Number of 
,..---A----, males per 

c! � Total 100 females 
3,6 1 :$  3,4:$9 7,074 104.,0 

(M1 10) 
3.399 3,327 6,726 102.18 

(0.:$0:$4) 
7,0 14 6,786 13 ,800 

x21 = o.444 

the effect of father's exposure was not negligible 
would be a comparison of the sex ratio among 
the children of mothers in class 2 whose hus
bands were unexposed with the ratio among the 
children of mothers in classes 3 to 5 whose 
husbands were also unexposed. Moreover, from 
Tables 5 .3 and 5 .6 we note that these cells are 
not too dissimilar with regard to mean maternal 
age and parity. This comparison results in a 
x2 = 4.937, which is clearly signiti.icant. The 
occurrence of a more striking difference here 
than in comparison 1 could be interpreted as 
indicating that the effect of father's exposure 
is not negligible. 

Compariion 4 :  If the effect of father's ex
posure is not negligible, as the preceding com
parison might suggest, we could appraise this 
effect by holding mother's exposure constant 
(class 2)  and then contrasting the offspring of 
unexposed fathers with those of exposed fathers. 
This should give rise, on genetic theory, to a 
higher sex ratio among the children of exposed 
fathers than among unexposed fathers. From 
comparison 4, however, we note that the direc
tion of change is opposite to hypothesis, but 
this difference is not significant. The compari
son does, however, raise questions as to the 
validity of using as a "control" the mothers 
2-fathers 1 data. The latter is further borne out 
by a comparison of M1F 1 with M1F 1 wherein 
we would expect no differences, whereas we 
find a striking though not significantly increased 
sex ratio in the M1F1 cell (x2 = 3.221 ) .  

Compariion 5 :  Comparison 4 leads one to 
conclude that it would be informative to con
trast the sex ratio when mothers are in class 2 
with mothers in classes 3 to 5 but eliminating 
the single cell in which the mothers were 2 and 
the fathers were unexposed. When this is done, 
a non-significant difference results. This further 
suggests the critical role played by the rejected 
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Analysis of the Sex Ratio Data 93 

cell in the tests of significance. At this point it 
seems appropriate to introduce evidence on the 
sex ratio available from the Japanese vital sta
tistics which further imply the occurrence of 
an inexplicable in1lation of the sex ratio in the 
mothers 2-fathers 1 cell. In Table 7.4 are given 
the national average sex ratio and the average 
sex ratio for Hiroshima and Nagasaki for the 
period 1935-1952.  In terms of numbers of 
males per 100 females we note that at no time 
during the period 1935-1952 do the combined 
city averages or the national average equal, 
much less exceed, the 109.7 found in the M2F1 
cell .1 The sex ratio obtaining in Kure during 
the years 1948-1950 was 0.5 133  or 105 .4 males 
per 1 00 females, a figure also lower than that 
observed in the M2F 1 cell. It should be noted, 
however, that the data from "heavily" exposed 
mothers deviate from the national average as 
well as the city averages in the manner antici
pated by genetic theory. 

Let us tum now to the "external" evidence 
bearing on the difference we have been dis
cussing, namely, the evidence afforded by com
parisons other than those arising from Table 
7 . 1 .  Several sources of evidence are pertinent 
here, namely, the stillbirth data, the early termi
nation data, and the sex ratio among births 
occurring prior to the period covered by the 
Genetics Program. 

If the depression of the sex ratio observed 
among terminations to "heavily" exposed 
mothers is due to induced sex-linked lethal 
genes, then we might logically expect to find 
evidence of increased male mortality among 
stillborn infants or among pregnancies termi
nating before 2 1  weeks of gestation. In this 
connection, it is interesting to note that the sex
mother interaction in Table 9.5  (the stillbirth 
data) reveals no evidence of heterogeneity 
among the sexes with regard to mother's ex
posure. We have previously stated (Sec. 2 .8)  
that an attempt was made to  obtain data on 
pregnancies terminating before 21  weeks of 
gestation. We have further stated that because 
these data are deficient in a number of respects 

z It should be noted that the data in Table 7.4 rep· 
resent only liveborn infants. Since the data presented 
in Table 7.1 are for all births, and since there is a 
relative excess of males among stillbirths, the sex 
ratios given in Table 7.4 are not strictly comparable 
with those in Table 7.1, being biased in a downward 
direction. It seems unlikely that allowance for this 
bias would bring the M2F1 cell findings in line. 

they will not be presented in this report. How
ever, for what it is worth, a preliminary analy
sis of these data failed to reveal evidence that 
"heavily" exposed mothers more frequently 
abort or miscarry male infants than do unex
posed or "lightly" exposed mothers. If, then, 
one accepts the observed "exposure effect" as 
real, it is necessary to postulate that the induced 
sex-linked lethals are either gametic lethals or 
act so early in embryogenesis that the affected 
feti are resorbed or ejected at a time when the 
sex of the abortus cannot be readily determined. 

Finally, when in a preliminary analysis of 
the data in 1953 it seemed likely that a signifi
cant relationship between maternal exposure 
and the sex ratio might exist, an effort was made 
to collect and scrutinize other data which would 
bear on this relationship. To this end, data were 
gleaned from the records of the Genetics Pro
gram as well as other .ABCC records pertinent 
to the sex ratio among births occurring in Hiro
shima and Nagasaki following the atomic bomb
ings but prior to the inception of the Genetics 
Program. 

The data to be presented in this section were 
collected from the histories of reproductive per
formance prior to approximately June, 1948 
obtained on :  

1 .  Those women who had been delivered of a 
registered or unregistered infant in the years 
1948-1952 and known to .ABCC through 
the Genetics Program. This information was 
available on only those parents who had pro
duced a child on whom a "Genetics Long Form" 
was available (see Sec. 2.2 ) . 
2 . All adults seen by the Commission under 
Project ME-55 (a random sample of adults 
exposed at distances of less than 2,000 meters 
and their controls) . 
3 . Those women who had reported a spon
taneous abortion and were seen under the study 
of early terminations mentioned in Section 2.8. 

These three sources of data were cross-refer
enced to prevent duplication. In all, informa
tion was obtained on 8,824 pregnancies termi
nating between April, 1946 and approximately 
June, 1948. The former date was selected to 
avoid inclusion of pregnancies wherein the 
fetus might have been exposed in utero, and 
the latter date was so chosen as to prevent over
lapping of these data with the Genetics Pro
gram. The sex of these infants is given in Table 
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Year 
1935 . . . . . . . . . . . . .  . 
1936 . . . . . . . . . . . . .  . 
1937 . . . . . . . . . . . . .  . 
1938 . . . . . . . . . . . . .  . 
1939 . . . . . . . . . . . . .  . 
1940 . . . . . . . . . . . .  . 
1941 . . . . . . . . . . . . .  . 
1942 . . . . . . . . . . . . .  . 
1943 . . . . . . . . . . . . .  . 
1944 . . . . . . . . . . . . .  . 
1945 . . . . . . . . . . . . .  . 
1946 . . . . . . . . . . . . .  . 
1947 . . . . . . . . . . . . .  . 
1948 . . . . . . . . . . . . .  . 
1949 . . . . . . . . . . . . .  . 
1950 . . . . . . . . . . . . .  . 
1951 . . . . . . . . . . . . .  . 
1952 . . . . . . . . . . . . .  . 

TABLE 7.4 NATIONAL STATISTICS OF livEBIRTHS, 193�1952 

All Japan Hiroshima City Nagasaki City Hiroshima and Nagasaki combined 

Total births Males Sex·ratio Total births Males Sex-ratio Total births Males Sex-ratio Total births Males Sex-ratio 
2,190,704 1 ,122,867 105.2 7,261 3,724 105.3 5,503 2,869 108.9 12,764 6,593 106.8 
2,101,969 1,076,197 104.9 6,831  3,502 105.2 5,499 2,790 103.0 12,330 6,292 104.2 
2, 180,734 1 , 1 16, 1 54 104.8 7,066 3,681 108.7 5,82 1 2,989 105.5 12,887 6,670 107.3 
1 ,928,321 990,888 105.7 6,077 3,128 106.1  5,67 1 2,880 103.2 1 1,748 6,008 104.7 
1,901,573 973,744 104.9 6,292 3,225 105.1 6,5 1 5  3,381 107.9 12,807 6,606 106.5 
2, 1 1 5,867 1,084,282 105.1 7,466 3,823 104.9 6,871 3,506 104.2 14,337 7,329 104.6 
2,277,283 1 , 165,437 104.8 9,039 4,666 106.7 8,262 4,2 1 3  104.0 17,301 8,879 105.4 
2,233,660 1,145,068 105.2 8,720 4,548 109.0 7,775 3,955 103.5 1 6,495 8,503 106.4 
2,267,292 1, 163,000 105.3 9, 1 1 1  4,6 18 102.8 7,735 3,930 103.3 16,846 8,548 103.0 
2, 171 ,62 1 1 , 1 12,778 105.1 
1 ,677,620" 
1,922,383 
2,678,792 
2,68 1,624 
2,696,638 
2,337,507 
2,1 37,689 
2,002,254 

993,5 1 5  
1,376,986 
1,378,564 
1,380,008 
1,203, 1 1 1  
1,094,641 
1 ,026,6 1 1  

107.0 
105.8 
105.8 
104.8 
106.0 
104.9 
105.2 

6,696 

7,941 
7,032 
6,409 
5,974 

3,548 

4,154 
3,620 
3,349 
3,073 

1 12.7 

109.7 
106.1 
109.4 
105.9 

4,841 

9,137 
8,088 
7,856 
7,551  

2,461 

4,716 
4,227 
4,095 
3,859 

103.4 

106.7 
109.5 
108.9 
104.5 

1 1 ,537 

17,078 
15 ,120 
14,265 
1 3,525 

6,009 

8,870 
7,847 
7,444 
6,932 

108.7 

108.1 
107.9 
109.1  
105.1 

Total . . . . . . . . . . . 37,825,9 1 1  19,403,85 1  105.3 101,915  52,659 106.9 97, 125  49,871 105.5 199,040 102,530 106.2 

• Not included in total. 

'£. 

� 
� ::: · 
� a 
� 
:l.. � ::: · 
� 
� 
� 

1 
< 
-
-
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7.5 where the terminations are distributed by 
city and parental exposure. 

The exposure categories given in Table 7.5 
are different from those presented elsewhere in 
this report, being the categories in use during 
the preliminary analysis. No attempt has been 
been made to take into account shielding due to 
slight differences in the way in which the three 
different segments of the data were collected. 
The radiation categories are here defined as 
follows: 

(A) Not exposed, i.e., not present in the city 
at the time of bombing. 
(B) Exposed, no symptoms, over 2,545 meters 
from the hypocenter. 

of city, but no effect of maternal or paternal 
exposure. 

The actual worth of these data is conjectural. 
All of the information is anamnestic, and the 
misreporting of the sex of an infant, particularly 
those who were stillborn or who died at an 
early age, is a very real possibility. 

The preceding paragraphs serve to point up 
two items of general interest. Firstly, they indi
cate the interpretive difficulties which arise when 
one begins to select specific cells or groups of 
cells on which to base comparisons. Secondly, 
they serve to indicate that while an elegant ge
netic argument can be advanced for expecting 
changes in the sex ratio consequent to parental 

TABLE 7.5 THE FllEQUENCY oF MALE BIRTHs AMoNG INFANTS BoRN APTER APRIL, 1946 BUT PluoR To 
]UNE, 1948, BY PARENTAL EXPOSURE 

Fathers 

Hiroshima Nagasaki 
Mothers 

r--A----. A B, C D, E Total A B, C D, E Total 

A{; 2,380 214 81  2,675 2,002 292 53 2,347 
1,239 1 12 41  1 ,392 1 ,037 142 29 1 ,208 
.5206 .5234 .5062 .5204 .5 180 .4863 .5472 .5 147 

B, c{; 738 403 69 1,210 1 ,072 682 87 1,841 
377 221 30 628 531  363 42 936 

. 5 108 .5484 .4348 .5190 .4953 .5323 .4828 .5084 

D, E{; 345 73 127 545 125  33 48 206 
201 37 58 296 75 22 22 1 19 

.5826 .5068 .4567 .5431 .6000 .6667 .4583 .5777 

Total{; 3,463 690 277 4,430 3,199 1,007 188 4,394 
1,817 370 129 2,316 1,643 527 93 2,263 
.5247 .5362 .4657 .5228 . 5136 .5233 .4947 . 5 150 

(C) Exposed, no symptoms, 1 ,845-2,544 me
ters from the hypocenter. 
(D) Exposed, no symptoms, 1,844 or less me
ters from the hypocenter. 

TABLE 7.6 CHI-SQUARE ANALYSIS OF THE FRE· 
QUBNCY OF MALE BIRTHS AMONG INFANTS BoRN 

APTER APRIL, 1946 BUT PIUOR TO }UNE, 1948 

(E) Exposed, symptomatic, i .e., reporting epi
lation andjor petechiae andjor gingivitis. 

It should be noted that the average exposure in 
categories A, B, and E will be essentially un
changed from those in categories 1, 2, and 5 .  
But the average exposure in  categories C and D 
will be less than those in 3 and 4. 

Inspection of these data, to the extent that 
trends are apparent, reveals exposure differences 
which are diametrically opposed to those seen 
in Table 7 . 1 .  The changes observed with re

spect to both maternal and paternal exposure are 
contrary to those predicted by the genetic hy
pothesis. The analysis of these data (see Table 
7.6) reveals no significant interactions, an effect 

Source DF x 1 P 

Total . . . . . . . . . .  0 .  

Interactions, first 
order 

CM . . . . . . . . . . . .  
CF • • • • • •  0 • • • • •  

MF . . . . . . . . . . . . 

Main effects 
Cities 0 • • • • • • • • •  

Mothers 
Hiroshima . . . .  
Nagasaki . . . . . 

Sum . . . . . . . 
Fathers 

Hiroshima 
Nagasaki 

0 .  0 0 

. . . . .  

Sum . . . . . . . 

17 228.999 <.001 

2 1 .034 .5o-.7o 
2 0.700 .7o-.8o 
4 8.848 .05-.10 

1 5 .347 .02-.05 

2 1 .035 .5o-.70 
2 3.559 .1o-.2o 

4 4.594 .3Q-.50 

2 4.168 .1o-.20 
2 0.616 .7o-.8o 

4 4.784 .3o-.5o 
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exposure, the sex ratio, as a variable, leaves 
much to be desired. A voluminous literature 
purports to show any number of factors which 
can alter the sex ratio ; adequate explanation for 
the peculiar variations which occur in the sex 
ratio due to those factors have not been 
advanced. 

In view of the unsatisfactory state in which 
we find ourselves with regard to the effect of 
parental irradiation on the sex ratio, data con
tinue to be collected in Japan which are perti
nent to this problem. The present findings fail 
to confirm unequivocally the apparently signifi
cant effect of exposure on sex ratio reported in 
a preliminary note (Neel et al., 195 3 ) ,  although 
the direction of the observed effect remains the 
same. Among possible reasons for the disparity 
the following should be considered : ( 1 )  the 
different ( improved) classification of parental 
exposure employed in the present analysis, (2 )  
the superior statistical techniques which have 
become available since that preliminary report, 
and ( 3 )  the accumulation of additional data. 

It is worth noting that the direction of devia
tion among the cells is generally consistent with 
that to be expected from genetic theory, namely, 
a reduction in the sex ratio with increasing ma
ternal exposure, and an augmentation of the 
sex ratio with increasing paternal exposure. 

7.5 Summary. - No significant association 
between sex ratio and parental exposure is 
demonstrable in either the comparison involving 
non-exposed parents or in the comparison 
among differing classes of parental exposure. 
The direction of deviation is, in general, con
sistent with the genetic hypothesis. 

Not� added in proof.-Since the previous por
tion of this chapter was written it has been pos
sible to bring certain additional evidence to bear 
on the question of an altered sex ratio. Briefly, 
the source of this evidence is as follows : When 
in 1953 it was decided that the Genetics Program 
should be terminated for the reasons advanced in 
Section 2 . 1 1 , there existed some question as to 
whether or not the sex ratio had been signifi
cantly altered among the pregnancies occurring 
to exposed parents . It seemed desirable that addi
tional observations be made with regard to the 
sex of infants being born to exposed and non
exposed parents in Hiroshima and Nagasaki. 
Through the cooperation of the municipal au
thorities, during 1954 and 1955 access was ob
tained to the birth records on both live and 

stillborn infants. From these records the requi
site information to identify the infant as well as 
his or her parents was copied along with the 
weight of the child, the sex, and place in sib
ship. Parental exposure was secured from ( 1 )  
the master file on exposed individuals main
tained by the ABCC, or ( 2) a home visit if one 
or both parents were not listed in the master 
file. In the years 1954 and 1955 there were 
22,710  births concerning which, during 1954, 
1 955 ,  and the early part of 1956, it was possi
ble to obtain the information listed above. 
These data, which are presented in Table 7.7, 
were analyzed during the summer of 1956. 
The series is continuous with that previously 
reported ; no infant is recorded in both sets of 
data. 

In Table 7.8 are presented the results of an 
analysis of the combined data, that is, of the 
data available for 1948-1955 . From the latter 
table we note that when all exposure cells are 
considered there is no evidence of heterogeneity 
between the two sets of data nor evidence for a 
parental exposure effect. When those infants 
one or both of whose parents were unexposed 
are excluded, a somewhat different situation ob
tains. We note a significant difference in the 
sex ratio between the two sets of data with 
male births being somewhat more common in 
1954-1955 . Since none of the interactions in
volving time is significant, there is no evidence 
that this increase is at the expense of a par
ticular city or parental exposure. The "sum" 
test is, therefore, a valid measure of the effect 
of parental exposure on the sex ratio. Neither 
father's nor mother's exposure can be shown to 
exert a significant effect. 

It is particularly interesting to examine the 
combined data under those assumptions given 
in Section 7 .4, Comparisons 1 and 3, which gave 
rise to a significant effect of mother's exposure 
on the sex ratio. If in the combined data father's 
exposure is ignored, mother's exposure classes 
3, 4, and 5 are pooled, and those infants whose 
mothers are in exposure class 1 are rejected, no 
significant effect of mother's exposure can be 
demonstrated (x2 = 1 .634, DF = 1 ,  and the 
probability on a one-tailed test is greater than 
0. 10) . This is, of course, at variance with the 
findings for the 1948-1953 data given in Sec
tion 7 .4 . Stated in terms of regression analysis, 
if sex ratio is regressed on "mean" maternal 
exposure using as the estimated doses 8, 60, 
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TABLE 7.7 THB FllEQUBNcY OF MALE BIR.THS BY PARENTAL EXPOSUilE 
AND CrrY 19�4-19�� :  UNR.ELATBD PARBNTS 

Hiroshima 

Fathers 

2 3 4-� Total 

�{: 6,200 744 2n uo 7,369 
3,2�4 386 U6 78 3,874 
.�248 .�188 .�673 .�200 .�257 

2 {: 1,790 435 120 94 2,439 
933 242 61 54 1,290 

.52 12  .5563 .5083 .5745 .�289 

s 3 {� 657 12 1  77  50  905 
-5 358 65 40 29 492 
0 .�449 .5372 .5195 .5800 .5436 :a ,p 

4-5 {� 
374 60 34 23 491 
188 35  1 2  14  249 

.5027 .�833 .3529 .6087 .5071 

Total�� 9,02 1 1 ,360 506 317  1 1,204 
4,733 728 269 175 5,905 

,p .5247 .5353 .5316 .5521 .5270 

Nagasaki 

Fathers 

2 3 4-� Total 

1 f� 5,440 754 1 12 69 6,375 
2,81 3 388 55  35  3,291  lp . 5171  .5 146 .491 1 .5072 .5 162 

2H 3,1 36 1,039 100 80 4,355 
1 ,579 �64 68 47 2,258 
.5035 .5428 .6800 .5875 .5185 

r.l 
3 {� 369 91 30 16 506 

" 204 46 1 3  6 269 ..c � .�528 .�05� .4333 .3750 .�316 

l ._, i: 218 29 1 3  1 0  270 
123  1 3  8 4 148 

.�642 .4483 .61 54 .4000 .5481 

Total� 9,163 1,91 3  2 55  175 1 1,�06 
4,719 1 ,0 1 1  144 92 5,966 
.5 150 .5285 .�647 .5257 .5185 
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98 Genetic Effects of Atomic Bombs Chapter VII 

and 200 reps for exposure categories 2, 3, and 
4-5 respectively, one obtains a regression co
efficient equal to - 0.55 %/100 reps for the 
combined data and - 0.81 %/100 reps for the 
1948--1953 data alone. The former is not sig
nificantly different from zero even on a one
tailed test whereas the latter is significant at the 
5 per cent level if a one-tailed test is used. The 
net effect of the 1954-1955 data is, then, to 
render more questionable the occurrence of a 
significant effect of parental exposure on the sex 
ratio in the Hiroshima-Nagasaki data. 

TABLE 7.8 CHJ-SQUAllB ANALYSIS OP THB FRII
QUBNCY OP MAI.B BIRTHS DURING THB YBAllS 

1948-1955 BY TIMB OP BIRTH , CITY, AND PA
RIINTAL ExPOSURB : UNRBLATBD PARBNTS. 
Two INTERVALS OP TIMB AllB RBCOGNIZED, 

NAMBLY, 1948-19H AND 1954-1955 .  

All exposure cells 

Source DF 'It P 

Total . . . . . . . . . . . . . . . . . . 6� 60.900 >.50 

Interactions, First Order 
TC • • • • • •  0 • • • • • •  0 • • • •  1 0.760 .�Q-.50 
TM . . . . . . . . . . . . . . . . . � 4.758 . lQ-.20 
TF . . . . . . . . . . . . . . . . . . � 4.845 . 1Q-.20 
CM . . . . . . . . . . . . . . . . .  � 1 .453 .5Q-.70 
CF . . . .  · · · · · · · · · · · · · ·  � 1 .589 .5D-.70 
MF · · · · · · · · · · · · · · · · · 9 3 .310  .95-.98 

Main Effects 
Time (T) . . . . . . . . . . . .  1 1 .203 .2o-.�o 
City (C) . . . . . . . . . . . . .  1 1 .109 .2Q-.30 
Mother (M) . . . . . . . . . .  3 2.291 .5Q-.70 
Father (F) . . . . . . . . . . . 3 1 .431 .5Q-.70 

TABLE 1 .8-ConlintmJ 

Excluding Parents with Exposure 

Source 
Total • • • • • • • •  0 • • • •  0 • • • •  

Interactions, First Order 
TC 
TM 
TF 
CM 
CF 
MF 

. . . . . . . . . . . . . . . . . .  
• • • • • • • • • • •  0 • • • • •  

• •  0 • • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  

• • • • • •  0 • • • • • • • • • •  

Main Effects 
Time (T) . . . . . . .  · · · · · 

City (C) 
1948-1953 
1954-1955 . . . 

Sum . . . . . . .  
Mother (M) 

1948-1953 
1954-1955 . . . 

Sum . . . . . . . 
Father (F) 

1948-1953 
1954-1955 . . .  

Sum . . . . . . .  

DF 'It 
35  39.421 

1 0.009 
2 1 .85 1  
2 0.273 
2 2.330 
2 3.546 
4 4.285 

1 9.507 

1 0.002 
1 0.008 

2 0.0 10  

2 0.082 
2 2.810 

4 2 .892 

2 0. 126 
2 0.449 

4 0.575 

1 

p 
>.25 

.9Q-.95 

.3D-. 50 

.8D-.90 

.3Q-.50 

. t o-.20 

.3D-.50 

.001-.01 

.95-.98 

.9D-.95 

>.99 

.95-.98 

.2Q-.30 

.5Q-.70 

.9Q-.95 

.7Q-.80 

.95-.98 

We are indebted to Dr. Robert Holmes, cur
rent director of the ABCC, and Dr. Lowell 
Woodbury, chief of the Statistics Unit of the 
ABCC, for their cooperation in connection with 
these later aspects of the sex-ratio program. We 
also acknowledge with pleasure Mrs. Jean Oku
moto's efficient supervision of the collection of 
these data. 
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Chapter f/111 

ANALY S I S  O F  TH E MAL F O R MATI O N  DATA 

DATA on major malformations were collected with conditions recognizable at birth by the 
at the examination shortly following birth, and usual physical examination. A later chapter will 
again at the 9-months examination. For the deal with autopsy findings. 
reasons advanced in Section 2.6, it was deemed 8.2 Reliability of diagnosis. - A question 
advisable to consider the results of these ex- which arose repeatedly during the course of 
aminations separately. Moreover, to permit pool- this study - and which will undoubtedly occur 
ing the information from the two examinations, to the reader - concerned the completeness 
if such pooling was warranted, all infants found with which the significant malformations oc
on the "at-birth" examination to have one or curring in the populations under study were 
more major malformations were excluded from recognized and reported. This question has 
consideration in the analysis of the 9-months already been commented on briefiy (Sec. 2.6) . 
data. It should at the outset be made quite dear that 

8.1 The trait. - In any consideration of the no study organized as this one was can be 
relation of parental irradiation history to the expected to yield an accounting of all signifi
occurrence of major congenital malformations cant congenital defects present in the newborn 
in the offspring, it is of course first necessary to population. Thus, the diagnosis of mental de
define major congenital malformation. Since feet, or severe visual or hearing loss, is notori
there is no absolute dividing line between "rna- ously unreliable during the first several months 
jor" and "minor" malformation, an attempt to of life. From the standpoint of the present 
formulate an a priori definition encounters cer- study, while for obvious reasons one should 
tain difficulties. In actual practice, the examining strive for as high a level of diagnostic accuracy 
physicians were required to record all abnormali- as possible, the primary danger to be guarded 
ties, down to and including such variations as against is that different diagnostic standards 
minor haemangiomas (excluding the very com- obtain for the various segments of the popula
mon occipital-nuchal type) and auricular pits. tion under study. There is no reason to believe 
When the final report on each infant was coded, that diagnostic standards were not uniform with 
a decision was made as to the presence of major respect to infants in one exposure subclass as 
malformation. Any one type of malformation compared with infants in another. We have at
was consistently coded as either major or minor. ready commented briefiy on some of the evi-

Table 8.1 is a listing of the malformations dence suggesting that no bias has been intro
which in the course of this investigation were duced by differences in the degree to which 
coded as major. A discussion of the relative fre- various groups cooperated in the study (Sec. 
quencies of the various malformations, and the 5 .7) . 
various combinations in which they occurred, It is important to reiterate that each infant 
will be presented elsewhere. For our present recorded in this study, with the exception of a 
purposes, then, we shall define major malforma- certain number of stillbirths or neonatal deaths, 
tion simply as any condition found on that as recorded in Section 2.5 ,  was examined by a 
list. Obviously there are many other major Japanese physician. It was recognized from the 
congenital malformations which do not appear outset that both the loyalties and training of the 
on that list, simply because they either did not midwife were such that she might at times fail 
occur in this series, or, if they did occur, were to record the obvious. This suspicion was well 
not recognized at birth. This listing deals solely justified by instances in which a child with 

99 
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1 00 Genetic Effects of Atomic Bombs Chapter VIII 

harelip has been reported as normal by the at· 
tending midwife. Beginning in early 1950, the 
mothers of all living infants found to have 
either a major or a minor malformation in the 
course of the home visit were invited to bring 

marily occasioned by the disposal of the body of 
an infant alleged to have a major defect before 
examination by an ABCC physician, every mal
formation recognized at birth was verified be
fore the defect was accepted. Prior to early 

TABLE 8.1 AN ALPHABETICAL liSTING OF THOSB MALFORMATIONS OBSERVED IN THIS STUDY WHICH 
OccURRING ALONB OR IN CoMBINATION WITH ONE ANOTHER WERB GJtADED 

AS MAJOR CONGENITAL DEFECT 

Achondroplasia 
Albinism 
Amputation, congenital 
Anencephaly 
Anonychia 
Anophthalmos 
Arthrogryposis 
Atresia ani or rectum 
Atresia of the external nares 

Blepharophimosis 
Brachydactyly 

Cataracts 
Central nervous system defect, severe 
Claw hand 
Cleft palate 
Club foot 
Coloboma iridis 
Corneal defect 
Cryptophthalmia 
Cystic hygroma 

Diaphragm, defect of 
Diastasis recti, severe 
Dislocations, multiple, congenital 
Dysplasia of acetabulum, congenital 

Ectodermal defect, congenital 
Ehlers-Danlos syndrome 
Encephalocele 
Exostosis, severe, of bone 
External ear, major malformation of 

Facial cleft, oblique 
Flexion deformity of fingers and toes 
Foetus amorphous 
Foetus papyraceous 
Funnel chest 

Gastroschisis 

Harelip 
Heart disease, congenital, cyanotic 
Hemimelus 
Hydrocephalus 

their children to an ABCC "Verification Oinic" 
at some convenient time shortly after the diag
nosis. Transportation to and from the clinic 
was supplied by the ABCC. There the child was 
seen by another Japanese physician and an 
American physician. Thus, with exceptions pri-

Hypertelorism 
Hypospadias, marked 

Ichthyosis congenita 
Inguinal hernia (females) 
Intestinal obstruction, ? congenital defect 

Lymphangioma 

Macroglossia 
Major bone, absence of 
Malformation, complex and ill-defined 
Microcephaly 
Micropenis 
Microphthalmus 
Microtia 
Mongolism 

Neurofibromatosis (von Recklinghausen's dis
ease) 

Nystagmus, congenital 

Oligodactyly 
Omphalocele 

Polydactyly 
Polyostotic fibrous dysplasia 
Polyoty 
Ptosis of eyelids 
Pupillary membrane, persistent 

Radio-ulnar synostosis 
Recto-vaginal fistula 
Rhinencephaly 

Situs inversus viscerum 
Spina bilida with or without meningocele or 

myelomeningocele 
Status Bonnevie-Ullrich 
Sympodia 
Syndactyly 
Synorchism 

Teratoma 
Thyroglossal duct, persistent 
Tumor, type undetermined 

195 1 ,  major malformations were usually veri
fied by a second home visit on the part of either 
one of the more experienced Japanese physicians 
or an American pediatrician. An analysis of the 
results of these home visits and Verification 
Clinic indicate a high degree of accuracy of 
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Analysis of lh' MJt/fom�ation Data 101 

diagnosis for those defects recognized as 
present. 

The crucial question is, how many defects 
which should have been diagnosed at birth went 

our control material with roughly comparable 
material collected by other investigators. The 
most extensive and reliable Japanese series to 
come to our attention is that compiled by Dr. 

TABLE 8.2 THB TYPBS AND FREQUBNCY OP VAJliOUS MAJOil CoNGENITAL MALfORMATIONS 0BSBilVED AT 
THB TOKYO RJID Caoss MATBilNITY HOSPITAL DUIUNG THB YBARS 1922 THROUGH 1940 

(The over-aU frequency is 4,6 malformations among 49,64, births [0.92%] . The table is based on data 
made available by Drs. S. Mitani and V. Kuji. ) 

No. of 
Description of abnormality cases 

Acrania or hemicrania ( anencephaly) . . . .  32 
Hydrocephalus . . . . . . . . . . . . . . . . . . . . . . 14 
Congenital ascites . . . . . . . . . . . . . . . . . . . 2 
Spina bi6da with club foot . . . . . . . . . . . . . 3 
Sacral teratoma . . . . . . . . . . . . . . . . . . . . . 3 
Umbilical cord hernia ( omphalocele ) . . . . 9 
Spina bifida . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Club foot (T. varus, T. equino-varus ) . . 63 
Harelip with cleft palate . . . . . . . . . . . . . .  ,3 
Polydactyly ( fingers ) . . . . . . . . . . . . . . . .  38 
Cleft palate . . . . . . . . . . . . . . . . . . . . . . . . 30 
Club foot (T. valgus ) . . . . . . . . . . . . . . .  18 
Hemangioma or lymphangioma . . . . . . . . .  16 
Congenital teeth . . . . . . . . . . . . . . . . . . . . 13 
Malformation of ea r  lobe . . . . . . . . . . . . . . 13 
Micromelus . . . . . . . . . . . . . . . . . . . . . . . . . 1 1  
Atresia ani et vaginalis ( including imper-

forate anus ) . . . . . . . . . . . . . . . . . . . . . . 10 
Syndactyly of toes . . . . . . . . . . . . . . . . . . . 10 
Microphthalmia (and others ) . . . . . . . . . .  7 
Luxation of knee joint . . . . . . . . . . . . . . . . 6 
Polydactyly ( toes )  . . . . . . . . . . . . . . . . . . . 6 
Microcephaly . . . . . . . . . . . . . . . . . . . . . . . 4 
Pseudohermaphroditism . . . . . . . . . . . . . . 4 
Hydrocephalus, cleft palate, gastroschisis 
Atresia ani, umbilical hernia . . . . . . . . . .  . 
Atresia ani, malformation of external au-

ditory canal • . • . • . • • • . . . . . • . . • . . . • 1 
Atresia ani, cleft palate ( mild degree ? ) . .  1 
Atresia ani, sympodia . . . . . . . . . . . . . . . . .  1 
Atresia ani, cleft palate . . . . . . . . . . . . . . . 1 
Oeft palate. oblique facial cleft . . . . . . . . 1 
Oeft palate, malformation of fingers . . . . . 1 
Oeft palate, malformation of ear . . . . . . . 1 
Harelip, pseudohermaphroditism . . . . . . . 1 
Harelip, oblique facial cleft. absent nose, 

syndactyly ( fingers ) . . . . . . . . . . . . . . . 1 
Harelip, polydactyly ( fingers ) ,  syndactyly 

(toes) . . . . . . . . . . . . . . . . . • . . . . . . . . . 1 
Fissured palate, club foot . . . . . . . . . . . • . 1 
Fissured palate, microphthalmia . . . . . . . . .  1 
Qub hand, club foot. small thumb, miss-

ing right labium . . . . . . . . . . . . . . . . . . . 1 
Elbow contraction, club foot. luxation of 

knee joint . . . . . . . . . . . . . . . . . . . . . . . .  

unrecognized ? There are three general ap
proaches to the evaluation of this question 
which we shall now consider. 

(A) The rust approach involves a compari
son of the frequency of major malformation in 

No. of 
Description of abnormality cases 

Inguinal hernia, micromelus, hydrocepha-
lus . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .  

Gigantism of feet and arms . . . . . . . . . .  . 
Polydactyly ( toes ) ,  harelip . . . . . . . . . . . . 1 
Polydactyly ( fingers ) ,  syndactyly ( fin. 

gers ) . . . . . . • . . . . . . . . . . . . . . . . . . . . . 1 
Syndactyly ( fingers ) ,  harelip . . . . . . . . . . .  1 
Torticollis, abdominal hernia . . . . . . . . . .  1 
Torticollis, club foot, facial asymmetry . . . 1 
Monophthalmia, polydactyly (toes ) . . . . . 1 
Monophthalmia, polydactyly ( fingers ) . . .  1 
Hydrocele . . . . . . . . . . . . . . . • • • . . . . . . . . 4 
Oeft hand ( lobster claw ) . . . . . . . . . . . . . 4 
Polydactyly ( toes ) with syndactyly (toes ) 4 
Ankylo-glossum ( tongue-tie ) . . . . . . . . . . 3 
Club foot (T. calcaneus ) . . . . . . . . . . . . . .  3 
Abnormal elbow joint . . . . . . . . . . . . . . . . . 3 
Malformation of external auditory canal . . 3 
Amelus (arm or arms missing ) . . . . . . . .  3 
Inguinal and scrotal hernia . . . . . . . . . . . . 2 
Meningocele ( cranium ) . . . . . . . . . . . . . . 2 
aub hand . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Brachydactyly ( 2  fingers ) . . . . . . . . . . . . . .  2 
Contraction of the knee joint . . . . . . . . . . . 2 
Polydactyly ( toes ) with syndactyly (fin-

gers ) . . . . . . . . . . . . . . . . . . . . . . . • . . . . 2 
Malformation of fingers . . . . . . . . . . . . . . . 2 
Absence of nose . . . . . . . . . . . . . . . . . . . . . 1 
Oub foot (T. equinus) . . . . . . . . . . . . . . .  1 
Parasitic t��ato�

. 
of jaw . . . . . . . . . . . . . . 1 

Tumor of WaJSt . . . . . . . . . . . . . . . . . . .  . 
Bifid uvula . . . . . . . . . . . . . . . . . . . . . . . .  . 
Hypospadias or epispadias . . . . . . . . . . . .  . 
Cleft sternum (lower portion) . . . . . . . .  . 
Phimosis ( extreme) . . . . . . . . . . . . . . . .  . 
White hair (partial albinism ) . . . . . . . .  . 
Tumor (small ) of vagina . . . . . . . . . . . .  . 
Anencephaly, polydactyly ( fingers ) . . . .  . 
Oub foot. syndactyly ( toes ) . . . . . . . . . .  . 
Oub foot. malformation of fingers . . . . .  . 
Malformation of face . . . . . . . . . . . . . . . .  . 
Monster ( amorphous ) . . . . . . . . . . . . . . .  . 
Polydactyly ( fingers and toes ) . . . . . . . . .  . 
Missing fingers, syndactyly (toes )  . . . . . .  . 

V. Kuji (personal communication) at the Tokyo 
Red Cross Maternity Hospital. The findings are 
shown in Table 8.2. The over-all frequency of 
malformed individuals in this series (0.92 per 
cent) and in the children of the non-irradiated 
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parents included in this study (0.85 per cent) 
is quite comparable. The agreement is all the 
more st.gking in view of two facts : ( 1 )  certain 
of the "malformations" on the Kuji list, such 
as congenital teeth, hydrocoele, and partial 
albinism, would be considered minor in our 
terminology, and (2)  a hospital series in Japan 
cannot be considered random, but probably in
cludes a disproportionate representation of the 
complications of pregnancy. In view of the 
tendency of gross malformations to be associated 
with such complications as hydramnios (Prindle, 
Ingalls, and Kirkwood, 195 5 )  , this should bias 
the Red Cross Hospital series in an upward di
rection. There is no evidence from this compari
son that any considerable number of congenital 
defects diagnosable at birth are being over
looked in Hiroshima and Nagasaki. 

(B) A second approach to the question of 
missed diagnoses of significant defect consists 
of checking the .ABCC findings against those 
of another medical group in Hiroshima or 
Nagasaki. Such a spot check was carried out for 
the last three months of 195 1 in Nagasaki. Out 
of twelve major "malformations" seen at the 
two largest hospitals in the city (the Nagasaki 
Medical School Hospital and the Mitsubishi 
Hospital ) , five were already known to the 
ABCC. The remaining seven were the follow
ing : congenital dislocation of the hip - 3 
cases ; congenital heart disease - 2 cases ; idiocy 
with funnel chest - 1 case; hydrocephalus - 1 
case. In view of the frequent delayed appear
ance of congenital dislocation of the hip and 
hydrocephalus, these cases are not thought to 
constitute "missed" diagnoses. As noted earlier 
(Sec. 2.6) congenital heart disease was not in
cluded in the "at-birth" series of the ABCC. 
Only the funnel chest perhaps should have been 
detected in the ABCC series. Again, then, there 
is no evidence that any substantial proportion 
of major defect diagnosable at birth by the 
techniques of physical examination was missed. 

(C) A third approach to the question of 
accuracy of diagnosis comes from a comparison 
of the "at-birth" with the "9-months" series. 
In Section 2.6 we have recorded the results of 
a "spot check" in Hiroshima in 1952 concerning 
the clerical and medical problems which can 
arise in a program concerned with congenital 
malformations such as this, and the steps taken 
to rrieet some of these problem$. Every effort 
was made to insure that these errors did not 

recur in the remainder of the study. It might 
be noted, however, that, as can be seen in Sec
tion 2.6, most of the errors were ones which 
would overestimate the number of · those diag
noses which were made at birth and not subse
quently verified at nine months. We may now 
compare the final figures for major malforma
tions present in those infants examined at age 
9 months with the findings recorded for these 
same infants at birth. Such a comparison, repro
duced in Table 8.3, provides the best means 
available for reaching an opinion concerning 
the confidence to be placed in the "at-birth" 
data on congenital malformation. Perusal of 
the table brings out a number of points of 
interest. Out of a total of 563 infants with one 
or more major defects diagnosed either at the 
examination shortly after birth or at the ex
amination at an age of approximately 9 months, 
or on both occasions, only 1 1 2  were clearly 
verifications at age 9 months of an "at-birth" 
diagnosis. However, there were altogether 1 30 
infants with one or more major defects in whom 
the diagnosis could not be verified at 9 months 
because of the death of the child in question ; it 
seems likely that the great majority of these 
children did indeed suffer from a major mal
formation. The 2 cases of defect at birth which 
were not verified at age 9 months were both 
cases of polydactyly which we assume to have 
undergone surgery. Of the total number of de
fective infants detected by these two approaches, 
then, the figures taken at face value indicate that 
only 43 per cent of them were observed at 
birth. However, it is dear that in many of the 
3 19 infants with one or more defects not 
diagnosed shortly following birth, the defects 
are of such a nature that their certain detection 
at that time would have been difficult if not 
impossible. This is especially true of the two 
diagnoses which contribute most to this list 
(dysplasia of the acetabulum - 13  3 cases ;  and 
inguinal hernia in females - 56 cases ;  total -
189 cases, 33.6 per cent of the grand total of 
563 infants or 59.3 per cent of the additional 
infants diagnosed at 9 months) . The relatively 
high frequency of acetabular dysplasia may re
flect a particular interest in this condition on 
the part of several of the American pediatri
cians associated with the project. We have at
tempted to indicate in the table by a single 
asterisk those diagnoses which should in all 
probability have been made at the time of the 
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TABLE 8.3 A COWPARJSON, FOR HIROSHLWA AND NAGASAKI, OF THE FINDINGS AS REGARDS MAJOR 
CoNGENITAL MALFORN:AnON IN INFANTS ExAMINED AT APPROXIMATELY AGE 9 MONTHS, AND 

IN THOSE SAME INFANTS WHEN ExAMINED SHORnY APTER BIRTH 

(The figures are obtained from 14,768 infants in Hiroshima and 12,324 infants in Nagasaki. Infants born 
of consanguineous marriages have not been excluded from this comparison. Since no diagnoses of congenital 
heart disease were accepted on the ''at-birth'' examination, this diagnosis does not appear in the comparison. 
There were �0 such diagnoses made in Hiroshima in the "9-months" examination and �� in Nagas3ki. Ex· 
planation of asterisks in text .)  

Hiro-
Comparison shima 

1. Total number of infants in whom a diagnosis of one or more 
major malformations was made on the "at-birth" and the 
"9-months" examination. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �7 

2. Total number of infants in whom a diagnosis of one or more 
major malformations was made on the "at-birth" examination, 
but who could not be re-examined at age 9 months because of 
the death of the child. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 

3. Total number of infants in whom a diagnosis of one or more 
major malformations was made in the "at-birth" examination, 
but in whom no major defect was detected at age 9 months. . . 2 

4. Total number of infants in whom 110 diagnosis of major mal
formation was made at birth, but in whom one or more major 
defects were detected in the "9-months" examination • . . . . . . . 16� 

Achondroplasia • . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Anterior synechiae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Branchial cyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Cataracts • • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . 
Club foot • •  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .  

Coloboma of eyelids • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Coloboma of iris • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Cyst, thyroglossal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Complex and ill-defined condition • . . . . . . . . . . . . . . . . . . . . . .  . 
Cryptorchism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 
2 
1 
2 
1 
0 
0 

Deformity of bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Dextrocardia • . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . 0 
Dysplasia of acetabulum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

Ectodermal defect, congenital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Funnel chest • • . . . . . . . . . . . . . . • . . • • . . . . . . . . . . . . . . . . . . . . . 8 

Hammer toe . .  . . . . . . . . . . . . . .  . . . . . . . . .  . .  . . . . . . . . . .  . . . . . . 0 
Harelip and cleft palate • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Hernia, inguinal, in females . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3� 
Hydrocepha lus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Hypertelorism • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Hypoplasia of bone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Ichthyosis (congenital type) • • . . . . . . . . .  . . . . . . . . . . . . . . . . . . . 3 

laryngeal stridor, congenital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Lymphangioma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Maldevelopment of central nervous system . . . . . . . . . . . . . . . . . . 0 
Mental defect, severe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Microcephaly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Micrognathia • . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . .  . . 0 
Micropenis • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . .  . . 1 
Microphthalmus • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Microtia • . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . 0 
Mongolism • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Nystagmus, congenital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Polydactyly • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Ptosis . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . 1 

Nagasaki 

0 

U4 

2 
1 

1 

0 
2 
1 
0 
0 
1 
2 

1 
1 

57 

� 

1 
2 

2 1  
1 
1 
1 

0 

1 
18 
2 
1 
0 
0 
2 
7 

6 

0 
2 

Total 

1 1 2 

1 30 

2 

319 

3 
1 

1 

1 
4 
2 
2 
1 
1 
2 

1 
1 

133  

13  

1 
3 

�6 
� 
1 
1 

3 

1 
1 

1 
20 
6 
1 
1 
1 
2 

1 5  

6 

1 
3 
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TABLE 8.3-Contimml 

Comparison 
Hiro
shima 

Situs inversus viscerum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 
4 

Nagasaki 
3 

Total 
4 
4 
1 
8 
2 

Spastic infantile paralysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 0 
Spina bifida • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 0 
Strabismus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 5 3 
Syndactyly • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 

Teeth, malformation of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Tumor, cutaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Wilm's tumor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

Xeroderma pigmentosum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 

165 1 54 3 19 

563 

• A defective infant, regardless of number of maj or defects, is entered under Item 4 in the table only 
once. In case two or more major defects were detected for the first time at the 9·months examination, only the 
most severe of the defects is listed under Item 4. 

"at-birth" examination, and by a double aster
isk those diagnoses which as a rule are more 
difficult to make in newborn infants but which 
might well have been made at that time. (How
ever, each infant was entered into Table 8.3 
but once, and the numbers entered opposite 
specific diagnoses under item 4 refer to the 
number of infants in whom that diagnosis was 
considered the most severe one) . There are 3 5 
diagnoses in the first category, and 22 in the 
second. All of the remaining defects may either 
not have been diagnosable at birth or are of 
such a nature that uncertainty might surround 
them. 

In Section 2.6 the possibility was raised that 
such relatively common diagnoses as acetabular 
dysplasia and pilonidal sinus "unbalance" the 
9-months data. These are both findings which 
border on being normal variations, in their less 
extreme forms. Ideally, in an analysis of this 
type one would introduce a weighting constant 
to take into account the genetic component in 
the etiology of the various malformations under 
study, but in view of the obvious impossibility 
of this, there seemed no alternative to giving 
each diagnosis, including the common ones, 
equal weight. 

Despite the many observations which have 
been published on congenital malformation in 
man, it is a surprising fact that to our knowl
edge there exists only one series comparable to 
this one, in terms of re-examination at some 
later date of a series of infants examined shortly 
after birth. Mcintosh et al. ( 1954) , in a study 
of 5,739 products of conception weighing over 

500 grams who were followed, unless death 
intervened, until 12  months of age, and some 
even longer, found that only 43.2 per cent of 
all malformations detected in the course of the 
study were observable at birth. Although for a 
number of reasons, to be dealt with elsewhere, 
these figures are not directly comparable to our 

own, the general agreement between the two 
series is striking. 

Table 8.3 also serves another purpose, in that 
it permits a partial comparison of the diagnoses 
being made in Hiroshima and Nagasaki. With 
one possible exception, the findings in the two 
cities appear as uniform as might be hoped for 
under these circumstances. It will be noted that 

severe mental defect is listed 18 times for Naga
saki, but only twice for Hiroshima. It seems 

quite likely that this rdlects a difference in ap
proach in the two cities, rather than a real 
difference. 

8.3 The genetic arg11ment for radiaJion-in
allwJ changes. - Within the spectrum of mu
tations induced by the irradiation of experi
mental animals, the most dramatic, but least 
common, group of mutations are the so-called 
"visibles." These mutations produce, as the 
name implies, visible alterations in the pheno
type. Although direct evidence is lacking, it 
seems probable that in man a certain fraction of 
these mutations would lead to gross physical 
departures from the norm readily detectable at 
birth. Accordingly, one measure of genetic 
damage consequent to atomic bombing would 
entail determining whether differences in the 
frequency of congenital malformation arose 
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Analysis of the Malformation Data. 105 

consistent with parental exposure. On an a 
piori basis, we might expect that the frequency 
of malformation would increase with increasing 
parental exposure. 

The extent to which the frequency of mal
formation would be altered by parental exposure 
would, naturally, be a function of the com
ponent in the etiology of such malformations 
attributable to genetic factors. While this com
ponent cannot be exactly specified, that it is not 
inappreciable is indicated by ( 1 )  the number of 
specific malformations known to be inherited, 
and (2)  the finding that the total malformation 
rate within the Japanese data increases with 
increasing parental relatedness (Schull, un
published) . 

8.4 Concomitant variation influencing the in
dicator. - Among the numerous agents for 
which there exists some evidence regarding a 
role in the etiology of congenital malformations 
in man, and which may prove important in the 
analysis of these data, are such diverse factors 
as maternal age, parity, nutrition, and viral in
fections in the first trimester of pregnancy. No 
really complete review of the literature on the 
etiology of human malformations has been 
published. Certain aspects of the etiology have 
been treated by Warkany ( 1947) , Gruenwald 
( 1947) , and Landtman ( 1948) . 

Within the data here presented, there appear 
to exist only two sources of concomitant varia
tion which require comment. These are : (a) 
known differences between exposure categories 
in maternal age and parity, and (b) possible 
nutritional differences between the exposure 
categories. 

Of these concomitant variables maternal age 
and parity are undoubtedly the most important. 
.An extensive literature exists describing the 
effects of these variables on pregnancy outcome. 
In the main, however, this literature is con· 
cemed with the effect of maternal age andjor 
parity on specific malformations rather than on 
the total malformation rate. Two exceptions are 
the work of Carter and McCarthy ( 195 1 )  and 
Coffey and Jessop ( 1955 ) , who find a positive 
association between maternal age and total 
malformation rate. 

The relationship of maternal age and parity 
to malformation rate in the present data is sum
marized in Tables 8.4 and 8.5 and Figures 8. 1 
and 8.2. Table 8.4 presents the effect of age for 
specific parities. The data have been analyzed 

according to the method of Krooth ( 195 5 )  . In 
the column headed ".A.D." have been entered 
by parity class, the absolute differences between 
the proportion of all normal infants born at a 
specific age interval and the proportion of all 
malformed infants born at the same age interval. 
.A x2 test has been applied to the significance of 
the findings for each parity class, with the usual 
convention of indicating significance at the 5 
per cent level with one asterisk, and at the 1 
per cent level with two asterisks. 

For each parity, an index of absolute differ· 
ence (lAo) has been calculated as suggested by 
Krooth ( 1955 ) , namely, l..to=llld,l 

' 

where J, corresponds to the individual entries 
in the column headed ".A.D." For each parity 
the proportion of the total number of births 
which occurred at this parity (Pr) has been 
calculated. The lAD for maternal age, all parities 
considered, is simply the weighted mean of the 
I AD's for the individual parities. The same ma
terial is presented graphically in Figure 8. 1 .  In 
the entire data, there is a highly significant age 
effect, although only two of the individual parity 
classes show effects at the level of significance. 
It is noteworthy that by inspection, age effects 
seem to be limited to the four highest parity 
classes, suggesting an age-parity interaction . .A 
much more detailed analysis of these data will 
be presented elsewhere. 

Table 8.5 presents a similar analysis with 
respect to parity effects. There is a highly signifi
cant relationship between parity and the fre
quency of malformation in the data as a whole, 
consistent in all six age classes, although reach
ing the level of significance in just one of these 
six classes. The findings are shown graphically 
in Figure 8.2. These results, like the age effects, 
will be discussed in detail elsewhere. Suffice it 
to say for the present that the effects of age and 
parity appear to follow different patterns, the 
age effect, as noted previously, emerging 
strongly at the higher ages, the parity effects 
being more uniformly distributed. 

Carter and McCarthy ( 195 1 )  were inclined 
to attribute the positive association between ma
ternal age and total malformation rate almost 
entirely to the known association of mongolism 
with increasing maternal age. This interpreta
tion would not be valid for the Japanese data, 
since there are included only three children with 
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TABLE 8.4 THB EFFECT OF MATERNAL AGB AT FIXED PAJUTY ON THE FllEQUBNCY OF MALFOilMBD INFANTS 

Parity 1 
< 2 1 . . . . . . . . . . . . . . . . . . . . . . . . . 

2 1-2� . . . . . . . . . . . . . . . . . . . . . . . . . 

26-30 . . . . . . . . . . . . . .  · · · · · · · ·  . . .  

3 1-3� . . . . . . . . . . . . . . . . . . . . . . . . . 

36-40 . . . . . . . . . . . . . . . . . . . . . . . . .  

41 + . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . .  

xt, = 1 .111 

Parity 2 
< 21 . . . . . . . . . . . . . . . . . . . . . . . . .  

2 1-2� . . . . . . . . . . . . . . . . . . . . . . . . .  

26-30 . . . . . . . . . . . . . . . . . . . . . . . . . 
3 1-35 . . . . . . . . . . . . . . . . . . . . . . . . .  

36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . 

Total . . . . . . . . . . . . . . . . . . . . . . . .  

x•, = 1 . 1 11 

Parity 3 
< 2 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 1-2� . . . . . . . . . .  · · · · · · · · · · · · · · ·  

26-30 · · · · · · · · · · · · · · · · · · · ·  . . . . .  

3 1-3� . . . . . . . . . . . . . . . . . . . . . . . . .  

36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . .  · · · · · · · · · · · · · · · · · ·  

x•. = 0.618 

Parity 4 
< 2 1  . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 1-2� . . . . . . . . . . . . . . . . . . . . . . . . . 
26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  
3 1-35 . . . . . . . . . . . . . . . . . . . . . . . . . 
36-40 . . . . . . . . . . . . . . . . . . . . . . . . .  
41  + . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . .  

x•, = 1 1 .091 •  

Parity � 
2 1-2� · · · · · · · ·  . . . . . . . . . . . . . . . . .  

26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  

31-3� . . . . . . . . . . . . . . . . . . . . . . . . .  

36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . 

Total . . . . . . . . . . . . . . . . . . . . . . . 

x28 = 6.466 

(Detailed explanation in text. ) 

Total 
births 

1 ,929 
8,697 
3, 168 

62 1 
180} 
19 

14,614 

424 
6,392 
6,1 56 
1,431 

3H} 50 

14,810 

37 
2,016 
5,869 
2,422 

�31} 
67 

10,942 

48n 
2,872 
2,�37 

761 
87 

6,749 

77} 
1,00� 
1 ,783 

847 
102 

3,814 

Normal 
births 

1 ,913 
8,636 
3, 1 5 1  

617 

198 

14,� 15  

hn = 0.05 10 

42 1 
6,334 
6,101 
1 ,420 

40� 

14,681 

I .. o =  0.0290 

36 
1,999 
�.810 
2,396 

�2� 
66 

10,832 

I .. u =  0.0300 

484 

2,853 
2,�23 

n2 
85 

6,697 

I .. u = 0.1676 

1,069 
1 ,7�8 

839 
98 

3,764 

l•o = 0.0869 

Malformed Per cent 
infants malformed AD 

16 0.83 .02982 
61 0.70 .02 1 19  
17 0.�4 .04H8 
4 0.64 .002 1 1  

�} o.�o .003�4 

99 .10204 

PT = 0.2664 

3 0.71 .00�41 
�8 0.91 .01817 
5 �  0.89 .01079 
1 1 0.77 .01 14� 

�} 0.49 .01209 

129 .OH91 

PT = 0.2700 

2.70 .00�77 
17 0.84 .02999 
�9 1 .01 .00001 
26 1 .07 .01517  

n 1 .17 .00609 
.00300 

1 10 .06003 

PT = 0.199� 

-;} 1 .63 .081 �7 

19 0.66 .0�963 
14 O.S) .10no 
9 1 .18 .06080 
2 2.30 .02577 

52 .33�27 

PT = 0.1230 

n} 1 .20 .02400 

2� 1 .40 .0329� 
8 0.94 .06290 
4 3.92 .0�396 

�0 .17381 

PT = 0.069� 
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Parity 6 
2 1-25 . . . . . . . . . . . . . . . . . . . . . . . . .  

26-30 . . . . . . . . . . . . . . . . . . . . . . . . . 
3 1-35 . . . . . . . . . . . . . . . . . . . . . . . . . 
36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 
41 + . . . . . . . . . . . . . . . . . . . . . . . . .  

Total • • • • • • • • • • • • • • • •  0 • • • • • •  

X28 = 5.535 

Parities 7 + 
2 1-25 . . . . . . . . . . . . . . . . . . . . . . . . . 

26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  

31-35 . . . . . . . . . . . . . . . . . . . . . . . . . 
36-40 • • • • •  0 • • • • • • • • • • • • • • • • • • •  

41 + . . . . . . . . . . . . . . . . . . . . . . . . . 

Total . . . . . . . . . . . . . . . . . . . . . . . .  

X21 = 13.046 . .  

All parities 
< 21 . . . . . .  · · · · · · · · ·  . . . . . . . . . .  

2 1-25 . . . . . . . . . . .  · · · · · ·  . . . . . . . .  26-30 . . . . . . . . . . . . . . . . . . . . . . . . . 
31-35 . . . . . . . . . . . . . . . . . . . . . . . .  

36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 

41  + . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . .  

TABLE 8.4--Contittll�d 

Total Normal 
births births 

1 1} 
241 248 
989 979 
794 780 
147 142 

2, 182 2, 149 

I..u = 0.1 526 

5�} 54 
455 449 
935 928 
293 283 

1,739 1 ,714 

ho = 0.2834 

2,395 2,375 
17,684 17,540 
19,363 19,194 
10,238 10, 142 
4,405 4,358 

765 743 

54,850 54,352 

Data 

Malformed Per cent 
infants malformed 

4} 1 .59 

10  1 .01 
14 1 .76 
5 3 .40 

33 

PT = 0.0398 

--;} 3.57 

6 1 .32 
7 0.75 

10 3.41  

25  

PT = 0.0317 

20 0.84 
144 0.81 
169 0.87 
96 0.94 
47 1 .07 
22 2.88 

498 

X26 = 36.398 . .  I' AD ( for mother's age )= l:PTIAD = 0.0691 

4. 

3.  

2 .�  
MALFORMATION 

CPER CENT) 
2 .  

1 .  

1 . 

o . �  

PARITY 

7- 8 

e 
- · - · - � 
- - - 4 

3 
- 2  

- 1  

... ... ... ... 

> <:·���- - -
20 30 

MOTHER'S AGE 
3� 40 
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AD 

.00587 

. 15231 

.06145 

.08548 

.305 1 1  

.04849 

.02 196 

.26142 

.23489 

.56676 

.00354 

.03355 

.01378 

.00617 

.01420 
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4� 

FIGURE 8.1 - The distribution of the frequency of infants with major malformation by maternal age for 
specified parities. 
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FIGUJtB 8.2 - The distribution of the frequency of grossly malformed infants by parity for specified 
maternal ages. 

TABLE 8.5 THB EFFECT OF MATERNAL PARITY AT FIXED AGE ON THE FREQUENCY OF 
MALFOil.MBD INFANTS 

(Detailed explanation in text.) 

Total Normal Malformed Per cent 
births births infants malformed AD 

Mother's age : < 21  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Total 

X12 = 1 .296 

Mother's age: 2 1-2� 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
� . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
7 + . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 ,929 
424 

3n 
2,39� 

8,697 
6,392 
2,016 

487} 
77 
1 1  
4 

1,913  
42 1 

41 

2,37� 

l.t.o = 0.0327 

8,636 
6,334 
1,999 

�71 

Total . . . . . . . . . . . . . . . . . . . . . . . .  17,684 17,�40 

xt. = 4.387 l.t.o = 0.0688 

16 
3 

�} 
20 

61 
�8 
17 

.} 
144 

0.82 
0.71 

2.38 

PT = 0.0437 

0.70 
0.91 
0.84 

1 .38 

PT = 0.3224 

.00�47 

.02726 

.03274 

.06�47 

.0687� 

.04166 

.00409 

.02301 

. 13751 
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Analysis of I he MAlformation 

Mother's age: 26-30 
1 
2 
3 
4 
5 
6 

• • • • • • • • • • • • • • • • • • • •  0 • • • • • • • • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• • • • • •  0 • • • • • • • • • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 + . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total • • • • • • • • • • • •  0 • •  0 • • • • • • •  

X2e = 15 .935 • 

Mother's age: 3 1-35 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3 • • • • • • • • • • • • • • • • • • • • • • • • • •  0 • •  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 • • • • • • • • • • • • •  0 0  • • • • • • • • • • •  0 • •  

7 + . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total 0 0 • • • • • • • • • • • • • • • • • • • • • •  

X28 = 1 0.472 

Mother's age: 36-40 
1 • • • • • • • • • • • • • • • •  0 0  0 0 0  0 0  0 0 0  0 0 0  

2 o o o o o o o o o  o • o • • • o o  • •  0 0  • • • o  0 0 0 0  

3 0 0 0 0  o • o  o o o o o o  0 0 0 0 0  o o o  0 0 0  o o o  0 0  

4 0 0 0 0 0 0 0 0 0  o o o o o o  0 0 .  o o o  0 O o  0 • • • • 

5 0 0 0  0 • • •  0 0 0 0 0  0 0 0 0 0 0 0 0 0  0 o o o  0 0  0 0 

6 0 0 0 0  o o o o o  0 o o o o o o  o o  0 0 0  0 0 0  0 0 0 0 .  

7 +  • • • • o  0 0 0  0 0 0 0 0 0 0 0  0 0 0 0 0 0  0 0  0 0  

Total • •  o o  • • • •  o o  0 • • •  o o o  • •  0 o o o o  

X2e = 6.095 

Mother's age: 41 + 
1 • • • • • • • • •  0 • •  0 o o .  • o  • • • • •  0 0 0 . 0 .  

2 • • • • • • • •  0 0 . 0 0 0  o o  0 • • • • • •  0 0 0 0  • •  

3 0 0 0  • • • • • • • • • • • • • • • • • • • • • • • • • •  

4 • 0 0 0 0 0  o o o  • • • • • • • • • • • • • • • • • • • •  

5 · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

6 • • • • • • • • • • • • • • • • • •  0 · • • • • • • • o  0 

7 + o o o o o o o  • • • • • • • • • • • • • • • • • • •  

Total o o o o o o o o o  • • • • • • • • • • • • • • 

x�. = 3.184 

All ages: 
1 0 • • • • • • • •  o o o o o o o o  0 0 0 0 0  0 0 0 0 0  • •  

2 0 • • • • • • • • • • • •  o o o  • • •  o o o o o o o  • • •  

3 • o o o o o • • •  o o o o o o o • • • · · · · · · · · · ·  

4 • 0 0 0  0 • • • • •  0 o o o o o o o o o  0 • • • • • • • •  

5 0 .  0 0 0 0 0 0  • • • • • •  • • • • • o o o  0 0 0 0  • • •  

6 • • • •  o O O  • • • • • •  0 • •  o o o  • • •  0 0 0  • •  0 0 

7 + 0 • • • • •  o o o o o  0 • • • • • • • • • • •  0 0 .  

Total • • •  0 • • • • • o  • • • • • • • • • • • • • 

x28 = 32.594 . .  

TABLE 8.5----Co•titflmi 

Total Normal 
births births 

3, 168 3,1 5 1  
6,1 56 6, 101  
5,869 5,810 
2,872 2,853 
1 ,005 992 

241 237 
52 50 

19,363 19,194 

IAD = 0.0998 

621 617 
1 ,431  1,420 
2,422 2,396 
2,537 2,523 
1 ,783 1,758 

989 979 
455 449 

10,238 10, 142 

I .. D = 0.1475 

180 179 
357 355 
531  525  
761 752 
847 839 
794 780 
935 928 

4,405 4,358 

l&u = 0.1450 

19} 
50 135  
67 
87 85 

102 98 
147 142 
293 283 

765 743 

lAD = 0.1597 

14,614 14, 5 1 5  
14,8 10 14,681 
10,942 10,832 
6,749 6,697 
3,814 3,764 
2,182 2, 149 
1 ,739 1,714 

54,850 54,352 

Data 109 

Malformed Per cent 
infants malformed .AD 

17 0.54 .06358 
55 0.89 .00758 
59 1 .01 .04641 
19 0.66 .0362 1 
1 3  1 .29 .02524 
4 1 .66 .01 132 
2 3.85 .00923 

169 .19957 

PT = 0.3"0 

4 0.64 .01917 
1 1  0.77 .02543 
26 1 .07 .03458 
14 0-55 .10294 
25 1 .40 .08707 
10 1 .01 .00763 
6 1 .32 .01823 

96 .29505 

PT = 0.1867 

1 0-56 .01979 
2 0.56 .03891 
6 1 . 13  .00719 
9 1 . 18  .01893 
8 0.94 .02231 

14 1 .76 . 11889 
7 0.75 .06400 

47 .29002 

PT = 0.0803 

J 0.74 .13625 

2 2.30 .02349 
4 3 .92 .04992 
5 3.40 .03615 

10 3.41 .07366 

22 .3 1947 

PT = 0.0139 

99 0.68 .06826 
129 0.87 .01 107 
1 10 1 .01 .021 59 
52 0.77 .01880 
50 1 .31  .03 1 1 5  
3 3  1 . 5 1  .02673 
25 1 .44 .01867 

498 

I" AD (parity)= 0.1002 
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1 10 Genetk Effects of Atomic Bombs Chapter VIII 

diagnoses of mongolism, and of these three, 
one was born at a maternal age of 25  and the 
other two at 34 and 40 years of age. The diag
nosis of mongolism, while not particularly un
common at 9 months of age ( 1 out of 1 ,580 
children) ,  was singularly infrequent in the at
birth data. This is not surprising in view of the 
not-uncommon failure to diagnose mongolism 
at birth in Caucasian infants, and the added 
diagnostic difficulties among Japanese. 

In view of the greater average age and parity 
of the mother as parental exposure increases, a 
spurious irradiation effect could arise if the data 
were unadjusted for this fact. It might also be 
pointed out, however, that if no differences are 
demonstrable without age-parity adjustments, 
it is unlikely that differences will be detected 
following adjustment because of the direction of 
the bias. 

It was felt that while some adjustment for 
age-parity effects was indicated, any attempt to 
subdivide the present data in such a manner as 
to take into consideration both age and parity 
effects would jeopardize the validity of the 
statistical tests employed. Somewhat arbitrarily 
the decision was reached to take into considera
tion age but not parity effects. .Accordingly, 
for this analysis the terminations have been 
classified not only with respect to sex, city, and 
parental exposure, but also maternal age. Five 
age categories were recognized, namely, 1 5-20, 
2 1-35, 36-38, 39-41,  and 42 and over. Since 
the selection of the age intervals is purely arbi
trary, the intervals were so selected as to be of 
the shortest span consistent with significant 
numbers in those areas where maternal age 
appears to be most important. It must be borne 
in mind, however, that the "age effects" which 
emerge from this analysis are also in part 
"parity effects." Some bias may be introduced 
as a consequence of ignoring parity but this bias 
would again appear to favor a higher rate of 
malformation among the exposed population. 

The necessity for accounting for possible 
differences between exposure cells in maternal 
nutrition is more difficult to appraise. Warkany's 
( 1947) extensive studies on the effect of severe 
dietary stresses on pregnancy outcome in gravid 
rats and mice would lead to the conclusion that 
diet is of considerable importance. In these 
animals, the degree of dietary stress needed to 
induce malformation is, however, far more 
severe than could have obtained even in the war 

torn cities of Japan. Moreover, neither Smith 
( 1947) nor .Antonov ( 1947) , in their studies 
of the populations of Rotterdam and Leningrad 
following severe dietary stress during World 
War II, could demonstrate an increase in the 
frequency of congenital malformations. What
ever dietary stresses may have existed in the 
populations of Hiroshima and Nagasaki during 
the earlier stages of this study were very prob
ably not so severe as those which obtained in 
Rotterdam and Leningrad. With respect to 
possible differences in nutritional status between 
exposure categories, detailed dietary histories 
on random samples of the population are not 
available. However, in a marginal economy such 
as existed in post-war Japan, there is undoubt
edly a high correlation between economic status 
and nutritional level ; we have already seen 
(Sec. 5 .3)  that in neither city is there a demon
strable relationship between economic level and 
exposure history. It will be assumed in this 
analysis that there are no important differences 
in maternal nutrition with respect to the various 
exposure subclasses. 

Lastly, by way of completing a discussion of 
the concomitants, it might be mentioned that 
during the course of this study no exceptional 
epidemics of German measles or other viral 
infections were known to have occurred in 
Hiroshima or Nagasaki. 

8.5 The "Ill-birth" daJa. - In Tables 8.6 
and 8.7 are presented the "at-birth" frequencies 
of major malformation by parental exposure, 
sex of infant, and city, with and without classi
fication of the termination by maternal age. 
Inspection of these tables reveals no striking, 
general differences in the frequency of infants 
with at least one major malformation by sex, 
city or parental exposure. The results of the 
analysis of these two tables are given in Tables 
8.8 and 8.9. From Table 8.8 (a and b) we note 
no demonstrable differences when age is ig
nored, among the cities, sexes, or parental ex
posures. It is worth noting at this point that the 
frequency of malformation in the unexposed 
groups in Hiroshima and Nagasaki is very simi
lar to the frequency of malformation in Kure 
where during the years control studies were in 
effect there 57 malformed infants were reported 
in 7,544 registered terminations (0.76% ) .  

In Table 8.9, with the data further parti
tioned to take into account age differences 
among the parents, the only "main effect" 
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Analysis of the MalfOI'mation Data 1 1 1  

TABLE 8.6 FREQUENCY OF MAI.FOJU(ED INFANTS BY PARENTAL ExPO-
SURE, SEX OF INFANT, AND CnY 

(Unrelated parents) 

Male infants 

Hiroshima 

Mothers 

2 � 4-5 Total 

· {; 9,005 2,8�2 1 ,1 14 571 1 3,522 
7� �0 4 6 1 1 �  

.0081 .0106 .00�6 .0105 .0084 

2{; 772 941 220 109 2,042 
1 1  14 1 26 

.0142 .0149 .0092 .0127 

� 
�{; � 1 3  197 268 54 8�2 

.s 4 2 1 2 9 

11'! .0128 .0102 .00�7 .0�70 .o108 

4-5{; 209 122 80 56 467 
1 1 2 

.0048 .0082 .004� 

Total{: 10,299 4,092 1,682 790 16,86� 
89 47 5 9 150 

.0086 .01 1 5  .00�0 .01 14 .0089 

Male infants 

Nagasaki 

Mothers 

1 2 � 4-5 Total 

�{; 7,608 4,849 �60 279 13,096 
68 �9 4 � 1 14 

.0089 .0080 .01 1 1  .0108 .0087 2{; 1,120 2,1 12  1 34 56 �.422 
7 2� 2 �2 

.006� .0109 .0149 .0094 

� �{; 129 140 5 1  18  ��8 
J! 4 1 5 

� .0�10 .0196 .0148 

4-5{; n 10� 14 15 207 
2 2 

.0267 .0097 

Total{; 8,9�2 7,204 559 �68 17.06� 
8 1  62 7 � 1 '3 

.0091 .0086 .0125  .0082 .0090 
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1 1 2  Genetic Effects of Atomic Bombs Chapter VIII 

TABLE 8.�ontituml 

Female infants 

Hiroshima 
-----. 

Mothers 

2 � 4-5 Total 

1{; 8,289 2,H6 1,071 546 12,442 
87 2 1  1 0  7 125  

.0105 .008� .0093 .0 128 .Q l OO 

2{; 728 909 204 9� 1 ,9�4 
6 12 2 2 22 

.0082 .01 �2 .0098 .02 1 5  .01 14 

� 
�{; 28� 188 2H 56 780 

.. � 2 4 1 10  ..c: � .0106 .0106 .01 58 .0179 .0128 "' 

4-5{; 186 122 77 61 446 
� 1 1 1 6 

.0161 .0082 .01 30 .01 64  .01 3 5  

Tobl{; 9,486 �.n� 1 ,605 7�6 n,6o2 
99 �6 17 1 1  16� 

.0104 .0096 .0106 .0146 .0104 

Female infants 

Nagasaki 

Mothers 

2 � 4-5 Total 1{; 7,002 4,467 �87 280 12, 136 
66 �1  � � 105 

.0094 .0069 .0 129 .0107 .0087 

2{; 1 ,050 2,0�2 145 60 �.287 
4 1 3  � 20 

.00�8 .0064 .0207 .0061 

c 
�{; 1 14 13�  4� 17 �07 

J! 1 1 

� .0088 .00�� 

4-5{� 
64 75 2 1  1 �  17� 

2 2 
. p .0267 .01 16 

Total{; 8,2�0 6,707 596 �70 15,90� 
71  46 8 � 128 

.0086 .0069 .01 �4 .0081 .0080 
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TABLE 8.7 THB FllBQUBNCY OP MALPOJU(BD INFANTS BY PAllBNTAL ExPOSUllB, CITY, AND MATBilNAL AGB (Unrelated parents) 

Expo· 
Age sure • 1 1  1 2  

u-2o{: 801 265 
5 5 

.0062 .0189 

H 
1 2 1  

3 
.0248 

14 Total 
U P1 2 1  2 2  

55  
1 

.0182 

1 ,242 
14 

.01 13  

83  44 
1 

.0227 

2 3  

12 

24 
2 5  

8 

2 H5{� 15,476 4,766 1 ,92 1 
10  

985 
1 1  

.01 1 1  

23, 148 1 ,309 1 ,462 347 165 
202 16  19 2 3 140 41 

.0091 .0086 .0052 .0087 .0122 .01 30 .0058 .0182 

36-38{: 681 233 93 42 
1 

.0238 

1 ,049 64 2 1 2  44 16 
8 2 

.0117 .0086 1 1  - 3 
.0105 - .0142 

3H1{� 2 H 
3 

.0118 

85 38 26 403 34 105 15 11 

42 +{: 82 
4 

.0487 

2 1 
.0235 .0263 

19 1 2  
1 

.0526 

9 

6 1 2 
.0149 .0294 .0190 

122 
5 

.0410 

10 27 
1 

.0370 

6 2 

{n 17,294 5,368 2 , 185 1 , 1 1 7  2 5,964 1,500 1 ,850 424 202 
Total m 160 51 14 13 238 17 26 2 3 � p .0093 .0095 .0064 .0116 .0092 .01 1 3  .0141 .0047 .0149 

Expo· 
A,e sure • 1 1  

U-20{� 
2 H5{� 
36-38{� 
3H 1{� 
42 +{� 

432 

12,616 
1 1 1  

.0088 

979 
14 

.0143 

45 1 
6 

.0133 

132 
3 

.0227 {n 14,610 
Total m 134 

p .0092 

12  

488 
6 

.0123 

13 

42 

14 
u 

Total 
F, 2 1  2 2  

29 
2 

.0690 

991 
8 

.0081 

109 173 

7 ,900 625 475 2 1 ,616 1 ,7 1 1  
53 9 4 1 7 7  1 0  

.0067 .0144 .0084 .0082 .0058 

549 45 �3 1 ,606 193 
4 - - 1 8  

.0073 - - .01 12 

303 28 18 800 1 17 
6 - - 12 

.0198 - - .01 50 

76 
1 

.0132 

9,316 
70 

.0075 

7 4 2 1 9  40 
4 1 

.0183 .0250 - -- -- --
747 ,9 2 5,232 2,170 

9 6 219 1 1  
.0120 .0107 .0087 .005 1 

3 
.0173 

2,932 
19 

.0065 

494 
4 

.0081 

366 
7 

.0191 

179 
3 

.0168 

4, 144 
36 

.0087 

• Father's exposure is indicated first. 

2 3  

2 4  

186 
5 

.0269 

39 

19 

1 1  

279 
5 

.0179 

24 
25 

5 

89 

12  

5 

5 

1 16 

Hiroshima 

Total 
Fa 31 32 

147 
1 .0068 

39 2 1  
1 

.0476 

33 

17 

34 
35 

3,283 
40 

.0122 

497 302 382 85 
7 3 3 3 

.0141 .0099 .0079 .0353 

336 
3 

.0089 

36 3 1  68 1 1  
1 

.0147 

165 
3 

.0182 

17 19 37 5 

45 
1 

.0222 

7 12  17 
1 

.0588 

4 

3,976 596 385 521 1 10 
48 7 4 5 3 

.0121 .01 17 .0104 .0096 .0273 

Total 
'• 
3 1 1  

3 
.0096 

31  

11  

4,91 8  189 
34 5 

.0069 .0265 

738 20 
4 

.0054 

507 u 
7 

.0138 

235 8 
4 

.0170 - -
6,709 243 

52 5 
.0078 .0206 

N�salti 

32 

9 

206 

2 5  

16 

17 

273 

33 

2 

67 

14 

8 
1 

.1250 

3 

94 
1 

.0106 

34 
" 

2 5  

3 5  

Total 
Fa 

82 
1 

.0122 

41 42 43 
51 52 " 

14 8 3 

44 
45 
54 
5 5  

3 

1 ,266 347 206 128 87 
16 3 2 1 1 

.0126 .0086 .0097 .0078 .011 5 

146 24 u 18 9 
1 1 

.0068 .0417 

78 5 14 5 14 

40 
1 

.02 50 

5 

-- -- -

3 4 

1,612 395 244 157 1 1 7  
19 4 2 1 1 

.01 18 .0101 .0082 .0064 .0085 

Total 
Fa 

2 2  

41 
51  

3 

42 
52 

487 1 1 1  143 
5 2 1 

.0103 .0180 .0070 

64 10 10 

44 
1 

.0227 

28 

8 

7 

1 
. 1000 

12  

8 

645 139 178 
6 2 2 

.0093 .0144 .01 1 2  

4 3  H 

29 

3 

2 

3 5  

44 
45 
54 
5 5  

2 2  

3 

28 

Total 
Total 
F,, 1 M, Ma Ma M., 1 

28 

768 
7 

.0091 

66 
1 

.0152 

38 

13 

937 338 
5 7 

.0053 .0207 

17,629 6,736 
166 65 .0094 .0096 
805 491 

9 5 
.01 12 .0102 

310 223 
4 4 

.0129 .0179 

104 59 
4 2 

.0385 .0339 

153 71 
3 1 

.0196 .0141 

2 ,778 1 ,322 
16 18 

.0058 .0136 

223 78 
1 1 

.0045 .0128 

95 56 
1 

.0105 

38 19 
1 

.0263 

913 19,785 7,847 3,287 1 ,546 
8 188 83 22 20 

.0088 .0095 .0106 .0067 .0129 

Total 
F,, • 

9 

Total 
r-M1 Ma Ma M., 1 

555  675  
9 

.0133 

68 35 
2 

.0571 

305 14,627 1 1,181 907 6 1 1  
3 1 2 8  73  14 4 

.0098 .0088 .0065 .0154 .0065 

24 
1 

.0417 

2 5  

1 7  

1 ,202 1 ,078 
14 9 

.01 16 .0083 

591 
6 

.0102 

187 
4 

.02 14 

697 H 
.0187 

280 
4 

.0143 

101 

" 
1 

.0175 

22 

51 

31  

10 

Total 
aae 
1 ,499 

16 
.0107 

28,465 
265 

.0093 

1 , 597 
16 

.0100 

684 
9 

.0132 

220 
7 

.03 18 

32,465 
3 13 .0096 

Total 
age 
1,333 

1 1  
.0083 

27,326 
2 1 9  

.0080 

2,432 
2 3  

.0095 

1 ,376 
20 

.0145 

499 
8 

.0160 

380 17,162 1 3,91 1 1 ,115  738 32,966 
4 1 52 108 15 6 281 

.0105 .0089 .0078 .0130 .0081 .0085 
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1 14 Genetic Effects of Atomic Bombs Cltapter VIII 

emerging at the level of significance is the al
ready discussed effect of maternal age on the 
frequency of congenital malformation. Among 
the first order interactions none is significant 
save mother's exposure-mother's age. However, 
since the effect of mother's exposure is not inde
pendent of age no generalizations can be made 
with respect to the effect of maternal irradiation 

TABLE 8.8 CHI·SQUARB ANALYSIS OF THB FllB
QUBNCY OF CoNGBNITALLY MAl.FOilWBD INFANTS 

BY Sax, CITY, AND PARBNTAL ExPOSUllB 
(Unrelated parents) 

a. All exposure cells ( 4 X 4 )  

Source DF x.• 

Total . . . . . . .  . .  . .  . . . . . . 63 63.077 
Interactions, first order 

cs . . . . . . . . . . . . . . . . . 1 1 .039 
CM • • • • • . • • • • • . . • • • • 3 9.427 
CF . . . . . . . . . . . . . . . . .  3 2 .054 
SM . . . . . . . . . . . . . . . . . 3 5 .210 
SF . . . . . . . . . . . . . . . . .  3 3.057 
MF . . . . . . . . . . . . . . . . .  9 6.107 

Main effects 
City (C) . .  . .  . .  . . .  . . .  1 2 .269 
Sex (S) . .  . .  . .  . .  . .  . .  . 1 0.169 
Mothers (M) . . . . . . . . . 3 1 .907 
Fathers (F)  . .  . .  . .  . .  . .  3 1 .232 

p 

.50-.60 

.30-.50 

.02-.05 

.50-.70 

. 10-.20 

.30-.50 

.70-.80 

.10-.20 

.50-.70 
.50-.70 
.70-.80 

b. Excluding parents in Category 1 ( 3 X 3 )  

Source DF x.• P 

Total . . . . . . . . . . . . . . . . .  35 28.806 .80-.90 
Interactions, first order 

cs . . . . . . . . . . . . . . . . .  1 
CM . . . . . . . . . . . . . . . . . 2 
CF . . . . . . . . . . . . . . . . . 2 
SM . . . . . . . . . . . . . . . . .  2 
SF . . . . . . . . . . . . . . . . . 2 
MF . . . . . . . . . . . . . . . . .  4 

Main effects 
City (C) . .  . .  . .  . . .  . .  . 1 
Sex (S )  . . . . . . . . . . . . . 1 
Mothers (M)  . . . . . . . . 2 
Fathers (F)  . . . . . . . . . .  2 

1 .027 
6.4 1 1  
3.282 
3.052 
2.364 
4.080 

2 .406 
0.015  
0.222 
0.480 

.30-.50 

.o2-.05 

.10-.20 

.20-.30 

.30-.50 

.30-.50 

.10-.20 

.90-.95 

.80-.90 

.80-.90 

based on the main effects test alone. In order 
to interpret the effect of maternal exposure, we 
must consider separately the maternal age classi
fications. Table 8.10 presents the distribution 
of the frequency of malformation by mother's 
age and exposure. For purposes of comparison 
and its bearing on a possible somatic maternal 
effect, a comparable table (Table 8. 1 3 )  is given 
for father's exposure. In Table 8. 1 1  are given 
the results of analyzing the effect of mother's 
exposure at each of the five different maternal 

age levels. For these five age levels mother's 
exposure seems to exert an effect only in the 
1 �-20 year age interval . From inspection of 
Table 8.10 we note that the frequency of mal-

TABLE 8.9 CHr-SQuARB ANALYSIS oF THB Fu
QUENCY OF CoNGENITALLY MALFORMED 

INFANTS BY CITY, MATERNAL AGE, 
AND PARENTAL EXPOSURE 

(Unrelated parents) 

All exposure cells 

Source DF x.• 

Total 1 56 

Interactions, first order 
CM . . . . . . . . . . . . . .  3 
CF . . . . . . . . . . . . . . .  3 
CA . . . . . . . . . . . . . . .  4 
AM . . . . . . . . . . . . . . 12 
AF . . . . . . . . . . . . . . .  12  
MF . . . . . . . . . . . . . .  9 

Main effects 
Age (A) . .  . .  . .  . .  . .  4 
City (C)"  

Age intervals 
1 5-20 . .  . .  . . .  . .  1 
2 1-35 . .  . . .  . .  . .  1 
36-38 . .  . . .  . .  . .  1 
39-41 . . .  . .  . .  . .  1 
42 + . . . . . . . .  . 1 

Sum . .  . . . . . .  5 

Mothers (M)"· • 
Age intervals 

1 5-20 . .  . .  . .  . . .  3 
2 1-35  . .  . .  . .  . .  . 3 
36-38 . . .  . . .  . . .  3 
39-41 . .  . .  . .  . . .  3 
42 + . . . . . . . . .  3 

Sum . . . . . . . .  15  

Fathers (F)"  
Age intervals 

1 5-20 . . . . . . . . .  3 
21-35 . .  . .  . .  . .  . 3 
36-38 . . . . . . . . .  3 
39-4 1 . .  . . .  . .  . .  3 
42 + . . . . . . . . .  3 

Sum . . . . . • . . 1 5  

164.205 

9.657 
2 .053 
1 .914 

23.786 
7.907 
6.107 

18.057 

0.438 
2 .720 
0.032 
0.062 
1 .863 

5.1 1 5  

14.581 
4.463 
2.277 
3.1 1 1  
1 .462 

25.894 

0.4 1 1  
2 .619 
3 .555 
1 .303 
1 .400 

9.288 
• Adjusted for age (see Sec. 6. 5 ) .  
• See Table 8.1 1 .  

p 

.50-.60 

.02-.05 

.50-.70 

.70-.80 

.02-.05 

.70-.80 

.70-.80 

.001-.01 

.50-.70 

.05-.10  

.80-.90 

.80-.90 

.10-.20 

.30-.50 

.001-.01 

.20-.30 

.50-.70 

.30-.50 

.50-.70 

.02-.05 

.90-.95 

.30-.50 

.30-.50 

.70-.80 

.70-.80 

.80-.90 

formation tends to increase with increasing ma
ternal exposure with an eight-fold difference 
between mother's " 1"  and mother's "4-� ... or 
a two-fold difference between mother's "2" and 
mother's "4-�." This difference ceases to be 
significant, however, when consideration is 
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Analysis of the Malformation Data 1 1 5  

limited to only those cells in which both parents 
are exposed . Moreover, it is not significant if 
only mothers who were unexposed are excluded 
from consideration (x' = l .062 ; DF= 2) . The 
significance of the difference seems to be largely 
a function of the inordinately low frequency of 
malformation observed among the unexposed 
mothers in the 1 5-20-year age interval. In 

TABLE 8.10 THB DrsTRIBunoN oF FREQUENCY oF 
MAl.FOllMIID INFANTS CLASSIFIIID BY MOniER'S 

AGB AND ExPOSURE ONLY 

1 
1,492 

5 
.0034 

32,256 
294 

.0091 
2,007 

23  
.01 15  

901 
10 

.01 1 1  

291 
8 

.0275 

Mothers 

2 3 
1,01 3 221 

16 3 
.0158 .0136 

17,917 3,685 
138 30 

.0077 .0081 
1 ,569 324 

14 1 
.0089 .0031 

920 1 52 
17 2 

.0185 .0 1 32 

H9 60 
6 1 

.0177 .0167 

36,947 2 1 ,758 4,442 
37 

.0083 
340 191 

.0092 .0088 

4-5 
106 

3 
.0283 

1 ,933 
22 

.01 14 
129 

1 
.0078 

87 

29 

Total 
2,832 

27 
.0095 

55,791 
484 

.0087 
4,029 

39 
.0097 

2,060 
29 

.0 141  
719 

1 5  
.0209 

2,284 65,431 
26 594 

.01 14 .0091 

TABLE 8.1 1 CH1-5QuAJU1 ANALYsiS oF mE EFFEcr 
OF MOTHER'S ExPOSURE ON THE FREQUENCY 

OF MALFORMED INFANTS AT EACH OF 
TilE FIVE DIFFERENT AGE LEVELS 

Age group DF 
1 5-20 . . . . . . . . . . . .  3 
2 1-35 . . . . . . . . . . . .  3 
36-38 . . . . . . . . . . . .  3 
39-41 . . . . . . . . . . .  2 "  
42 + . . . . . . . . . . . .  2 "  

x.• 
14.58 1 
4.463 
2 .276 
2 .42 1 
1 . 196 

• Groups 3, 4, and 5 have been pooled. 

p 
.001-.01 
.2o-.3o 
.5o-.70 
.2o-.3o 
.5o-.70 

Table 8 . 1 2  is presented the distribution of mal
formed infants among mothers in the 1 5-20-
year age interval by parity and maternal ex
posure. We note that unexposed mothers (in 
the 1 5-20 year age interval) having their first 
or second pregnancies experienced an extremely 
low malformation rate. An explanation for this 
extremely low rate is not immediately apparent. 

8.6 The "9-months" data. - The sparcity of 
the material available from the 9-months ex-

amination necessitated two departures from the 
usual analytical approach. Firstly, parental ex
posure categories 3, 4, and 5 were pooled. Sec
ondly, all extraneous variation was ignored. 

TABLE 8.12 THE DrsTRIBunoN BY MATERNAL 
EXPOSURE AND PAJUTY OF MALFORMED INFANTS 

BoRN TO MOTHERS OF AGES 1 5-20 

1 ,204 
3 

.0025 

266 
1 

.0038 
22 

1 
.0455 

1 ,492 
5 

.0034 

2 
805 

1 3  
.0161 

185 
3 

.0 162 
23 

1 ,0 1 3  
16  

.01 58 

Mothers 

3 
168 

1 
.0060 

50 
2 

.0400 

3 

221 
3 

.01 36 

4-5 
77 

3 
.0390 

24 

106 
3 

.0283 

Total 
2,254 

20 
.0089 

525 
6 

.0 1 14 

53 
1 

.0189 

2,832 
27 

.0095 

TABLE 8.13 THE DrsTRJBunoN oF FREQUENCY oF 
MALFOllMED INFANTS CLASSIFIED AT BIRTII BY 
Momu's AGE AND FATIIER'S EXPOSURE ONLY 

1 
2,233 

22 
.0099 

44,764 
379 

.0085 
2,655 

29 
.0 109 
1 ,203 

18 
.0150 

341 
9 

.0264 

2 
458 

4 
.0087 
8,20 1 

74 
.0090 
1 ,074 

7 
.0065 

672 
10 

.0149 
280 

5 
.0 179 

5 1 , 196 10,685 
457 100 

.0089 .0094 

Fathers 

3 
104 

1 
.0096 

1,753 
2 1  

.0120 
2 1 0  

1 
.0048 

122 
1 

.0082 

68 
1 

.0 147 

2,257 
25 

.0 1 1 1  

4-5 Total 
37 2,832 

27 
.0095 

1,073 55,791 
10 484 

.0093 .0087 
90 4,029 

2 39 
.0222 .0097 

63 2,060 
29 

.0141 
30 719 

1 5  
.0209 

1 ,293 65,431  
1 2  594 

.0093 .0091 

These considerations must be borne in mind in 
appraising Tables 8.14 and 8 . 15 .1 In Table 8 .14 

1 The discrepancy in terms of  total number of  in
fants recorded in Tables 8.3 and 8 . 1 3  is due to the 
fact that in the former any child seen in the "9· 
months follow-up" is scored ( these infants will vary 
in age from 7i to 17 months) ,  whereas in the latter 
only those infants whose ages were 8-10 months in-

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


1 1 6  Genetic Effects of Atomic Bombs Chapter VIII 

TABLE 8.14 THE FREQUENCY OF MALFORMED INFANTS AMONG ALL INFANTS RE-EXAMINED AT 9·MONTHS 
OF AGE, BY CrrY AND PARENTAL EXPOSURE 

(Malformed infants are defined here as being those infants found to have one or more major defects at 
9 months of age not diagnosed at birth.) 

Hiroshima Nagasaki 

1 
5,424 

1 16  
.02 1 4  

458 
5 

.0109 

�0� 
5 

.0165 

6, 185 
126 

.0204 

Mothers 

2 
1,718 

25 
.0146 

501 
12 

.02�9 
178 

2 
.01 1 2  

2,�97 
�9 

.016� 

�5 
1,016 

n 
.0128 

180 
2 

.Ol l 1  

250 
� 

.0120 

1 ,446 
18  

.0 124 

Total 
8,158 

1 54 
.0189 

1 ,139 
19 

.0167 

7�1 
10 

.01 37 

10,028 
18� 

.0182 

are presented the frequencies of malformed 
infants, diagnosed at 9 months but not so diag
nosed at birth, distributed by city and parental 
exposure. The analysis of these data is presented 
in Table 8 . 1 � .  Inspection of the analysis reveals 
no significant differences between cities or 
father's exposure categories, but an effect of 
mother's exposure significant at the � per cent 
level. This effect, however, is contrary to what 
one might expect from radiation, since there are 

elusive are scored. The purpose of the more rigid 
definition in the latter table was to minimize another 
source of extraneous variation, namely, age of infant. 

1 
4,016 

97 
.0242 

56� 
16 

.0284 

1 16 
1 

.0086 

4,695 
1 14 

.024� 

Mothers 

2 
2,474 

45 
.0182 

990 
22 

.0222 

142 
2 

.0141 

�.606 
69 

.0191 

�5 
�71 

5 
.0135  

115  
4 

.0�48 

61 
� 

.0492 

547 
12  

.0219 

Total 
6,861 

147 
.0214 

1,668 
42 

.0252 

� 19  
6 

.o188 

8,848 
195 

.0220 

TABLE 8.15 CHI-SQUARE ANALYSIS OF THE FRE
QUENCY OF MALFORMED INFANTS AT 9 MONTHS 

OF AGE BY CrrY AND PARENTAL EXPOSURE 
(Unrelated patents) 

Source DF x.• P 

Total . . . . . . . . . . . . . . 17 

Interactions, first order 
CM . . . . . . . . . . . . .  2 
CF . . . . . . . . . . . . . . 2 
MF • . • • • • • • • • • • • •  4 

Main effects 
City (C) . . . . . . . . . 1 
Mothers (M) . . . . . 2 
Fathers ( F) . . . . . . 2 

22.54� 

1 .062 
1 .0 1 1  
M42 

M41 
6.070 
1 .64� 

.10-.20 

.50-.70 

.50-.70 

.�0-.50 

.05-.10  

.02-.05 
-�0-.50 

TABLE 8.16 THE DISTRIBUTION BY MATERNAL EXPOSURE OP THB SEVEN MOST CoMMON MAJOR. 
CoNGENrrAL MALFORMATIONS IN THB }APANESE, EXCLUSIVE OP CoNGBNITAL HBART DISBAsE 

(The incidences of the malformations are given in terms of number of malformations per 1,000 births.)  

Mothers 

1 2 � 4-5 ,--A-------, ,--A-------, r----"--. 
Type of No./1 ,000 No./1,000 No./1 ,000 No./1 ,000 

malformation No. births No. births No. births No. births Total 
Anencephaly . . . . . . . . . . . . .  26 0.70 17 0.78 4 0.90 2 0.88 49 
Cleft palate, single . . . . . . . .  �2 0.87 7 M2 � 0.68 42 
Club foot . . . . . . . . . . . . . . .  52 1 .41 28 1 .29 5 1 . 1�  � 1 .�1  88 
Harelip with cleft palate . . .  55  1 .49 � 1 .56 � 0.68 6 2 .6� 98 
Harelip without cleft palate . �7 1 .00 18 0.8� 5 1 . 1�  2 0.88 62 
Polydactyly . . . . . . . . . . . . . .  �7 1 .00 28 1 .29 � 0.68 2 0.88 70 
Syndactyly · · · · · · · · · · · · · · 23 0.62 10 0.46 � 0.68 �6 

Sum of malformations . . . 262 7.09 142 6.53 26 5 .85 15 6.57 445 
Total Births . . . . . . . . . . .  �6,947 21 ,758 4,442 2,284 65,4�1 
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Analysis of the Malformation Data 117  

relatively more malformations among the chil
dren of category 1 mothers, and this despite 
the fact that age-parity effects, which should 
introduce a bias in the direction of hypothesis, 
have not been allowed for. 

8.7 Analysis by specific malformation type. 
- The genetic basis of most of the common 
types of malformations is poorly understood. 
Accordingly, the remote possibility had to be 
considered that the frequency of children with 
certain kinds of malformations was affected in 
a rather specific way by parental radiation. 
Despite the improbability of the existence of 
such an effect in the absence of an effect of 
radiation exposure in the material as a whole, 

an analysis of this possibility has been under
taken. The reSults, with respect to the seven 
most common malformation types, are given in 
Table 8.16. When the data are partitioned in 
this manner there are relatively few malforma
tions of any specific type. For this reason, the 
classification according to radiation history is by 
mother's exposure only. Inspection of Table 
8 .16 reveals no noteworthy trends. 

8.8 Summary. - Analysis of the frequency 
of malformed infants by city and parental ex
posure reveals no significant, consistent effect of 
parental exposure. The small departures from 
expectation which are observed cannot be said 
to be in the direction of genetic hypothesis. 
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Chapter IX 

ANALY S I S  O F  T H E  S T I L L B I RT H  DATA 

9.1 The trail. - The definition of a stillbirth 
employed in this study is an infant who shows 
no signs of life at birth, following a period of 
gestation of at least 20 weeks. Any infant that 
moves, makes respiratory attempts, or is born 
with a beating heart is not in the strict sense 
"stillborn." This definition, which is that em
ployed in United States vital statistics, runs 
counter to current Japanese usage, under which 
infants who showed signs of life at birth but 
never succeeded in establishing a pattern of 
regular respiration are frequently reported as 
stillborn. This usage was in part a matter of 
convenience, since a stillbirth required com
pleting only one official form, whereas a live
birth dying an hour following delivery required 
completing two. The subject of the ABCC's 
usage of the term "stillbirth" was repeatedly 
taken up at conferences with the midwives. 

The frequency of stillbirths encountered in 
our control material (both parents category 1 ) 
was in Hiroshima 1 .27 per cent of all births 
( 1 7, 189 births) and in Nagasaki 1 . 3 1  per cent 
( 14,4�0 births) .  In comparison, in 19�0 the 
"official" stillbirth rate (stillbirths per 1 ,000 
livebirths) was in Hiroshima prefecture 79.6 
and in Nagasaki prefecture 87.7, or, expressed 
as percentage of all births, 7.37 per cent and 
8.07 per cent respectively (Public Health and 
Welfare in Japan, 19�0) . Official statistics for 
other years are similar. There is apparent a 
marked discrepancy between official statistics 
and our own. There are at least five factors to 
be taken into account in an evaluation of these 
differences. Firstly, there is the matter of regis
tration practices referred to above. Secondly, 
the official stillbirth data are for stillbirths after 
the third month of uterogestation, whereas by 
and large our figures refer to events following 
the fifth month of gestation. Thirdly, since the 
official figures are for an entire prefecture, there 
is the posSibility of urban-rural differentials. 

This, however, works in the opposite direction 
than the first two factors, since in 19�0 the 
stillbirth rate for all shi (cities) was 1 34.0 per 
1 ,000 livebirths, whereas for all g11n (villages 
and rural areas) the rate was 70.4. Fourthly, the 
official figures may include some induced termi
nations, whereas these were excluded from our 
own data. Lastly, those stillborn infants with 
gross malformations were excluded from our 
figures. The reasons for this exclusion were 
given in Section 6.2. 

When approximate allowance is made for 
the exclusion from our figures of stillborn, 
malformed infants, the stillbirth rates observed 
in this study are quite similar to those currently 
obtaining in many parts of the United States 
(e.g., Michigan, 19�0, 1 .9 per cent) . The possi
bility that the ABCC program was failing to 
obtain data on any substantial number of still
births seems precluded by the efficiency of preg
nancy registration (Sec. 2 . 1 ) and the system of 
careful follow-up for all registered terminations. 

9.2 The genetic arg11men1 for radiation-in
dMcetJ changes. - Animal experimentation on 
the genetic effects of irradiation indicates that 
the largest group of induced mutations having 
clear-cut effects detectable in the first generation 
of offspring following exposure are the auto
somal lethals. As detected in the first genera
tion of offspring these mutations would consist 
largely of the dominant lethals, although a few 
recessive lethals would be recovered due to the 
fortuitous combination in some individuals of 
an induced lethal mutant with an allelic lethal 
mutant of spontaneous origin. Presumably one 
of the manifestations of the presence of these 
mutant genes would be fetal death. Accordingly, 
we might expect, as one of the changes sympto
matic of irradiation-induced genetic damage, an 
increase in the frequency with which infants 
are stillborn as parental exposure increases. 

9.3 Concomitant 11ariation known lo affect 

1 18 
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the stillbirth rate. - No one of the indicators 
with which we have dealt or shall deal is more 
complex with respect to concomitant variation 
than the one presently under consideration. No 
less than seven sources of concomitant variation 
known to affect the stillbirth rate could, con
ceivably, be influencing the data which we shall 
analyze. These seven sources of extraneous vari· 
atioo are congenital syphilis, birth injwy, ma
ternal age, parity, nutrition, rate of reproduc
tion, and paternal age. 

Congenital syphilis has long been one of the 
major causes of fetal mortality. In Hiroshima 
and Nagasaki the frequency of positive serolo
gies is from 5 to 7 per cent among post·parturi· 
ent women. To assess the amount of infantile 
mortality attributable to congenital syphilis 
among the births described here would have 
required an expenditure of time and energy 
which, because of the limitations of personnel 

by syphilitic stillborn infants (and we have no 
evidence that it is not) then, because of the 
known differential in maternal age among the 
parental exposure cells, herein lies a possible 
sowce of bias. The age distribution among the 
exposwe cells is such that this bias would tend 
to inflate the stillbirth rate among those parents 
less heavily exposed or not exposed at all. How
ever, these potential effects would appear to be 
quite small, of a magnitude which could safely 
be ignored in this analysis. 

A second major factor affecting infant sw· 
viva! (which it was not possible to control) is 
the occwrence of an injury dwing parturition. 
In the United States, it has been estimated that 
birth injwy accounts for no less than 1 3 .6 per 
cent of infantile mortality (Stander, 1941 ) .  
Of the various types of injwies which may be 
sustained during the passage of the infant 
through the birth canal, by far the most common 

TABLE 9.1 CoNGBNrrAL SYPHILIS .ucoNG LMNG INFANTS BollN IN NAGASAKI IN 1951 
(Incidence and relation to maternal IF [after Wright, S.W. et al., 1952) ) 

Maternal age: years 
Totals 1 5-19 2G-24 25-29 3G-34 35-39 4o-44 45-50 

Number of living infants . . . .  6,673 181 1,691 2,435 1 ,456 735 171 4 
Number of cases of congenital 

syphilis . . . . . . . . . . . . . 47 4 17 16 5 4 1 0 
Incidence X 1 ,000 . . . . . . . . .  7 22 10 6.5 3.4 5 .4 5.8 0 

x" = 1 1.160 DP= 5  P < 0.05 

and facilities, was not possible. However, a 
small study was made in Nagasaki on infants 
born in the year 195 1  in an attempt to deter· 
mine the incidence of congenital syphilis among 
the infants being examined in connection with 
the genetics program (Wright, S. W. et al., 
1952 ) . Initially it was planned that this study 
would estimate the incidence of congenital 
syphilis among living infants, stillbirths, and 
neonatal deaths. Because of the formidable diffi
culties posed in estimating the latter incidences 
in the absence of an exhaustive post-mortem 
program in Nagasaki, attention had to be fo
cused on living infants alone. Two items of 
interest here emerged from this study. Firstly, 
some seven out of every thousand liveborn 
infants were shown to have congenital syphilis 
either by clinical, serologic, or roentgenologic 
examination, or any combination thereof. Sec
ondly, a gradual decline in the rate of trans
mission with increasing maternal age was noted. 
These latter data are reproduced in Table 9. 1 .  
I f  this same effect of maternal age is exhibited 

is intra-cranial injwy with hemouhage. It has 
been reported that 4o-so per cent of infants 
coming to autopsy will show evidence of this 
form of birth injwy (Stander, 1941 ) .  In our 
own data among 50 autopsied infants, se· 
lected at random, 26 showed intra-cranial 
hemorrhages ranging from moderate to severe 
in degree. While the importance of birth injury 
in infantile death cannot be gainsaid, it is diffi
cult to visualize circumstances which would lead 
to a non-random distribution of birth injwies 
among the parental exposwe categories, and 
this possibility will be ignored in the analysis. 

A third major factor affecting infant survival 
is maternal nutrition. The importance of this 
variable is amply attested to by an extensive 
literature. In the main, this literatwe is in agree
ment in indicating that rather drastic changes 
in maternal nutrition must occur before clearly 
demonstrable changes in the stillbirth rate can 
be shown (see, for example, Antooov, 1947, 
and Smith, 1947) . There is no evidence that 
dwing the cowse of this study the limitations 
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imposed on maternal nutrition by economic 
conditions prevailing in Japan reached the levels 
necessary to produce measurable changes in the 
stillbirth rate, or that (arguing again from the 
rough classification of economic status presented 
in Sec. 5 .3 )  such differences in maternal nutri
tion as existed were non-randomly distributed. 

Among the variables affecting the stillbirth 
rate previously enumerated, the effects of ma
ternal age and parity are by far the most com
plex and general in scope. These effects as 

manifested in the present material are sum
marized in Tables 9.2 and 9.3 and Figures 9.1 
and 9.2 .  The data are presented and analyzed in 
the same manner as age and parity effects with 
respect to major congenital malformations ( cf. 
Sec. 8.4) . Again, a detailed discussion of the 
findings will be deferred for a subsequent publi
cation. There is a significant effect on stillbirth 
frequency of both age and parity, with, in both 
instances, an apparent increase in stillbirth fre
quency at the extremes of the scale. This in-

TABLE 9.2 THB EFFECT OP MATERNAL AGB AT fiXBD PARITY ON THE FREQUENCY OP STILLBORN INFANTS 
(The meaning of the symbols employed is explained in Sec. 8.4 . ) 

Total Normal Stillborn Per cent 
births births infants stillborn AD 

Parity 1 
< 21 · · · · · · · · · ·  . . . . . . . . . . . . . . . .  1 ,912 1 ,882 30 1.57 .01995 
2 1-25 . . . . . . . . . . . . . . . . . . . . . . . . .  8,623 8,479 144 1 .67 .05687 
26-30 . . . . . . . . . . . . . . . . . . . . . . . . . 3,192 3 ,125 67 2.10 .03101 
3 1-35 . . . . . . . . . . . . . . . . . . . . . . . . . 614 595 19 3.09 .02920 
36-40 . . . . . . . . . . . . . . . . . . . . . . . . .  178} 189 i} 4.06 .01661 41  + . . . . . . . . . . . . . . . . . . . . . . . . .  19 

Total . . . . . . . . . . . . . . . . . . . . . . . .  14,538 14,270 268 .1 5364 
x26 = 14 .046• I .. n = 0.0768 PT = 0.2612  

Parity 2 
< 21 . . . . . . . . . . . . . . . . . . . . . . . . .  421 4 1 5  6 1 .43 .01095 
21-25 • • • •  0 • • • • • • • • • • • • • • • • • • • •  6,639 6,572 67 1 .01  .00615 
26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  6,354 6,294 60 Q.94 .03259 
31-35 . . . . . . . . . . . . . . . . . . . . . . . . .  1,4 1 5  1,399 16 1 . 13  .00983 
36-40 . . . . . . . . . . . . . . . . . . . . . . . . .  366 360 6 1.64 .01460 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . .  47 46 1 2 . 13  .00336 

Total . . . . . . . . . . . . . . . . . . . . . . . . 1 5,242 15,086 1 56 .07748 

x26 = 3.174 Ian = 0.0387 PT = 0.2738 

Parity 3 

23} < 21 . . . . . . . . . . . . . . . . . . . . . . . . . . 36} 2,224 1 .02 .03634 2 1-25 . . . . . . . . . .  · · · · · · · · · · · · · · ·  2,21 1  
26-30 . . . . . . . . . . . . . .  · · · · · · · · · · ·  5,799 5,729 70 1 .2 1  .015 1 3  
3 1-35 . . . . . . . . . . . . . . . . . . . . . . . . .  2,390 2,357 33 1 .38 .02444 
36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 5�} 580 �} 1 .86 .02703 41 + . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . .  11 ,027 1 0,890 137 .10294 

X2a = 3.153 Ian = 0.0515  PT = 0.1981 

Parity 4 

n < 21 . . . . . . . . . . . . . . . . . . . . . . . . . . 
47�} 476 1 .45 .02010 

2 1-25 . . . . . . . . . . . . . . . . . . . . . . . . .  

26-30 . . . . . . . . . . . . . . . . . . . . . . . . . 2,848 2,828 20 0 .70 .16468 
31-35 . . . . . . . . . . . . . .  · · · · · · · · · · ·  2,52 1 2,487 34 1.35 .07112  
36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 750 736 14 1 .87 .07286 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . . 84 83 1 1.19 .00060 

Total · · · · · · · · ·  . . . .  . . . . . . . . . . 6,686 6,610 76 .32936 

x24 = 9.770• lao = 0.1647 PT = 0. 1 201 
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Analysis of the Stillbirth Data 1 2 1  

TABLE 92-Contituted 

Total Normal Stillborn Per cent 
births births infants stillborn AD 

Parity , 
2 1-25 · · · · · · · · ·  . . . . . . . . . . . . . . . .  78 76 2 2.56 .0172� 
26-�0 . . . . . . . . . . . . . . . . . . . . . . . . .  991 975 16 1 .61 .0�879 
� 1-�5 • • • • • • • • • • • •  0 • • • • • • • • • • • •  1 ,756 1,7�7 19 1 .08 .1 1020 
�6-40 . . . . . . . . . . . . . . . . . . . . . . . . . 8�7 82� 14 1 .67 .04208 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . .  97 95 2 2.06 .01 2 1 1 

Total . . . . . . . . . . . . . . . . . . . . . . . .  �.759 �.706 ,� .22041 
x24 = � . 1 16 I.o = 0.1 102 PT = 0.0675 

Parity 6 
2 1-25 • • • • • •  0 • • • • • • • • • • • • • • • • • •  12} 270 n 1 .46 .00158 26-�0 . . . . . . . . . . . . . . . . . . . . . . . . .  262 
�·-�5 . . . . . . . . . . . . . . . . . . . . . . . . . 956 94� H 1 .�6 .0�585 
�0 . . . . . . . . . . . . . . . . . . . . . . . . .  794 785 9 l .H .08678 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . 141 H5 6 4.26 .1242 1 

Total . . . . . . . • . . • . . . . . . . . • . . • •  2,165 2,13� �2 .24842 
x•a = s.2os• lu= 0.1242 PT = 0.0�89 

Parity 7 + 
21-25 . . . . . . . . . . . . . . . . . . . . . . . . . 

,�} 58 �} 4.92 .0280� 26-�0 . . . . . . . . . . . . . . . . . . . . . . . . . 
� 1-�5 . . . . . . . . . . . . . . . . . . . . . . . . .  488 479 9 1 .84 .055�8 
36-40 · · · · · · · · · ·  . . . . . . . . . . . . . . .  1,195 1,167 28 2.34 .02451 
41 + • • • • • • • • • • • • • •  0 • • • • • • • • • •  498 48� n M1 .05188 

Total • . . . . . . . . . . . . . . . . . . . . . . .  2,242 2,187 55 .15980 
x21 = �.015 I•o = 0.0799 PT= o.04o� 

All parities 
< 21 . . . . . . . . . . . . . . . . . . . . . . . . . 2,�74 
2 1-25 . . . . . . . . . . . . . · · · · · · · · · · · .  18,045 
26-�0 . . . . . . . . . . . . . . . . . . . . . . . . .  19,50� 
�1-�5 . . . . . . . . . . . . . . . . . . . . . . . . . 10, 140 
�0 . . . . . . . . . . . . . . . . . . . . . . . . . 4,645 
41 + . . . . . . .  · · · · · · · · · · · · · · · · · · ·  952 

Total . . . . . . . . . . . . . . . . . . . . . . . .  55,659 
x21 = 26.547 . .  

crease at the lower end of the scale is more 
definite with respect to parity than with respect 
to age. 

One of the more exhaustive previous studies 
of this relationship of maternal age and parity 
to infant survival is that of Yerushalmy ( 194� ) .  
who found that ( 1 )  "the lowest rates do not 
occur in one particular age group irrespective 
of parity. There is a consistent shifting of the 
minimum rate to the older ages with increasing 
parity." (2)  "When the stillbirth rates by age 
of mother are compared for the different parity 
groups the increase in the rate is not propor· 
tiooate for the various age groups. The increase 
is very much higher for the younger age of 

2.��7 �7 1.56 .00507 
17,801 244 1 .35 .010�2 
19,265 2�8 1 .22 .04472 
9,991 14� 1.4 1 .00189 
4,556 89 1 .92 .OH53 
926 26 2.7� .01659 

54,882 777 
I•o' (for age) = 0.0761 

mother groups than for the older." The present 
data appear to agree with the first of these two 
conclusions, but of themselves would scarcely 
permit drawing the second conclusion - this 
may be in part a matter of the numbers involved. 
From the standpoint of controlling extraneous 
variation, these findings, taken in conjunction 
with our own, imply that the only really ade· 
quate control is one which takes into account 
not only maternal age but also parity. Among 
the Japanese data, to effect an adequate control 
would require recognizing approximately 2� 
parity-specific age intervals (five intervals for 
parity, and five for age, or 2� in all ) . The data, 
because of the already existing numerous ways 
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122 Genetir Efferts of Atomir Bombs Chapter IX 

TABLE 9.3 THB EFFBCT OF MATB&NAL PAUTY AT FJXBD AGB ON THB FaBQUBNCY OF SnLLBO&N INFANTS 
(The meaning of the symbols employed is explained in Sec. 8.4.) 

Mother's age: < 21 
1 · · · · · · · · ·  · · · · · · · · · · · · · · · · · · · ·  

2 . . . . . . . . . . . . . . . . . . .  · · · · · · · ·  . .  

� + . . . . . . . . . . . .  · · · · · · ·  . . . . . . . .  

Total . . . . . . . . . . . . .  · · · · · · · · · ·  

x•. = o.2�7 

Mother's age: 2 1-2�  
1 
2 
� 
4 
� 

. . . . . . . . . . . . . . . . .  · · · · · · · · · · · ·  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• •  0 0 • • • • • • • • • • • • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 +  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total . . . . . . . . . . . . . . . . . . . . . . . .  

x•. = 19.969• • 

Mother's age: 26-�0 
1 
2 
� 
4 
� 
6 

. . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  

• • • • • • • • • • • • • • • • • • • • • • • • •  0 • •  0 

. . . . . . . . . . . . . . .  · · · · · · · · · ·  . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 + . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total · · · · · ·  . . . . . . . . . . . . . . . . .  

xa, = �4.H7* • 

Mother's age: � 1-�� 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

� . . . . . . . . . . . . . . . . . . . . . .  · · · · · · ·  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

� . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . · · · · · · · · · · ·  . . . . . . . . . . . . . . . . .  

7 +  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . .  

x28 = 1S .444• 

Mother's age: �6-40 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

� . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
� . . . . . . . . .  · · · · · ·  . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 + . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total · · · · · · · · · · · · · · · · · · · · · · · ·  

x•,= 8 .1 1 1 

Total Normal Stillborn 
births births infants 

1 ,9 12 1,882 �0 
42 1 415 6 
41 40 1 

2,�74 2.��7 �7 
lAD = 0.01�4 

8,623 8,479 144 
6,6�9 6,S72 67 
2,2 1 1 2,188 2� 
478 472 6 
78} 
16 90 4 

18,04� 17,801 244 
l•o = 0.12�2 

�.192 �. 12�  67 
6,�S4 6,294 60 
S,799 �.729 70 
2,848 2,828 20 
991 9n 16 
262 2�9 � 
�7 �� 2 

19.�0� 19,26� 2�8 
I•o = 0.14n 

614 �9� 19 
1,4 1S 1,�99 16 
2.�90 2 .��7 H 
2,S2 1 2,487 �4 
1,7�6 1,7�7 19 
9�6 94� n 
488 479 9 

10, 140 9,997 14� 

I•o = 0.0884 

178 171 7 
�66 �60 6 
�2� �14 1 1 
7�0 7�6 14 
8�7 82� 14 
794 78� 9 
1, 19� 1,167 28 

4,64� 4.��6 89 
l•o = 0.1 104 

- - - --- - - ---------

Per cent 
stillborn 

1 .�7 
1 .4� 
2.44 

PT = 0.0427 

1 .67 
1 .01 
1 .04 
1 .26 
4.26 

PT = 0.�242 

2.10 
.94 
1 .2 1 
.70 
1 .61 
1 . 1� 
� .� 1 

PT= 0.3�04 

�.09 
1 .U 
1 .�8 
l .�S 
1 .08 
1 .�6 
1 .84 

PT= 0.1822 

3.9� 
1 .64 
2.10 
1 .87 
1 .67 
1 . 1� 
2 .�4 

J>T= 0.08�� 

AD 

.oo�n 

.01�42 

.00991 

.0�084 

. 1 1 �84 

.09460 

.0286S 

.00 19� 

.01 133 

.2�035 

. 1 19�0 

.07461 

.00�26 

.06276 

.01662 
.0008� 
.oo��� 

.2829� 

.on�� 

.0280� 

.00�00 

.01 101 

.04088 

.00�42 

.01 �0� 

.17674 

.04112 

.01 160 

.0 1077 

.0043S 

.02H4 

.07 1 1 8 

.OS846 

.22082 
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Analysis of the Stillbirth Dllla 

TABLE 9.3-Co•ti,lltd 

Total 
births 

Mother's 1£e: 41 + 
1 � • • • 0 • • • • 0 • • • • • • • • •  0 • • • •  0 0 • • •  19 
2 . . . . . . . . . . . . . . . . . . · · · · · · · ·  . . .  47 
3 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
:5 . . .. . . . . . . . . . . . . .  · · · · ·  . . . . . . . .  97 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 
7 + . . . . . . . . . . . . . . . . . . . . . . . . . . 498 

Total . . . . . . . . . . . . . . . . . . . . . . . .  9:52 
x24 = 3.030 

AD ages 
1 . • . . . . . . . . . . . . . . . . . . . . . . . . . . .  14,538 
2 . • . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 :5,242 
3 . • . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1,027 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6,686 
:5 • • . • . • • • • . • . • • • • • . • • • • • • • . • . • 3,759 
6 . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 2,165 
7 + . . . . . . . . . . . . . . . . . . . . . . . . . . 2,242 

Total . . . . . . . . . . . . . . . . . . . . . . . . :5:5,659 
X2e = 59.978 . . 

�.o 

4.$ 

4.0 

3.$ 

PARITY 

6 
- · - · - $ 
- - - - 4 

3 
- 2  

3. - ,  

2.$ 
STILLBIRTHS 

(PER CENT) 2. 

' · 

0.$ 

20 

' 

Nonnal Stillborn Per cent 
births infants stillborn 

18 1 :5.26} 
46 1 2.B 
66 
83 1 1.19 
9:5 2 2 .06 
B:5 6 4.26 
483 1 :5 3.01 

926 26 
l.lo = 0.1403 I'T = 0.0171 

14,270 268 1.84 
1:5,086 1:56 1 .02 
10,890 137 1 .24 
6,610 76 1.14 
3,706 53 1 .41 
2,133 32 1 .48 
2,187 :5:5 2.4:5 

:54,882 777 
ho" (for parity) =  0.1 186 

... : 
.;; .;  �I  ' . .... �· . ,  ' · . . ;; ;, 

. ' , - · ·"'-... . . - .
. 

,.., 
.
. ., . ' 

I 
I 

I 

I 

. . . . . .  � - ,� ·, ,., · · - . . .... . .  i ' ,  "" 
-... 

.
. ' 

2$ 30 
MOTHER'S AGE 

3$ 40 

123 

AD 

.06346 

.0:51 17 

.02S67 

.08499 

.0:5:533 

.28062 

.08491 

.07411 

.022 1 1 

.02263 

.00068 

.00231 

.03094 

FJGURII 9.1 - The distribution of the frequency of stillbl>rn infants by age of mother for specified parities. 
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4. 
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MATERNAL. AGE 
--- 36 -40 

- - - - 31 - 35 
3 .  · · · · · · . . . .  26 - 3.0 

- . - . 21 - 25 
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2. 

\ 
\ 

·. \ ·.. 
\ 

' · ·. 
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. 

. 
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2 3 4 
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6 7 +  

FIGUIU! 92 - The distribution of the frequency of stillborn infants by parity for specified maternal ages. 

of classification, would not permit so elegant an 
approach to the extraneous variation occasioned 
by mother's age and parity. .Accordingly, it 
became a matter of judgment as to which of 
these two factors was to be controlled. .A de
cision was reached to disregard age but to 
recognize, for analytical purposes. five parity 
classes, namely, parity 1 ,  parities 2-�. 4-S, 6-7, 
and 8 and higher. 

9.4 The dala. - Tables 9.4 and 9.5 present 
the distribution and analysis of stillborn infants 
by sex, city, and parental exposure without fur
ther subdivision by parity. Inspection of Table 
9.4 suggests a difference in the stillbirth rate 
when the mother was not exposed as opposed 
to when she was. From the analytical table 
(9.5a) we note a significant effect of mother's 
exposure but not of sex or father's exposure . 
.Attention is called to the fact that the sex
mother's exposure interaction is not significant, 
in contrast to expectation in view of the possi
ble effect of exposure on the sex ratio described 
in Chapter VII .  With regard to the reality of 
the effect of mother's exposure on the stillbirth 
rate, it should be borne in mind that these data 

are uncorrected for parity and the more heavily 
exposed cells are biased in a way which would 
increase the stillbirth rate in these cells. If in 
the analysis of Table 9.4 we limit our attention 
to those exposure cells in which both parents 
were exposed, which would reduce the differ
ences between cells with regard to parity, the 
apparent effect of maternal exposure disappears 
(see Table 9.5b) . This observation is of con
siderable importance in the interpretation of 
these data since (a) matemal exposure con
founds the effects of genetic and somatic damage 
and hence a significant effect of maternal expo
sure not reflected in patemal exposure might 
well be a somatic rather than a genetic effect, 
and (b) there is evidence which bas been pre
sented in Chapter V and elsewhere in this 
report that the comparison of pregnancy ter
minations occurring to exposure category 1 par· 
ents with terminations occurring to parents in 
any other exposure category is biased. 

Let us now turn to a consideration of what 
these data reveal when the sex of the infant is 
ignored but terminations are classified with re
spect to parity. Tables 9.6 and 9.7 present the 
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Analysis of the Stillbirth Dala 

TABLE 9.4 FllBQUBNCY or SnLLBDlTHS BY SEx, 
AND CITY 

PAilBNTAL ExPOSUU 
(Unrelated parents) 

Male infants 
Hiroshima 

Fathers 

1 2 3 4-5 Total 

1H 8,919 761 309 208 10,197 
1 14 10 5 2 13 1 
.0128 .013 1 .0162 .0096 .0128 

2H 2,796 924 195 121 4,036 
36 15 5 5 61 

.0129 .0162 .0256 .0413 .01 5 1 
� 

3{� 1 ,108 220 266 80 1,674 .. ..c 27 1 8 1 37 0 .0244 .0045 .0301 .0125 .0221 � 
4-5H 565 108 52 56 781 

14 1 15 
.0248 .0192 .0192 

Total{� 13,388 2,013 822 465 16,688 
191 26 19 8 244 
.0143 .0129 .0231 .0172 .0146 

Male infants 
Nagasaki 

Fathers 

1 2 3 4-5 Total 

1{� 7,527 1,108 125 73 8,833 
1 10 21 1 1 133 
.0146 .0190 .0080 .0137 .01 5 1 

2{� 4,809 2,087 140 103 7,1 39 
77 32 3 1 12 

.0160 .0153 .0214 .0157 
� 

3{; 355 132 50 13 550 j! 6 1 7 � .0169 .0076 .0127 

4-5{� 276 56 18 15 365 
2 1 3 

.0072 .0179 .0082 

T�{� 12,967 3,383 333 204 16,887 
195 55 4 1 255 
.0150 .0163 .0120 .0049 .015 1 

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E f f e c t  o f  E x p o s u r e  t o  t h e  A t o m i c  B o m b s  o n  P r e g n a n c y  T e r m i n a t i o n  i n  H i r o s h i m a  a n d  N a g a s a k i
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 7 7 6
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TABLE 9.4--Co,lituwJ 

Female infants 

Hiroshima 

Fathers 

2 3 4-5 Total 

1H 
8,190 720 280 183 9,373 
104 9 9 6 128 
.0127 .0125 .0321 .0328 .01 37 

2{� 
2,5 12 897 186 121 3,716 
46 1 1  4 3 64 

.0183 .0123 .021 5 .0248 .0172 

� 3{� 
1,060 202 248 76 1,586 
21 3 2 1 27 

� .0198 .0149 .0081 .0132 .0170 

4-5H 
539 91 " 60 745 
6 1 2 9 

.01 1 1 .01 10 .0333 .0121 

Total{� 12,301 1,910 769 440 15,420 
177 24 15 12 228 
.0144 .0126 .0195 .0273 .0148 

Female infants 
Nagasaki 

Fathers 

1 2 3 4-5 Total 

1{� 
6,923 1,040 1 12 64 8,139 
80 17 97 

.01 16 .0163 .01 19 

2H 
4,430 2,016 133 73 6,652 

" 49 2 3 1 1 1 
.0129 .0243 .0150 .041 1 .0167 

] 3{� 
382 142 43 21 588 
9 3 12 � .0236 .02 1 1 .0204 

4-5H 
276 60 17 13 366 
4 2 1 7 

.0145 .0333 .0588 .0191 

Total{� 12,0 1 1 3,258 305 171 15,745 
150 71 3 3 227 

.0125 .0218 .0098 .0 175 .0144 
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Anal1sis of lh' Stillbirth Data 

TABLE 9.5 CHJ-SQUAII.B ANALYSIS OP THB Fu
QUBNCY OP STILLBillTHS BY SEX, PAJ.BNTAL 

ExPOSURB, AND CITY 
(Unrelated parents) 

a. All exposure cells ( 4 X 4) 
Source DF x• P 

Total 63 92.343 .01-.02 
Interactions, first order 

CM . . . . . . . . . . . . . . . . . • . . . . 3 .620 .8�.90 
CF . . . . . . . . . . . . . . . . . . . . . 3 10.626 .ot-.02 
cs . . . . . . . . . . . . . . . . . . . . . 1 0.200 .5�.70 
SM . . . . . . . . . . . . . . . . . . . . . 3 1 .565 .5�.70 
SF . . . . . . . . . . . . . . . . . . . . . 3 5.499 .1�.20 
MF . . . . . . . . . . . . . . . . . . . . . 9 5.548 .7�.80 

Main effects 
Cities (C)• 

Mother's exposure - 1 . . .  1 0.069 .7�.80 
Mother's exposure - 2 . . .  1 0.001 .95-.98 
Mother's exposure - 3 . . .  1 0.393 .5�.70 
Mother's exposure - 4, 5 .  1 0.140 .7�.80 

Sum � • • •  0 • • • • • • •  0 • • •  4 0.603 .95-.98 
Sex (S)• 

Mother's exposure - 1 .  . .  0.725 .3�.50 
Mother's exposure - 2 . . .  1 0.661 .3�.50 
Mother's exposure - 3 . . .  1 0.202 .5�.70 
Mother's exposure - 4, 5 .  1 0.065 .7�.80 

Sum • • • • • • • • • • • • • • •  0 4 1 .653 .7�.80 
Mothers (M) . . . . . . . . . . . . 3 12.797 .001-.01 
Fathers (F) • 

Mother's exposure - 1 . . .  3 3.943 .2�.30 
Mother's exposure - 2 . . .  3 6.769 .05-.10 
Mother's exposure - 3 . . .  3 4. 192 .2�.30 
Mother's exposure - 4, 5 .  3 0.187 .95-.98 

Sum . . . . . . . . . . . . . . . . 12 15.091 .2�.30 

b. Excluding parents in category 1 ( 3 X 3 ) 
Total . . . . . . . . . . . . . . . . . . . . . 35 14.186 .5�.70 
Interactions, first order 

CM . . . . . . . . . . . . . . . . . . . . . 2 2.001 .3�.50 
CF . . . . . . . . . . . . . . . . . . . . .  2 4.121 .1�.20 
cs . . . . . . . . . . . . . . . . . . . . . .  1 5.737 .01-.02 
SM . . . . . . . . . . . . . . . . . . . . .  2 2.083 .3�.50 
SF . . . . . . . . . . . . . . . . . . . . . .  2 4.825 .05-.10 
MF . . . . . . . . . . . . . . . . . . . . .  4 0.781 .�.95 

Main effects 
Sex (S)  . . . . . . . . . . . . . . . . . 1 1.884 .1�.20 
Cities (C) . . . . . . . . . . . . . . . 1 l .UO .2�.30 
Mothers (M) . . . . . . . . . . . .  2 2.8 16 .2�.30 
Fathers (F) • • •  0 • • • • • • • • • •  2 0.388 .s�.on 
• Adjusted for mothers. 

1 27 
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� N 00 

TABLE 9.6 THB PIU!QUBNCY or SnLLBIIlTHS BY PAIU!NTAL ExPOSUU. CrrY, AND PAIUTY 
(Unrelated parents) 

&poParlty sure • 
1{� 

2�{� 
4-5{� 
6-7H 
8 +{� 
sum{� 

ll  
5,.c60 

9� 
.0170 

8,�29 
91 

.0109 

2,6�0 
27 

.010� 

560 
5 

.0089 

1 30 
2 

.OU4 

1 2  1 3  

1 ,699 665 
40 2 1  

.0235  .0316 

2,615 
27 

.010� 

748 
1 1  

.0147 

1 , 1o6 
19 

.0172 

�09 
6 

.0194 

195 66 
4 2 

.0205 .030� 

5 1  22 

14 
15 

H8 
5 

.0148 

54� 
10 

.0184 

1H 
5 

.0289 

44 

6 

Total 
F, 2 1  

8,162 50� 
1 59 12  

.0195 .02�9 

12,59� 
147 

.01 17 

�.860 
49 

.0127 

865 
1 1  

.0127 

209 
2 .0096 

679 
6 

.0088 
23-4 

1 .ooo 
" 

10 

22 

20� 
6 

.0295 

79� 
7 

.0088 

549 
7 

.0128 

200 
5 

.02 50 

76 
1 

.0132 

2� 

64 

197 
� 

.OU2 

1 1 8  

2 5 
1 .0400 

1 8  

2 4  
2 5  

H 

89 

46 
1 

.02 17 

17 

14 

17,109 5,308 2,168 1 , 1 04  25,689 1 ,481 1 ,82 1 422 199 
2 1 8 82 48 20 368 19 26 4 1 

.0127 .OU4 .0221  .0181 .0143 .0128 .0143 .0095 .0050 

Expo· 
Parity sure • 1 1  1 2  

2,407 
38 

.0158 

14 Total 
1 3  1 5  F1 2 1  

522 
1 5 

.0287 

22 

53-4 
17 

.0�18 

23 

4 5  
1 

.0222 

24 
2 5  

1{� 
2-�H 
4-5H 
6-7H 
8 +H 
SumH 

3,210 
47 

.0146 

6,968 
78 

.01 12  

�.085 
39 

.0126 

941 
1 8  

.0191 

246 
8 

.0�2 5 

14,450 
190 

.01 � 1  

4,516 
56 

.0124 

1 , 599 
20 

.0125 

538 
14 

.0260 

179 
6 

.0�35 

1M 1 36 5,937 
3 1 89 

.016� .0074 .0150 

355 280 1 2 , 1 1 9  
7 4 145 

.0197 .0143 .0120 

128 88 4,900 
5 - 64 

.0391 - .01 3 1  

48 3-4 1,561 
32 

.0205 

22 14 461 
1 u 

.0714 .0325 

930 
14 

.01 5 1  

4 1 1  
5 

.0122 

203 
4 

.0197 

82 

1,440 
24 

.0167 

1,190 
19 

.0160 

619 
8 

.0129 

320 
1 3  .0406 

96 
2 

.0208 

76 

�5 

22 
1 

.04, 

24 
1 

.0417 

49 
1 

.0204 

27 
1 

.0370 

1 3  

� 

9,239 737 ,2 24,978 2,148 4,10� 274 116 
1 3-4  u 6 3-45 �8 81  4 � 

.0145 .0204 .0109 .01 38 .0177 .0197 .0146 .0259 

• Father"s exposure is siven first. 

� �� - ---

44 
- �  

45 Total 
Total Fa 3-4 Total 41 • 42 4� 54 Total 31 �2 H �5 Fa H 52 53 55 F,, , M, Ma Ma M., ,  Total 

80� 194 
18 8 

.0224 .0412 

1 ,758 
16 

.0091 

947 
9 

.0095 

297 
6 

.0202 

288 
4 

.0139 

82 
2 

.0244 

20 

n 
2 

.0267 

16� 
4 

.0245 

96 
2 

.0208 

29 

53 22 
2 1 

.0�77 .04, 

202 45 
5 

.0248 

161 
2 

.0124 

68 

2� 

14 

1 1 8  
1 

.0085 

18 �0 � 
l 1 

.0556 .0333 

3.92 3 589 �81 514 107 
50 14 9 10 1 

.0127 .0238 .0236 .0195 .0093 

Na�aki 

Total 
F. � 1  32 

1 , 1 2 5  H 46 
34 - 2 

.0302 - .0435 

2 . 5 1 5 103 102 
41 1 1 

.0163 .0097 .0098 

1 ,704 , 77 
2 5  - 1 

.0147 - .0130 

870 16 �2 
12 - 1 

.0138 - .031 3  

427 
14 

.0328 

6,641 
126 

.0190 

10 16 

237 273 
1 5 

.0042 .0183 

�3 

10  

29 

38 

1 1  

5 

93 

34 
35 

4 

9 

9 
1 

. 1 1 1 1  

1 2  

35 
1 

.0286 

� 
1 3  

.0�78 

698 
1 3  

.0186 

�62 
6 

.0166 

1 3 1  

56 
2 

.0357 

124 53 
6 � .0484 .0566 

183 
1 

.00, 

67 
1 

.0149 

1 5  

2 

108 
� 

.0278 

65 
2 

.0�08 

14 

2 

19 

67 
1 

.0149 

4� 
1 

.02H 

18 

9 

- - -- --

17 
2 

.1 176 

50 

30 

12 

7 

1 ,591 �91 242 U6 1 1 6  
3-4 8 8 2 2 

.02 14 .0205 .033 1 .0128 .0172 

Total 
Fa 

1 1 3  
2 

.0177 

243 
2 

.0082 

179 
2 

.01 12 

41 
51 

26 

77 
1 

.0130 

26 

42 
52 

20 
1 

.0500 

86 
1 

.01 16 

41 
1 

.0244 

7 1  5 19 
1 

.0141 

�2 � 10 

638 137 176 
7 1 � 

.01 10 .0073 .0170 

43 
53 

2 

14 

12 '  

4 

2 

3-4 

44 
45 
54 
55 

4 

9 

9 

� 

� 

28 

2 1 3  
1 1  

.0516 

408 
5 

.012� 

205 
4 

.0195 

59 

20 

6,Z81 
1 19 

.0189 

9,479 
102 

.0108 

�.on 
31 

.010� 

650 
5 

.0077 

147 
2 

.0136 

2,0�0 
5 1  

.02 5 1  

801 410 
23 8 

.0287 .0195 

�.679 1 ,572 
41 28 

.01 1 1  .0178 

1 ,458 631 
22 9 

.OUt .0143 

438 177 
9 � 

.0205 ·.0169 

147 79 
2 1 

.01 36 .0127 

727 
10 

.0138 

272 
6 

.0221 

87 

30 

9,522 
201 

.02 1 1  

U,457 
181  

.01 17 

5.�74 
68 

.0127 

1 ,�52 
17 

.0126 

403 
5 

.0124 

905 19, 570 7,752 3,260 1 , 526 �2. 108 
20 2 59 1 2 5  64 24 472 

.022 1 .0132 .0161 .0196 .0157 .0147 

Total 
Total 
F,, , M1 M1 Me M., a Total 

52 
1 

.0192 

186 
2 

.0108 

88 
1 

.0114 

31 

18 

3,8 1 1  �.007 
62 58 

.0163 .0193 

8,078 6,144 
94 82 

.01 16 .0133 

3,577 2,907 
44 41 

.0123 .0141 

1 , 165 
22 

.0189 

1,208 
2 3  

.0190 

241 
4 

.0166 

494 
9 

.0182 

2 54 
5 

.0197 

98 

168 
2 

.01 19 

3-47 
5 

.0144 

1 3 3  
2 

.ouo 

62 

3-4 1  
8 

.0235 

52 5 5 1  2 1  
19 1 1 

.0362 .0196 .0476 

7 ,227 
126 

.0174 

U,o63 
190 

.0126 

6,871 
92 

.0134 

2,5H 
45 

.0178 

9�8 
29 

.0309 

�, 16,972 13,791 1 ,138 731 �2.632 
4 2�0 223 19 10  482 

.0107 .0136 .0162 .0167 .0137 .0148 
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lfnal7sis of the Stillbirth Data 1 29 

distribution and analysis of stillborn infants 
by city and parental exposure with further sub
division by parity. It should be noted that, as 
expected, there are significant differences in the 
stillbirth rate among different parities. From 
Table 9.7 we further note that when all ex
posure cells are considered with reference to 

TABLE 9.7 Cur-SQuARE ANALYSIS OP ms 
FREQUENCY OP SnLLBIRTIIS BY PAUNTAL 

ExPOSURE, CITY, AND PARITY 
(Unrelated parents ) 

Source DF x" P 

Total 1 59 221 .950 
Interactions, first order 

CM . . . . . . . . . . . . . . . .  3 
CF . . . . . . . . . . . . . . . . .  3 
CP . . . . . . . . . . . . . . . . .  4 
MF . . . . . . . . . . . . . . . . .  9 
PM . . . . . . . . . . . . . . . . . 12  
PF • • • . . • . . . . . . • • • • • 12  

Main effects 
Parity (P)  . . . . . . . .  . . 4 
City (C)•  . . . . . . . . . . . 5 
Mothers (M)•  

Parity Class 1 . . . . .  . 3 
Class 2 . . . .  . .  3 
Class 3 . . . .  . .  3 
Class 4 . . . .  . . 3 
Class 5 . . . .  . .  3 

.AU classes . . . . . .  . n 

Fathers (F)•  
Parity Class 1 .  . .  . . .  3 

Class 2 . . . . . .  3 
Class 3 . . . . . .  3 
Class 4 . . . . . .  3 
Class 5 . . . . . .  3 

.All classes . .  . . . . . n 
• .Adjusted for parity. 

0.620 
10.626 
8.925 
5.548 
9.060 
16.085 

53.599 
8.965 

4.879 
7.537 
4.008 
4.269 
2.003 

22.696 

21 .749 
1.865 
0-5 18 
3.521 
1 . 1 17 

28.770 

.001-.ol 

.8o-.9o 

.01-.02 

.05-.10 

.7o-.8o 

.5o-.7o 

.1o-.2o 

< .001 
.1o-.20 

.1o-.2o 

.05-.10 

.2o-.30 

.2o-.30 
.5o-.7o 

.05-.10 

< .001 
.5o-.70 
.9o-.95 
.3o-.5o 
.7o-.8o 

.oi-.02 

parity, there is no effect of city or of maternal 
exposure. However, an effect of paternal ex
posure significant at the 5 per cent level now 
appears. Inexplicably this latter effect seems to 
be largely, if not entirely, attributable to those 
fathers whose infants were firstborn. The fre
quency of stillbirths among firstborn infants 
by city and paternal exposure is presented in 
Table 9.8. The data suggest a regular increase in 

stillbirth frequencies with increasing paternal 
exposure. To the end of determining whether 
this apparent effect was explicable in terms of 
the residual variation in maternal age not re
moved by the parity classification, Table 9.9 was 
prepared. An examination of this table reveals 
a number of points of interest. Of the five age 
groups investigated, the stillbirth rate increases 
with paternal exposure in three and decreases 
in two. In one of the three age groups (21-25)  
the increase with paternal exposure primarily 

TABLE 9.8 THB FREQUENCY oP SntLBrRTHS AMONG 
FIRSTBORN INFANTS BY CITY AND PATERNAL 

EXPOSURE 
(Unrelated parents) 

City 

Hiroshima Nagasaki Total 

1{� 8, 162 5,937 14,099 
n9 89 248 

.0195 .0150 .0176 

2{� 803 1,125 1,928 
18 34 52 

.0224 .0302 .0270 
l! � 
� 

3{� 344 1 1 3 457 
13 2 15 

.0378 .0177 .0328 

4-5{� 2 1 3 52 265 
I t  1 12 

.05 16 .0192 .0453 

Total{� 9,522 7,227 16,749 
201 126 327 
.02 1 1 .0174 .0195 

reflects a " 1 "  vs. "non-1" difference. In sub
stance, then, when maternal age as well as parity 
is taken into account, there emerges no clearly 
consistent relationship between paternal ex
posure and the stillbirth rate. 

9.5 Summar7. - Analysis of the stillbirth 
data, taking into account differences between 
exposure cells in the parity distributions, fails 
to reveal significant differences between cities 
or consistent significant effects of parental ex
posure. The deviations from expectation ob
served are so small and inconsistent that they 
can scarcely be labeled as favoring or not favor
ing genetic hypothesis. 
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TABLE 9.9 THE FREQUENCY OP SnLLBIRTHS AMONG FJilSTBORN INFANTS BY PATERNAL EXPOSUilE AND 
MATERNAL AGE 

(Unrelated parents) 

Maternal 
Fathers x•. : 

age 2 3 4-5 Total 

� 20H 1,772 356 78 29 2,235} 29 8 1 38 1 .055 
.0164 .0225 .0128 .0170 

2 1-25H 8,505 1 ,03 1 247 141 9,924} 1 38 26 7 3 174 5.908 
.0 162 .0252 .0283 .02 13  .0175 

26-30H 3, 100 372 84 56 3,612} 63 8 5 4 80 1 1 .962 • •  
.0203 .02 1 5 .0595 .0714 .0221  

31-35 {� 564 109 29 26 728} 1 3  7 1 2 1  5.768 
.0230 .0642 .0385 .0288 

36-40{� 144 5 1  16  1 1  222} 4 3 1 4 12  1 t .047• . 
.0278 .0588 .0625 .3636 .0541 

41 +{� 14 9 3 2 28} 1 1 
.071� .0714 .3333 

TotalH 14,099 1,928 457 265 16,749} 248 52 15 12 327 
.0176 .0270 .0328 .0453 .0195 

: Classes 3 and 4-5 are pooled. 
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Chapter X 

T H E A N A LY S I S  O F  T H E  B I RT H W E IG H T  D ATA 

10.1 The trait. - Birthweights were ob
tained for all infants. However, for the reasons 
given in Chapter VI we shall limit our attention 
to birthweights obtained on liveborn infants 
only. Shortly after the initiation of the study it 
became apparent that there was a remarkable 
diversity among the practicing midwives in the 
apparatus used to weigh newborn infants . .Ac
cordingly, early in 1949 each practicing mid
wife in the two cities was presented with a 
simple, spring type scale ; prior to distribution, 
all scales were checked for accuracy. Weight 
was recorded by the midwives in mom me (a 
Japanese unit of weight ; 1 momme = 3.7S6 
grams) and later converted to grams. 

10.2 The genetic argument for im1Jiation 
effects. - Thus far in our consideration of 
irradiation effects we have concerned ourselves 
with only those induced mutations which would, 
presumably, occasion fairly large departures 
from the norm among individuals in whom the 
gene (s) finds manifestation. There exists in 
addition to these classes a much larger group of 
induced mutant genes, the so-called "invisibles" 
or "detrimentals," which give rise to much more 
subtle changes. These mutants, on the average, 
reduce the fitness of the organism. This loss of 
fitness may take the form of a decrease in the 
life span, a reduction in physical vigor, or 
similar changes. It seems logical to assume that 
in most instances a marked reduction in physical 
vigor would .be reflected in certain body meas
urements, among these measurements being the 
birthweight of an infant. Such a reduction might 
be manifested as a change in the mean value, 
an increase in the variance of the measurement, 
or both . .Accordingly, changes in mean birth
weight or in the variance of the weights of 
newborn infants associated with parental ex
posure could be interpreted as evidence for 
irradiation-induced genetic damage. It should 
be pointed out that radiation-induced genetic 
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changes in birthweight would, of course, be a 
function of the extent to which variation in 
birthweight is under genetic control. The avail
able evidence (Robson, 1955 ; Morton, 1955)  
suggests that the component of variation ascrib
able to heredity is small. However, this does 
not vitiate attempts to determine the effect of 
irradiation-induced mutations on birthweight. 

10.3 Concomitant t�ariables known to affect 
birthweight. - .A host of variables are known 
to, or thought to, infiuence birthweight. The 
most important ones, seemingly, are maternal 
age and parity (inl" alia, Karn and Penrose, 
1951 ) , and maternal nutrition and economic 
status (int" alia, Millis, 1952) . .A word or two 
regarding these variables seems appropriate. 

Maternal nutrition and economic status may 
be considered simultaneously for our purposes 
since it seems quite possible that the effect of 
the latter is due largely to the former. While it 
seems axiomatic that maternal nutrition is im
portant in birthweight, the amount of variation 
in birthweights attributable to maternal nutri
tion under various circumstances is not ac
curately known. However, there exists evidence 
(.Antonov, 1947, and Smith, 1947) that, bar
ring a totally inadequate diet, maternal nutrition 
has relatively little effect on body size. It is in 
the area of marked decrease (near starvation 
levels) that maternal nutrition seems most im
portant. Unfortunately, maternal nutrition is a 
variable extremely difficult to measure even 
under the best of circumstances, and nigh im
possible under the conditions in which the 
present study was conducted. That conditions 
in postwar Japan may have been such as to 
produce maternal nutritional deficiencies cannot 
be gainsaid. However, there is no evidence to 
suggest that during the course of this study nu
trition was at near starvation levels for an ap
preciable number of mothers . .At no time during 
the period 1947-1953 was the daily caloric 
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1 32 Genetic Effects of Atomic Bombs Olapter X 

intake assured by the rationing system less than 
1,775 calories per day. The average caloric in
take for adults during the period 1947-1953, 
as recorded by the Public Health Section of the 
Hiroshima municipal government, was 

Calories 
1947 . . . . . . . . . . . . . . . . . . . . . . .  1,77, 
1948 . . . . . . . . . . . • . . . . . . . . . . .  1,900 
1949 . . . . . . . . . . . . . . . . . . . . . . .  1,912  
19,0 . . . . . . . . . . . . . . . . . . . . . . .  1,99, 
19, 1 . . . . . • . . . . . . . . . . . . . . . . .  2,027 
19,2 . . . . . . . . . . . . . . . . . • . . • . .  2,0,0 
19,3 . • . . . . . . . . . . . . • . . . . . . . .  2,073 

This "official" intake was undoubtedly aug
mented, but to an extent impossible to deter
mine, by unofficial ("black-market" ) foodstuffs. 
Moreover, the minimal caloric intake available 
for women five months or more pregnant was 
augmented by approximately 240 calories (70 
gms.) of rice. Caloric intake is, admittedly, but 
one facet of the appraisal of the adequacy of 
maternal nutrition, but in the absence of more 
specific information it is the only yardstick by 
which we can appraise the diets of the mothers 
involved in this study. Conceivably, some meas
ure of the possible effect of maternal nutrition 
could be gained by an inspection of the data 
available on economic status of the parents in
volved in this study, or, in view of the gradual 
betterment of the diet during the interval of 
this study, an analysis of year of birth effects 
might be informative. From the standpoint of 
the present analysis, it is important to recognize 
that while the diet of the pregnant Japanese 
woman may by Western standards have been 
sub-optimal during a portion of this study, 
there is no reason to believe that there were 
dietary differences with respect to radiation 
categories. 

Maternal age and parity are variables more 
readily measured than maternal nutrition and 
economic status. Their importance is amply 
attested to by, for example, Karn and Penrose's 
finding ( 195 1  ) that as much as a full pound 
difference may exist between first- and seventh
born children. Moreover, they have shown that 
maternal age exerts an effect not explicable in 
terms of the correlation between maternal age 
and parity. More recently, Millis and Seng 
( 1954 ) ,  studying infants born in Singapore 
during the period 1950 to 1951 ,  have extended 
Karn and Penrose's findings. These workers 
limited their attention to normal, non-prema
ture, liveborn infants. In two of these respects 
Millis and Seng's data are not unlike the data 

here presented. Millis and Seng find that (a) 
parity has a positive effect, and (b) maternal 
age a slight negative effect on birthweight. 
These are findings essentially similar to Karn 
and Penrose's. Millis and Seng have, however, 
proceeded one step further, and find that the 
relationship of parity to birthweight, for fixed 
maternal age, is curvilinear and fairly consistent 
over differing age groups. On the other hand, 
the relationship of maternal age to birthweight, 
for fixed parity, is neither consistent nor simply 
stated. 

In our data, we find that taken conjointly 
maternal age and parity can be related, fairly 
consistently, to birthweight by a regression of 
the form: 

where 
j= m + b1x+ b1w+ bsz 

y = birthweight 
m = mean birthweight 
x= parity 
w = parity squared 
Z= maternal age 

and bu b2, and b8 are, respectively, the regres
sion coefficients associated with parity, parity
squared, and maternal age. 

Since our interests here are limited to remov
ing the effects of concomitant variation in ma
ternal age and parity, a detailed presentation 
of the relationship of these variables to birth
weight in Japanese children will be presented 
elsewhere. To afford the reader some measure 
of this relationship Figures 10. 1-10.2 are 
presented. 

10.4 The data and their anaJ1sis. - The ex
tent of the data on the birthweights, and the 
complexity of the problem posed by their analy
sis, precludes presentation of the raw data in de
tail. It is hoped, however, that the presentation 
of these data will be sufficiently complete to 
illustrate the argument underlying the analysis.  

In Table 10.1 are presented the mean birth
weights in decagrams unadjusted for maternal 
age and parity and the number of observations 
on which these means are based for each of the 
64 sex-city-mother-father cells. In Table 10.2 
are given the results of two analyses of variance 
seeking to determine whether there exist signifi
cant differences among these means prior to 
adjustment for maternal age and parity differ
ences. The two analyses differ only with respect 
to the inclusion or exclusion of the category 1 
parents. A perusal of the analysis reveals little 
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The Analysis of the Birlhweight Data 1 33 

in the way of significant differences in mean 
birthweight between parental exposure cate
gories. The large number of significant inter
actions when the category 1 parents are included 
attests to the heterogeneity of the data, and 
vitiates attempts at generalizing with respect 
to parental exposure. In this connection, it is 
interesting to note that when these parents, 
that is, the category 1 parents, are excluded, 
the bulk of the heterogeneity disappears (see 
Table 10.2b) . This preliminary analysis of the 
data does not suggest the existence of large dif
ferences in mean birthweight induced by paren-

, .. I I 
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I I 
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FJGUilB 10.1 - The distribution of mean birth
weight in decagrams by parity for all maternal ages, 
and for maternal age �0 only. 

tal exposure. It seemed pointless, however, to 
pursue the meaning of the interactions and main 
effects until adequate compensation had been 
made for the concomitant variables known to 
differ among the city-exposure cells. Before we 
consider the effects of concomitant variables, 
the reader's attention is called to Table 10.3 
which presents the residual mean squares ( esti
mated variances) by parental exposure weighted 
for sex and city differences. The heterogeneity 
is apparent on inspection. 

In the analysis in which concomitant variation 
was to be accounted for, the data were parti
tioned into four parts corresponding to the four 
possible sex-city cells, namely, males-Hiroshima, 
females-Hiroshima, males-Nagasaki, and fe
males-Nagasaki. The results of the analysis of 
these four city-sex cells are presented in Tables 
10.4 to 10.24. To present the analytical argu
ment, we shall content ourselves with examining 
in detail a single city-sex cell, namely, males-

Hiroshima, and then indicating where the four 
city-sex cells agree or disagree. 

In an analysis of these data, we are interested 
in obtaining answers to the following questions : 

1 .  Is the regression of birthweight on maternal 
age and parity significant ? 
2. Are the regressions based on the individual 
mother-father exposure cells within a given 
city-sex cell homogeneous ? 
3. Assuming a significant regression, do the 
adjusted means differ significantly among pa
rental exposures ? 
4. Does there exist significant heterogeneity 
among the variances in the mother-father cells ? 

- -

FIGURE 10.2 - The distribution of mean birth-
weight in decagrams by maternal age for fixed 
parities (parities 1 and 4 ) .  

5 .  How heterogeneous are the observations 
within a mother-father cell ? 
6. Assuming the answer to question ( 5 )  is 
"appreciable," what are the variables which may 
account for the within<ell heterogeneity? 

These questions have been posed in the order 
in which we shall treat them in the following 
paragraphs. 

In Table 10.4 are given the results of the 
analysis of covariance leading to the determina
tion of the regression coefficients b1, b21 and b8 
associated with parity (x) ,  parity squared (w) ,  
and maternal age (z) for each of the individual 
mother-father cells within the males-Hiroshima 
cell as well as the estimates of b1, b1, and b8 
based on the pool of the exposure cells.1 From 

1 By "pool" we refer to the results obtained when 
we sum the sums of squares and cross products of de
viations over all 16 exposure cells, and estimate the 
regression coefficients therefrom. By "sum" we refer 
to the results obtained when a regression is fitted to 
each of the individual exposure cells. 
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TABLE 10.1 MEAN BlllTHWBJGHT BY PAllBNTAL ExPOSUIUI, SBX, AND CJTy 
(Unrelated parents. Means expressed in decagrams.) 

Hiroshima-Males 
r · 

Fathers 

t 
� 

1{; 
2{: 
3{: 

4-5{: 
Total{: 

1 2 3 4-5 Total 
8,673 744 295 199 9,9 1 1  

3 1 1 .36 3 1 1 .43 3 1 1 .85 310.60 3 1 1 .36 

2,7 1 5  898 190 1 14 3,917 
3 12.19 3 14.57 308.49 308.36 312 .44 

1,065 
310.97 

541 
312 .65 

12,994 
3 1 1 .55 

2 19 
3 12.57 

108 
3 15.91 

1,969 
3 13.23 

256 
3 16.33 

48 
301 .46 

789 
3 1 1 .86 

Hiroshima-Females 

77 
315 .84 

55  
3 10.18 

445 
3 10.88 

1 ,617 
3 1 2.27 

752 
312 .22 

16,197 
3 1 1.75 

� ·  -
Fathers 

- -- -- ' 

j 
1{: 
2{: 
3{: 

4-5{: 
Total{� 

1 2 3 4-5 Total 
7,999 700 266 175 9, 140 

303.87 301 .02 302.27 300.26 303.54 

2,434 874 181 1 18 3,607 
302.94 308.02 303.04 309.03 304.38 

1 ,031 
302.2 1 

526 
300.42 

1 1,990 
303.39 

198 
303.39 

89 
299.2 1 

1,861 
304.47 

246 
304.91 

55  
299.82 

748 
303.14 

75 
305.20 

58 
3 12 .4 1  

426 
305.21 

1,550 
302.93 

728 
301.18 

1 5,025 
303.56 

Nagas�i-Males 
r 

Fathers 

J 
� 

1{: 
2{; 
3{; 

4-5{� 
Total{: 

1 2 3 4-5 Total 
7,287 1,o68 1 2 1  72 8,548 

3 12 . 1 5  3 1 3. 1 5  3 1 3.40 315 .28 312 .32 

4,652 2,024 135 103 6,914 
3 10.91 3 1 1 .89 3 1 3.04 317 .60 31 1 .34 

339 1 30 50 1 3  532 
3 1 1 .73 32 1 . 1 8  326.80 328.46 315 .86 

272 53 17 15 357 
3 10.27 3 10.57 327.71 3 18.67 3 1 1 .50 

12,550 
3 1 1 .64 

3,275 
3 12 .65 

323 
3 16.08 

Nagasaki
�
-Females 

203 
3 17.55 

16,35 1  
312 .00 

, 
Fathers 

j 
1{; 
2{; 
3{: 

4-5{: 
Total{: 

1 2 3 4-5 Total
' 

6,761 1,01 1 1 10  63 7,945 
303.63 300.64 3 1 1 .85 306.03 303.38 

4,3 1 3  1 ,941 129 70 6,453 
302.70 306.08 302.05 300. 14 303.68 

367 1 38 42 2 1  568 
308.ot 306.03 3 10.71 312.90 307.91 

267 57 16 1 3  353 
302.o7 306.49 318.38 3 15.54 304.02 

1 1,708 
303.39 

3,147 
304.34 

297 
307.78 

167 
305 .17 

15 ,319 
303.69 

.... 
� 
""' 

� 
� ;:;·  
� a 
� 
� .... <:) ::! 
;:;· 
b:l <:) ::! 
� 

f 
>< 
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The Anal7sis of the Birlhweighl Data 

TABLE 10.2 ANALYSIS OF VAAJANCB OP BlllTHWBIGHT BY PAllBNTAL EXPOSURB AND CITY 
(Unrelated parents) 

a. All exposure categories ( 4 X 4 ) 

Source 
Main effects 

Cities (C) . . . . • . . . . . . • . . • . . • • . . •  

Sexes (S)  . • • . • . . . . . . . . . . . . • . • • •  

Fathers (F) . . . . . . . . . . . . . • . • • . • . .  

Mothers ( M) . . . . . . . . . . . • . . . . . . .  

Interactions, first order 
cs . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

CP · · · · · · · · · · · · • · · · · · • · • • · · · · · ·  

CM · · • · · · · · · · · · · · • · · · · · · · · · · • · ·  

SF . . . . . . . . . . . . . . . . . . . . . . . . . . . •  

SM . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

MF . . . . . . . . . . . . . . . . . . . . . . . . . . . •  

Higher orders . . . . . . . . . . . . . . . . . . . . •  

Sum of squares 
of deviations 

675.79 
1 ,070,650.05 

14,1 54.42 
4,346.49 

51 .98 
12,253.02 
20,235.97 

289.84 
54,757.96 
39,647.35 

19,162.58 

Between . . . . . . . . . . . . . . . . . . . . . . . . . • 1,235,883.20 

Within . . . . . . . . . . . . . . . . . . . . . • . . . . .  1 12,097,004.72 

Total 1 1 3,332,887.92 

b. Excluding parents with exposure 1 ( 3 X 3 )  

Source 
Main effects 

Cities (C) . . . . . . . . . . . . • . . . . • . . . • 

Sexes (S)  . . . . . . . . . . . . . . • . • . . • • •  

Fathers (F) . . . . . . . . • . . . . . . • . • . . •  

Mothers (M) . . • . . . . . . . . . . • . • • • •  

Interactions, first order 
cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

CP · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

CM . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

SF . . . . . . . . . . . . . . . . . . . . . . . . . . • . .  

SM . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

MP . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Higher orders . . • . . . . . . . . . . . . . • • . • •  

Between . . . . . . . . . . . . . . . . . . . . . . . . . . 

Within . . • . . . . . • . • • . . . . . • • • • . • • • • •  

Total . . . . . . . . . . . . . . . . . . . . . . .  . 

Sum of squares 
of deviations 

9.64 
1 14,255 .51  

2,940. 19 
5,698.70 

.37 
8,149.72 

1 5,069.70 
2,018.93 
8,825 .61 
6,995.23 

190,786.49 

17,597,261 .25  

17,788,047.74 

OF 

1 
1 
3 
3 

1 
3 
3 
3 
3 
9 

33 

63 

62,828 

62,891 

OF 

1 
1 
2 
2 

1 
2 
2 
2 
2 
4 

16 

35 

8,790 

8,825 

Mean square F 

675.792 2 .640 
1,070,650.049 600.077• •  

4,718.141 2 .644• 
1,448.831 1 .231  

5 1 .981 34.324 
4,084.340 2.289 
6,745 .323 3.781 * •  

96.613  18.467• 
18,252.652 10.230••  
4,405.261 2 .469••  

580.684 3.on• •  

19,617.194 10.995* *  

1,784.189 

Mean square F 

9.638 207.725 
1 14,255.5 1 1  57.072 . .  

1 ,470.096 1 .362 
2,849.350 1 .423 

.369 5,425.377* 
4,074.861 2.035 
7,534.852 3.764• 
1,009.464 1 .983 
4,412.807 2 .204 
1,748.807 1 .145 

5,451 .043 2.723• •  

2,001 .964 
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ExJ» 
lw• sures n 

1 1  • . • . . • • . • • •  8,6H 1 , 124,2 19.56 
12 • . • . . . . • • . •  2 ,7 1 5  345,543.81 
1 3  . . • . • • . . • . .  1 ,065 188,243.46 

14-- 1 5  . . . . . . . . .  54 1 69,686.06 
2 1  . . . . . . . . . . .  744 77,869.87 
22 • . • • . . • • • • • 898 292,92 3 . , 
23 . . . . . . . • • • •  2 1 9  69,836 . 1 5  

24--2 5 . • • . . . . • . •  108 40,882.92 
31 . . • . . • . • • . .  295 36, 1 2 1 .99 
32 • . • • . • • • • . •  1 90  60,367 .94 
33 . . • . . . . • • . .  2 56 1 10,826 . 1 5  

34--35 • • • . • . • • • •  48 26,7 57.98 
4)-1 . . . . • • . • • • •  199 18,816. 59 
4,_2 . . • • • . . • • • •  1 14 1 1 ,891 .62 
4,_3 • • • • • • . • • • •  77 3 1 ,939.95 
4H5 . • • • . . . • . .  " 33, 1 2 2 . 1 8  

--
DP = 

Total . . . . . . . . . . 16,133 2 , 539,049.78 

TABLE 10.3 THE DISTRIBUTION BY PARENTAL 
EXPOSURE OP THE WEIGHTED MEAN 

SQUARES OP DEVIATIONS 

(Weighting is for city and sex. The degrees of 
freedom associated with the mean squares 

are indicated in parentheses.) 

Fathers 

1 2 3 4-5
� 

1{1,755.07 1 ,72 1 .1 3 1 ,955.18 2,033.93 
( 30,716)  ( 3,519) (788) ( 505 ) 

2f '738.81 1 ,83 1 .01 1,806.98 1 ,771 . 1 2 ] j ( 14, 104) ( 5,733) (63 1 )  (401 ) 

� 3f '723.19 1 ,971 .81  2,082.23 1 ,780.03 
(2,799 ) (681 ) ( 590) ( 182 ) 

4-5
{1 ,61 5.35 1,817.70 1 ,963.66 1 ,455.26 

( 1,602 ) ( 303) ( 1 32 ) ( 1 37)  

x• = 38.584 . .  DF = 1 5 

TABLE 10.4 ANALYSIS OP COVAillANCJ! OP BIIlTH\VEIGHTS: MALES, HIItOSHIMA 

lwx lwz l'WY lx• lz• lliY lzr lxz 
1 38,880.91 261,47 1 .83 447 ,243 . 92 19, 549.80 191 ,779.09 77,696.17  124,180.H 38,536.17  
43,319.37 88,747 .85 149,610.99 6,085.20 6 1 , 367 .84 2 5,338.63 47, 1 1 7.52 1 2,778.05 
19,77 1 .95 36,960.44 3 1 ,97 5 . 1 7  2 , 5 1 2 . 58 2 5,765.41 6,1 17.30 36,987.24 5 ,02 1 . 97 

8,652.62 16,287.33 44,,9.87 1 ,208.96 14,100.53 6,092 .07 14,047 .08 2 ,356.91 
10,6 12 .89 20,010.06 57 ,822.36 1 ,601 .97 20,310.95 9,666. 1 0  2 1 , 1 50.79 3,1 30.80 
28, 1 55.65 48,061 .41 66,693.34 3,084.14 2 5,980.87 10,083.13  2 1 ,587.29 5,785.63 

7,028.43 1 2 ,419.27 968.94 786.89 6,4 5 1 .01 1 , 1 38 .21  2 , 528.63 1 ,433.06 
4,106.75 6,629.42 6,.06 446 . 2 5  3,048.91 485. 16 378.04 7 1 2 . 2 5 
4,777 .23 9,674.97 16,948 . 50 693.72 8,717 .94 3,534.36 6,943.98 1 ,44 1 .47 
6,492 .79 14,017.62 45,665.14 764. 36 6,374.61 5,438.74 10,785.17  1 ,703 .75 

1 0,765.79 1 5,74 1 . "  14,443.04 1 , 1 37.28 8,317.60 2 ,418.05 5,727.78 1 ,802 .32 
2,36 1 . 52 4,674.04 7,429.79 2 34.98 2,223 .92 1 ,22 5.20 1 ,280.42 502 .96 
2 ,652 .97 5,051 .68 1 1 ,997.62 409.20 5,054.75 1 ,979.79 5,986.81 746.87 
1 ,700.29 2,851 .02 2 ,832.43 2 58.29 3,191 .86 447.78 -393.45 417 .69 
3,092 .57 4,464 . 1 7  1 ,538.3 1 325.71 1 ,900.70 78.56 -347 .00 510.14 
2 ,980.73 5,064 .4) 3,651 .82 287.71  1 ,903.63 329.28 -61 5 .46 450.82 

--- --- --- --- --- --- --- ---

295,352 .47 ,2,127 . 1 1  904.036.28 39,387 .02 386,489.64 1 52 ,068.53 297,34 5 . 57 77,330.85 

y = birthweight x = parity w = parity squared 
z = maternal aae 

l>'" b, b, 
1 5,,3,497 .35  10.2497 - .7907 

4,604,03 5 .  72 10.6399 - .84 17 
1 ,934.287.95 2 . 3726 - . 3764 

888,360.96 3 . 5659 . 1 4 1 3  
1 ,378,7 12 .06 1 1 . 1748 - .8106 
1 ,644,962.40 9.8669 - . 7 1 29 

387,381 .69 1 3.0767 - 1 . 3028 
200,465 . 10 12 .6548 - 1 .2294 
573,295 . 52 2 1 . 3298 -2.3058 
403,533.48 9.6044 - . 1499 
466,534.83 10.7297 - .9294 

95,397 .93 2 7 . 5060 - 1 .8389 
476, 325.83 7 . 5328 - .6063 
2 1 7,788.26 3 . 1 101 - . 1010 
1 17,070. 12  - 1 .6768 .2 577 
83,698 . 1 9  - .2 3 1 0  .2901 

--- ---

29,02 5,347. 38 9.5652 - .7365 

bs 
- . 3340 
- .n04 

1 . 5 1 3 1  
.2 370 
. 1 17 5  

- .047 5 
.0036 

- . 1 592 
- . 1 7 1 3  
- . 5455  

. 12 2 5  
- 1 .7800 

.677 3  
- .4400 
- .3379 

- 1 .0405 
---

- .0923 

... 
'-" 
0\ 

C'l "' 
::: 
� 
�·  

� a ... 
� -
!:l.. -� 
::! .. . ... 
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::! 
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Table 10.5a we note that the estimates of bu 
b2, and b3 based on the pool remove a significant 
amount of variation from the birthweights. In 
the light of the work of other investigators this 
is not an unexpected finding. However, if we 
return to Table 10.4, we note on inspection 
considerable heterogeneity among the b's asso
ciated with the various exposure cells. That 
this variation is significant is borne out by 
Table 10.5b. 

.At this point, it is of interest to inquire into 
the amount of variation in the birthweights ac
counted for by variation in the individual re
gressions after removing the portion associated 
with the common regression (see Sec. 6.3) . 
From the data in Table 10.5, we form the mean 

anticipated from irradiation, variation, account
able for on other grounds, of as small as 3 per 
cent could be sufficient to obfuscate irradiation 
differences. 

For the analysis of variance on the adjusted 
data set out in Table 10.6, adjustment was to 
the common regression because adjustment to 
the individual exposure cell regressions removed 
a seemingly negligible additional amount of 
variation (for a discussion of the computational 
procedure see Wishart, 1950) . For the reader 
not familiar with covariance analysis it might 
be pointed out that the computations in Table 
10.6 effectively transform through the pooled 
regression the observed array of exposure cell 
means into the array of exposure cell means 

TABLE 10.5 TESTS OF THB SIGNIFICANCB AND HO.WOGBNBITY OF THB RI!GRBSSIONS OF BlllTHWBIGHT ON 
MATERNAL .t\GB AND PAIUTY: MALBS, HlllOSHIKA 

( a) Test of the significance of the regression based on within-cells (pooled ) regression coefficients 

Source SS DF MS F 
Variation removed by regression . . . . . 761,262.72 3 2H,754.240 145.246 . .  
Residual within cells (pool)  . . . . . . . .  28,264,084.66 16,178 1,747.069 

(b) Test of the homogeneity of the regressions (aU exposure cells considered) 

Source SS DP MS F 
Differences in regressions . . . . . . . . . .  1 16,630.1 1  4 5  2,591 .780 
Residual within cells (sum) . . . . . . . 28,147,454.55 16, 1 33 1 ,744.7 1 3  

( c )  Test of the homogeneity of the regressions (only those cells i n  which both parents were exposed are 
considered) 

Source SS 
Difference in regressions . . . . . . . . . . . 38,429.76 
Residual within cells (sum) . . . . . . . .  3,473,234.85 

square ratio of the "mean square residual 
(pool) " to the "mean square residual (sum) ." 
The value obtained is 1.001350 . .Accordingly, 
we may assert that the variation in regressions 
accounts for 0.14 per cent of the variation in 
birthweight not accounted for by the common 
regression. This value obviously attains per
spective only if we know the amount of varia
tion in birthweight accounted for by the com
mon regression. The latter we obtain from the 
mean square ratio 

28264084.66+ 761262.72 
16181  ( 1 747.069) 

which is 1 .02674. The common regression, then, 
accounts for 2.7 per cent of the variation in 1· 
It is natural to inquire here whether this amount, 
2.7 per cent, is of importance. To this we can 
only answer that in view of the small effects 

DP 
24 

1 ,929 

MS 
1,601.240 
1,800.536 

p 
1 . 124 

which one would obtain if each exposure cell 
had the same maternal age and parity distribu
tion. The mean squares obtained following this 
transformation are wholly analogous to those 
obtained in a simple analysis of variance, and 
may be interpreted in the same sense. Inspection 
of this table fails to reveal significant differences 
among maternal or paternal exposure categories 
or evidence from the interaction mean square of 
nonadditive effects of parental exposure. The 
adjusted birthweight means are given in Table 
10.7. 

The next question to be asked of these data 
was, "Does there exist significant heterogeneity 
among the variances in the mother-father cells ?" 
The residual mean squares for the sixteen ex
posure cells within males-Hiroshima are given 
in Table 10.8. Bartlett's test (cf. Rao, 1952) 
of the heterogeneity of the variances is not 
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TABLE 10.6 ANALYSIS OP V AIUANCB ON THE ADJUSTBD BIRTHWEIGHT MEANS: MALliS, HIROSHIXA 

DP l ... 
Notben • • • • • • • • 3 27,465 
Patben • • • . . . • • 3 63,769 
IDteractiOII • • • . . • 9 34,028 

Betweal • • • • • • • • u 125,262 
Within • . • • • • • • 16,181 2,n9,05o 

W + B • . • • . • • •  16,196 2 ,664, 3 1 1  
w + ... . . . . . . . . 16,1 84 2,566,514 
w + p . . . . . . . .  16,184 2,602,819 
w + J • • • . • • • • • 16,190 2,573,078 

lwz lwz lwy lx• lzl lxy lZJ lxx l,. bl dl 
3,647 7,642 9,682 
8,583 24,940 12,098 
4,465 11 ,194 9,886 

16,695 43,775 3 1 ,666 
295,352 552,127 904,036 

312,047 595,903 935,702 
299,000 559,769 913,718  
303,935 577,067 916,1 34 
299,818 563,32 1 913,923 

486 
1 , 1 59 

592 

2 ,2 38 
39,387 

41 ,62 5 
39,873 
40,546 
39,979 

2,252 1 ,317 2,n6 
9,820 1 ,696 7,074 
4,206 1,319 878 

16,279 4,332 10,527 
386,490 1 52 ,069 297.346 

402,768 1 56,400 307,873 
388,742 1 53,385 299,922 
396.310  153,765 304,419 
390,696 1 53,387 298,223 

1 ,006 3,978 
3,370 5,187 
1 , 5 1 2  18,494 

5,888 27,658 
77,331 29,025,347 761,3n 28,264,085 

83,2 19 29,053,005 758,492 28,294,514 
78,337 29,029,325 764,457 28,264,868 
80,701 29,030,534 7 57,505 28,273,029 
78,842 29,043,841 763,2 1 5  28,280,626 

DiiJ. DP MS 

782.86 3 260.95 
8,9«.73 3 2,98 1 . 58 

16,54 1 . 5 5  9 1 ,837.95 

30,428.97 15 2,028.60 
16,178 1 ,747 .07 

y = bittbweiaht 
x = parity 

... = parity �lWCd 
z = mala'D&l aae 

bl = sum of squares rciiiOftd by regression dl = residual sum of squares 

TABLE 10.7 THE ADJUSTBD BIRTHWEIGHT MEANS: MALES, HIROSHIMA 

w 
Father's exposure 
1 . . . . • . . . • • . 8.184 
2 . . . . . . . . . . •  12.7 1 1 
3 . . . . . . . . . . . 14.418 
4 + � . . . . . . .  12.422 

Mean . . . . . 9.154 

Mother"s exposure 
1 . . . . . . . . . . • 8.1�7 
2 . . . . . . . . . . .  10.307 
3 . . . . . . . . . . .  1 1 .6�0 
4 + � . . . . . . .  10.918 

X 
2.434 
3.072 
3.217 
3.029 

2.566 

2.431 
2.735 
2.879 
2.785 

Mean . . . . . 9.154 2.566 

z 

27.020 
28.838 
29.279 
28.964 

27.405 

27.133 
27.648 
28.079 
28.263 

-

27.40� 

Aw 

-o.970 
3.557 
5.264 
3.268 

-o.997 
1.153 
2.496 
1 .764 
--

• y adjusted = y unadjusted - b.Ax - b.Aw - h.Az. 

b.= 9.565 Ax= (Xt -i) 

h.=-o.737 Aw= (w, -w) 

h.= -o.092 Az =· (Zt - z) 

Ax 

-o.U2 
0.506 
0.651 
0.463 

-O.U5 
0.169 
0.3} 3 
0.2 19 
--

Az 

-o.385 
1 .433 
1 .874 
1.559 

-0.272 
0.243 
0.674 
0.858 

y y 
unadjusted adjusted • 

31 1 .55 1 312.063 
313.233 31 1 .146 
31 1 .864 309.689 
310.881 309.004 
-- -

3 1 1.n3 31 1 .753 

31 1 .361 31 1 .892 
312.442 31 1 .698 
312.266 31 1 . 174 
312.223 3 1 1 .507 
-- --

3 1 1 .7�3 31 1 .753 

x =  parity 
w = parity squared 

z = maternal age 

p 

6.695 
1 .707 
1 .052 

1 . 161  

... 
� 
00 

� 
� �· 
� � ;:: 
� 
:::.. i 
�·  

r � 

1 
>< 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


The A.nal7sis of the Birlhweighl Data 

significant. Thus when all exposure cells within 
the males-Hiroshima cell are considered, the 
only evidence for an association of birthweight 
with parental exposure is the heterogeneity of 
the individual cell regressions. But, this associa
tion is neither consistent nor does it persist to 
a significant extent when the category 1 parents are excluded (see Table lO.�c) . 

Before we summarize and consider the possi
ble interpretations of the findings on the males
Hiroshima data let us tum to the remaining three sex-city cells. Tables corresponding to 
those for males-Hiroshima are given for fe
males-Hiroshima (Tables 10.9-10.13) , males-

TABLE 10.8 THJI RBsmuAL MilAN SQuAJU!S n.o.w 
THJI INDJVJDUAL CBLL RJIGllBSSIONS: 

MALBS, HolOSHI.YA 

(The degrees of freedom are given in parentheses.) 

Mothers 

1 
1{1,747.87 (8,669) 

2{1,777. 14 (740) 

3{1 ,849.41 (291 ) 
4-�{2,382.n ( 19�) 

2 
1,649.29 
(2,71 1 ) 
1,783.0� 
(894) 
1,9�7.12 
( 186) 
1,968.26 
( 1 10) 

3 
1,768.00 
( 1,061 ) 
1,738.38 
(215 ) 
1,798.8� 
(2�2) 
1,�98.47 
(73) 

4-� 
1,�9�.93 
( �37) 
1,876.84 
( 104) 
1,764.�4 

(44) 
1,609.30 

( H )  
Bartlett's test for between-cell heterogeneity of mean squares: 

x• = 20.43 DF = 15 
Bartlett's test for between-cell heterogeneity of mean 

squares when category 1 parents are excluded: 

x• = 2.12 DF= 8  

Nagasaki (Tables 10.14-10.18) and females
Nagasaki (Tables 10.19-10.23) . In none of 
these three sex-city cells does the analysis of 
variance on the adjusted data reveal significant di1ferences as regards mean birthweight between maternal or paternal exposure categories or evi
dence of heterogeneity as judged by the interac
tions. In Table 10.24 are set out the principal 
findings with regard to the four sex-city cells. 
From this table when all exposure cells are 
considered we note (a) significant heterogeneity 
in the individual father-mother regressions in 
two of the four sex-city cells, (b) a reasonable 
measure of constancy in the amount of variation 
removed by the common regression in each sex
city cell, and (c) significant heterogeneity be
tween the residual mean squares within a sex-

� - N � g · · � � � � � � - � - , � a � N tC'\ N  ,.... 0\ CD \O co .,. W"\ ,... .... ,... .n I I "' 
���W"\ ,.._ CD ..,. N ..,. N ..,. ..,. � s  . . . . . . . . . . . . . . . . '! ... . . . . . . . . 
. : : . . : . . . . . . . 
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DP 

Mothen . • •  3 
Pathen . . • 3 
Interaction • 9 

Between • • •  1 5  
Within . . • . 1 5,004 

::Ew• 

TABLE 10.10 TBSTS OP THB SIGNIPICANCB AND HOWOGBNBITY OP THB RBGUSSIONS OP BIRTHWJIIGHT ON 
MATBilNAL AGE AND PAallY: FBWALIIS, HIROSHIWA 

(a) Test of the significance of the regression base�d on within-cells (pooled) regression coefficients 
r -- - &w-

SS DF MS f - ' 
Variation removed by regression . . . . .  477,085.92 3 1 59,028.640 96.746 . . 
Residual within cells (pool ) . . • . . . . .  24,658,363.21 1 5,001 1,64�.781 

(b) Test of the homogeneity of the rep-essions (all exposure cells considered) 
Source SS DP MS P 

Differences in regressions . . • . . . . . . • 80,722.24 45  1,79�.827 1 .092 
Residual within cells (sum) . . . . . . . .  24,577,640.97 14,956 1,643.�29 

(c) Test of the homogeneity of the regressions (only those cells in which both parents were exposed are 
consi�ered) 

'-- -Source SS DP MS P 
Difference in regressions . . . . . . . . . • 44,1 17.13 24 1,8�8.214 1 .025 
Residual within cells (sum) . . . . . . . .  �.���.536.�7 1,858 1 ,794.1 53 

TABLE 10.11 ANALYSIS OP VAIUANCB ON THB ADJUSTBD BIRTHWBIGHT MIIANS: FEMALES, HUtOSHIMA 

::Ewz ::Ewa ::EWJ :Ex• ::Ezl ::EXJ ;Ezy ::Ezx :Eye bl ell Dllf. 

26,168 3,-400 7,821 2,,8 442 2,338 32 810 1 ,016 3,798 - - 10,705.92 
64,137 8,"3 24,392 13,521 1 ,149 9,448 1 ,807 5,252 3,272 5,788 - - 4,n1 .oe 
26,145 3,606 7,043 29,487 500 2,085 4,372 9,1 07 989 39,481 - - 1 3,689.02 

1 16,450 U,589 39,256 45,586 2,091 13,871 6,2 1 1  15,169 ,,277 49,067 - - 29,339.85 
2,072,082 2 52,933 488,926 663,951 34,850 351 ,191 1 12,317 174,277 69,808 25,135,449 477,085.92 24,658,363.21  

W + B . . • U,019 2,1 88,532 268,524 528,181 709,546 36,940 365,062 1 1 8,536 189,452 7 5,083 25,184,523 496,819.94 24,687,703.06 
W + M  • • •  1 5,007 2,098,250 256,333 496,747 666,529 35,292 353,529 1 12,349 175,087 70,824 25,139,247 470,177.87 24,669,069.13 
W + P  • . . .  15,007 2 , 1 36,219 261,516 5 1 3,318 677,472 35,999 360,639 1 14,124 179,529 73,080 25,141,237 478,042.71 24,663,194.29 
w + J • . . •  1 5,013 2,098,227 2 56, 539 495,969 69M38 35,350 353,276 1 16,689 183,584 70,797 25,174,930 502,877.77 24,672,052.23 

y = birthwelght w = parity :?uarcd bl = sum of squarca reiDOftd by regression 
x = puity z = matero aae d1 = residual sum of squares 

DP MS 

3 3,568.64 
3 1 ,610.36 
9 1 ,52 1 .00 

u 1 ,955.99 
15,001 1 ,643.78 

p 

2 . 1 7 1  
1 .020 
1 .081 

1 . 1 90  

.... 
,.. 
0 

� 
� ::; · 

� � 
� 
!:l.. i ::; · 

r 
a-

1 
X 
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The A.nal1sis of the Birlhweight DaJa 141 

TABLE 10.12 THE ADJUSTED BIRTHWEIGHT MEANS: FEMALES, HIROSHIMA 

X w % Ax Aw Az 
j 

unadjusted 
j 

adjusted • 
Father's exposure 
1 . . . . . . . . . . .  2.413 7.942 26.991 -.138 -1.023 -.397 303.374 303.769 
2 . . . . . . . . . . .  3.157 13.548 28.979 +.606 +4.583 +1 .591 3o4.619 302.899 
3 . . . . . . . . . . .  3.068 12.710 29.124 +.517 +3.745 +1.736 303.424 301.959 
4 + 5  . . . . . . . 2.852 1 1. 138 28.573 +.301 +2.173 +1.185 306.350 305.543 

Mean . . . . .  2.551 8.965 27.388 303.615 303.615 

Mother's exposure 
1 . . . . . . . . . . •  2.414 7.910 27.074 -.1 37 -1.055 -.314 303.539 303.929 
2 . . • . . . . . . . .  2.771 10.694 27.913 +.220 +1.729 +.525 3o4.324 303.727 
3 . . . . . . . . . . .  2.779 10.623 27.870 +.228 +1 .658 +.482 303.088 302.362 
4 + 5  • . . . . . .  2.694 10.1 17 27.724 +.143 +1 . 152 +.336 302.176 301.805 

Mean . . . . .  2.551 8.965 27.388 303.615 303.615 
• j adjusted = y unadjusted - b.Ax - h.Aw - b.Az. 
b. =  8.620 Ax = (x. - i) x = parity 
b. =  -o.662 Aw = (w. - w) w = parity squared 
b.= -0.295 Az = (z. - i) 

TABLE 10.13 THE RESIDUAL MEAN SQUARES PROM 
THE INDIVIDUAL CJILL REGRESSIONS: 

FEMALEs, HlaOSHIMA 

(The degrees of freedom are given in parentheses.) 

Mothers 

1 2 3 4-5 
1r

·617.30 1,566.69 1,678.38 1,621 .86 
(7,995) (2,424) ( 1,028) ( 522) 

2f'
645.67 1,782.13 2,2 10.23 1,733.o4 

c (696) (870) ( 194) (85) u -5 
3f'

769.35 1,300.74 2,1 55.90 1,569.98 � (262 ) ( 177) (242 ) (5 1 ) 

4-5f'
960.28 1,277.68 2, 15 1 .95 1,417.02 
( 171) ( 1 14) (71 ) (54) 

Bartlett's test for between-cell heterogeneity of 
mean squares: 

x" = 51 .216 . . DF = 1 5 
Bartlett's test for between·cell heterogeneity of mean 

squares when ategory 1 parents are excluded: 

x" = 26.1 56 . . DF= 8  

z = maternal age 
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TABLE 10.14 ANALYSIS OF CoVAJUANCJ! OF BIRTHWJ!IGHTS: MALES, NAGASAKI 
Expo. lw1 ;s ... lwz lWJ ::Sxe lzl lXJ lXJ l:r:z ;s,. luteS D h. bo 

1 1  . . . . . . . . . . .  7,287 1,389, 1 1 9.45 161,723.58 3 1 4 , 3 1 5 .4 3  480,228.4 1 20,886.70 184,893.18  7 5,852 .32 1 16,296.05 42,009. 3 1  13,556,842 .46 10.8732 -.8 182 
12 . . . . . . . . . . .  4,652 955,543 . 1 1  109,914.48 2 36,427 . 77 332 , 5 33.80 14,054.7 1 1 3 1 ,744.45 5 1,284.94 92,702 . 1 1  3 1 ,02 1 .35  8, 576,413 .51  10.3081 - .7397 
13 . . . . . . . . . . .  339 63,038.7 1 7,774.28 18, 577.04 1 7 .944 .67 1 ,033.85 1 0,229.93 3,518. 1 3  4, 165.76 2 ,494.48 618,708.66 20.3862 - 1 .9029 

14-15  272 64,306 .69 7,190.94 16,008.91 30,479. 16 882 .94 7,576.1 2  4,478.40 19,37 5.60 2,004.4 1  475,875.84 5 . 5533 - .8818 
2 1  . . . . . . . . . . .  1 ,068 350,263.67 37,431 .43 7 1 ,299.88 102 ,253 .7 5  4,386.20 38,639.3 5  14,061.88 44, 1 1 8. 1 7  8,730.28 I ,  775,226.77 6 . 1 557 - . 5048 
22 . . . . . . . . . . .  2,024 996, 175.37 95,500.21  1 90,797.48 224,408.22  9,980.00 76,618.41 27,122.65 53,836.41 20,940.05 3,840,498.91 7 . 5 305 - .4532 
2 3  . . • . . . . . • . .  1 30 53,682.28 5,564.86 1 2 , H4 . 5 7  1 1 ,703 . 5 1  625 .57 6,328.89 1 ,533.23 5 , 1 37.86 1,461.21  283,522 .93 5 .0203 -.4122 

24-25 . • • . . . . . . .  53 10,1 53.02 1 ,204.08 2 , 8 5 5 . 06  2 , 1 53 .02 1 54.30 1 ,47 1 .17 422 .07 -20.94 378.23 93,883.04 22 .2678 - 1 .7938 
31 . . . . . . . . . . .  1 2 1  54,988.74 5;312.18 1 3 , )30.60 6,840 . 36 566.00 4,856.61 1 , 199.91 2,768.75 1 ,400.64 287,166.98 10.0363 -.8689 
32 . . . . . . . . . . .  1 3 5  58,1 89.08 5,728.33 1 3 , 1 39.44 29,1 50.98 623.30 5 ,827.53 3,091 .93 6,855.26 1,531 .75 306,843.77 5 .0448 .0777 
33 . . • . . . . . . . •  50 20,619.78 2 ,008.62 4,29 1 .96 - 59. 20 2 10.98 2 ,098.72 - 56.80 385.60 466.84 1 1 1 ,288.00 -5.0305 .3761 

34-35 • . . . . . . • . •  17 4,557.53 558.71 1 , 2 5 9 . 3 5  1 ,7 96 . ) 3  70.94 520.24 265.7 1 85.35 1 , .47 33.927 .53 19.6774 - 1 .3243 
45-1 . . . . . . . . . .  72 2 1 ,783.99 2,1 1 3,38 3 ,616 .85  495 .28 231 .88 2,764.3! 347.50 -221 .94 426 . 1 3  101,994.43 1 2 .7953 - 1 . 1 2 14 
45-2 . . . . . . . . . . 103 36,359. 5 1  3,73 1 .65 6 , 394.2 1 4,666.63 406.39 3,202 .46 685.87 2 ,590.91 746.87 2 10,474.66 6.6694 -.6548 
45-3 . . . . . . . . . . .  1 3  7,734.92 627.85 640.62 - 2 ,491 . 54 53.69 221 .08 -173.08 47.31  45.23 16,069.24 16.0262 - 1 .801 5  
4 5-4 5  . • • . . . . . • .  1 5  1 1 ,931 .73 1,014.53 1 , 542 .60 - 868 . 3 3 90.93 402.40 -44.33 -45 1 .00 135.80 13,537 .33 8 . 1 597 -.5267 

-- --- ---
Tolll . . . . . . . .  DP -

16,2&7 4,098,447.59 447,399.to 907,24t .76 1 ,241 ,235.24 54,2 58.38 477,394.86 183,590.33 347,67 1 .2 5  1 1 3,948.05 30,302,274.06 9.5693 -.6859 

y = birthweisbt w = parity squared 
x = parity z = maternal aae 

TABLE 10.15 TESTS OF THE SIGNIFICANCE AND HOMOGENEITY OF THB REGRESSIONS OF BlllTHWJ!IGHT ON 
MATERNAL AGB AND PARITY: MALES, NAGASAKI 

(a) Test of the significance of the regression �d on within-cells (pooled) regression coefficients 
Source SS DF MS P 

Variation removed by regression . . . .  817,7�7.8� � 272,�79.277 1 �0.986 .. 
Residual within cells (pool ) • • . . . . .  29,484,H6.2� 16,��2 1,805.32� 

(b) Test of the homogeneity of the ref'essions (all exposure cells considered) 
Source SS DP MS F 

Differences in regressions . . . . . . . . . . .  96,880.�9 4� 2, 1�2.897 1.19� 
Residual within cells (sum) . . . • . . . •  29,�87,6��.84 16,287 1,804.�6� 

(c) Test of the homogeneity of the regressions (only those cells in which both parents were exposed are 
consi�ered) 

,.-------- ----Somce SS DF MS P 
Differences in regressions . . • . . . . . . . 19,2�1 .7� 24 801.�2� 2.�84 
Residual within cells (sum) . . . . . . . .  4,784,�82.86 2,,04 1,910.696 

be 
- .4�5 
-.3961 

- 1 . 1082 
2 .95 1 5  

.6825 
-.2269 

.4697 
-2.2579 

.0963 
-.3248 

.5336 
-2. 5 107 

-.58" 
.5610 

2 . 1 , 3  
- 1 .8,3 

-.2523 
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DP 
Mothen . . .  . � 
Pathen . . . . . � 
Interaction • • 9 

Between . . . . U 
Within . . . . • 16,H5 

W + B  . . . .  16.�50 
W + M  . . . .  16,338 
W + P  . . . . 16,338 
w + J • • • • •  16,3-4-4 

...... 

TABLE 10.16 ANALYSIS OP VAJUANCB ON THB ADJUSTBD ButTH\VBIGHT MIIANS : MALIS, NAGASAJCl 

lwl lwx lwz lYfY lx• lzl lrr lJY lxz l,. bl cP Dill. 

18,001 1 ,767 623 
146,809 16,942 .C2,205 

16,562 2,n8 8,830 

181.�75 2 1 ,288 5 1 ,658 
.C,098,«7 «7.�99 907,241 

.C,279,820 468,687 958.900 
.C,1 16,«8 «9,166 907,864 
.C,2.C5,257 46.f,34 1  949.«7 
4,1 1 5,010 449,977 916,072 

-2,491 
41 ,650 

9,m 

48,467 
1,24 1 ,235 

1 ,289,703 
1 ,238,743 
1 ,282,885 
1,250.5« 

221  -194 
12,314 4,850 

�.989 1 , �28 

16,52 5 5.98� 
477.�94 18�.590 

493.919 1 89,574 
477,616 183,395 
489,709 188,«0 
481 ,384 1 84,918 

1 2 1  70 9 ... ,.. 10,912.� 
1 M56 4,878 18,559 7 ,01 5 .68 

3,562 1 ,24� 1 6,246 12,091 .69 

16,740 6,192 «.260 29,985.30 
347,67 1 1 13,948 �0.�2.274 817,737 .8� 29,484,5�.23 

�.4 1 1  120,140 �0.346,534 832,013.�5 29,514,521 . 5 3  
347,792 1 14,018 30, 3 1 1 ,728 8 16,280.39 29,495,448.59 
360,727 1 18,826 �0.�20,833 829,281 .43 29,49 1 , 5 5 1 .91 
351 ,2H 1 1 5,191 �.318,520 82 1 ,892 .77 29,496,627.91 

'1 = birthweight w = parity squared bl = sum of squares temoYed by tepeuion 
x = puity z = maternal aac d• = residual sum of squares 

TABLE 10.17 THE AoJUSTBD ButTH\VEIGHT MIIANS: MALES, NAGASAKI 

y y X w z .1x .1w .1z unadjusted adjusted • 
Father's exposure 
1 . . . . . . . . . . . 2.8�4 10.975 28.1 56 
2 . . . . . . . . • . .  3.669 18.222 �0.18� 
� . . . . . . . . . . .  �.594 17.551 �o.344 
4 + 5  . . • . . . •  M48 15 .9�1 �0.419 

Mean • . . . .  �.024 12.618 28.6�4 

Mother's exposure 
1 . . . . . . . . . . .  2.929 11 .641 28.62� 
2 . . . . . . . . • . .  �.1� U.744 28.681 
� . . . . . . . . . . .  �.177 U.985 28.695 
4 +  5 . . • . . . •  2.944 12.1 54 27.880 

Mean . . . . . M24 12.618 28.6� 

-.190 
.645 
.570 
.424 

-.095 
.1 10 
.1H 

-.080 

• y adjusted = i unadjusted -baAx - b.Aw - b.Az. 

b.= 9.569 .1x = (Xt -i) 
bs= -o.686 .1w= (w, - w) 
bs= -o.252 .1z= (z, - i) 

-1.64� 
5.604 
4.9�� 
MU 

-.977 
1 .126 
1.�7 
-.464 

-.478 
1.549 
1.710 
1.785 

-.011 
.047 
.061 

-.754 

�1 1 .6�9 
� 13.307 
�16.077 
�17.552 
--
�12.1� 

�12.�19 
�1 1 .651 
�15.865 
�11 .499 
--
�12.U4 

x= parity 
w = parity squared 
z = maternal age 

�12.210 
�1 1.�70 
� 14.4�8 
�16.2 17 
--
�12.1�4 

�12.555 
�11 .�8� 
�15.354 
�11 .756 
--
�12.U4 

DP MS p 
3 3.637 • .C5 2.015  
3 2 ,338.56 1 .295 
9 1 , 343.52 1 .3-4-4 

1 5  1 ,999.02 1 . 1 07 
16,332 1 ,805.32 

� "' 
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Expo. 
sura D 

1 1  . . • . . • • • • . •  6,76 1 
12 • • • . . . . • . . .  4,313 
1 3 . . • . . • . . • . .  367 

14-1 5 · · · · · · · · ·  267 
2 1  . . • . . . . . • . .  1 ,01 1 
22 • . • . • • . . . . .  1 ,941 
2 3 • . • . . • . . • . .  138 

24-2 5 . . • . . • • • • •  57 
3 1 • . • • . • . . . . .  1 10 
32 • • • . . • . . • . •  129 
33 . . • . • • . . • . .  42 

34-35 . . . . . . . . . 16 
4!H . . . . . . . . . . 63 

4)-2 . . . . . . . . . .  70 
4)-3 . . . . . . . . . . 2 1  
4H5 · · · · · · · · · 13 

--

Total . . . . . . . .  
DP = 
1 5.2 55 

TABLE 10.18 THE REsmuAL MEAN SQuAilES now 
THE INDIVIDUAL CJ!LL R.I!GilBSSIONS: 

MALES, NAGASAKI 

(The degrees of freedom are given in parentheses. ) 

Mothers 

1 2 3 4-5---, 
1{1,809.34 1 ,792.27 1,748.5 1 1,569.76 
(7,283 ) (4,648) (335) (268) 

� �  2
r ·607.31 1 ,856.52 2,208.22 1,802.02 
( 1,064) (2,020) ( 126) (49) 

� 3{2,400.01 2,222.96 2,409.10 2,407.12 
( 1 17) ( 13 1 ) (46) (B ) 

4-5{1 ,440.79 2,095.98 1,583.62 1,145.90 
(68)  (99) (9) ( 1 1 ) 

Bartlett" s test for between-ceiJ heterogeneity of 
mean squares: 

x• = 28.4 1• DF= l5 
Bartlett's test for between<ell heterogeneity of mean 

squares when category 1 parents are excluded : 

x" = 7.47 DF= 8  

TABLE 10.19 ANALYSIS OF CoVAIUANCB OF ButTHWBIGHTS: FEMALES, NAGASAKI 
::Ew• ::s� ::Ewz ;Ewy :Ex• ::Ez• ;Exy lzr lxz 

1 ,305,166. 1 5  1 5 1 ,614.33 301,72 1 .08 37 1 ,34M9 19,597 .27 174, 556.06 54,375.77 77,599.88 40,438 .68 
802,990.82 93,239.70 193,745 .88 266,789.61 1 2 ,02 5.72 1 1 3,640.70 44, 1 14.00 87, 162 .46 2 5,627 .39 
104,545 .60 1 1 ,2 55 . 56 24,562 .54 20,644. 54 1 ,326.39 10,7 54.H 2 ,886.17 3,498 . 16  2 ,977.75  

66,98 1 .47 7,010.55  13,604.74 18,809.93 832 .2 5 7,446.54 2 ,874.2 1 7 ,334.50 1 ,693 .98 
3 16,989.78 34,407.41 67,007.55  99,391 .65 4,06'-32 33,574.29 1 3,4H.36 24,573.92 8 , 188.38 

1 , 1 08,303.96 100,741 .96 189,478.39 183,038.29 10,05 5.7 1 74,280.06 2 1 , 104. 17 44,0 1 1 .99 20,047 .08 
54,991.54 5,726.67 1 1 ,942 .43 -2,003.23 636.67 5,429.22 -291 .68 2 10.22 1 ,4 10.00 
2 3,652 .32 2 ,352 .00 5,823.2 1 -4,793.17  260 .67 2 ,666 . 14 -483.33 -1 ,835.44 681 .67 
2 3,494.69 2 ,798.33 5,47 1 .89 1 2 ,691 .05 3 59.42 3,541 .49 1 , 573.25  4,708.2 5 729.H 
45,913.60 4,829.47 1 1 , 508.78 9,780.87 548.39 5 ,424.20 1 ,491 .28 582 .89 1 ,355.78 
10,940-57 1 , 174.00 2 , 553.00 14, 1 38 .57 1 37.33 1 , 533 .33 1 ,810.00 4,500.00 3 1 2 .33 

5 ,494.94 595.44 1 ,405.n - 1 ,4 1 1 .38 67.94 585.00 1 5 .63 82 .50 1 57.75 
9,2 15 .43 1 ,087 .24 2,674.67 - 1 ,3 16 . 1 9  144 . 32 2 ,012.22 -22 1 . 59 - 1 ,427.78 369. 56 

2 3,730.99 2,464.67 5,860.7 1  5,889.85 275.44 2 ,786.29 846.72 -62 .85 674 .43 
18,746.57 1 ,405.43 2 ,430.57 -6,645.7 1 1 17 .24 634. 57 -255.62 38.29 193.43 

4,599.69 526 .46 1,357 .08 -2 52 .92 64 .3 1 663.23 -68.61 755.23 173.38 
--- --- --- --- --- --- --- ---

3,92 5,758. 10 42 1 ,229.2 1 841, 148.26 986,095. 14 50,5 14.37 439,527.89 143,223.72 2 5 1 ,732.22 105,03 1 . 1 2  

y = birthweiaht w = parity squared 
x = parity z ::: maternal age 

l,. b,. b, 
1 1 , 57 1 ,699.77 6.8287 -.4094 

7 , 509,228.35 1 1 .4655 - .9518 
505,846.00 8 . 1685 -.4899 
34 1 ,792 . 56 8.4752 - .6594 

1 ,740,6 10.23 8 .6865 - . 58 16 
3,447,H5.57 5.0964 -.2913 

220,42 1 .84 -3.9583 .2759 
106,098.25 2 .6242 - .2789 
207,304.34 .0657 .3528 
176, 5 1 5 .69 17 .7422 - 1 .2 144 
1 1 3,078.59 24 .9062 - 1 .441 3 

49,039.7 5 48.0674 - 5 .67 32 
100,907 .94 - 1 . 5065 .2614 
129,298.58 19.0624 - 1 .2205 

34,377 .81 18.3827 -2 .0143 
22,765.23 - 34.403 1 2 . 2 5 38 

-- --

26,276, 520.50 7.8464 - . 5283 

ba 
-.4298 
- . 1959 
- .8176 

.2616 
- .2259 
- .0399 

.4598 
- .7502 

.7708 
- 1 .7505 

.2612 

.81 19  
- .7803 

-2.0694 
2.1722 
5 .5210 

--

- .2912 
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t 
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� �-
� � 
� 
� � 
� · 
� 
� 
� 

1 
>< 

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


DP 

Mothers . . . . 3 
Fathers . . . . . 3 
Interaction . . 9 

Between . . •  . n 
Within . . . . . 1 M03 

W + B  . . . .  I M18 
W + M  . . . .  1 M06 
W + P . . . .  n,306 
W + J  . . . . .  1 ). 3 1 2  

TABLE 10.20 TBSTS OF THE SIGNIFICANCE AND HOMOGENEITY OF THE RI!GRBSSIONS OF BlllTHWEIGHT 
ON MATERNAL AGE AND PAIUTY: FEMALES, NAGASAXI 

(a) Test of the significance of the regression �ed on within-celb (pooled) regression coefficients 

Source SS DP MS P 
Variation removed by regression . . . . . . . . . . . . . . . . . . .  529,505.87 � 176,501.957 104.885 .. 
Residual within celb (pool) . .  . . • • . . . . . . . . . . . . . . . • 25,747,014.6� 15,�00 1,682.811 

(b)  Test of  the homogeneity of the reAgressions (all exposure celb considered) 
----

Source SS DP MS P 
Differences in regressions . . . . . . . . . . . . . . . . . . . . . . . . .  1 14,0�8.6� 45 2,5�.192 1.508• 
Residual within celb (sum) . . . . . . . . . . . . . . . . . . . . . . .  25,6�2,976.01 15,255 1,680.�00 

(c) Test of the homogeneity of the regressions (only those cells in which both parents were 
exposed are Aconsidered ) 

Source SS DP MS P 
Differences in regressions . . . . . • . . . . . . . . . . . . . . . . . . • 72,541.81 24 �.022.575 1 .729• 
Residual within celb (sum) . . . . . . . . . . . . . . . . . . . . . . .  4,180,899.46 2,�91 1,748.599 

;:Ew• 

16,873 
145, 1 36 

34, 1 n  

196, 126 
3.92 5,758 

4,121 ,1184 
3,942,601 
4,070,894 
3,959,873 

TABLE 10.21 ANALYSIS OF VARIANCE ON THE ADJUSTED 81RTHWE1GHT MEANS: FEMALES, NAGASAKI 

lwx lwz :E....., :Ex• ::Ez• ;:Exy :Err ::Exz :Eye bl cP 

1 ,652 
16,3, 
4,584 

22 ,594 
42 1 ,229 

443,823 
422,881 
437, )86 
425,814 

87 
40,962 
13,186 

54,2 36 
84 1 , 148 

895,384 
841 ,235 
882 , 1 10 
854,334 

6,977 
22,597 
27,291 

56,866 
986,095 

1 ,042,961 
993,072 

1,008,692 
1 ,013,386 

162 179 
1,845 1 1 ,591 

609 ),020 

2,617 16,792 
50,5 14 439, 527 

53,131 456,320 
)0,676 439,707 
)2,360 4 H , l l 9  
51,123  444,548 

743 - 1 7 3  12 10,900 
2 ,636 6,726 4,624 7,706 
3,460 8,826 1 ,724 32,985 

6,840 1 M80 6,362 51,592 
143,223 2 5 1 ,732 105,03 1 26,276,520 529,)05.87 25,747,014.63 

1 )0,064 267 , 1 1 2  1 1 1 ,393 26,328, 1 1 2  ) 50,2 15.99 2 5 ,777,896.78 
143,967 2 ) 1 , )58 105,043 26,287,420 532 ,926.60 2 5,754,493.95 
14),8)9 2 )8,4)8 109,6)5 26,284,227 532 , 173.21  2 5 ,752 ,053.93 
146,684 260,)58 106,7 55 26,309,506 544,252.45 2 5,765,253.65 

Diff. 
7,479.31 
5,039.30 

18,239.02 

30,882 . 1 5 

y = birthweight 
x = parity 

w = parity squared 
z = maternal age 

bl = sum of squares removed by repesaioa 
d• = residual sum of squares 

DP MS p 

3 2,493.10 1.482 
3 1 ,679.77 1 .002 
9 2,026.56 1 .204 

1 5  2,0)8.81 1 .223 
15,300 1 ,682 .81 

� ., 
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146 Genetic Effects of Atomic Bombs Chapter X 

TABLE 10.22 THE .ADJUSTED BIRTHWEIGHT MEANS: FEMALES, NAGASAKI 

y y 
X w z �X �w �z unadjusted adjusted • 

Father's exposure 
1 . . . . . . . . . . . . . . . . . . .  2.820 10.848 28.093 -. 191 -1.689 -.480 303.391 303.858 
2 . . . . . . . . . . . . . . . . . . . 3 .664 18.379 30.200 + .6H +5.842 + 1 .627 304.339 302.774 
3 . . . . . . . . . . . . . . . . . . .  3 .475 1 5.960 29.842 +.464 +3.423 + 1 .269 307.781 306.3 1 7  
4 + 5  . . . . . . . . . . . . . . .  3 .305 14.790 29.3 1 1  +.294 +2.253 +.738 305.168 304.266 

Mean . . . . . . . . . . . . . 3.0 1 1  12.H7 28.573 303.690 303 .690 

Mother's exposure 
1 . . . . . . . . . . . . . . . . . . .  2 .916 1 1 .547 28.579 -.095 -.990 +.006 303.384 303.608 
2 • • • • • • • • • • • • • • • • • •  0 3 . 1 10 13 .574 28.606 +.099 + t .037 +.033 303.677 303.457  
3 • • • • • • • •  0 • • •  • • • • • • •  3.229 14.472 28.542 +.218 + 1 .935 -.03 1 307.910 307.2 1 2  
4 + 5 . . . . . . . . . . . . . . .  3.0 1 1  12 .756 27.875 0 +.219 -.698 304.023 303.936 

Mean . . . . . . . . . . . . .  3.01 1 12 .537 28.573 303.690 303.690 

• y adjusted = y unadjusted - b,�x - b.<1w - baAz. 

b. =  7.846 

b. = - 0.528 

b. = - 0.291 

�x = (x, - i)  
�w =  (w, - w) 
�z = (z,  -i) 

TABLE 10.23 THE RESIDUAL MEAN SQUARES FROM 
THB INDIVIDUAL CBLL REGRESSIONS: 

FBMALBS, NAGASAKI 

(The degrees of freedom are given in parentheses.) 

Mothers 

1 2 3 4-5 

1f '685.03 1 ,688.20 1 ,364.3 1  1 ,246.83 
(6,757 ) (4,309 )  ( 363) (263 ) 

r! 2f '675.37 1,757.1 1 1,639.73 1 ,974.58 
" ( 1 ,007 ) ( 1,937) ( 1 34 ) ( 5 3 )  

...<: 
� 3f '878.25 1 ,303.64 2,294.75 2,872.48 

( 106) ( 1 2 5 )  ( 38) ( 14)  

4-5f '691 .59 1 ,82 1 .47 1 ,506.31 1 ,867.23 
( 59)  (66) ( 1 7 )  (9)  

Bartlett's test for between-cell heterogeneity of 
mean squares: 

x' = 29.99• DF � 15 
Bartlett's test for between-cell heterogeneity of mean 

squares when category 1 parents are excluded: 

x' = 9.40 DF = 8  

x = parity 
w = parity squared 
z = maternal age 
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TABLE 10.24 A SUMMAII.Y OP THB SALIENT FINDINGS OP THB CoVAIUANCB ANALYSIS 

(a) All exposure cells 

Cell 

Hete�feneity 

regressions • 

Male--Hiroshima . . . . . . . . . . . . . . . . . .  Exceeds 5o/o ICYel 
Female--Hiroshima . . . . . • . . • . . • • • • •  Not significant 
Male--Nagasaki . . . . . . . . . . . . . . • • . . •  Not significant 
Female--Nagasaki . . . . . . . . . . . . . . . . .  Exceeds 5% ICYel 

Variation in regres. 
sioos after removing 

the portion associated 
with the common 

regression 
% 

0.14 
0.03 
0.05 
0. 1 5  

Total variation 
accounted for 

by the common 
regression 

% 
2.7 
1 .9 
2.8 
2.0 

Ratio of smallest to 
largest mean square 
(as per cent ) after 

adjustment for indi-
vidual cell regressions 

% 
67 
58 
48 
43 

Bartlett's test for 
between-cell heter
ogeneity of mean 

squares 

Not significant 
Exceeds 1% leYel 
Exceeds 5% leYel 
Exceeds 5% leYel 

(b) Only those cells in whi�h both parents were exposed 
' 

Variation in regres- Ratio of smallest to · 

-� 

sions after removing Total variation largest mean square Bartlett's test for 
Hete�feneity 

Cell regressions • 

Male--Hiroshima . . . . . . . . . . . . . . . . • •  Not significant 
Female--Hiroshima . . • . . . . . . • . • • • • •  Not significant 
Male--Nagasaki • . . • . . . . . . . . • • • • . • •  Not signi6cant 
Female--Nagasaki . . . . . . . . . . . . . . . . .  Exceeds 5% leYel 

• All regressions of the form y = m + b,x. + b.xt' + b.Jr.. 

the portion associated accounted for (as per cent ) after between-cell heter-
with the common by the common adjustment for indi· ogeneity of mean 

regression regression vidual cell regressions squares 
% % % 

0 2.8 8 1  
0.03 1.3 58 
0 ll � 
0.72 0.9 45 

Not significant 
Exceeds 1% ICYel 
Not significant 
Not significant 

� C\ 
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1 48 Genetic Effects of Atomic Bombs Chapter X 

city cell for three of the four sex-city cells. But, 
from this same table ( 10.24b) , we note that 
when exposure category 1 parents are eliminated 
both the heterogeneity in regressions and in 
residual mean squares largely disappears. Before 
we consider the implications of this, let us first 
consider what might account for the differences 
observed when all exposure cells are utilized. 

Table 10.24a, then, provides evidence, albeit 
inconclusive at this stage, that birthweight may 
be associated with parental exposure. Two 
points are involved, namely : 

1 .  In two of the four sex-city cells, the relation 
of birthweight to parity and maternal age varies 
in a minor but significant fashion among father
mother cells. 
2. In three of the four sex-city cells, the residual 
mean squares vary substantially (and signifi
cantly) among the father-mother cells. 

Let us consider these points. In point (2 ) ,  
under the assumption that within a sex-city cell 
the observations within a father-mother cell 
have homogeneous variance, common mean, and 
normal distributions, we should conclude that 
the variance differs between the exposure cells, 
and that this obtains for most sex-city cells . 
Normality may be safely assumed, but there 
exists the possibility that the other assumptions 
are invalid here. Accordingly, two alternative 
or supplementary explanations of the findings in 
point (2)  must be entertained, namely: 

(a) The variances are different between ex
posure cells, and presumably due to irradiation. 
(b) The variances are different between ex
posure cells due to unaccounted-for concomitant 
variation. For example, if there were year-of
birth effects, or a socio-economic status effect, 
then differences in the residual mean squares 
might reflect unequal representations with re
spect to year of birth, or social background. 

Similarly, for point ( 1 )  we must entertain more 
than one explanation, namely : 

(a) The relation of birth weight to parity and 
age of mother is different among exposure cells 
and presumably due to irradiation. 
(b) Factors partially correlated with age and 

parity may differ between exposure cells and 
thus give rise to an apparent variation in the 
relation of birthweight to parity and mother's 
age. 

What evidence is available which might permit 
a choice among these alternatives ? 

In addition to data covering maternal age and 
parity, information is available on two other 
concomitant variables which are relevant to the 
questions raised in the preceding paragraph. 
These variables are year of birth (for all in
fants) and the parental socio-economic status 
(for a random 10 per cent of infants) . Let us 
consider first the effect of year of birth on the 
residual mean squares. 

Two alternatives which might be entertained 
here are the following: Firstly, we could assume 
that the relationship of mother's age and parity 
to birthweight is constant over the years within 
a given exposure cell, but that the intercept 
(mean) of the regression may vary from year 
to year. This would lead us to fit a model 
asserting that 

E(y,Jrt) = m,�r+ b1 (x,1,�: -x,1) + 
b2 (w,Jrt- iii,,) + b8 (Z,Jrt-ZfJ) . 

That is to say, the expected value of the k"' 
observation on birthweight in the ,,. year of the 
ij'"' exposure cell (sex and city are fixed) is a 
function of the mean of the r'"' year in the ij'"' 
cell, of parity, of parity-squared, and of ma
ternal age. Secondly, we might prefer not to 
assume that the relationship of mother's age 
and parity to birthweight is constant over years 
within a given exposure cell, and hence to fit 
a model of the form 

E(y,Jrt) = m,.�r+ b1, (x,Jrt -'X,Jr) + 
b2r (w,Jrt - iii,Jr) + bar (Z,Jrt-ZfJr) 

· 

The latter approach is, of course, equivalent to 
fitting a regression in each of the 1 1 2  year
exposure combinations within a given sex-city 
cell. It is questionable whether the increase in 
precision of the latter approach over the former 
is sufficient to justify the not insignificant addi
tional labor in computing some 448 regressions. 
As a first approximation, then, we have elected 
to proceed using the simpler (the first) model. 

To determine whether year of birth contrib
utes significantly to the variation in birth
weights, within exposure cells, following the 
removal of maternal age and parity effects, we 
may employ the mean square ratio test. The 
latter test consists of forming the likelihood 
ratio, say L, of the "mean square following re
moval of age and parity" to the "mean square 
following removal of age, parity, and year." 
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The Anal1sis of the Birthweighl Data 149 

We assert that year of birth contributes signifi
cantly if L> Lo where the critical value, 4, is 
given by 

L _ f+ (f - /) Po o -
f 

and where f and f are, respectively, the degrees 
of freedom associated with the lesser and the 
greater mean square, and F 0 is the critical F 

TABLE 10.25 THE OISTIUBunoN BY PAIUINTAL Ex-
POSUaE OF THE RESIDUAL MJ!AN SQUARES APTER 

REMOVAL OF VARIATION DUB TO YEAR OF 
BIRTH OF THE INFANT: MALES, 

HIROSHIMA 

(Degrees of freedom are given in parentheses.) 

Fathers 

1 2 3 4-� 
1f

'709.60 1,793.66 1,83�.06 2,347.31 
(8,662 ) (73�) (286) ( 190) 

.. 2f
,639.79 1,786.�0 1,982.83 1,982.08 .. (2 ,707) (889) ( 182 ) ( 10� ) .. ..c 

c 3f'790.77 1,747.22 1 ,764.08 1 ,647.70 � ( 1 ,0�6) (210) (247) (68) 

4-�r·
�97.92 1,914.44 1,81 1.33 1 ,74�.37 
( 532) (99)  ( 39 ) (46) 

x" = 21 .147 DF = U 

TABLE 10.26 THE OISTRJBunoN BY PAIUINTAL Ex-
POSURE OF THE REsiDUAL MEAN SQUARES .AFTER 

REMOVAL OF VARIATION DUB TO YEAR OF 
BlllTH OF THE INFANT: fEMALEs, 

HIROSHIMA 

(Degrees of freedom are given in parentheses.) 

Fathers 

1 2 3 4-� 
1f

'61 1 .26 1 ,646.48 1 ,773.60 1,941 .68 
(7,990) (691 ) (2�7) ( 166) 

� 2f'��9.88 1,786.� 1 1 ,309.�0 1,163.41 .. (2,4 19) (86� ) ( 172 ) ( 109) ..c 

� 3f
'682.01 2,224.61 2, 181 .14 2,219.93 
( 1 ,023 )  ( 189) (237 ) (66) 

4-�{
1,603.27 1,802.62 1 ,44�.23 1,321 .28 
(H7) {80 ) (46) {49) 

x" = 4�.1 1o• • DF = U  

(here F06 ) at (f' -/) and f degrees of freedom. 
In all sex-city cells, year of birth can be shown 
to exert an effect ; this effect is, however, signifi
cant in only two instances, namely, Hiroshima
females and Nagasaki-males. Under the circum
stances, then, to prevent ambiguity it seems 
appropriate to remove the year-of-birth effects in 
all cells. 

In Tables 10.25 to 10.28 are given the distri
butions by parental exposure of the residual 
mean squares following removal of the "year
of-birth effect" for the four sex-city cells. In 
three of the four sex-city cells the residual mean 
squares do not, now, differ significantly one 
from another (two of these three previously 
revealed significant heterogeneity among the 
mean squares) . 

TABLE 10.27 THE DISTRIBUTION BY PAIUINTAL Ex-
POSUaE OF THE RESIDUAL MEAN SQUARES .AFTER 

REMOVAL OF VARIATION DUB TO YEAR OF 
BIRTH OF THE INFANT: MALES, 

NAGASAKI 

(Degrees of freedom are given in parentheses.) 

Fathers 

1 2 3 4-� 
1f

,8o�.n 1,712.89 2,3�9.97 1,46� .77 
(7,278 ) ( 1 ,0�9) ( 1 12 ) (63) 

"' 2f
,782.86 · 1,8�4.71 2,1 33.38 2,0� 1 .48 ... (4,644) (2,0U ) ( 1 26) (94) .. 

� 3f
'771 .84 2,166.44 2,�44.20 1,�42.99 
( 330) (U1 ) (41 ) (� ) 

4-�
r·

643.2� 1,824.87 3,360.16 1,002.24 
(263) (4� )  (9) (6) 

x" = 20.442 DF = 1 �  

TABLE 10.28 THE OISTRIBunoN BY PAIUINTAL Ex-
POSURB OF THB RESIDUAL MEAN SQUARES APTER 

REMOVAL OF VARIATION DUE TO YEAR OF 
BlllTH OF THE INFANT: fEMALEs, 

NAGASAKI 

(Degrees of freedom are given in parentheses.) 

Fathers 

1 2 3 4-� 
1f

'680.�0 1,753.30 1 ,892.83 1 ,�91 .88 
(6,7�2 ) ( 1 ,003) ( 101 ) ( �4 ) 

2f
'688.�8 1,753.37 1,344.�4 1,86�.09 t (4,30� ) ( 1,932 ) ( 120) (61 ) 

� 3f'67�.0� 1 ,662.10 2,280.34 1,7�2.83 
( 3�8 ) ( 1 29) ( 33) ( 1 3 ) 

4-�{ 
1,�0�.33 2,0�0.00 4,30�.18 2,363.29 
(2�9 ) (49) (7) (�) 

x" = 22.003 DF = n 

In view of the fact that the variances were 
heterogeneous in only one sex-city cell (Hiro
shima-females) when year of birth was taken 
into account, no attempt was made to exploit 
the data with regard to socio-economic status. 
The latter decision stemmed primarily from the 
fact that analysis of the socio-economic data 
would, since such data are available on only 10  
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1 50 Genetic Effects of Atomic Bombs Otapter X 

per cent of the observations, be applicable only 
inferentially to the problem of whether residual 
concomitant variation could account for the 
heterogeneity of the variance estimates within 
the Hiroshima-females cell. 

What, now, may we conclude with regard to 
the effect of parental exposure on birthweights ? 
Three points are involved, namely, 

1 .  Does parental exposure affect birthweight 
means ? 
2. Does parental exposure affect the relation
ship between birthweight and concomitant vari
ables, notably maternal age and parity ? 
3. Does parental exposure affect birthweight 
variances ? 

With regard to birthweight means, we cannot 
demonstrate a significant effect of parental ex
posure in any ooe of the four sex-city cells. 
With regard to the regressions of birthweight 
on parity and maternal age, significant differ
ences obtain among exposure cells in two sex
city cells. In one of these instances, significance 
does not obtain if attention is limited to only 
those infants born to parents both of whom 
were exposed. In view of the known somatic 
effects of irradiation, it would seem most likely 
that the regression differences, if real, reflect 
either a "disaster" effect or a direct (non
genetic) effect of irradiation. Lastly, with regard 
to the effect of parental exposure on birthweight 
variances, we note that, when maternal age and 
parity are removed, the variance estimates are 

heterogeneous among exposure cells (all ex
posure cells considered) in three of the four 
sex-city cells. If, however, year of birth is also 
removed, only one sex<ity cell continues to 
exhibit significant heterogeneity in the variance 
estimates among exposure cells. Moreover, we 
note that if attention is limited to those termina
tions to parents both of whom were exposed, 
the variance estimates among the exposure cells 
are significantly heterogeneous in only one sex
city cell even if year of birth is not removed. 
These facts raise some doubt as to the reality of 
the differences in mean squares as an irradiation 
effect, especially if one assumes that a consistent 
pattern is the sine qua non of a radiation
induced change. Whether consistency is a valid 
assumption is difficult to appraise. One can 
postulate certain parental interactions or rela
tionships between fetal resorption and degree 
of radiation damage, both admissible hypotheses, 
from which it would not necessarily follow that 
the variance would be similarly affected in all 
sex<ity cells. The conservative interpretation 
of the data with regard to the birthweight vari
ances would be one which asserts no clearly 
demonstrable effect of parental irradiation on 
the spread of birthweights. 

10.5 Summary. - There exist no consistent 
findings suggestive of an effect of parental ex
posure on (a) birthweight means, (b) the rela
tionship of maternal age and parity to birth
weight, or (c) birthweight variances. 
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Chapter XI 

A N A LY S I S  O F  T H E  D ATA C O N C E R N I N G  

D EAT H  D U R I N G  T H E  N I N E - M O N T H 

P E R I O D  F O L L OW I N G  D E L I V E RY 

11.1 The trail. - Although from its very 
first usage the Genetics Short Form included a 
question concerning death following delivery, 
the collection of data with reference to death 
after the first week following delivery was not 
originally systematic. However, the instruction 
to the midwives regarding promptly notifying 
the ABCC in the event of an abnormal preg
nancy termination included a statement regard

follow-up studies at age 9 months on the basis 
of the terminal digit in their registration num
bers. Thus, depending on the personnel and 
facilities available, one month an attempt might 
be made to re-examine all infants whose regis
tration number ended in 0 or 5, the next month 
0, 5, or 9, etc. At the time of the contacts 
necessary to arrange for this examination, it 
could be determined if the infant had died in 

ing death during the first days of life. As the the interval between our initial examination and 
autopsy program developed, the midwives often the time of the second contact. There is thus 
voluntarily informed the ABCC of death at any available supplementary information for 2 1 ,788 
time during and after the first week postpartum. infants concerning the occurrence of death be
The routine follow-up visit was usually made tween birth and the ninth month following de
between the seventh and fourteenth postpartum livery. The latter figure is somewhat approxi
days - sometimes later, usually in consequence mate because of variations in the "contact day," 
of recurrent transportation crises in the "motor but no bias exists with reference to parental 
pool," seldom earlier, due largely to the system radiation history. 
of collecting Genetics Short Forms from the 112 The geneli( argument for radiation-in
midwives and also a natural and proper reluc- duud (hanges in the neonatal death rate. -
tance on the part of Japanese mothers, espe- The argument from which one might expect 
cially during the winter months, to permit the radiation-induced genetic changes in the neo
examination of their children at an earlier date. natal death rate is wholly analogous to the argu
At the time of this follow-up visit, any deaths ment for differences in the stillbirth rate with 
which had occurred were noted. This system increasing parental exposure (see Sec. 9.2 ) . 
led to quite complete information regarding Mutations detected in the first generation of 
death during the first week of life. In the actual offspring by a study of the neonatal death rate 
analysis, we have confined our attention to the would consist largely of the dominant lethals 
occurrence of death during the first six days (or possibly in a more strict sense the suble
postpartum. In the strict sense, this is not the thals) although some recessive lethals might 
neonatal period, which is usually thought of as also be recovered because of the fortuitous com
including the first month of life, but we shall bination in some individuals of an induced 
apply the term "neonatal" to it as a matter of lethal mutation with an allelic lethal mutation 
convenience. of spontaneous origin. Accordingly, we might 

In addition to this information regarding expect as one manifestation of radiation-induced 
neonatal death, there is available supplementary genetic damage an increase in the frequency of 
information from the "9-months program." neonatal deaths with increasing parental ex
As noted earlier, infants were selected for posure. 

U l  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E f f e c t  o f  E x p o s u r e  t o  t h e  A t o m i c  B o m b s  o n  P r e g n a n c y  T e r m i n a t i o n  i n  H i r o s h i m a  a n d  N a g a s a k i
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 7 7 6

http://www.nap.edu/catalog.php?record_id=18776
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11.3 Concomitant variables known to influ
ence the orrurrence of a neonatal death. - The 
sources of extraneous variation affecting the 
frequency of neonatal deaths are not unlike 
those variables influencing the frequency of 
stillbirths (see Sec. 9. 3 ) . Among the con
comitant variables common to both of the afore
mentioned indicators are maternal disease 
(principally syphi lis ) , nutrition, birth injury, 
maternal age, order of birth, and rate of repro-

�. 

4.  

4. 

3. 

3. 

NEONATAl. DEATHS 
(PE R CENT) 

2. 

2 .  

0 .!1  

PARITY 

7 •  

- - - - .. 
3 

- 2  
_ ,  

t$ 20 

' 
' 

' 
' 

mother to infant with increasing maternal age. 
The age distribution among the exposure cells 
is such that this bias would tend to inflate the 
neonatal death rate among the non-exposed or 
less heavily exposed parents. It was felt that 
these effects could be ignored. 
2 .  There is  ample evidence attesting to the 
importance of nutrition and birth injury in the 
neonatal death rate, but these two variables will 
be ignored in our presentation because there 

' 
' 

30 
MOTHER'S AGE 

3� 

I 
I 

I 
I 

I 

- - - -

40 4!1 

FIGURE 1 1.1 - The distribution of the frequency of neonatal deaths by age of mother for specified parities. 

duction. In the case of neonatal death this list 
must be augmented by the addition of at least 
one more extraneous variable, namely, infantile 
infectious diseases. In the first six days of life, 
the principal infectious diseases, which could 
and frequently do lead to the death of an in
fant, are respiratory infections and infantile 
diarrhea. 

The observations and comments with regard 
to maternal disease, nutrition, and birth injury 
made in Chapter IX with regard to stillbirths 
are no less pertinent here. To recapitulate 
briefly, we noted that : 

1 .  There existed a gradual but significant de
cline in the rate of transmission of syphilis from 

are no demonstrable or probable differences 
among exposure cells. 

With regard to the effect of maternal age and 
parity on the neonatal death rate the reader is 
referred to Figures 1 1 . 1  and 1 1 .2 and Tables 
1 1 . 1  and 1 1 .2 .  The latter figure gives the 
distribution of the frequency of neonatal death 
by parity for specified maternal ages. The former 
figure gives the distribution of the frequency of 
neonatal death by maternal age for specified 
parities. From these two figures and tables we 
note that the effect of maternal age and parity 
on the frequency of neonatal death is strikingly 
similar to the effect of age and parity on the 
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stillbirth rate.1 We find that the age-specific 
parity distributions or the parity-specific age 
distributions of the frequency of neonatal death 
tend to be U-shaped. However, unlike the still
birth data the minima of the age-specific parity 
distributions appear quite similar, whereas the 
minima of the parity-specific age distributions 
tend to occur at a higher level with increasing 

!).  

3. 

3.0 

2.S 
NEONATAL DEATHS 

(PER CENT) 

1.  

1. 

exposure cells would require also taking into 
account variation in maternal age. However, as 
in the case of stillbirths, a partitioning of the 
data as elegant as that required to effect the 
"best" control would seriously jeopardize the 
validity of the tests because of (a) the large 
number of empty cells, and (b) the very small 
expected values in the bulk of the occupied cells. 

MATERNAL AGE I 
--- 36-40 
- - - - - 31-3S 
. . . . . . . . . .  26- 30 
- . - . - 21-25 

2 

I 
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I 
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FIGUU 11.2 - The distribution of the frequency of neonatal deaths by parity for specified maternal ages. 

parity. These findings would suggest a signifi
cant effect of parity which varies by mother's 
age on the frequency of neonatal death (a rate 
of reproduction effect) , but no significant inde
pendent effect of mother's age. This is consistent 
with Yerushalmy's (1938) observations in the 
United States. Now since the effect of parity is 
not independent of maternal age, adequate ad
justment to control variation in parity between 

1 A full description of these data is to be published 
elsewhere. 

Accordingly, the data were further partitioned 
only with regard to parity. We recognized five 
parity classes, namely, parity 1 ,  parities 2-3, 
4-5, 6-7, and 8 and higher. The bias which 
might remain after this partitioning would be 
one difficult to specify adequately but probably 
would lead to an increase in neonatal mortality 
among the more heavily exposed cells because 
of increased maternal age within these latter 
cells. 

The possibility of a spurious irradiation effect 
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TABLE 11.1 THE EFFECT OF MATERNAL AGE AT FIXED PAJUTY ON THE FllEQUENCY OF NEONATAL DEATHS 

Parity 1 
< 21 . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 1-2� · · · · · · · · · · · · · · · · · · · · · · · · ·  

26-30 . . . . .  · · · · · · · · · · · · · · · · · ·  . .  

31-3� . . . . . . . . . . . . . . . . . . . . . . . . . 

36-40 0 • • • • • • • • • • • • • • • • • • • • • • • •  

41 + • • • • • • • • • • • • • • • • • • • • •  0 0  • • •  

Total . . . . . . . . . . . . . . . . . . . . . . .  

x2, = 2 1 .293 . .  

Parity 2 
< 2 1 · · · · · · · · · · ·  . . . . . . . . . . . . . . .  

2 1-2� 0 • • • • • • • • • • • • • • • • • • • • • • • •  

26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  

31-35 • • • • • • • •  • • • • •  • • • • • •  0 • • • • •  

36-40 · · · · · ·  · · · · · · · · · · · · · · · · . . .  

41 + . . . . . . . . . . . . . . . . . . . . . . . . . . 

Total · · · · · · · · · · · · · · ·  . . . . . . . . .  

x2• = 4.8 18 

Parity 3 
< 2 1 . . . . . . . . . . . . . . . .  · · · · · · · · ·  

2 1-2� . . . . . . . . . . . . . . . . . . . . . . . . .  

26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  

3 1-35 . . . . . . . . . . . . . . . . . . . . . . . . . 
36-40 . . . . . . . . . . . . . . . . . . . . . . . . . 
41 + . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . .  

Parity 4 
< 21 
21-2� 
26-30 
31-3� 
36-40 
41 + 

x26 = 3.864 

. . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . .  · · · · · · · · · · · ·  . . . . . . .  

• • • • • •  0 • • • • • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . . . . . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . . . . 
x2. = 5.087 

Total Normal Neonatal o/o 
births births deaths neonatal AD 

1 ,882 1,849 
8,479 8,3�6 
3, 12� 3,062 
�9� �87 
171 164 
18 16 

14,270 14,034 
I•o = .082U 

41 � 413 
6,�72 6,482 
6,294 6,22� 
1,399 1 ,383 
360 353 
46 46 

1 5,086 14,902 
I.o = .06543 

36 35 
2, 188 2,U1 
�.729 �.6�8 
2,357 2,330 
,14 �08 
66 6� 

10,890 10,747 
lAo = .06327 

4 4 
472 460 

2,828 2,788 
2,487 2,4�� 
736 728 
83 82 

6,610 6,�17 
lAD = .06014 

33 
123 
63 
8 
7 
2 

236 

2 
90 
69 
16 

__:} 
184 

1 
37 
71 
27 
6 
1 

143 

1 2} 
40 
32 
8 
1 

93 

1 .7� 
1 .4� 
2.02 
1 .34 
4.09 
1 1 .1 1 

PT = .26001 

0.48 
1 .37 
1 . 10 
1 . 14 
1 .72 

PT = .27488 

2.78 
1 .69 
1 .24 
l .U 
1.17 
1 .52 

PT = .19843 

2.�2 
1 .41 
1 .29 
1 .09 
1 .20 

PT = . 12044 

.00808 

.07422 

.04877 

.00793 

.01 797 

.00733 

.16430 

.0 1684 

.0�4 16 

.04273 

.0058� 

.01 127 

. 1 3086 

.00374 

.0�8�9 

.02997 

.02799 

.00531 

.00094 

.12654 

.0�783 

.00230 

.03262 

.02�69 

.00183 

. 12028 
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Data Concerning Death D11ring Period Following Deli11er1 

TABLE ll.l-Co111iltMtd 

Parity � 
< 21 . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 1-2� • • • • • • • • • •  • • • • • • • •  • • • • • •  0 

26-�0 . . . . . . . . . . . . . . . . . . . . . . . . . 
� 1-�� . . . . . . . . . . . . . . . . . . . . . . . . . 

�6-40 • • • • • •  0 • • • • • •  • • • • • • • • • • • •  

4 1 + • • •  0 • • • • •  0 • • • • • • • • • • • • • • • •  

Total • • • • • •  0 0 0  • • • • • • • • • • • • • • •  

x23 = 22.999• • 
Parity 6 

< 21 . . . . . . . . . . . . . . . . . . . . . . . . .  
2 1-2� . . . . . . . . . . . . . . . . . . . . . . . . . 
26-�0 . . . . . . . . . . . . . . . . . . . . . . . . .  
� �-�� . · · · · · .  · · · · · · · · · · · · · · · · · ·  

�6-40 0 • • • • • • • • • • • •  • • • • • • • •  • • • •  

41 + . . . . . . . . . . . . . . . . . . . . . . . . . 
Total . . . . . . . . . . . . . . . . . . . . . . . .  

x1• = 1 1 .484• 

Parity 7 + 
< 2 1 
21-2� 
26-�0 
�1-3� 
36-40 
41 + 

. . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . 
0 • • • • • • • • • • • • • • • • • • • • • • • •  

0 0 0  • • •  0 • • • • • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . . . . . . . . . . . . 
0 • • • • • • • • • • • • • • • • • • • • • • • • •  

Total . . . . . . . . . . . . . . . . . . . . . . . . 

x2a = .n4 
All parities 
< 21 . . . . . . . . . . . . . . . . . . . . . . . . . . 

21-2, . . . . . . . . . . . . . . . . . . . . . . . . . 
26-30 . . . . . . . . . . . . . . . . . . . . . . . . .  
3 1-3� . . . . . . . . . . . . . . . . . . . . . . . . .  
36-40 . . . . . . . . . . . . . . . . . . . .  · · · · ·  

41 + . . . . . . . . . . . . . . . . . . . . . . . . . . 
Total . . . . . . . . . . . . . . . . . . . . . . . . 

Total 
births 

76 
97� 

1,737 
823 
9� 

�.706 

1 1  
2�9 
94� 
78� 
13� 

2, 13� 

� 
�� 

479 
1,167 
48� 

2,187 

2,337 
17,801 
19,26� 
9,997 
4,,�6 
926 

54,882 
x•. = 4.641 

Normal 
births 

70 
960 

1,712 
814 
9� 

�.6� 1 
l•o = .09971 

10 
2� 
9�6 
77� 
131 

2, 106 
lAo = .18�19 

� 
� 

471 
1, 146 
476 

2, 1 50 
lAo = .03�06 

2,301 
17,B2 
19,001 
9,874 
4,488 
9 1 1 

�4. 107 
l'.t.o 

Heterogeneity x• = 6,.1 58 . .  

Neonatal 
deaths 

6 
u 
2� 

�} 
�� 

1 
� 
7 
10 
4 

27 

-;} 
8 
2 1 
7 

37 

�6 
269 
264 
12� 
68 
1 5  

77� 

% 
neonatal 

7.89 
1 .�4 
1 .44 
0.98 

PT = .06753 

9.09 
1.9� 
0.74 
1 .27 
2.96 

PT=  .0�887 

1.72 
1 .67 
1 .80 
1 .4� 

PT =  .0398� 

1 .� 
1.�1 
1 .37 
1.23 
1 .49 
1 .62 

(for age) = .07447 
DF= 2� 

1 55 

AD 

.08992 

.00979 

.014�7 

.08��4 

.19942 

.0�229 

.064�8 

.18�19 

.002�7 

.08�94 

.�70�8 

.000�2 

.0028� 

.0�4�4 

.03221 

.07012 

.00392 

.02307 

.010�3 

.02378 

.00480 

.00252 
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1 56 Geneli( Elfe(/J of Atomk Bombs <llapter XI 

TABLE 11.2 THB EFFBCT OF Pi\RITY i\T FIXED MATERNAL AGB ON THB FREQUENCY OF NEONATAL DEATHS 

Total Normal Neonatal <Yo 
births births deaths neonatal AD 

Mother's age: < 21 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . . 0 0 0 0 0 0 0 0 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 +  o o o o o o o o o o o o o o o o o o o o o o o o o o o  

Total 0 .  o 0 .  0 0 0 . .  0 . . . . .  0 . . . .  o o o 

x22 = 3.872 

Mother's age: 2 1-25 

1,882 
415 
36 
4 

2,337 

1 . 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,479 
2 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 .  0 0 0 0 0 0 0 0 0 0 6,572 
3 . .  0 .  0 0 0 0 0 0 0 0 0 0 . .  0 . .  0 0 0 0 0 0 0 0 .  0 2,188 
4 0 0 0 0 .  0 0 .  0 0 0 0 0 0 0 0 . . .  0 0 .  0 0 0 0 0 0 0 472 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 .  0 0 0 76 
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 � 0 0 0 0 0 0 1 1  
7 + 0 o o o  0 0 0  o o o o o o o o o o  0 0 0  o o o o  0 0  3 

Total 0 0 0 .  0 0 0 .  0 0 .  0 0 0 0 0 .  0 0 .  0 0 .  0 17,801 
x20 = 28o736 . .  

Mother's age: 26-30 
1 . . . . . . . . . . . . . o o o o o o o o o o o o o o o o  

2 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  

3 . . . . . . . . . . . . . . . . . . . . . . . 0 0 0 0 0 0  

4 . . . . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 0 0  

5 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  

6 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  

7 + O o o o o O o o o o o o o o o o o o o o o o o o o o o  

Total 

Mother's age: 31-35 
1 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  

2 O o o o o o o o o o o o o o o o o o o o o o o o o o o o o  

3 . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . .  

4 O o o O o o o o o o o o o o o o o o o o o o o O o o O o o  

5 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  

6 o o o o o o o O O O o o o o o o o o o o o o o o o o o o O  

7 + . . . . . . . . . . . . . . . . . . . . . . . . o . o  

3, 125 
6,294 
5,729 
2,828 
975 
259 
55 

19,265 

595 
1,399 
2,357 
2,487 
1,737 
943 
479 

Total 0 0 0 0 0 0 . .  0 0 • • • o o o 0 0 0 . 0 0 o 0 9,997 
x28 = 3.589 

Mother's age: 36-40 
1 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  171 
2 o o o o o o o o o o o o o o o o o o o o o o o o o o o o o  360 
3 0 0 .  0 0 .  0 .  0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 • .  0 .  0 .  5 14 
4 0 0 0 0 0 0 0 .  0 0 .  0 0 0 0 0 0 0 0 0 .  0 0 . 0 0 0 0 0 736 
5 . 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 0 .  0 0 .  0 .  0 . .  0 0 .  823 
6 0 0 0 .  0 0 0 .  0 0 0 0 0 0 .  0 0 .  0 0 • . •  0 0 0 0 0 0 785 
7 + 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 .  1, 167 

Total 0 • • • •  0 • •  0 • o .  0 0 o 0 o • 0 0 o o 0 o 4,556 
x28 = 1 1 .456 

1 ,849 
413 
35 
4 

2,301 
I•o = o l 2393 

8,356 
6,482 
2, 1 5 1 
460 
70 
10 
3 

17,532 
I•o = .05452 

3,o62 
6,225 
5,658 
2,788 
960 
254 
54 

19,001 
I•o = .09509 

587 
1,383 
2,330 
2,455 
1,712 
936 
471 

9,874 
I•o = o06433 

164 
353 
508 
728 
814 
775 

1 ,146 

4,488 
I•o = .14417 

33 
2 

�} 
36 

1 23 
90 
37 
12 
6 

�} 
269 

63 
69 
71 
40 
1 5 
5 
1 

264 

8 
16 
27 
32 
25 
7 
8 

123 

7 
7 
6 
8 
9 
10 
21 

68 

1 .75 
0.48 
2o50 

PT = o04258 

1 .45 
1 .37 
1 .69 
2o54 
7.89 
7.14 

P-x- = .. 32435 

2o02 
1 . 10 
1.24 
1 .41 
1 .54 
1 .93 
1 .8 1 

PT = o35103 

1 .34 
1.14 
1 . 1 5 
1 .29 
1 .44 
0.74 
1 .67 

PT = o182 1 5 

4.09 
1 .94 
1.17 
1 .09 
1.09 
1 .27 
1.80 

PT= o08301 

. 1 1 310 

.12393 
.01083 

.24786 

o01937 
o035 1 5 
o01486 
.01837 
.0183 1 
.00298 

.10904 

.07749 

.06625 

.02883 

.00479 

.00629 

.00557 

.00095 

.19018 

.00559 

.00998 

.01646 

.01 153 

.02987 
o03788 
.01734 

.12866 

.06640 

.02429 

.02496 

.04456 
.04902 
.02562 
.05348 

.28834 
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DaJa Con(nning DeaJh D11ring Period Following Deliflny 

TABLE 11.2-Co•ti•MIJ 

Total Normal 
births births 

Mother's age: 41 + 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 16 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 46 
� . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 66 65 
4 . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 8� 82 
5 . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 95 95 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1�5 1�1 
7 + . . . . . . .  . .  . . . . . .  . . .  . . .  . . . . .  48� 476 

Total . . . . . . . . . . . . . . • . . • . . • • . . 926 91 1 
x2 4 = �.781 I .. D = .1881 5 

All ages: 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14,270 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5,086 
� . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,890 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 6,610 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . �.706 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 1�� 
7 + . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 187 
Total . . . . . . . . . . . . . . . . . . . . . . . . 54,882 

14,0�4 
14,902 
10,747 
6,517 
�.65 1 
2,106 
2,1 50 

54, 107 

Neonatal % 
deaths neonatal 

�} �-13 
1 1.52 

�} 0.56 
4 2.96 
7 1 .45 

15 
PT= .01687 

2�6 1 .65 
184 1 .22 
14� 1.�1 
9� 1.41 
55 1 .48 
27 1.27 
�7 1.69 

775 
x211 = 12.462' 

Heterogeneity x• = 5�.76� . .  

I" .. D ( for parity)= .08�20 
DF= 2� 

157 

AD 

.06528 

.00468 

.1276� 

.12287 

.05584 

.�76�0 

.04514 

.0�800 

.0141 1 
.oo045 
.00�9 
.00408 
.00801 

on the neonatal death rate due to a non-random 
distribution (by parental exposure) of contacts 
with the agents responsible for the more serious 
infectious infantile diseases such as the respira
tory infections and infantile diarrhea is difficult 
to evaluate. We are not aware of any widespread 
outbreaks of respiratory infections or diarrhea 
among the newborn infants of Hiroshima and 
Nagasaki during the interval 1948-1953. 

11.4 The daJa. - In Tables 1 1 .3 and 1 1 .4 
are given the . distribution of neonatal deaths 
by sex of infant, parental exposure and city 
without and with allowance for parity. The 
corresponding analytical results are given in 
Tables 1 U and 1 1 .6. Let us consider first the 
evidence for an irradiation effect from the data 
prior to partitioning by parity. From inspection 
of Table 1 1 .3 and from the results given in 
Table 1 1 .5  we note a significant mother-father 
exposure interaction. The occurrence of this 
interaction considerably complicates further 
analysis of these data since, as in the non
orthogonal case of the analysis of variance, the 
disproportion among the numbers of observa
tions in the various ways of classification leads 
to distortion of main effects tests based upon the 
marginal totals, due to the unequal contributions 
to the marginal class totals. Under the circum-

stances it would seem that the most approP.riate 
tests for those ways of classification other than 
those involved in the interactions, here mother's 
exposure and father's exposure, would be the 
sum of the chi-squares obtained by testing a 
given way of classification at each level of the 
ways of classification involved in the interac
tion. Thus, in this instance, the test of the city 
effect would be obtained by summing the six
teen chi-squares and their degrees of freedom 
obtained by testing the effect of city on the vari· 
ate at each of the sixteen mother-father levels. 
The disadvantage of this procedure is that all 
sixteen tests contribute equally to the sum, 
whereas the power of the individual tests will 
vary considerably. Ideally, perhaps, one would 
weight the individual contributions of these 
tests to the sum by their power functions. This 
has not been done, and hence the sum tests will 
probably be somewhat biased. 

When the data are analyted as just outlined, 
for only one of the eight exposure tests when 
the exposure of one parent is held constant does 
a significant effect of mother's or father's ex
posure emerge. The weight this one positive 
finding should be given in the face of seven 
non-significant, similar tests is debatable. There 
are significant differences between the sexes but 
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1 58 Genetic Effects of Atomic Bombs <llapter XI 

TABLE 11.3 THE FREQUENCY OF NEONATAL DEATHS BY PARENTAL 
EXPOSURE, CITY, AND SEX OF INFANT 

( Unrelated parents ) 

Male infants 

Hiroshima 

Fathers 

1 2 3 4-:5 Total 

1{: 8,80:5 7:5 1  304 206 10,066 
1 32 7 9 7 1:5:5 

.01:50 .0093 .0296 .0340 .01 :54 

2{: 2,760 909 190 1 16 3,97:5 
4:5 1 1  2 :58 

.0163 .012 1 .0172 .0146 
� 

3{: 1,081 219 2:58 79 1,637 
j! 16 2 2 20 � .0148 .0078 .02:53 .0122 

4-:5{: :5 :5 1 108 :51 :56 766 
10 3 1 14 

.0181 .0:588 .0179 .0183 

Toul{: 1 3,197 1 ,987 803 4:57 16,444 
203 18 14 1 2 247 

.01 :54 .0091 .0174 .0263 .01 :50 

Male infants 

Nagasaki 

Fathers 

1 2 3 4-:5 Toal 1{: 7,417 1 ,087 1 24 72 8,700 
no 19 3 1:52 

.017:5 .017:5 .0242 .017:5 

2{: 4,732 2,0:5:5 1 37 103 7,027 
80 31 2 1 1 3 

.0169 .01 :5 1 .0146 .0161 

� 
3{: 349 13 1 :50 u :543 

.. 10 1 1 1  ..c � .0287 .0076 .0203 

4-:5{: 274 :5 :5 18  1:5 362 
2 2 1 :5 

.0073 -0364 .0:5:56 .01 38 

Total{: 12 ,772 3,328 329 203 16,632 
222 :53 6 281 

.0174 .01:59 .0182 .0169 
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Dllla Con(eming DeaJb During Period Following Delit�ery 1 59 

TABLE 1 1.3-Conlin•�J 

Female infants 

Hiroshima 

Fathers 

2 3 4-5 Total 

1{: 8,086 71 1 271 177 9,245 
87 1 1 5 2 105 

.0108 .0155 .0185 .01 1 3 .01 14 

2n 2,466 886 182 1 18 3,652 
32 12 1 45 

.01 30 .0135 .0055 .0123 

t 3n 1,039 199 246 75 1,559 
£ 8 1 9 
� .0077 .0050 .0058 

4-5n 533 90 55 58 736 
7 1 8 

.013 1 .01 1 1  .0109 

ToulH 12,124 1 ,886 754 428 15,192 
134 25 6 2 167 

.01 1 1  .01 33 .0080 .0047 .01 10 

Female infants 

Nagasaki 

Fathers 

1 2 3 4-5 Total 

1{: 6,843 1,023 1 12 64 8,042 
82 12 2 1 97 

.0120 .0117 .0179 .01 56 .0121 

2{: 4,373 1,967 1 31 70 6,541 
60 26 2 88 

.0137 .0132 0153 .0135 

t 3{: 373 139 43 21 576 
£ 6 1 1 8 
� .0161 .0072 .0233 .0139 

4-5 {: 272 58 16 1 3 359 
5 1 6 

.0184 .0172 .0167 

Total{: 1 1 ,861 3,187 302 168 1 5,518 
153 40 5 1 199 

.0129 .0126 .0166 .0060 .0128 
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I I 
I I  
, , I I I  
I 
I 

TABLE 11.4 THB fllBQUBNCY OF NBONATAL DBATHS BY PARBNTAL EXPOSUllB, CrrY, AND PARITY 
(Unrelated parents) 

Expo. 
1\IR . 1 1  

Puity 
12 1 3  

1H H-a 
4-5H 
6-7

-a 
a +{� 

5,367 1 ,659 644 
72 18 � 

.0134 .0108 .0047 

8,238 
99 

.0120 

2,60� 
38 

.0146 

5,, 
8 

.014-4 

2,"8 
34 

.01 3 1  

737 
18 

.024-4 

191 
6 

.0314 

128 ,. 
2 1 

.01 56 .0196 

1 ,087 
n 

.0138 

303 
' 

.016' 

64 
1 

.01 56 

22 

14 
n 

3H 
7 

.02 10 

H3 
3 

.0056 

168 
' 

.0298 

« 
2 

.04, 

6 

Total 
P, 

8,003 
100 

.0125 

12,4-46 
. , 1  

.012 1 

3,81 1  
66 

.0173 

8,. 
17  

.0199 

207 
3 

.014' 

2 1  

491 
7 

.0143 

673 
7 

.0104 

233 
2 

.0086 

22 

197 
4 

.0203 

786 
8 

.0102 

� 
4 

.0074 

23 

64 

194 

118 

" 195 24 
2 ' 

.0364 .0256 

10 75 t8 
2 1 

.0267 .0556 

24 
2' 

H 
1 

.0303 

89 

4' 

17 

14 

,... sum{� 16,891 5,226 2 , 1 20 1,084 25,321 1 ,462 1 ,795 418 198 
2 1 9  77 24 17 H7 18 H 1 1 

� p .0130 .0147 .01 1 3  .0157 .0133 .0123 .0128 .0024 .0051 

Expo. 
1\IR 0 1 1  

Parity 

·{� 
2-3{: 

3, 163 
66 

.0209 

6,890 
94 

.0136 

12 

2,369 
48 

.0203 

4,460 
62 

.0139 

1 3  

1 8 1  
10  

.0553 

348 
3 

.0086 

14 
. ,  

1 3 '  
3 

.0222 

276 
3 

.0109 

Total 
P, 2 1  22 

,,848 507 ,. 7 
127 12 11 

.02 17 .0237 .02 1 3  

1 1 ,974 9 1 6  1 ,416 
162 1 1  1 3  

.0135 .0120 .0092 

23 

« 

94 

24 
2 '  

23  
2 

.0870 

48 
1 

.0208 

4-5{: 
6-7{: 

3,046 
38 

1 ,n9 
20 

123 
1 

.0081 

88 4,836 406 1 , 1 7 1  76 26 

a +{� SumH 

.0125 

92 3 
12 

.0130 

.0127 

524 
8 

.01H 

48 
1 

.0208 

238 173 22 
2 2 1 

.0084 .01 16 .04, 

34 
1 

.0294 

1 3  

14,260 9,105 722 546 
2 1 2  140 16 7 

.0149 .01 ,. .0222 .0128 

• father's exposure is &iftn first. 

59 7 20 1 
.0122 .0172 .0171 .01 32 

1 , 529 199 6 1 1  3 5  
2 2  1 8 

.014-4 .0050 .0131  

4-46 82 307 2 1  
5 - 5 1 

.01 1 2  - .0163 .0476 - - - --
1 3  

3 

24,633 2 , 1 10 4,022 270 1 1 3  
375 31 5 7  2 3 

.01 52 .0147 .0142 .0074 .0265 

Hiroshima 

Total 
P1 3 1  

785 186 
12 ' 

.01 H  .0269 

1 ,742 284 
n a .0086 .0282 

938 80 
6 .0064 

291 20 
7 1 

.0241 .0500 

1 1 7  ' 
3 

.0256 

32 

73 
1 

.01}7 

1 '9 

94 

29 

17 

.H 
,. 

197 
1 

.0051 

1 59 
1 

.0063 

68 

29 

34 
�' 

21 
2 

.09,2 

45 
1 

.0222 

23 

14 

3 

3,873 57 5 372 504 106 
43 14 1 2 3 

.01 1 1  .0243 .0027 .0040 .028,. 

Nl&!"'ki 

Total 
Po 31 32 

1 ,09 1  
n 

.0229 

2 ,474 
2 5  

.0101 

1 ,679 
28 

.0167 

8" 
9 

.0105 

4 1 3  
6 

.0145 

53 « 
2 2 

.0377 .0455 

102 101 
2 1 

.0196 .0099 

" 76 
1 1 

.0182 .0132 

16 3 1  

10 16 

33 34 
35 

10  4 

29 9 

38 8 

1 1  1 2  
1 1 .0909 .0833 

' 

6, 5 1 5  236 268 93 34 
93 5 4 1 1 

.0143 .02 1 2  .0149 .0108 .0294 

Total 
Pa 

331 
8 

.0242 

68, 
10 

.0146 

356 
1 

.0028 

131 
1 

.0076 

,. 

41 
' 1  

42 
'2 

43 
53 

1 18 50 19 
2 1 

.0169 .0200 

182 105 66 
6 

.0330 

66 63 42 
1 1 2 

.0152 .0159 .0476 

. ,  14 18 

2 2 9 

« 
45 
,. 
" 

. ,  
1 

.0667 

50 

30 

14 

1 , ,7 383 234 1 54 1 14 
20 9 2 2 1 

.0128 .0235 .0085 .0130 .0088 

Total 41 
Pa 5 1  

I l l  26 
4 1 

.0360 .0"5 

241 76 
3 

.0124 

177 26 
2 

.01 1 3  

7 0  5 
2 

.0286 

32 3 

631 136 
l l  1 

.0174 .0074 

42 
52 

19 

85 

40 

1 9  

1 0  

1 7 3  

4 3  
53 

2 

14 

1 2  

4 

2 

34 

« 
45 
54 
" 

4 

9 

9 

3 

3 

28 

Total F,, a 

202 
4 

.0198 

403 
6 

.0149 

201 
4 

.0199 

61  

18 

M, 

6,162 
86 

.0140 

9,377 
120 

.0128 

2,982 
41 

.0137 

645 
1 1  

.017 1  

1 4 5  
2 

.0138 

Total 

Ms Ma M., ; 
1 ,979 

24 
.0121  

3,638 
42 

.01 1 '  

1 ,436 
23  

.0160 

429 
1 1  

.0256 

778 402 
3 1 1  

.0039 .0274 

1 ,54-4 7 1 7  
1 6  4 

.0104 .0056 

622 266 
8 ' 

.0129 .0188 

174 89 
1 2 

.00,7 .0225 

145 78 28 
3 1 

.0207 .0128 

885 19,3 1 1  7,627 3,196 1 , ,02 
14 260 103 29 22 

.0158 .0135  .0135 .0091 .0146 

Total 
Total 
P,, a M, Mo Ma M., a 

, .  
1 

.0196 

184 

87 

31 

18 

3,749 
81 

.02 16 

7,984 
107 

.0134 

3,533 
46 

.0130 

1 ,10 
13  

.01 14 

333 
2 .0060 

2,949 
6 1  

.0207 

6,062 
76 

.0125 

2,866 
4 1  

.0143 

1 ,185 
16 

.01 3 5  

,06 
7 

.0138 

237 
10 

.0422 

485 
3 

.0062 

249 
2 

.0080 
98 

2 
.0204 

50 
2 

.0400 

166 
5 

.0301 

342 
4 

.01 17 

131 

62 
2 

.03H 

20 

371 16,742 13,568 1 , 1 1 9  721 
I 249 201 19 1 1  

.0027 .0149 .0148 .0170 .0153 

Total 

9,32 1 
124 

.01H 

1 5 ,276 
182 

.01 19 

,,306 
77 

.0145 

1 ,337 
2 5  

.0187 

396 
6 

.01 52 

31 ,636 
414 

.01 3 1  

Total 

7,101 
1 57 

.0221 

14,873 
190 

.0128 

6,719 
89 

.0131 

2,488 
33 

.0133 

909 
1 1  

.0121  

32,1 50 
480 

.0149 
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Data Concerning Death D11ring Period Following Delivery 161 

TABLE 11.5 CHI·SQUARB ANALYSIS OP THB Fli.B· 
QUBNCY OP NBONATAL DBATHS BY PAIU!NTAL 

ExPOSURE, CITY, AND SBX 
(Unrelated parents) 

(a) 4 X 4 
Source DF x• 

Total 63 83.974 
Interactions, first order 

cs . . . . . . . . . . . . . . . . . . . . .  1 
CM . . . . . . . . . . . . . . . . . . . . •  3 
CF . . . . . . . . . . . . . . . . . . . . . 3 
SM . . . . . . . . . . . . . . . . . . . . . 3 
SF . . . . . . . . . . . . . . . . . . . . . 3 
MF . . . . . . . . . . . . . . . . . . . . . 9 

Main effects 
Mothers : Fathers 1 . . . . . . . . .  3 

Fathers 2 . . . . . . . . .  3 
Fathers 3 . . . . . . . . .  3 
Fathers 4,5 . . . . . . . 3 

Fathel'S: Mothel'S 1 .  . . . . . . . 3 
Mothel'S 2 . . . . . . . . 3 
Mothers 3 . . . . . . . .  3 
Mothers 4,5 . . . . . .  3 

Sex: • M.Fs . . . . . . . . . . . . 1 
M,F, . . . . . . . . . . . 1 
M.Fa.•.• . . . . . . . . . . 1 
M.Fs . . . . . . . • . . . . 1 
M.Fa . . . . . . . . . . . 1 
M.F ..... . . . . . . . .  . 

Ma. .. .F • . . . . . . . . . .  
Ma, •.• F. . . . . . . . . . 

Ma,,,,Fa.•.• . . . . . . . 

1 
1 
1 
1 

0.070 
3.192 
5.336 
2.202 
5.224 

22.986 

1 .223 
4.365 
12.480 
4.378 
6.258 
5.280 
7.132 
2.479 
13.296 
0.051 
1 .840 
2.504 
0.077 
0.070 
2.080 
0.204 
6.266 

p 

.05-.10 

.70-.80 

.30-.50 

.10-.20 

.50-.70 

.10-.20 
.001-.01 

.70-.80 

.20-.30 
.001-.01 
.20-.30 
.10-.20 
.10-.20 
.05-.10 
.30-.50 
< .001 
.80-.90 
.10-.20 
.10-.20 
.70-.80 
.80-.90 
.10-.20 
.50-.70 
.01-.02 

Sum 

City: .  

9 26.388 .001-.01 
M.Fs . . .  . . .  . .  . . . . 1 
M.Fs . . . . .  . . . . . .  1 
Ma. .. .F. . . . . . . . . . 1 
M,F, . . . . . . . . . . . 1 
M.F. . . . . . . . . . . . 1 
Ma, •• .F. . . . . . . . . . . 1 
M.P.,,,, . . . . . . . . . .  1 
M.F..... . . . . . . . . . .  1 
M. .•.• Fa.•.• . . . . . . . . 1 

2.048 
0.091 
1.837 
0.361 
0.168 
3.265 
0.780 
1 .093 
0.036 

.10-.20 

.70-.80 

.10-.20 

.50-.70 

.50-.70 

.05-.10 

.30-.50 

.20-.30 

.80-.90 

Sum . . . . . . . . . . . . . . . . . . 9 9.679 .30-.50 
• To increase the numbers of observations, cate· 

gories 3, 4, and 5 have been pooled in these tests. 

TABLE ll�ontintml 

(b) 3 X 3 
Source DF x• p 

.50-.60 Total 35 39.587 
Interactions, first order 

cs . . .  . . .  . . . .  . .  . . . .  . . . . . 1 
CM . . . . . . . . . . . . . . . . . . . . . 2 
CF . . . . . . . . . . . . . . . . . . . . .  2 
SM . . . . . . . . . . . . . . . . . . . . .  2 
SF . . . . . . . . . . . . . . . . . . . . .  2 
MF . . . . . . . . . . . . . . . . . . . . .  4 

Main effects 
Sex (S) • 

Mother's exposure - 2 .  . . 1 
Mother's exposure - 3 .  . . 1 
Mother's exposure - 4,5 . . 1 

Sum . . . . . . . . . . . . . . . .  3 
City (C) • 

Mother's exposure - 2 .  . . 1 
Mother's exposure - 3 . . . 1 
Mother's exposure - 4,5 . . 1 

Sum . . . . . . . . . . . . . . . .  3 
Mother (M) . . . . . . . . . . . . .  2 
Father (F) • 

Mother's exposure - 2 .  . . 2 
Mother's exposure - 3 .  . . 2 
Mother's exposure - 4,5 . . 2 

0.161 
0.425 
4.354 
2.258 
5.007 
5.441 

0.106 
0.432 
2.604 

3.142 

1 .005 
0.454 
0.980 

2.439 

.50-.70 

.80-.90 

.10-.20 

.30-.50 

.05-.10 

.20-.30 

.70-.80 

.50-.70 

.10-.20 

.30-.50 

.30-.50 

.50-.70 

.30-.50 

.30-.50 
6.2 16 .02-.05 

3.708 .10-.20 
1 .108 .50-.70 
2.421 .20-.30 

Sum . . .  . . .  . . .  . .  . . .  . .  6 7.237 .20-.30 
• Adjusted for mothers. 
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162 Genetic Effects of Atomic Bombs Olapter XI 
TABLE 11.6 CHI·SQUARE ANALYSIS OF THE FllE

QUENCY OF NEONATAL DEATHS BY PARENTAL 
EXPOSURE, CITY, AND PARITY 

(Unrelated parents) 

Source DF x• p 

Total • • • • • • • 0 • • • • • • • • •  n9 189.601 .0:5-.10 
Interactions, first order 

CM . . . . . . . . . . . . . . . . . .  3 3.192 .30-.:50 
CF . . . . . . . . . . . . . . . . . .  3 4.8:5:5 .10-.20 
CP . . .  . . . . . .  . . . . . . . . .  4 14.401 .001-.01 
MF . · · · · · · · · · · · ·  . . . . .  9 22 .986 .001-.01 
MP . . . . . . . . . . . . . . . . . .  1 2 2 1 .436 .02-.0:5 
FP . . . . . . . . . . . . . . . . . .  12 13 .334 .30-.:50 

Main effects (only CP interaction taken into account) 
Parity (P) 

Hiroshima (H)  . . . . . 4 :5 .872 
Nagasaki (N)  . . . . . . . 4 32 .04:5 

City (C) 
Parity 

Oass - 1  . . . . . . . .  1 
Class - 2  . . .  . .  . .  . 1 
Class - 3 . .  . .  . .  . .  1 
Oass - 4  . . . . . . . .  1 
Oass- :5  . . . . . . . .  1 

Mother (M) 
H: Parity 

Class - 1  . . . . . . . .  3 
Class- 2 . . . . . . . .  3 
Class - 3  . . . . . . . .  3 
Oass - 4  . . . . . . . . 3 
Class - :5 . . . .  . .  . .  3 

N: Parity 
Class- 1  . . . . . . . .  3 
Class - 2  . .  . .  . .  . .  3 
Oass - 3 . . . . . . . .  3 
Class - 4  . . . .  . .  . .  3 
Oass- 5  3 

Sum . . . . . . . . . . . 30 
Father (F)  

H :  Parity 
Class - 1  . . . . . . . .  3 
Oass - 2  . . . . . . . .  3 
Class - 3 . . . . . . . .  3 
Oass - 4  . . . . . . . .  3 
Class - :5  . . . . . . . .  3 

N: Parity 
Class - 1  . . . . . . . . 3 
Class - 2  · · · · · · · ·  3 
Class - 3 . . . . . . . . 3 
Class - 4  . . . . . . . .  3 
Class - :5  . . . . . . . .  3 

Sum . . . . . . . . . . .  30 

18.:58:5 
0.4:58 
0.420 
1 .720 
0.200 

1 1 .7:53 
3.424 
0.809 
2.882 
0.77:5 

5.23:5 
1 .977 
2.5:52 
2.409 
4.662 

36.478 

4.260 
2.387 
10.236 
2.5:59 
1 .976 

1 .08:5 
4 .322 
3 . 1:56 
2.322 
0.846 

33. 149 

.20-.30 
< .oo1 

< .001 
.30-.:50 
.:50-.70 
.10-.20 
. :50-.70 

.001-.01 
.30-.:50 
.80-.90 
.30-.:50 
.80-.90 

.10-.20 

.:50-.70 

.30-.50 

.30-.50 

.10-.20 

.10-.20 

.20-.30 

.30-.50 

.01-.02 

.30-.:50 

.:50-.70 

.70-.80 

.20-.30 

.30-.50 

.:50-.70 

.80-.90 

.30-.50 

not the cities. Omission of the category 1 parents 
from the analysis results in the disappearance 
of the M-F interaction (Table 1 1 . 5b) . As be
fore, there is no significant effect of father's 
exposure but now a barely significant effect of 
mother's exposure appears. 

From Tables 1 1 .4 and 1 1 .6, we note that 
when neonatal deaths are further partitioned 
by parity rather extensive heterogeneity in the 
data is revealed. Both the city-parity and 
mother-father interactions are significant. To 
adjust the main effects tests as indicated in 
Chapter VI leads, in this instance, to such ex
tensive partitioning as to seriously jeopardize 
the validity of the tests. However, one could 
adjust for one of the interactions at a time . 
Accordingly, two sets of "main effects" tests 
could be generated. If one ignores the mother
father interaction, the main effects tests of city, 
parity, and exposure would be as given in Table 
1 1 .6. If the city-parity interaction were ignored, 
the tests of exposure and city would be as given 
in Table 1 Ua, and there would, in addition, be 
a test of parity. One must obviously view the 
results of these two sets of tests as approximate. 
However, in neither instance does evidence 
emerge indicating a significant, consistent effect 
of parental exposure . 

The results from the "at-birth" examinations 
are corroborated by the findings at 9 months 
of age, presented in Table 1 1 .7. The reader 
should note the following departures from the 
usual classifications of the 9-months data : ( 1 )  
sex of infant is ignored, (2) exposure categories 
3, 4, and 5 have been pooled, and (3)  deaths 
from birth to 9 months are recorded. The 
purpose of these latter procedures was to bring 
to bear on the problem of infant mortality fol
lowing dissimilar exposure experiences on the 
part of the parents, the largest possible number 
of observations. No attempt has been made to 
control concomitant variation which would pre
sumably be no less of a problem here than else
where in these data, and would, in the main, 
tend to inflate the death rate among infants born 
to the more heavily exposed parents. The analy
sis of these data is presented in Table 1 1 .8.  We 
note no effect of city, maternal or paternal 
exposure, or evidence of heterogeneity between 
the cities or exposure cells . 

11.5 Summar1. - No consistent, significant 
effect of parental exposure on neonatal mortality 
emerges from the data obtained in Hiroshima 
and Nagasaki on deaths occurring in the first 
six days postpartum. Analysis of neonatal and 
infantile mortality obtained at the time of the 
9-months examination fails to disclose an effect 
of parental exposure on infant survival. No 
consistent exposure trend is exhibited by these 
data. 
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J: 

Data Con(erning Death During Period Following Delivery 

TABLE 11.7 THB FRBQUBNCY OP DBATHS BBTWBBN BIRTH AND NINB MONTHS OP AGB BY 
PARENTAL ExPOSURE AND CrrY 

( Unrelated parents) 

Hiroshima Nagasaki 

Mothers Mothers 

1 2 �5 Total 2 �5 

1{: 5,678 1 ,803 1 ,064 8,545 
1{: 4,225 2,599 396 

254 85 48 387 209 125  25  
.0447 .0471 .0451  .0453 .0495 .0481 .0631 2{: 482 528 188 1 ,198 

2{: 583 1,05 1 1 17 
24 27 8 59 20 61 2 

.0498 .05 1 1  .0426 .0492 � .0343 .0580 .0171  .. H-s{: 319 186 264 769 .c 

3-4-5{: 120 149 66 
16 8 14 38 � 4 7 5 

.0502 .0430 .0530 .0494 .0333 .0470 .0758 

TwJH 6,479 2,5 17 1 ,516 10,512  
Total{: 4,928 3,799 579 

294 120 70 484 233 193 32 
.0454 .0477 .0462 .0460 .0473 .0508 .0553 

TABLE 11.8 ANALYSIS OP THB FREQUENCY OP 
DBATHS BBTWBBN BIRTH AND NJNB MoNTHS 
OP AGB, BY PARENTAL ExPOSURE AND CITY 

(Unrelated parents) 

Source DF x' p 

Total . . . . . . . . . . . . . .  17 13. 146 .70-.80 

Interactions, first order 
CM . . . . . . . . . . . . . .  2 0.382 .80-.90 
CF . . . . . . . . . . . . . .  2 0.658 .70-.80 
MF . . . . . . . . . . . . . .  4 4.647 .30-.50 

Main effects 
City . . . . . . . . . . . . .  1 1.097 .20-.30 
Mothers . . . . . . . . . . 2 1.081 .50-.70 
Fathers . . . . . . . . . . .  2 0.087 .95-.98 

163 

Total 
7,220 

359 
.0497 

1 ,751  
83 

.0474 

335 
16 

.0478 

9,306 
458 

.0492 
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Chapter XII 

T H E  A N A LY S I S  O F  T H E  

A N T H R O P O M E T R I C  D ATA 

12.1 The measurements obtained aJ nine scale on the instrument. Head circumference 
months. - As was pointed out in Section 2.6, was taken with a cloth tape at the maximum 
one feature of the "9-months" program in- girth of the head in a plane passing through 
volved obtaining certain physical measurements the nasion. Chest circumference was measured 
on the infants seen. These measurements were by means of the same tape, the measurement 
felt to supply the best index to general physical representing the chest girth in the plane of the 
vigor obtainable under the circumstances. The nipples, taken midway between inspiration and 
present chapter is concerned with an analysis expiration. This midpoint was estimated after 
of these data. It should be pointed out that be- a brief period of observation. 
cause of scheduling problems, it was not pos- 12.2 The genetic argument for i"'liiiaJion 
sible to examine each infant at precisely nine effects. - The genetic argument for irradiation 
months of age ; the data here presented are effects is essentially the same as the argument 
based on babies varying in age from eight to advanced for changes in the birthweights of 
ten months inclusively. Since the system of infants born to exposed parents. The existence 
selection for study by terminal registration of irradiation-induced changes in body measure
digit precludes an age bias with respect to ir- ments is predicated on the assumptions that (a) 
radiation history, this age variation becomes a the largest class of gene mutations are the re
problem only insofar as it may enhance cessive "detrimentals, ' '  and (b) the presence 
"within-cell" variation to the point of obscuring of "detrimentals" would be reflected in changes 
tests on interactions and main effects. We shall in body measurements consequent to abnormali
consider this possibility in detail in Section ties in growth pattern and rate in the first nine 
12 .4 .3 .  Caution is also indicated in utilizing months of life. 
certain aspects of these data for standards of The differences to be expected would be (a) 
normality. changes in the multivariate means with chang-

The measurements to be analyzed are the ing parental exposure, (b) a change, quite 
interdependent variables, weight, body length, possibly an increase, in the generalized variance 
head circumference, and chest circumference. In with increasing parental exposure, or (c) both. 
each city, all measurements were taken by one The likelihood of the occurrence of these 
of two nurses, both of whom devoted much of changes would obviously be a function not only 
their working time to this procedure. Originally of parental exposure but of the component of 
the weight of the baby was obtained by weigh· variation in measurements at nine months of 
ing mother and (stripped) child together on a age ascribable to genetic factors. Little informa
beam-type scale, then weighing the mother tion is available from which to estimate this 
separately, and calculating the weight of the component. 
baby from the difference. During the latter part 12.3 Concomitant variables known to affect 
of 19�2 the practice of weighing the baby di- growth and development during the first year 
rectly in a basket on the same scale was insti- of life. - The concomitant variables affecting 
tuted. Body length was measured by a stadiome- growth and development during the first year 
ter which was wider than the width of the of life are, in some respects, less well known 
baby. The readings were taken directly off a than the variables which influence birthweight. 

164 
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The Analysis of the Anthropometric Data 16� 

We do not know, for example, whether the ma
ternal age and parity effects demonstrable at 
birth persist throughout the first year of life or 
not. That the effects of these two variables on 
measurements at nine months would be negligi
ble would seem to follow from (a) the small 
amount of the total variation (approximately 

to 1 2 .4 are the means and the number of ob
servations on which they are based for the 64 
sex-city-mother-father cells for the measure
ments of weight, height, head girth, and chest 
girth. Inspection of these data reveals no strik
ing trends associated with parental exposure. 
It should be noted, however, that, save for un-

TABLE 12.1 DISTRIBUTION OP MEAN WEIGHT IN DECAGRAMS AT 9 MONTHS OP AGE BY Crrv, Sax, AND 
PAlU!NTAL EXPOSUR.B 

( Unrelated parents. The numbers of observations on which the means are based are given in parentheses. ) 

Hiroshima 

c 4J -5 � 

Males 

Mothers 

1 2 � 
t{ 814.�5 819.51  812 .0� 

( 2,765 ) (871 ) ( �50) 

2{ 808.64 789.89 804.�6 
( 2�0 ) ( 2�6) (69)  

�{ 820.98 796.66 790,38 
(91 ) ( 58) (7�)  

4-5{ 797.27 797.70 782.95 
( 59)  ( �� )  (22 ) 

-- -- --
Total{ 8 1 �.80 8 1 1 .97 806.68 

( 3, 145 )  ( 1 , 198 )  ( 5 14 )  

4-5 Total 
813 .51  8 1 5.20 
( 169 ) (4, 155 ) 

802.�4 799.95 
( 29) ( 564) 

776.00 802.42 "' .. 4J 
( 18 ) (240) .c 

� 
811 .42 796.2� 
( 12) ( 1 26) 

809.02 8 12 .4� 
( 228 ) ( 5,085 ) 

Females 

Mothers 

1 2 � 

1{ 767.�9 766.�� 766.65 
( 2,54� ) ( 822 ) ( 3 3 1 ) 

2{ 769.�0 756.16 758.78 
(22�)  (253)  ( 54 )  

�{ 771 .45 757.48 755.07 
( 100) ( 5 2 )  (67 )  

4-5{ 766.85 757.27 796.55 
(48 )  ( �� )  ( 2 2 )  -- -- --

Total{ 767.66 76�.46 
( 2,914)  ( 1 , 160) 

765 .51  
(474 ) 

4-5 Total 
762.46 766.90 
( 1 5�)  ( �,849) 

751 .00 761 .44 
( 26) ( 5 56) 

801 .71 765 .90 
( 17) ( 2�6) 

734.88 765.�9 
( 16) ( 1 19) 

762. 1 2  766. 18  
( 2 12 )  (4,760) 

Nagasaki 

Males 

Mothers 

1 2 3 4-5 Total { 797.52 794.62 774. 1 3  789.22 795.63 1 ( 2,074) ( 1 ,26 1 )  (99 )  (81 ) ( 3,5 1 5 )  

2{ 788.8 1 788.79 794.94 762.23 788.64 
( 283 ) (486) ( � 5 )  ( 1 3 )  (817)  

"' 3{ 782.78 795.6� 791 .21  774.67 78M8 .. 4J .c ( 36) (48 )  ( 14 ) (6) ( 104) � 4-5{ 785.22 771 .64 768.25 784.60 776.99 
( 23 )  ( 36) (4)  (5 )  (68) 

Total{ 796.1 5  792.65 780.34 784.8� 793.94 
( 2,416) ( 1,83 1 ) ( n2 )  ( 105 ) ( 4,504) 

3% ) which they account for in birthweights, 
(see Table 10.24) and (b) the ever decreasing 
correlation between weight at birth and at age 
x (by nine months of age this correlation is 
0.3 1 9  as estimated from these data) . For the 
purposes of this analysis we shall assume that 
the various exposure sub-populations do not 
differ significantly as regards any factor in-
fluencing growth and development. 

12.4 The data. - Presented in Tables 12 .1  

"' .. 4J .c 
� 

Females 

Mothers 

1 · 2  3 
t{ 753 .0� 749.06 763.16 

( 1 ,84 5 )  ( 1 , 168 ) ( 1 06)  

2{ 750. 17 738.09 736.2 1 
(264) (482 ) (47) 

3{ 749. 14 720.85 734.�5 
( 29) (40) ( 17 ) 

4-5{ 735.89 708.69 791.00 
(27)  ( 16 ) (4 )  

-- -- --
Total{ 752.41 744.92 753.71 

( 2,165 ) ( 1,706) ( 174)  

4-5 Total 
744.29 75 1 .70 

(80) ( 3,199)  

708. 1 3  741 .33 
( 16) (809) 

694.50 731 .34 
(4) (90) 

774.00 734.67 
(4) ( 5 1 )  

737.95 749.0� 
( 104) ( 4, 149) 

common exceptions, infants born to parents 
one or both of whom are in exposure category 
1 are larger in all measurements than infants 
born to parents both of whom were exposed. 

Let us tum now to the questions to be asked 
of these data, namely : 

1 .  Are there significant differences between the 
multivariate 
exposure ? 

means associated with parental 

2. Are there significant differences between ex-
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166 Genetic Effects of .Atomic Bombs Otapter XII 

TABLE 12.2 DISTRIBUTION OF MEAN HEIGHT lN MILLlWETIIRS AT 9 MONTHS OF AGE BY Cny, SEX, AND 
P AllENTAL EXPOSURE 

(Unrelated parents. The numbers of observations on which the means are based are given in parentheses. ) 

� 

j 

"' .. .. .c 
� 

Males 

1 2 

1{ 698.20 698 .8:5 
( 2,76:5 ) (87 1 )  

2{ 697.2 1 693.31 
(2�0)  ( 2�6) 

�{ 699.07 691 .:59 
(91 ) ( :58) 

4-:5{ 69 1 .34 693 .2 1 
( :59 )  ( �3 )  -- --{ 698.02 697.25 Total 

( 3,14:5 ) ( 1 , 198) 

Mothers 

� 
696. 14 
( �:50) 

69�.94 
(69) 

691 .9� 
( 7� )  

697.:50 
( 22 )  

69:5.�0 
( :5 14 )  

Males 

Mothers 

1 2 � { 696.86 69:5.36 694.31 1 
(2 ,074) ( 1,26 1 )  (99)  

2{ 69:5.92 691 .8:5 69:5.:54 
( 28� ) (486) ( � :5 )  

3{ 696.44 693.71 69 1 .9� 
( �6) (48 ) ( 14 ) 

4-:5{ 696.1 3  694.2:5 690.00 
(23 )  ( 36) (4 ) 

4-:5 
699 . 16 
( 169 ) 

697.86 
(29) 

691 .00 
( 18 )  

705.:58 
( 12 )  

698.69 
(228 ) 

4-:5 
692.12 
(81 ) 

694.92 
( 1 3 )  

693.8� 
(6) 

686.00 
( :5 )  -- -- -- --

{ 696.74 694.�6 694.26 Total 
( 2,4 16 )  ( 1,831 ) ( 1 :52 )  

692.27 
( 10:5 ) 

Hiroshima 

Total 
698.20 

(4,1:5 :5 )  

69:5 .2 1  
( :564) 

694.49 � 
( 240) � � 
694.26 
( 1 26) 

697.:59 
( :5,08:5 )  

Nagasaki 

Total 
696.14 
( 3,:5 1 :5 )  

693.47 
(817) 

694.42 � j! ( 104 )  

694.03 
J: 

(68)  

69:5 .:58 
(4,:504 )  

Females 

Mothers 

1 2 � 

1{ 68�.8� 682.84 681 .92 
( 2,:54� ) (822) ( �� 1 )  

2{ 682 .6:5 681 . 1 1  681 .67 
(22�)  ( 2H) ( :54) 

�{ 68�.88 681 .�1  684.42 
( 100)  ( :52 )  (67) 

4-:5{ 681 .77 687.36 696.�2 
(48) ( 3� )  ( 22) -- --

Total{ 68�.7 1 682.:52 682.77 
( 2,914 ) ( 1 ,160)  (474) 

Females 

Mothers 

1 2 3 
{ 682.0:5 679.94 683.01 1 

( 1,84:5 ) ( 1 , 168)  ( 106) 

2{ 680.:56 677.76 677.28 
( 264 ) (482) (47) 

�{ 67:5.24 677.6:5 680.82 
(29) (40) ( 17) 

4-:5{ 678.41 676.81 697.7:5 
(27) ( 16) (4) 

Total{ 681 .7� 679.24 681.:59 
( 2, 16:5 ) ( 1,706) ( 174) 

4-:5 Total 
684.02 683.46 
( 1 H ) ( �.849 ) 

676.81 681 .:58 
(26) ( 5:56) 

68:5 .3:5 68�.:57 
( 17) ( 236)  

667.00 684.02 
( 16)  ( 1 19) 

681.96 683.2:5 
(212 ) (4,760 ) 

4-:5 Total 
684.0� 681.�6 
(80) ( 3,199) 

676.06 678.61 
( 16) (809) 

670.7:5 677.17 
(4) (90) 

673.7:5 679.06 
(4) ( 51 )  

681 .90 680.70 
( 104) (4, 149) 
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TABLE 12.3 DlsnuBunoN oP MEAN HBAD GlllTH IN MJLLIMBTBRS AT 9 MoNTHs OP AGB BY CrrY, Ssx, AND 
PAIU!NTAL EXPOSURII 

(Unrelated parents. The numbers of observations on which the means are based are given in parentheses.) 

J � 

:: J! 
� 

Males 

Mothers 

1 2 3 4-� { 444.63 444.28 443.88 443.79 1 (2,76�) (871 ) ( 3�0) ( 169) 

2{ 444.0� 442.04 444.22 442.38 
(230) (236) (69) (29) 

3{ 447.10 443.69 441 .67 44�.72 
(91 ) (�8) (73 )  ( 18) 

4-�{ 441 .47 442.18 444.91 448.33 
(�9) ( 33 ) (22 ) ( 12) 

---- ---- ---- ----

� tal{ 444.60 443.7� 443.66 444.00 
0 (3, 14�) ( 1 ,198) (5 14 )  (228) 

Males 

Mothers 

1 2 3 4-� { 4�2.48 4�2.�0 4�0.23 4�0.69 1 (2,074) ( 1,261 ) (99) (81 ) 

2{ 4�2.40 4�2.82 4��.46 4�4.23 
(283 ) (486) (3� ) ( 13) 3{ 4�1.42 4�3.73 4�4.86 460.67 
( 36) (48) ( 14 ) (6) 

4-�{ 4�1 .9 1 449.44 449.2� 447.20 
(23) ( 36) (4 ) (� ) 

---- ---- ---- ----

� tal{ 4�2.4� 452.�6 451.83 4�1.�3 
0 ( 2,416) ( 1,831 ) ( 152 )  ( 10� ) 

Hiroshima 

Total 
444.46 
(4,1�� ) 
443.14 
( �64) 
444.�2 t 
(240) ! 442.91 
( 126) 

444.28 
( �.08� ) 

Nagasaki 

Total 
4�2.38 
( 3.� 15 ) 
4�2.81 
(817) 
4�3.48 :: 41 
( 104) ! 4�0.10 
(68) 

4�2.4� 
(4.�04) 

Females 

Mothers 

1 2 3 4-� 
1{ 433.82 433.38 434.1 1  433.10 

(2.�43 ) (822) (331 ) ( 1 53) 

2{ 434.6� 433.38 43�.19 431 .27 
(223 ) (253) ( �4) (26) 

3{ 43�.53 431 .63 430.8� 438.94 
( 100) ( �2 ) (67) ( 17) 

4-�{ 433.04 433.�8 439.91 426.00 
(48 ) (33) (22) ( 16) 

---- ---- ---- ----

Total{ 433.93 433.3 1 434.04 432.81 
(2,914 ) ( 1,160) (474) (212) 

Females 

Mothers 

1 2 3 4-� 
1{ 441.22 441 .27 441 .97 438.03 

( 1,84� ) ( 1 ,168) ( 106) (80) 

2{ 440.17 439.82 441 .74 438.94 
(264) (482) (47) ( 16) 

3{ 440.28 439.73 443.47 439.n 
(29) (40) ( 17) (4) 

4-�{ 438.48 43�.�0 449.75 440.�0 
(27 ) ( 16) (4) (4) 

---- ---- ---- ----

Total{ 441 .0� 440.77 442.23 438.33 
(2,16� ) ( 1,706) ( 174) ( 104) 

Total 
433.72 
( 3,849) 
433.97 
( ��6) 
433.59 
(236) 
433.51 
( 1 19 ) 

433.74 
( 4,760) 

Total 
441 .18 
(3,199) 
440.03 
(809) 
440.61 
(90) 

438.�9 
( 5 1 ) 

44o.92 
(4,149) 
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168 Genetic Effects of Atomic Bombs Otapter XII 

posure cells in the generalized variances, that 
is, the determinants of the variance-covariance 
matrices ? 
3 .  Does there exist demonstrable within-cell 
(exposure cell, that is) heterogeneity which 
would limit or augment the conclusions which 
can be drawn from these data ? 

the cell numbers are unequal and disproportion
ate. The analysis of dispersion is, of course, 
merely the multivariate equivalent of the analy
sis of variance. 

As in the case of birthweights, we shall dis
cuss in detail only one of these analyses and 
then summarize the information from the two 

TABLE 12.4 DISTRIBUTION OF MilAN CHBST GillTH IN MILUNBTBRS AT 9 MONTHS OF AGE BY CrrY, SEX. AND 
Plt.llBNTit.L EXPOSURE 

(Unrelated parents. The numbers of observations on which the means are based are given in parentheses.) 

Hiroshima 

t � 

Males 

Mothers 

1 2 � 4-5 
t{ 427.�2 428.92 427.5 1 427.18 

(2,765) (871 ) ( �50) ( 169) 

2{ 425.41 42MB 427.12 424.� 
(2�0) ( 2�) (69) (29) 

�{ 4�0.70 426.09 423.29 420.8� 
(91 ) ( 58) (73) ( 18 ) 

4-5{ 422.59 429.85 421 .59 4�2.17 
(59) ( 33) (22 ) ( 12 ) 

---- ---- ---- ----
Total{ 427.19 427.72 

( �.145 ) ( 1 , 198) 
426.60 
( 514 ) 

426.58 
(228) 

Total 
427.67 
(4,1 55 ) 
424.71 
( 564) 
426.59 
(240) 
425.2� 
( 126) 

427.2� 
( 5,085 ) 

� .. � 

Females 

Mothers 

1 2 � 4-5 
t{ 416.96 417.�9 416.�8 41 5.96 

(2,54� ) (822) ( 331 ) ( 1 53 ) 
2{ 417.74 415 .�4 418.56 41 5.46 

(22�) (253) ( 54) (26) 

�{ 418.82 419.21 4U.64 422.94 
( 100) ( 52 ) (67) ( 17) 

4-5{ 415 .42 415 .45 426.77 415 .U 
(48) ( 3�) (22) ( 16) ---- ---- ---- ----

Total{ 417.06 416.96 
(2,914 ) ( 1,160) 

416.72 
(474) 

416.40 
(212 ) 

Total 
416.96 
( �.849 ) 
416.62 
( 556) 
4 17.73 
(2�6) 
417.40 
( 1 19 ) 

4 16.97 
(4,760) 

Nagasaki 

c .. � 

Males 

Mothers 

1 2 � 4-5 { 4�9.23 438.44 4�4.�6 4�7.2 1 1 (2,074) ( 1 ,261 ) (99) (81 ) 

2{ 4�8.14 4�8.75 441.97 4�2.�8 
(28�) (486) (�5 ) ( B) 

�{ 4��.19 4�8.31 442.21 4�9.67 
(48) ( 14) (6) ( �6) 

4-5{ 4�6.00 4�1 .75 446.00 4�2.20 
(23 ) ( �6) (4 ) (5) 

---- ---- ---- ----
Total{ 4�8·98 (2,416) 

4�8.�9 4�7.14 
( 1,8�1 ) ( 1 52 ) 

4�.51 
( 105 ) 

Total 
4�8.76 
(�.5 1 5 ) 
4�8.58 
(817) 
4�7.14 
( 104) 
4�4.06 
(68) 

4�8.62 
(4,504) 

12.4.1 The multivariaJe means . - The 
analyses of the multivariate means are given in 
Tables 12.5 to 12 . 1 1 .  Tables 12 .5  to 1 2 .8 cover 
the analysis when all categories of parental ex-
posure are considered but variation in age at 
examination is ignored. Tables 1 2.9 to 12 . 1 1 
present a comparable analysis save for the ex-
elusion of all parents of exposure category 1 .  
In  both instances, analysis has been by Rao's 
(1955 )  analysis of dispersion for the case when 

c -5 � 

Females 

Mothers 

1 2 � 
1{ 429.07 428.75 4�0.50 

( 1,845 ) ( 1,168) ( 106) 
2{ 428.91 427.69 4�o.n 

(264) (482) (47) 

�{ 428.69 421 .95 428.76 
(40) ( 17) (29) 

4-5{ 424.07 421 .44 4�1 .50 
(27 ) ( 16) (4) 

---- ---- ----
Total{ 428.98 428.22 4�0.25 

(2,165 ) ( 1,706) ( 174) 

4-5 Total 
424.20 428.88 
(80) ( 3, 199) 
417.�8 428.0� 
( 16) (809 ) 
425.75 425.58 
(4) (90) 

4�1 .50 424.41 
(4) ( 51 ) 

42M9 428.58 
( 104) (4,149) 

(i .e., with and without category 1 parents) 
sources regarding differences in the multivariate 
means. In Table 12 .5  are given the data appro-
priate to the analysis of the first order (two-
factor) interactions. Inspection of the mean 
squares for the individual analyses of variance 
reveals that in most instances the interaction 
mean squares are smaller than the within-cell 
mean squares. Because of these low values 
Wilks' test (cf. Rao, 1952 ) , which tests the 
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Source Total (DP) ( 18,497) 
y" . . . • . . . . . .  3,804,932 
r . . . . . . . . . .  1 1,272,708 
7! . . . . . . . . . .  8,21 2,037 
w' . . . . . . . . .  15 1,099,462 
yx . . . • . . • . . .  2,808,860 
yz . . . . . . . . . .  2,920,623 
yw . . . . . . . . .  1 1 ,774,995 
xz . . . . . . . . . .  4,416,701 xw . . . . . . . . .  28,370,723 
zw . . . . . . . . .  22,649,636 

TABLE 12.5 ANALYSIS OP DlsPBllSION 
(All exposure cells) 

(a) Sums of squares and aoss products o! deviations for the two-factor interactions 

Within c x s  P X S  M X S P X C  M X C  
( 18,434) ( 1 ) ( 3 )  (3 )  ( 3 ) ( 3 )  
2,955,778 960 235 663 121 538 

10,208,953 108 1,046 1 ,171 122 2,375 
7,088,914 83 596 686 2,760 2,051 

139,259,440 5,915  1 5,418 33,424 10,786 12,298 
2,131 ,955 322 -180 788 -31 -419 
1,979,555 -283 -103 560 316 -141 

10,021,620 -2,383 -200 3,584 550 -534 
3,829,089 -95 637 753 384 1,984 

24,957,896 -800 3,610 5,851  825 4,389 
21 ,316,400 703 2,872 4,390 5,439 4,876 

(b) Mean squares for indiyidual analyses of variance 

P X M • 
F(Ms F(Ma F(Ms 

- M.) - M.  . •  ) - M. . • ) 
( 3 )  ( 3 )  ( 3 )  

403 1,887 369 
3,069 4,135  929 

980 1 ,551 1,180 
58,323 1 3,202 17,085 

856 1,185 -332 
552 1 ,174 17  

4,403 4,141 -574 
1,693 71 1  108 

10,345 4,465 3,052 
6,714 4,1 54 3, 102 

P X M • 
P(M. F(M. F(M. 

Source Total Within C X S P X S M X S P X C  M X C  - M.) - M..o) - M.,.) 
(DP) ( 18,497) ( 18,434) ( 1 ) (3) ( 3 )  ( 3 )  ( 3 ) ( 3 ) ( 3 )  ( 3 )  
y" . . . . . . . . . . - 160.34 960* 78.33 221.00 40-33 179.33 134.33 629.00* 123.00 
r . . . . . . . . . . - 553.81 1o8 348.67 390-33 40.67 791 .67 1,o23.oo 1,378.33 309.67 
7! . . . .  . .  . .  . .  - 384.56 83 198.67 228.67 920.00 683.67 326.67 5 17.00 393.33 
w' . . . . . . . . . . - 7,554.49 5,915  5,139.33 1 1,141.33 3,595.33 4,099.33 19,441.00 4,400.67 5,695.00 

y = head circumference x = height C = city S = sex  
w = weight M = mother P = father z = chest girth 

• The father-mother interaction bas been partitioned into three orthogonal components each of which compares the fathers' exposure as a whole with the two 
designated mothers' groups. 
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170 Genetic Effects of Atomic Bombs Olapter XII 

significance of the ratio of two determinants, 
say, ! WI and ! W  + QI where ! WI is the error 
matrix (within cells) and IQI is the matrix due 
to any other category, was not performed (this 
ratio is, of course, the multivariate analogue of 
the L statistic used in Olapter X) . It may be 
that the variation in age at examination has 
inBated the within-cell mean squares to the 
point where small interactions would be ob-

clearly given in Tables 12.7 and 12 .8, to which 
we now tum. 

For each class of father's exposure, mother's 
exposure, sex, and city, there can be assigned a 
constant estimated in a fashion such that a com
parison of two constants from differing classes 
of a single classification reBects differences be
tween these classes in any one of the four meas
urements. These estimates are derived from a 

TABLE 12.6 ANALYSIS OP 01SPJ!RSION 
(All exposure cells) 

(a) Sums of squares and cross products of deviations for main effects and additivity 

Between 
Source cells Fathers Mothers Sex City Residual • 
(OF) (6�) ( � ) ( 3 ) ( 1 ) ( 1 ) ( 5 5 ) 

y" . . . . . . . . . . . . . .  849,154 854 949 558,451 261,0�7 12,�92 
r . . . . . . . . . . . . . 1,06�,755 12,890 8,069 978,425 18,16� �1,591 
z• . . . . . . . . . . . . . .  1,12�,12� �.496 1,577 475,161 577,066 28,252 
vi- . . . • • • • • • . . • •  1 1,840,022 227,141 55,� 54 9,567,�78 1,�27,��2 45 1,750 
yx . . . . • . • • • . • . .  676,905 2,1 19 1,850 7�9,190 -68,857 9.4�5 
yz . . . . . . . . . . . . . 941 ,068 1,5 18 1,045 515,125 �88,118 1 1 ,066 
yw • • • • • • • • • • • • •  1,75�.�75 10,554 6,64� 2,�1 1,473 -588,628 4�,488 
xz . . . . . . . . . . . . .  587,612 6,064 984 681 ,84� -102,�79 ' 124,722 
xw . . . . . . . . . . . . . �.412,827 52,788 18,096 �.059,570 155,270 69,818 
zw . . • . . . . . . . . . .  1,33�.2�6 27,420 6,821 2,B2,146 -875,191 92,92� 

(b) Mean squares for individual analyses of variance (on main effects and additivity) 

Between 
Source cells Fathers Mothers Sex City Residual • 
(OF) (6�) ( � ) ( � ) ( 1 ) ( 1 ) ( 55 ) 
y" . . . . . . • . . . . . . . . .  B,478.6� .. 284.67 �16.�� 558,451 • • 261,0�7 .. 225.�1 
r . . . . . . . . . . . . . . .  16,885.00 .. 4,296.67 .. 2,689.67 .. 978,425 .. 18,16� .. 574.�8 
z" . . . . . . . . . . . . . . . 17,827.�5 . . 1,165.��· · 525.67 475,161 • • 577,066• • 5B.67 
w" . . . . • . . • . . • . . • •  187,9�6.86 . . 75,7B.67 .. 18,451 .�� 9,567,�78 .. 1,�27,332 .. 8,2B.64 

(c) Analysis of dispersion, Wilks' test (using Bartlett's approximation) 

x• 
(OF)  

Significant 
(by inspection) 

• Sum of interaction terms. 

40.5•• 
12 

scured. For the moment, suffice i t  to  say that 
at this stage there is no evidence for the non
additivity of the main effects. The significance 
of this evidence is, of course, limited if there 
exists within-cell heterogeneity. 

Turning now to Table 12 .6 we note evidence 
from 12 .6c that the multivariate means differ 
significantly between ( 1 )  sex-city-mother-father 
cells, (2)  categories of paternal exposure, (3)  
categories of maternal exposure, ( 4)  cities, and 
( 5 )  sexes, but the pooled interactions ("Re
sidual" in Table 12 .6) are not significant. The 
precise nature of these differences are more 

24.0• 
12 

Significant for 
sex and city 

(by inspection) 

4 

Not significant 
(by inspection) 

linear model assuming additivity of the main 
effects, and specifying, without loss of gener
ality, that the constant associated with the high
est class within a given classification is zero ;  
for example, the constant for father's exposure 
category 4-5 (f,, 1) is assigned the value zero.1 
Comparison of the difference between two con-

1 It is convenient when only two classes exist for 
a classification to indicate their difference rather than 
the coostants associated with each of the two classes. 
For example, in Table 12 .7, the constants designated 
(N - H) and (c! - �) are in fact the difference 
between N and H, and males and females. 
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stants from a given classification with the vari· 
ance of the difference affords a test of the 
significance of the difference. For example, if 
we were interested in testing whether there 
existed evidence for a significant difference in 
the mean of the w measurement (weight) be· 
tween father's 2 and father's 3, the test would be 

1 -
w,2 - wla 

- V CTv/ (u,22 + CTfa' - 2utt�a> 
where w12 and w11 are the w constants for 
father's exposure categories 2 and 3, uw• is the 
variance of w (obtained from "within-cell" ) ,  
and u121, u131, and ur1 are respectively the 
variances of the f 1 an 1 a constants and their 
covariance. The results of all possible contrasts 
for the data here presented are given in Table 
12.8. It should be noted that in all instances 
where a significant difference exists it consists 
of a contrast involving the comparison of in· 
fants from category 1 parents with some other 
class of parental exposure. We shall return to 
the implication of this finding, but first let us 
consider some explanations for the significant 
findings in Table 12.6. The findings requiring 
some statement are the differences between the 
cities and the parental exposure classes. 

We note first that the cities differ with respect 
to all four measurements, with Nagasaki infants 
being shorter and lighter but greater in circum-
ferential measurements than their Hiroshima 
counterparts. This difference while not pre-
cisely unexpected was not predicted. The find-
ings are, however, compatible with Matsumura's 
and Hasebe's (see Hulse, 1943) classification 
of the Japanese. These authors recognize four 
physical types of Japanese, namely, the Ishi· 
kawa, Olikuzen, Okayama, and Satsuma. Only 
the Okayama and Satsuma types, whose centers 
of distribution are respectively the shores of 
the Inland Sea (and central Japan) , and south-
em Kyushu (presumably including Nagasaki 
prefecture) , concern us. The Okayama type is 
described as an individual taller than the aver· 
age Japanese, and possessing a head shorter than 
usual but of average breadth. The Satsuma type 
is described as a short individual with a broad 
head of average length. Granted the reality of 
this distinction and the distribution ascribed to 
these types, the city differences are readily 
explicable. As an historical aside, it might be 
pointed out that Kaempfer (1728 ; 1906 edi· 
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tion, Vol. II, p. 372 ) commented on the rela
tively small stature of the inhabitants of Hizen 
(an area which then included Nagasaki) .  

The .findings with respect to parental ex
posure are less simply resolved. As has been 
repeatedly stated, to assert, without qualification, 
that a given change is the consequence of ir
radiation would entail at least the demonstration 
that ( 1 )  a difference exists between the preg
nancies occurring to " 1 "  and "non-1"  parents, 
and (2)  differences exist among "non- 1 "  par
ents consistent with increasing exposure. Let us 
consider to what extent these requirements are 

grated to Hawaii were appreciably larger than 
their neighbors who remained in Japan. It is 
reasonable to assume that similar selection 
would have occurred among the migrants to 
Korea, Manchuria, and elsewhere in eastern and 
southeastern .Asia in the years preceding World 
War II. The repatriation of the Japanese mi
grants to Korea, etc., following the war, was 
both forcible and almost exhaustive since the 
Japanese had become unwelcome throughout 
much of Asia. As a consequence of this repatria
tion, there may well have been settled in Hiro 
shima and Nagasaki in the years immediately 

TABLE 12.8 A SUMMARY OF THE SIGNIFICANCE OF TESTS COMPARING ALL PoSSIBLE PADtS OF EXPOSUilE 
FOR EACH PARENT WITH RESPECT TO THE VARIABLES w, X, y, AND Z 0 

� � � � � � � � 
Variable y Variable z 

l{ n.s. n.s. "{ ' { • 
Pa � • • p, � • •  n.s. 
Pa ·5 n.s. p, ·� • 

P.,, > n.s. n.s. F.,, > • •  n.s. 

M. M. M. M. .• M, M. M. M. .• 

Variable y Variable z 

�n n.s. • M'{ ' { n.s. • u Ma � n.s. Ma i ••  n.s. n.s. 
Ma '5 n.s. Ma ·5 n.s. 

M.,, > n.s. n.s. M.,, > n.s. n.s. 

n.s. = not significant 
• = significant at � 

• •  = significant at 1,-o 
• These tables are designed so that the entries above the diagonal refer to tests on the variable above 

the diagonal, whereas entries below the diagonal refer to the variable below the diagonal. 

satisfied within the Japanese anthropometric 
data. From Tables 12 .7 and 12 .8 we have evi
dence that " 1"  terminations differ from "non-1"  
terminations. However, from Table 12 . 10  we 
note no demonstrable differences between the 
"non-1"  terminations. The absence of changes 
between exposure categories 2, 3, and 4-5 
could be interpreted as evidence that the ob
served differences, when all categories of ex
posure are considered, are not due to irradiation. 
That this is the most likely interpretation stems 
from the following considerations : 

1 .  In the main, exposure category 1 parents 
are repatriates from Korea, Manchuria, and 
elsewhere, and migrants from the rural areas 
surrounding Hiroshima and Nagasaki. Shapiro 
(1939) has shown that the Japanese who mi-

following the bombings a group of non-exposed 
persons appreciably larger than the natives. 
Whenever possible, repatriates were settled in 
the areas from which they or their families origi
nally stemmed. 
2 . .Another factor of possible importance is 
nutrition. To what extent a differential in nu
trition may have contributed to the observed 
differences is admittedly a matter of speculation. 
However, it seems likely that migrants from the 
rural areas adjacent to these cities may have had 
an opportunity, not available to other urban 
dwellers, to supplement their diet with food
stuffs from the family farm. 

However, it may be argued that the require
ment that a demonstrable difference obtain 
among the remaining exposure classes when the 
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Source Within 
(OF) (2,331 ) 

v . . . . . . . . . . . . . . . .  17,996,341 
r . . . . . . . . . . . . . . . . .  937,693 
y" . . . . . . . . . . . . . . . . .  380,665 
7! . . . . . . . . . . . . . . . . .  835,406 
wx . . . . . . . . . . . . . . . .  3,287,294 
wy • . • • • • • • • • . • . • • •  1,283,995 
wz . • . • • • • • • . . • • • • . •  2,767,807 
xy . . . . . . • . . . . . . . . . .  282,414 
xz . . • . . . . . . . . . . . . . •  501 ,296 
yz • • • • • • • • • • • • • • • • •  254,348 

Source Within 
(OF) ( 2,33 1 )  

v . . . . . . . . . . . . . . . . .  7,720.44 
r . . . . . . . . . . . . . . . . .  402.27 
y" . . . . . . . . . . . . . . . . .  163.31 
7! . . . . . . . . . . . . . . . . .  358.39 

TABLE 12.9 ANALYSIS OF DISPERSION 
(Only those cells where both parents were exposed) 

(a) Sums of squares and aoss products of deviations for the two-factor interactions 

P X S M X S M X C  P X C  s x c  
(2 ) ( 2 ) ( 2 )  ( 2 ) ( 1 )  

2,073 195 1 1,371 4,608 42,666 
612 2,91 5 62 197 1,006 
162 318 132 608 1,812  
88 39 1,187 2,154 1,648 

-71 62 736 302 6,550 
4 13  76 -863 708 8,794 
216 73 -3,533 3,060 8,384 

-235 938 -25 344 1,350 
-207 -164 -265 347 1,287 

1 1 5  -31 191  717 1,728 

(b) Mean squares for individual analyses of variance (on two-factor interactions) 

P X S  M X S  M X C P X C s x c  
( 2 )  ( 2 ) ( 2 ) ( 2 ) ( 1 )  

1,037 98 5,686 2,304 42,666• 
306 1,458• 31 99 1,006 

81 159 66 304 1,812 . .  
44 20 594 1,077• 1,648• 

P X  (M. 
- M.) 

( 2 )  
9,140 

971 
1 ,749 
7,2 1 3  
2,1 1 1  
3,989 
8, 107 

981 
1,769 
3,526 

F X (M. 
- M.) 

( 2 )  
4,570 

486 
875• 

3,607 . .  

P X  (M. - M. .• ) 
(2 )  

3,259 
229 
664 
328 

-788 
592 

1,021 
-289 
-229 

1 18  

F X (M. 
- M.  .• ) 

( 2 ) 
1 ,630 

1 1 5  
332 
164 

� � "' 
!:1.. 
:s 

.!-... �· 
� 
� "' 
!:1.. 
s. � � <:) 
;:! 
� .. 
;:;· 

� 

� 
...., 
V> 
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i l  

Source Total 
(DF) ( 2,366) 

w' • . . . . . . . . . . . . . . . . . . 19,505,898 
x" . . . . . . . . . . . . . . • • . . .  1,062,802 
r · · · · · · · · · · · · · · · · · · · ·  508,234 
z' . . . . . . . . . . . . . . . . . . . .  997,555 
wx · · • · · · · · · · · · · · · • · · ·  3,692,61 1 
wy • • • • • • • • • • • • • • • • • • •  1,542,974 
wz . . . . . . . . • . . . . . . • • . •  2,973,035 
ri · · · · · · · · · · · · · · · · · · ·  365,478 
X% • • • • • • • • • • • • • • • • • • •  564,292 
vz . . . . . . . . . • • • . • . . . . .  389,232 

TABLE 12.10 ANALYSIS OP DISPBRSJON 
(Only those cells where both pa.rents were exposed) 

(a) Sums of squares and products of deviations for main effects and additivity 

Within Between Sex City Mother 
(2,331 ) (35 ) ( 1 ) ( 1 ) ( 2 ) 

17,996,341 1,509,557 1,1 57,230 102,046 6,403 
937,693 125,109 101,698 2,826 1,184 
380,665 127,569 77,087 38,987 611  
835,406 162,149 57,031 79,680 1,048 

3,287,294 405,317 343,057 16,983 2,753 
1,283,995 258,979 298,675 -63,075 1 ,4 1 1  
2,767,807 205,228 256,900 -90,173 2,571 

282,414 83,064 88,541 -10,497 609 
501,296 62,996 76,157 -1 5,007 1 ,106 
254,348 1 34,884 66,305 55,736 635 

Father 
( 2 )  
1,33 1 
1 ,687 

58 
243 

-1 14 
229 
496 

-196 
272 

52 

Residual • 
( 29) 

228,733 
1 5,390 
7,670 

15,2 1 5  
35,867 
31,325 
47,545 

7,470 
5, 1 54 
6,764 

... � 

� 
� 
;::· 

Jg ' 
::t ... 

� 
� (b) Mean squares for individual analyses of variance for main effects and additivity C:;' 

Source Total Within Between Sex City Mother Father Residual • �· 
(DF) ( 2,366) ( 2,331 ) ( 35 )  ( 1 ) ( 1 )  ( 2 )  (2 ) (29) t:z:s 

w' . . . . . . . . . . . . . . . . . . . - 7,720.44 - 1, 1 57,230. .  102,046•• 3,201 .50 665 .50 7,887.34 � 
x' . . . . . . . . . . . . . . . . . . . - 402.27 - 101,698. .  2,826. . 592.00 843.50 530.69 l:; 
r . . . . . . . . . . . . . . . . . . . . - 163.31 - 77,087. .  38,987. . 3o5.5o 29.oo 264.4s• 
z' . . . . . . . . . . . . . . . . . . . .  - 358.39 - 57,03 1 • •  79,680. .  524.00 12 1 .50 524.66 

Bartlett's 
test . . • . • • . . • • • • • • • • • •  

(DF) • . • . . • . . . . • . . . • .  

• Includes all interaction terms. 

significant by 

inspection 

8.74 

(8)  

14.43 

(8)  

234.99••  

( 1 16) 

b1 
1 
>< --

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


The Analysis of the lf.nlhropometric Data 175 

"1" terminations are removed becomes too re
strictive in practice, and that because of the 
great preponderance of parents one or both of 
whom are "1 ," exclusion of the "1"  parents 
may so reduce the sample size that we could not 
detect differences of the magnitude expected 
even if such differences did, in fact, exist. This 
consideration would favor drawing inferences 
regarding irradiation effects from the "1"  vs. 
"non-1"  contrast, however, only if there existed 
no a priori basis for viewing this contrast as 
biased. We have advanced arguments in the 
preceding pages which suggest that this contrast 
may well be biased . .Accordingly, we are unwill
ing to draw inferences regarding the effects of 
irradiation in the absence of demonstrable dif-

covariance matrices associated with the exposure 
cells are significantly different, then the general
ized variances are most probably significantly 
different (or heterogeneous) .  To infer signifi
cance, of course, assumes that the elements to be 
tested are chosen on an a priori basis. It may 
be pointed out also that if the elements chosen 
for testing are not significantly different it does 
not follow that the generalized variances are 
not. The elements of the exposure cell variance
covariance matrices with which we shall concern 
ourselves are the variances of weight ( w) , 
height ( x) , head girth (y) , and chest girth ( z) . 
Moreover, in view of the problem of the com
parability of "1"  and "non-1" terminations, we 
shall routinely perform four tests, namely, a 

TABLE 12.11 EsTIMATES OF CoNSTANTS AND THJ!lll VAillANCJ!S POll TEST OF EQUALITY 
(Linear model assuming only main effects) 

Internal w X y z 
variances• 7,720.44 402.27 163.31 358.39 Variance - covariance 

matrix of estimates for any 
Constants character without � 

H - N  . . . . . . . 14.047595 2.337845 -8.682824 -12.41 3078 0.00193378 
c! - � . . . . . . . .  44.24880 13.1 17449 1 1 .420425 9.823059 0.00169194 
Fo • • • • . • • • • • • •  0.855447 -3.012068 0.456508 -0.231801 0.00569837 0.00481708 
Fo • • • • • • • • • • • •  -1.261074 -3.104190 0.12 1017 -1 .071249 0.00481708 0.00734644 
F .... . . . . . . . . . . .  0 0 0 0 0 0 
Ma . . . . . • • • • • •  2.488047 1 .05801 3 -o.797087 0.691081 0.00698914 0.00604162 
Ma • · · • · · • · • • •  6.372319 2.733161 0.607450 2.376684 0.00604162 0.00845267 
Mo-. . . . . • . . • . .  0 0 0 

N = Nagasaki 

• Mean square (within cells ) .  

ferences among the "non-1" terminations. Be
fore pursuing this matter further, let us con
sider the data with regard to the generalized 
variances, and the effects of within-cell hetero
geneity among the observations. 

12.4.2 The equality of lhe generalized 
11ariances. - The term "generalized variance" 
was coined by Wilks (1932) and is defined as 
the determinant of the variance-covariance ma
trix. The generalized variance plays the same 
role relative to the generalized mean (multi
variate mean) as that played by the variance 
relative to the univariate mean. The hetero
geneity of a series of generalized variances may 
be ( 1 )  demonstrated directly by the multivariate 
analogue of Bartlett's test, or (2) inferred from 
tests on elements of the variance-covariance 
matrix. 

Let us consider first the latter of these two 
approaches. It may be argued that if randomly 
chosen, corresponding elements in the variance-

0 0 0 
H = Hiroshima 

test on the homogeneity of the variances when 
( 1 )  all exposure cells are considered, (2) only 
those exposure cells in which both parents were 
exposed are considered, ( 3 )  only those exposure 
cells in which one or both parents are in ex
posure category 1,  and (4) only those exposure 
cells in which only one parent is in exposure 
category 1 .  In Tables 12 .12  to 12 . 1 5  are given 
the mean squares and mean products of devia
tions (the elements of the mean product (MP] 
matrices) for each exposure cell for the four 
city-sex cells. Inspection of the first four col
umns of these tables (corresponding to the esti
mates of the variances of w, x, y, and z) reveals 
no striking evidence of heterogeneity. In Tables 
12 .16 and 12 . 17  are set out the results of test
ing these estimates for heterogeneity by Bart
lett's method (cf. Rao, 1952 ) .  From the latter 
tables emerges little that can be construed as 
evidence for the heterogeneity of the general
ized variances . .A comment on the two "signifi-
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Exposure OF 
1, 1 . . • . . •  2,76� 
1, 2 . . . . . . .  871 
1, 3 . . . . . .  350 
1, 4-� . . . . •  169 
2, 1 . . . . . .  230 
2, 2 . . . . . .  236 
2, 3 . . . . . .  69 
2, 4-5 . . . . .  29 
3, 1 · · · · · · 91 
3, 2 . . . . . .  58 
3, 3 . . . . . .  73 
3, 4-� . . . . .  18  
4-�, 1 . . . . .  59 
4-5, 2 . . . . . 33 
4-�. 3 . . . . .  22 
4-�. 4-5 . . .  12 

Exposure OF 
1, 1 . . . . . .  2,�42 
1,  2 . . . . . .  
1, 3 . . . . . .  
1, 4-5 . . . . .  
2, 1 0 • • • • •  

2, 2 . . . . . .  
2, 3 . • • . . .  

2, 4-� . . • . .  

3, 1 . . . . . .  
3, 2 . . . . . .  
3, 3 . . . . . .  
3, 4-� . . . . •  

4-�. 1 . . . . .  
4-�. 2 . . . . .  
4-�. 3 . . . . .  
4-�. 4-5 . . .  

821 
330 
1 52 
222 
2�2 

53 
25 
99 
� 1  
66 
16 
47 
32 
21 
1 5 

w' 7! 
7,620.455 552.993 
8,296.716 588.97� 
8,160.352 631 .971 
6,489.417  421 .85 1 
7,948.�63 587.6H 
7,207.7 1 1  507.4H 
7,441 . 1 18 464.765 
8,922.964 771 .750 
8,095.289 588.422 

1 1 ,331 .316 683.860 
7,069.958 �20.764 
6,635.059 400.000 
8,089.379 704.466 
5,870.344 537.87� 
7,648.714 624.143 
6,429.727 491 .727 

w' r 
6,909.437 �01 .892 
6,5 17.340 48�.317 
6,401 .730 471 .964 
7,088.237 533.862 
6,655.982 475.248 
7,101.714 �87.317 
6,8�7.340 5 1 1.094 

10,564.320 669.360 
1,919.091 534.859 
5,861 .039 466.451 
9,430-98� 603.091 
6,072.125 545.250 
7,292.979 538.298 
4,754.781 346.688 
6,661 .762 470.714 
6,008.400 893.467 

..... 
-.J 

TABLE 12.12 MEAN Paooucr MATRJCBS: MALliS, HntosuncA 0\ 

y' x- wx wy wz Xf xz yz A 
148.2 1 1  325.089 1 ,386.441 �71.191 1,1 54.828 120.031 213 .�99 89.�73 35,887,067,819 
168.083 35�. 1 39 1,484.H1 635.730 1,249.869 146.260 224.932 94.347 H,960,551,297 
1 33.905 371.235 1 ,519.269 ��5.2 1 5  1,306.991 1 50.22 1 240.722 80.029 43,067,90�.321 
173.214 270.554 1,049.208 650.190 879.345 1 1 5.690 141 .500 104.440 26,231,272, 155  
135.7�1  327.362 1 ,377.362 501 .424 1,257.044 105.825 2 14.424 78.087 36,812,134,059 
14�.489 300.626 1 ,362.464 528.694 1,064.88� 98.340 207.770 67.013  29,131 ,761 ,372 
167.059 367.191 1 ,28�.�88 471 .000 1 ,268.971 123.544 256.956 82.279 33,958,664,592 
220.821 253. 107 2,120.966 787.286 1 ,1 37.071 201 .857 317.357 104.500 35,91 5,464,679 
171 .844 341 .078 1 ,370.644 685.644 1,203.922 1 59.056 195.156 1 1 3.344 50,247, 1 17,865 
1 �0.175 407.�61 2,060.526 791 .000 1 ,845.228 168.228 323.579 128.719 34,745,901,9�7 
109.361 348.125 1 ,007. 1 1 1  241 .764 1 ,121 .681 92 .389 132.361 42.917 41 ,1 52,637,949 � 152 . 118  291 .765 982.471 593.529 1,223.471 163. 176 208.647 122.294 8, 1 53,661,713  
162.121  288.483 1,626.310 749.276 1,164.103 1 34.448 249.448 103.�69 33,764,536,704 � 
143.844 302.87� 972.094 370.000 1,007.344 146. 156 194.531  �6.000 28,295,829,672 ::; · 
2 1 1 .333 346.714 1 ,740.048 128.762 1,3 19.952 39.524 346.810 45.048 39, 1 33,623,191 � 
1 19.000 34M45 1 ,170.273 581.727 1,078.364 78.455 2 1 1 .182 1 $8.000 15,896,068,251  " s 

� 
TABLE 12.13 MEAN Paooucr MATRJCBS: FEMALES, HntosHIWA :::.. � y' z' wx wy wz Xf xz yz A ::; · 
131 .432 3 1 1 .724 1 ,2 17 .874 4�5.588 1,050-528 97.090 19�.205 74.754 30, 171 ,743,998 t:l:l 
1 38.680 307.536 1 , 162.258 464.248 1 ,014.384 10�.876 180.347 72.183 28,120,583,348 <:) 
124.897 288.242 1 ,092.021 41 3.473 977.348 89.321 169.81 5  7 1 .742 24,518,91 3,2�4 ;a 
1 36.224 381 .487 1,370.257 538.671 1 , 139.816 122.559 245.230 91.099 34,970,342,093 � 
14�.266 285.707 1,205.333 489.919 971 .752 97.0�0 191 .856 84.428 26,354,505,356 
1 54.65 1 33�.714 1,440.147 �75.397 1,170.258 143.163 212.877 87.802 31 ,157,206,688 
107.774 35�.189 1,286.585 �58.660 1,163.415  104.434 221 .962 100.491 18, 104,432,779 
267.240 331 .360 2,219.520 1,225.�60 1,�07.680 257.680 3 1 3.960 180-320 31 ,097,527,853 
173.283 339.707 1,�36.727 616.747 1,246.49� 1 30.980 277.303 97.475 32,297,31 1 ,094 
154.784 330.647 946.471 489.706 925.196 139.76� 120.961 80.961 34,013,378,637 
1 58.955 324.742 1 ,763.2 12  890.1 36 1,409.879 200.818 277.667 135.424 43,090,442,696 
101 .938 285.063 1,203.8 13  318.563 1,036.688 143.438 209.250 53.500 1 2,90�.1 35,192 
201 .702 264.� 1 1  1,364.617 698.043 1 ,122.468 178.957 224.426 125 .830 39,618,486,089 Q 

81.12� 225.62� �00.281 190.094 62�.87� 46.688 63.03 1 1 3.188 14,049,782,530 i 191.333 317.429 1 ,10�.810 , .. �24 963.857 65.048 186.381 32.619 44,268,653,408 
105.867 228.133 1 ,687.533 382.000 8 1 1.333 107.400 252.200 61 . 133  23,867,794,617 � 

>< --
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Exposure OF 
1, 1 . . . . . .  2 ,073 
1, 2 . . . . . .  1 ,260 
1,  3 . . . . . .  
1 ,  4-5 . . . . .  
2, 1 0 .  0 • • •  

2, 2 . . . . . .  
2, 3 . . . . . .  
2, 4-5 . . . . .  
3, 1 . . . . . .  
3, 2 . . . . . .  
3, 3 . . . . . .  
3, 4-5 . . . . .  
4-5, 1 . . . . .  
4-5, 2 . . . . .  
4-5, 3 . . . . .  
4-5, 4-5 . . .  

Exposure 

98 
80 

282 
485 

34 
1 2  
3 5  
47 
1 3  

5 
22 
35 

3 
4 

OF 
1, 1 . . . . . .  1 ,844 
1, 2 . . . . . .  1 , 167 
1, 3 . . . . . .  
1 , 4-5 . . . . .  
2, 1 
2, 2 

• • •  0 • •  

. . . . . .  
2, 3 . . . . . .  
2 , 4-5 . . . . .  
3, 1 . . . . . .  
3. 2 . . . . . .  
3, 3 . . . . . .  
3 . 4-5 . . . . .  
4-5, 1 . . . . .  
4-5, 2 . . . . .  
4-5, 3 . . . . .  
4-5, 4-5 . . .  

105 
79 

263 
481 

46 
1 5  
28 
39 
16  

3 
26 
1 5  

3 
3 

.,. x" 
8,095.760 585.185 
8,067.952 609.648 
7,590.929 480.439 
8,494.100 539.562 
8,061 .277 631 .528 
9,020.023 627.437 
8,408.294 571 .618 
8,596.167 538.417  

1 1, 1 2 1 .943 929.057 
9,479.128 525.064 
8,980.61 5  816.231 

12,353.800 526.200 
8,942.000 394.773 
7,975.143 559.57 1 

5 5 1 .667 66.667 
4,436.250 330.500 

.,. r 
7,582.454 539.471 
6,969.566 573 . 1 16  
6,968.324 490.429 
7,496.405 714.684 
8, 180.243 634.468 
6,867.426 490.775 
7,076.652 618.239 
9,057.733 521 .667 
8,2 14.107 562.750 
7,524.282 569.61 5  
7,271 .500 405.750 
6,01 3.667 177.667 

10,203.808 410.885 
7, 1 57.400 914.667 

1 1 ,324.000 705 .000 
7,266.667 356.333 

TABLE 12.14 MEAN Paooucr MATRICEs: MALEs, NAGASAKI 

r x- Wlt wy wz xy 
194.300 388.619 1 ,434.229 607.827 1 ,22 1 .924 120.ot2  
182.477 389.864 1,454. 123 576.646 1 ,217.760 124.183 
2 1 5 .876 432.724 1,241 .480 620.184 1 ,409.459 1 3 1 .663 
224.188 482.962 1 ,403.075 797.838 1 ,473.438 168.562 
161 .582 371 .582 1 ,575.266 587.287 1,254.394 125.85 1 
189.726 442.814 1 ,718. 1 53  656.796 1,394.984 1 30,307 
160.206 391 .853 785.294 638. 1 18 1,333.4 12  41 . 176 
94.000 387.917  1 ,548.500 126.750 1,000.833 -0.333 

147.857 463.314 2,490.829 564.543 1 ,848.971 161 .800 
193.2 1 3  397.830 1,545.574 476.809 1 ,402 .9 15  106.787 
223.385 260.769 2 ,059.923 372.615  1,281 .692 74.462 
167.000 425.800 2,249.800 891 .000 2,149.200 2 1 5.000 
161 .818 580.364 1 ,426.727 487.455 1 ,877.09 1 64.227 
198.771 349.97 1 1 ,386. 1 14  738.286 1 ,090.800 1 50.514 

32.333 19.333 -76.667 -1 17.000 -38.000 33.333 
228.250 25 1 .250 1 , 1 26.000 558.250 847.500 83.500 

TABLE 12.15 MEAN Paooucr MATRICES: FEMALES, NAGASAKI 

r x- wx wy wz xy 
161 .323 382.431 1,324.596 475.523 1,165.667 94.1 34 
177.429 376.459 1,239.410 539.459 1 ,089. 1 1 1  1 1 2.345 
163.1 3 3  296.390 1,199.562 642.876 1,048.038 1 33 .943 
162.684 424.063 1,471 .063 579.658 1 ,227.443 107.608 
193.700 381.578 1,577.532 662.597 1,248.232 164. 1 14 
163.541 333 .008 1,1 59.262 462.407 1,029.865 103.181 
1 3 1 . 1 52 363.804 1 ,209.696 462.196 1 ,050.587 128.783 
93.000 329.867 1,655.400 147.200 622 .000 64.400 

1 22.500 248.357 897.929 452.429 964.107 80.107 
103.385 377.333 1,453.359 4 14.359 1,091 .564 91 .872 
287.875 493.063 1,010.188 804.625 1 ,056. 3 13  179.063 

70,333 3 1 5.000 889.667 509.333 -175.333 47.667 
141.962 486.308 1 ,2 14.538 33 1 .615  1,722.692 26.692 
220.400 435.333 2,002.733 787.533 1 ,394.333 221 .533  
2 17.000 979.667 2,509.667 -273.667 3,282.000 -2.000 
567.000 H7.667 916.667 2,018.000 1,972.000 292.667 

xz yz A 
205.034 144.661 73,332,447,41 5  
191.383 132.031 73,95 1 ,720,354 
229.520 173.867 5 1,018,491,679 
205.788 185.300 77,464,577,095 
247.993 1 30,376 50,550,017,916 
264.800 155 .5 1 1  79,302,548,120 
161 .206 1 56. 1 18  69,440,782,05 1 
1 10.000 125.833 26,226,652, 14  5 
346.914 141 .971 56,486,730,809 ""i 

� 
186.9 15  1 12.404 78,948,705,74 5 .,. 
3 14.538 38.6 1 5  48,605,779,892 :::,.. 
426.000 164.000 4,486,865,579 ;:: a:. 
263.500 79.682 34,825,009,727 � .... 
192.886 1 56.543 57,967,354,402 t; ·  

-10.000 8.667 40,779 <:) 
192.000 2 14.000 78,359,578 -

"' 
� ... 
:::,.. 
;:: "' 
� ... 

A <:) xz yz """" <:) 
2 13.564 1 2 1 .948 56,650,054,3 72 $! 
202.589 135.873 61,898,108,594 .,. "' 
169.505 127.790 25,873,071,979 �· 
243.241 1 37.025 78,227,2 1 1,737 0 
254.122 1 52.259 63,325,567,668 � 
169. 1 19 108.083 44,013,362,272 a:. 

2 1 7.217  1 1 1 .109 52,312,861,309 
201 .067 44.067 41 ,442,800,443 
101 .393 56.607 49,236,001,942 
178.385 1 35.897 24,556,887,976 
72.188 163.31 3  103,562,595,360 

-116.000 2.333 132,897,583 
180.269 1 13 .423 59,941,806,872 
337.533 189.067 49,612,844,266 
778.000 -15.667 326,002,045 
232.667 546.000 6,965,953 ... 

"'-J 
"'-J 
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178 Genetic Effects of Atomic Bombs Chapter XII 

TABLE 12.16 TESTS OF THE HOMOGENEITY OF THE V AJUANCES OF THE ANTHROPOMETlUC MEASUREMENTS 
OVER ALL EXPOSURE Cl!LLS, AND SUBDIVISIONS THEREOF FOR SPEOFIED SEX AND CITY (HlROSHlMA) 

(The tabular entries are chi-squares. )  

(a)  Males - Hiroshima 

All 
exposure 

cells 
Variable (0F = 15 )  

w . . . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • • •  0 .  1 5.201 
X • • • • • • • • • • • • • • • • • • • • • • • • • •  18.675 
y • 0 .  0 .  0 0 0 0 0 0 .  0 0 .  0 0 • • •  0 • • • • •  23 .041 
z 0 0 .  0 0 • • • • • • • • • •  0 0 .  0 0 0 0 0 0 0 0 13 .472 

Cells 
where 
t�eilher 

parent is 
exposure 

category 1 
(OF = 8 ) 

7.390 
6.073 
7.593 
3 .971 

(b) Females - Hiroshima 

All 
exposure 

cells 
Variable (OF = 1 5 )  

w 0 • • •  0 • •  0 • •  0 .  0 • • •  0 0 0 • •  0 • • • •  1 2.7 16 
X • • • • • • • • • • • • • • • • . • • • • • • • • •  12.581 
y . 0 .  0 0 0 0 0 0 0 0 0 0 0 0 0 • •  0 0 0 0 0 • •  0 23.908 
z 0 • •  0 • • • •  0 .  0 .  0 0 0 0 0 0 .  0 0 .  0 0 0 0 9.580 

Cells 
where 
t11ither 

parent is 
exposure 
ategory 1 
(OF = 8 ) 

8.751 
7.305 

15 .472 
3.284 

Cells 
where 
otle or 

both 
parents are 
exposure 

category 1 
(OF = 6) 

7.7 12  
1 1 .627 
14.965• 
9.272 

Cells 
where 
Otll or 
both 

parents are 
exposure 

category 1 
(0F = 6) 

3.182 
1 .395 
4.678 
5.875 

Cells 
where 

Oti/J Otle 
parent is 
exposure 

category 1 
(OF = 5 )  

4.096 
10.223 
1 1 .773 •  
7.41 1 

Cells 
where 

ot1/1 otle 
parent is 
exposure 
category 1 
(OF = 5 ) 

2.529 
1 .62 1 
1 .462 
5.951 

TABLE 12.17 TESTS OF THE HOMOGENEITY OF THE VARIANCES OF THE ANTHROPOMETlUC MEASUREMENTS 
OvER ALL EXPOSURE Cl!LI.S, AND SUBDIVISIONS THEREOF FOR SPECIFIED SEX AND CnY (NAGASAX.J ) 

(The tabular entries are chi-squares. ) 

(a)  Males - Nagasaki 

All 
exposure 

cells · 
Variable (OF = 1 5 ) 

w . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 .978 
X • • • • • • • • • • • • • • • • • • • • • • • • • •  16.186 
y . . 0 • • • • • • • • • • •  0 • • • • • • • • • • •  14.373 
z . 0 • • • • •  0 • • • •  0 • • • • • • • • • • • • •  15 .940 

Cells 
where 
t11i1her 

parent is 
exposure 
category 1 
(0F = 8 ) 

7.012 
6.279 
5.947 
9.476 

(b) Females - Nasasaki 

All 
exposure 

cells 
Variable (OF = 1 5 )  

w . .  0 .  0 .  0 0 0 0 0 0 0 0 0 0 0 0 .  0 0 • •  0 .  1 5.743 
X • • • • • • • • • • • • • . • • • • • • • • • • • •  14.577 
y . . 0 .  0 • •  0 0 • •  0 0 .  0 0 • • •  0 .  0 0 • • •  23.280 
z . . . .  0 • •  0 .  0 • • • • • • • • • • • • • • • •  13.595 

Cells 
where 
fllither 

parent is 
exposure 
category 1 
(0F = 8 ) 

1.193 
6.345 

1 5.003 
4.821 

Cells 
where 
Otll or 

both 
parents are 
exposure 

category 1 
(0F = 6) 

2.516 
9.328 
8.086 
4.917 

Cells 
where 
Otii Or 

both 
parents are 

exposure 
category 1 
(0F = 6) 

13 .736• 
8.4 1 3  
7.664 
7.102 

Cells 
where 

0t1/1 Otll 
parent is 
exposure 
category 1 
(OF = 5 ) 

2.330 
8.907 
5 .525 
4.854 

Cells 
where 

OfiiJ o•1 
parent is 
exposure 
category 1 
(DF =  5 ) 

12.859* 
5.910 
4.124 
6.050 
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The Analysis of the Anthropometric Data 179 

cant" findings in Table 12 .17b is necessary. 
Box (1949) has shown that Bartlett's x1 test 
overestimates significance, particularly when 
the degrees of freedom are large. An alternative 
F test which Box has shown to be relatively 
unbiased fails to confirm the significance of the 
two starred entries. 

Let us, therefore, tum now to the other of the 
two approaches listed above, a direct test of the 
homogeneity of the generalized variances. The 
basic theory for the generalized test of homo
geneity was advanced by Wilks ( 1932) . The 
test employed on the data presented here pro
ceeds from Wilks' original considerations of the 
problem. Briefly the test is as follows : The test 

The results of testing the generalized vari
ances in this fashion are presented in Table 
12 . 18. In no one of the sex-city cells can the 
generalized variances be shown to be signifi. 
cantly different. There is then no evidence that 
parental irradiation has significantly altered the 
variances associated with these measures of 
physical vigor. 

12.4.3 Within-eel/ heterogeneity. - We 
have previously indicated that there may exist 
extraneous sources of variation which could lead 
to the observations within an exposure cell hav
ing dissimilar expectations with respect to the 
multivariate mean and the generalized variance. 
In other words, the observations within an ex-

TABLE 12.18 TEST OP THJl GBNBilALIZl!D V AlliANCES OP THB ANTHROPOWBTRIC MEASURBWENTS BY . SPECIPIBD SEX AND CrrY 
(The tabular entries are F-values. All tests are against the alternative that the variance increases with 

increasing parental exposure. ) 

City - sex All exposure cells 

Only those exposure cells 
where both parents were 

exposed 
Hiroshima - males • • . . . . . • . . . • . .  F = 1 . 128 DF = no, 00 F = 1 .003 DF = 80, 00 
Hiroshima - females . . . . . . . . . . . . F < 1 .000 DF = 1 ,0, 00 F < 1 .000 DF = 80, 00 
Nagasaki - males . . • . . . . . . . • . • • .  F = 1.109 DF = no, 00 F < 1.000 DF = 80, 00 

Nagasaki - females • . . • . . . . . . . . •  F = 1 .222• DF = no, 00 F = 1 .283 DF = 80, 00 

criterion, M, is the generalized form of Bart
lett's criterion for the univariate case, and 

M= N log.!s11! - l (v1 log.!s,11! )  
' 

where s111 is the unbiased estimate of the vari-
ance or covariance, u1Jb between the i'� and i'� 
variable in the Jt� sample based on v1 degrees of 
freedom, and suppose I= 1 ,  . . .  , k, and s,1 is 
the average variance or covariance, that is, 

s11 = (lv1s111) jN 
I 

and N = lv1• 
I 

Now Box ( 1949) has shown that Mjb is dis
tributed as F with n1 and n2 degrees of freedom 
where 

b - nt - 1 - A1 - (ntfna) 
n1 = [ (k - 1 ) /J (P + 1)/2 

n1 + 2  na A A 2 . - 1 
2/J2 + 3/J - 1 ["" 1 1 ]  A1 = 6 (k - 1 ) {/J + 1 )  L.J v, - N 

I 

A _ (/J- 1 ) {/J + 2)["" _!_ -�] 
z - 6 (k - 1 )  L.J v12 N1 

I 

and where p is the number of variates. 

posure cell may be heterogeneous in the sense 
that they do not represent observations drawn 
from the same parent population. The most 
apparent possible extraneous source of variation 
which should be considered is difference in age 
at examination. To "control" the age variation 
we elected to recognize another way of classifi
cation, namely, age at examination. Three age 
groups were defined ; these age groups were 
7 .5-8 . 5, 8.5-9.5, and 9.5-10.5 months at ex
amination. The results of analyzing the data 
following this further partitioning are given in 
Tables 12 .19 to 1 2 .22. As might be surmised, 
the within-cell variation is reduced. However, 
aside from the demonstration that weight, 
height, head girth, and chest girth vary with the 
age of the infant, the results of the analysis are 
essentially unchanged from those results ob
tained when the age variation was ignored. That 
is to say, we still find significant differences be
tween sexes and cities, no evidence for inter
action, and that the exposure differences are 
explicable in terms of the differences between 
the " 1 "  and "non-1"  parental exposure cate
gories. 

12.5 Summary. - Analysis of the multivari
ate means and the generalized variances asso-
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TABLE 12.19 ANALYSIS OF DISPERSION, WITH AGE (A) AT EXAMINATION INCLUDED AS A WAY OF CLASSIFICATION 
(All exposure cells ) 

( a )  Sums of squares and cross produClS of deviations for the two-factor interactions 

Source Total Within S X A  A X M  s x c  A X F  S X M  S X F  
( DF) ( 18,)01 ) ( 18,323 )  ( 2 )  ( 6 )  ( 1 )  (6)  ( 3 )  ( 3 )  

w' . . . . . . . . . . . . . . . . . . . .  1 5 1,043,104 1 37,204,748 1,090 4,782 7, 107 1 1 ,359 60,4)4 1 3,32 1 
x" . . . . . . . . . . . . . . . . . . . .  1 1 ,2)6,624 9,8 14,982 7 1)  4,226 H) 19,349 1,373 96) 
'I" . . . . . . . . . . . . . . . . . . . .  3,80), 126 2,881,39� 233 66 643 8��  794 332 
z2 

• • • • • • • • • • • • • • • • • • • •  7,�97, 178 6,40�,833 61 �.264 14,707 66� 96� 9)6 
wx . . . . . . . . . . . . . . . . . . .  28,0H,399 23,287,603 717 1 ,64� 1 ,599 7,�90 8,304 3,005 
wy . . . . . . . . . . . . . . . . . . . .  14,587, 1 30 12,�2�,804 -30 160 867 -1,)40 �.883 -778 
wz . . . . . . . . . . . . . . . . . . . .  22,�20,300 20,9 1 3.�44 4 -672 1,326 1 ,202 7,�07 3,532 
xy . . . . . . . . . . . . . . . . . . . .  2,806,433 1,983, 136 218 224 �02 -1,53�  1 ,030 -461 
xz . . . . . . . . . . . . . . . . . . . .  4,41 3,292 3,728,298 -120 -2,887 -1,294 -81 �  953 72� 
yz . . . . . . . . . . . . . . . . . . . .  2,918,752 1 ,933,991 1 20 1 10 -2,62� 223 666 - 1 37 

(b) Mean squares for individual analyses of variance 

Source Total Within S X A  A X M  s x c  A X F  S X M  S X F  
(DF) ( 1 8,501 ) ( 18,323)  ( 2 )  (6)  ( 1 )  (6)  ( 3 )  ( 3 )  

vr . . . . . . . . . . . . . . . . . . . .  - 7,488.1 2  545.0 797.0 7,107 1 ,893.1  20, 1 5 1 . 3*  4,440.3 
x" . . . . . . . . . . . . . . . . . . . . .  - 535.66 357.5 704.3 535 3,224.8 * *  457.6 32 1 .7 
y . . . . . . . . . . . . . . . . . . . . .  - 1 57.26 1 16.5 1 1 .0 643 *  142.5 264.7 1 10.7 
z" . . . . . . . . . . . . . . . . . . . . .  - 349.61 30-5 877.3*  14,707* 1 10.8 321 .7 3 18.7 

M X F  
(9)  

120,207 
),240 
3,418  
8,�90 

21 ,369 
1 3,691 
22,742 

1 ,�77 
3,0�0 
�.080 

M X F  
(9 ) 

.... 
00 
0 

� 
;:s 
t\ .. . "' 

� "' a 
<:) -
::a.. -<:) ::! .. .  "' 
ttl 
<:) ::! 
� 

g 
1 
� ... 
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TABLE 12.20 ANALYSIS OF DISPERSION WITH AGE AT EXAMINATION INCLUDED AS A WAY OF CLASSIFICATION 

(a)  Sums of squares and products of deviations for main effects and additivity 

Source Total Within Between Sex City Mother Father 
(DF) ( 18,501 ) ( 18,32 3 )  ( 179 ) ( 1 )  ( 1 )  ( 3 )  ( 3 )  

w' . . . . . . . . . . . . . . . . .  1 5 1 ,043, 1 04 1 37,204,748 1 3,838,356 9,45 1,588 1,071,950 55,725 222,652 
r' · · · · · · · · · · · · · · . . .  1 1 ,2 56,624 9,814,982 1 ,441 ,642 962,798 5,781 7, 101 1 2,348 
y' · · · · · · · · · · · ·  . . . . .  3,805, 126 2,881 ,395 923,731 553,377 279,875 1,074 848 
7!' • • • • . • • . • • • • • . • • • •  7,597,178 6,405,833 1 , 191 ,345 472,027 586,1 57 1,681 3,456 
wx . . . . . . . . . . . . . . . .  28,057,399 23,287,603 4,769,796 3,016,615  78,72 1 17, 186 50,678 
wy • • • • • • • · • • • • · · • • · 14,587,1 30 1 2,525,804 2,061,326 2,286,982 -547,733 6,995 10,025 
wz . . . . . . . . . . . . . . . . .  22,520,300 20,913,544 1 ,606,756 2, 1 1 2,203 -792,673 7,51 8  26,825 
xy . • • • . • . . • • . • • • • • •  2,806,433  1,983, 1 36 823,297 729,925 -40,224 1 ,809 1,977 
xz . . . . . . . . . . . . . . • . .  4,41 3,292 3,728,298 684,994 674,141  -58,212 1,240 5,724 
yz • • • . . • • . . • • • . • • • •  2,918,752 1 ,933,991 984,761 5 1 1,086 405,03 1 1,203 1 ,464 

(b) Mean squares for individual analyses of variance for main effects and additivity 

Source Total Within Between Sex City Mother Father 
(DF) ( 18,501 ) ( 18,323 ) ( 179 ) ( 1 )  ( 1 )  ( 3 )  ( 3 )  
w' . . . . . .  · · · · ·  . . . . . .  - 7,488. 12  - 9,451,588 * *  1 ,071,950 * *  18,575.00 74,2 17.33 * *  
r' . . . . . . . . . . . . . . . . .  - 535.66 - 962,798* *  5,78 1 * *  2,367.00* *  4,1 16.00 * *  
y' . . . . . . . . . . . . . . . . .  - 1 ">7.26 - 553,377 * *  279,875 * *  358.00 282 .67 
7!' . . . . . • . • . • . . • • . • •  - 349.61 - 472,027* *  586, 1 57* * 560-33 1 ,1 52.00* 

Bartlett's 
(DF) . . . . . . . . . . . . .  

- - - sigrillicant by 24.047* 46.24 "> * *  
test . . . . . . . . . . • • . . .  

- - - inspection ( 1 2 )  ( 1 2 )  

• Not significant on one·tailed test. 

Age Residual 
( 2 )  ( 169 ) 

1 , 194,302 1 ,278,871 
318,396 91 ,848 

54,314 32,898 
13,600 84,037 

61 5,837 8 1 5,882 
254,5 1 1  99,758 
1 26,822 243,073 
1 30,984 25,220 
65,730 44,883 
26,926 28,499 

Age Residual 
( 2 )  ( 169 ) 

597, 1 5 1 * *  7,">67 
1 59,198 * *  '543 

27, 1 ">7 * *  19">*  
6,8oo • •  497 * *  

sigrillicant 
by 175.68 " 

inspection (676) 

;! 'I> 

::a. � � .... �· 
� -
-
;:::.. 'I> 

::a. 
::s -
;:::.. � 

.....,. � 
;';! 
� �-
� 

... 
00 -

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


TABLE 1221 EsTIMATES OP CoNSTANTS AND THEIIl VAJUANCBS FOil TESTS OP EQUALITY 

( Linear model assuming only main effects) 

Internal W X y Z 
variances • 7,488.12 42 1.35 1 57.26 349.61 

Constants 

N - H  . . . . . . . . . . . . . . . . . . . . -15.78924 
t! - 'il . . . . . . . . . . . . . . . . . . . . . 45.24432 

F, . . . . . . . . . . . . . . . . . . . . . . . .  . 

F, . . . . . . . . . . . . . . . . . . . . . . . .  . 

Fo • . . . . . . . • . . . . . . . . • . . . . . . •  

F ••• • . . . . . . . . . . . . . . . . . . . . . . • 

M, . . . . . . . . . . . . . . . . . . . . . . .  . 
M. . . . . . . . . . . . . . . . . . . . . . . .  . 

M. . . . . . . . . . . . . . . . . . . . . . .  . . 

M..a . . . . . . . . . . . . . . . . . . . . . .  . 

12 .22589 
3.66296 
5.07801 
0 

7.09807 
4.37406 
3.67542 
0 

A. . . . . . . . . . . . . . . . . . . . . . . . . . -28.3 1300 

A. . . . . . . . . . . . . . . . . . . . . . . . . . -13.49855 

A. . . . . . . . . . . . . . . . . . . . . . . . .  0 

• Mean square within cells. 

-1. 15952 
14.44040 

1.50499 
-o.73132 
-o.03436 

0 

1 .09708 
-o.22320 
-o.l1254 

0 

-14.23984 
-7.27893 

0 

8.06781 
10.94768 

1 .22862 
0.87364 
1 .49375 

0 

1 .20416 
0.90545 
1 .09558 

0 

-6.14185 
-2.78079 

0 

1 1 .67564 
10.1 1 102 

2.15255 
1.22502 
1 .49768 

0 

1 .65223 
1.55274 
1 .39793 

0 

-2.86362 
-1 .55995 

0 

Variance·Covariance matrix of estimates for any 
character without ,• 

0.0002325668 
0.0002165825 

0.0028202429 
0.0027471830 
0.0027275426 

0 

0.0016477453 
0.0015524865 
0.0015371326 

0 

0.0008248126 
0.0001840021 

0 

0.0027471830 
0.0031261 248 
0.0027286450 

0 

0.0015524865 
0.001737572 1 
0.0015376733 

0 

0.0001840021 
0.0002729890 

0 

0.0027275426 
0.0027286450 
0.0042372410  

0 

0.001 5371 326 
0.0015376733  
0.00231 14987 

0 

0 
0 

0 

00 
t-.1 

" "' 
::: 
� :::: · 
� '1> 

0 :l. 
0 ... 

0 � 
0 ::a.. 
0 i 
0 :::: · 
0 b:l 
0 � 
0 � 
0 

0 

9 
1 
X --

Copyright © National Academy of Sciences. All rights reserved.

Effect of Exposure to the Atomic Bombs on Pregnancy Termination in Hiroshima and Nagasaki
http://www.nap.edu/catalog.php?record_id=18776

http://www.nap.edu/catalog.php?record_id=18776


The AnalyJiJ of the Anthropometric Data 183 

TABLE 12.22 A SUMMARY OF THB SIGNIFICANCB TBSTS CoMPAIUNG ALL PoSSIBLB PAIRS OF EXPOSURB FOR 
EACH PARBNT WITH RJ!sPECT TO THE VARIABLES x, y, w, AND Z APTER ALLOWANCE IS 

MADE FOR AGE AT EXAMINATION.• 

p { >< { 1 .. 
Fa :C • •  
Fa -� n.s. 

F.,, .; n.s. 

�{ "  � 1i • •  
� ·2 n.s. .... r:L 

Fs F, 

Variable y 
n.s. 

n.s. 

Variable y 
n.s • 

n.s. 

F.,, 

n.s. 
n.s. 

M. .• 

• 

F, Fs Fa F.,, 

Variable z 

l{ n.s. • 

�: � ·: 
n.s. 

F ••• .; • •  n.s. 

M, � � M. . • 

Variable z 
M1{ il {�.s. n.s. • 
� 1i n.s. n.s. • 
� ·2 n.s. n.s. n.s. 

M..a .; • n.s. n.s. 
n.s.= not significant 

• = significant at � 
• •  = significant at 1� 

• These tables are designed so that the entries 11bo11e the diagonal refer to tests on the variable above the 
diagonal whereas entries below the diagonal refer to the variable below the diagonal. 

dated with the anthropometric measurements 
fails to reveal differences between exposure cells 
which are unequivocally due to parental irradia
tion. The only significant differences to emerge 
involve those contrasts utilizing infants born 
to parents whose exposure category is 1 .  These 

differences are in the direction of genetic ex· 
pectation. In view of the numerous differences 
known to exist between the "1"  and "non-1"  
parents, these differences are not thought to 
constitute unbiased · evaluations of parental 
exposure. 
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Chapter XIII 

T H E  A U T O P S Y  F I N D I N G S 

ONE facet of the attempt to characterize the autopsy in Hiroshima. Of this number, 7 17  
kinds and frequencies of abnormal terminations were actually autopsied and the remainder were 
occurring to exposed and non-exposed persons rejected because of advanced autolysis. Among 
in Hiroshima and Nagasaki was as ambitious the 7 17  infants autopsied only 431  represented 
an infant necropsy program as space and per- registered pregnancies. The 286 unregistered 
sonnet would permit. The performance of infants who were autopsied have been excluded 
infant autopsies began in Hiroshima in 1948 from the data to be presented in this chapter 
although it was not until May, 1949 that a con- because they are known to be a non-random 
centrated effort was made to obtain the bodies sample of all unregistered pregnancies. During 
of as many stillborn registered infants or regis- the interval, March, 1948-May, 1949, only a 
tered infants dying during the first six days of few autopsies were performed on registered in
life as was possible. Autopsies were not per- fants, the majority of these involving "special 
formed in Nagasaki until somewhat later (Octo- interest" material, and certainly non-random. 
ber, 1949) , due to lack of personnel. The pro- In May of 1949, the autopsy program was 
gram in Nagasaki never attained the standard greatly expanded. We have felt it wise to ex
of exhaustiveness which we felt necessary to elude from consideration all autopsy results 
permit valid inferences. The reasons for this are obtained prior to this expansion of the program, 
somewhat complex but revolve largely around as well as autopsy material not meeting the 
the fact that both the ABCC and Dr. I. Hayashi restrictions placed on all data and described in 
of the Nagasaki University Medical School were Section 6.4. The actual analysis is thus confined 
attempting to conduct an infant autopsy pro- to 406 autopsies conducted on registered in
gram. The efforts of Dr. Hayashi were moti- fants between May, 1949, and December, 1953. 
vated both by the requirements of an active Tables 13 . 1  through 1 3 .4 present an analysis 
teaching program in anatomy and an interest of the randomness of this autopsy sample. 
in a possible relationship between irradiation From Table 13 . 1  we note that : ( 1 )  the in
and malformation. Under the circumstances ob- fants coming to autopsy were distributed by 
taining in Nag_asaki, we could not assure our- exposure in the same fashion as those registered 
selves that the infants whom we obtained for infants not coming to autopsy ; (2)  a signifi
necropsy represented a random sample. Ac- cantly higher proportion of males than females 
cordingly, the data obtained in Nagasaki will was obtained ; and ( 3) in all, some 62 per cent 
be presented later only with a view towards of the infants who were stillborn or who died 
supplementing the data of Dr. Hayashi (see in the first six days of life were examined at 
Hayashi, 1955 ; Sevitt, 195 5 ) . necropsy. In view of the absence of an interac-

The genetic argument which would lead us to tion between sex and exposure and also the 
expect differences between exposure cells in absence of a significant difference in the ex
the frequency with which major congenital posure distribution of autopsied and non-autop
anomalies would be detected at autopsy is the sied infants, it would appear that valid infer
same, in all major particulars, as the argument ences could be drawn from these data. However, 
advanced in Section 8.3. this body of data is no less affected by con-

13.1 The randomneu of the HiroJhima all· comitant variation than those portions of the 
topJieJ. - In the interval 1948-1953 approxi- total data presented in preceding chapters. Ac
mately 750 infant cadavers were collected for cordingly, it is of some interest to determine 

184 
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The Autopsy Findings 185 

TABLE 13.1 

A. The randomness of the distribution of autopsied 
infants by sex of infant and parental exposure 

Mother Father 
Neither ex· ex- Both 
parent posed ; posed ; parents 

ex- father mother ex-
Sex posed not not posed Total {n" 178 1 03 23  39 343 
Male x• 1 20 67 1 8  27 232 

Female{� 1 56 98 24 26 304 
91  60 B 10 174 

{n 334 201 47 65 647 
Total x 2 1 1  127 3 1 37 406 

• Total number of infants stillborn or dying during 
the first 6 days of life. 

• Number of infants stillborn or dying during the 
first 6 days of life who were autopsied. 

B. Chi-square analysis of the frequency of autopsy 
by sex of infant and parental exposure 

Source 
Total . . . . . . . . . . . . . . . . 
Sex-exposure interaction . 
Sex (unadjusted) . . . . . .  
Exposure (adjusted for 

sex) . . . . . . . . . . . . . . . 

MALF"ORMATI()N 
(PE R  C ENT) 

50.0 

40.0 

30.0 

20.0 

10.0 

x• DF p 
13.6767 7 .05-. 10 
6.2765 3 .05-. 10  
7.4599 1 .01-.001 

6. 1 008 6 .30-50 

20 25 

whether the autopsied infants differ from the 
non-autopsied infants in such sources of ex
traneous variation as the age of the mother at 
the birth of the infant, the economic status of 
the parents, and the presence of a positive 
serology on the part of the mother at the time 
of delivery. 

Let us consider .first the evidence with regard 
to maternal age. In Figure 1 3 . 1 ,  the frequency 
of malformation among autopsied infants is 
distributed by maternal age. Mother's age is, 
we see, a rather important factor in the fre
quency of malformation among infants coming 
to autopsy. Krooth's ( 1955 )  index of absolute 
difference which may be used to evaluate the 
significance of these data is, in this instance, 
10.61 per cent (variance 1 . 1 7% ) .  Maternal 
age differences could, then, be an important 
source of bias if maternal ages are dissimilarly 
distributed among exposure cells. From Table 
1 3 .2, we note (a) no evidence of interaction 
between the sex, autopsy, or exposure categories, 
(b) no effect of sex of infant nor the occurrence 
of an autopsy on the age of the mother, but 

30 
MOTHER'S AGE 

35 40 45 

FIGURE 13.1 - The distribution of the frequency of autopsied infants with major malformation, relative to 
all autopsied infants, by age of mother with parity ignored. 
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1 86 Genetic Effects of Atomic Bombs Chapter XIII 

(c) a significant difference in mothers' ages 
between exposure cells. This latter effect is 
principally characterized by a pronounced in
crease in mean maternal age when both parents 
were exposed as opposed to those cases where 
only one or neither parent was exposed . The 

is not significant. The apparent trend is not 
unexpected in view of the fact that the ABCC 
assumed all expenses in the cremation, etc. of 
the infant cadaver. It seems quite probable that 
this would be a consideration of some moment 
to parents in the lower economic strata. The 

TABLE 13.2 MJ!AN MATI!KNAL AGJ! OF INFANTS STILLBORN Oil I>YJNG DUIUNG THB PnlsT 6 DAYS OF Lin 
BY SBX OF INFANT, PAilBNTAL ExPOSUilJ!, AND THB 0ccullllJ!NCJ! OF AUTOPSY 

Class of 
infant 

Neither parent Mother exposed ; Father exposed ; Both parents 
exposed father not mother not exposed 

Autopsied 

Males 

Females 

� 27.16 
( 120) 
26.70 
(91 ) 

N::1:opsied � 
��:)

2 

27.26 
Females ( 6:5 ) 

Total 
Males 

Females 

{ 26.79 
( 178) { 26.94 
( 1 :56) 

26.91 
(67 )  
26.90 
(60)  

26.08 
U6) 
27.84 
( 38 )  

26.62 
( 103) 
27.27 
(98 )  

26.39 
( 18 )  

27.:54 
(B) 

2:5.60 
( :5 )  

28.18 
( 1 1 )  

26.22 
(23)  
27.83 
( 24 )  

Total 

28.96 27.24 
( 27) (232)  

31 .70 27.12 
( 10) ( 174) 

28.42 26.28 
( 1 2 )  ( 1 1 1 )  
28.44 27.6:5 
( 16) ( BO) 

28.79 26.93 
U9>  (343 )  
29.69 27.3:5 
(26) ( 304 )  

Analysis of variance 

Source 
Sex . . • . . . . . . . . • . • . . . . . . • . . • . . . .  

Autopsy . . . . . . . . . . . . . . . . . • . . . . . •  

Exposures . . . . . . . . . . . . . . . . • . . . . .  

Interactions . . . . . . . . . . . . . . . . . . . .  . 

Between . . . . . . . . . . . . . . . . . . . . . . .  . 

Within . . . . . . . . . . . . . . . . . . . . . . . .  . 

ss 
4 1 .872 
1 1 .71 :5  

312 .946 
188.87:5 
:537.41:5  

1 :5,707.44:5 

Total • . • . • • • . . . • • • . . • • • • • • • • • 16,244.860 

DF 
1 
1 
3 

10 
1:5 

63 1 

646 

MS F 
41 .872 1 .68 
1 1 .715  2.12 

104.31:5  4.20 ..  
18.888 . 1 .32 
3:5.828 1 .44 
24.893 

TABLE 13.3 THB DlsnuBunON OF ECONOMIC STATUS AMONG AUTOPSIBD AND NoN-AUTOPSIBD INFANTS 
Economic status 

Infant Very poor 
Autopsied . . . . . . . . . . . . . . . . . :5 
Not autopsied . . . . . . . . . . . . . . 2 

Poor 
:56 
18 

Average Well-to-do 
32:5 20 
210 1 1  

Rich Undassifiable Total 
406 
241 

Total . . . . . . . . . . . . . . . . . . .  7 74 :53:5 3 1  647 

x' = 6.474 DF = 3  P =  .05-.10 

difference in maternal age distributions will 
lead chiefly to a bias which results in an increase 
in the frequency of congenital malformations 
when both parents are exposed relative to the 
case when neither or only one parent is exposed. 

With respect to the distribution of economic 
status we note that the autopsied infants appear 
more frequently to represent the lower economic 
groups (see Table 13 .3)  although this trend 

rise in frequency among the well-to-do parents, 
if real, is quite possibly correlated with higher 
levels of education and an appreciation of the 
information to be gained from a postmortem 
examination. In view of the absence of a signifi
cant difference in economic classes it seems un
likely that the autopsy data with regard to mal
formation are grossly biased by parental eco
nomic status. 
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Th• Autopsy Findings 187 

In Table 13 .4 is given the distribution of 
positive serologies by parental exposure and the 
occurrence of an autopsy. It is apparent from 
the analysis of these data that the autopsied 
infants differ somewhat from those not autop
sied in the frequency with which the mother of 
the infant has a positive postpartum serology. 
The reason for this is not apparent. However, 
there is no evidence of an exposure effect with 
respect to serology, nor is the autopsy-exposure 
interaction significant. Accordingly, we conclude 
that there is no evidence of significant ex-

exposure than in Nagasaki, and as a conse
quence, an irradiation effect should be more 
pronounced in Hiroshima than in Nagasaki 
(other factors being equal, of course) . 
2. The sampling scheme underlying those in
fants coming to autopsy in Hiroshima is reason
ably well known. 
3. The data from Hiroshima are confined to 
infants where the age range is known ; the in
fants were all of no less .than 21 weeks' gesta
tion and were either stillborn or died in the first 
six days following birth . 

• 
TABLE 13.4 THB DlsnuBUTJON OP Posmvs SBII.OLOGIBS BY PAJU!NTAL EXPOSUIUI AMONG AUTOPSIBD AND 

NoN-AUTOPSIBD INFANTS 
(Serology is scored as the number of infants whose mother's serology was positive or negative.) 

Neither Mother Father Both 
Infant 

Autopsied 

parent exposed ; exposed ; parents 
exposed father not mother not exposed 

Positive . . . . . . . . . . . . . . . . . . . . . . .  . .  
Negative . . . . . . . . . . . . . . . . . . . . . . .  . 

1 1  
200 

6 
121  

Total . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 1  1 27 
Not autopsied 

Positive . . . . . . . . . . . . . . . . . . . . . . . . . 1 5  4 
Negative . . . . . . . . . . . . . . . . . . . . . . . . 108 70 

Total 

Total 
123 74 

Positive . . . . . . . . . . . . . . . . . . . . . . . . . 26 10 
Negative . . . . . . . . . . . . . . . . . . . . . . . . 308 191 

Total . . . . . . . . . . . . . . . . . . . 334 201 

Chi-square analysis • 

Source X1 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • • • . 9.5635 
Autopsy-exposure interaction . . . . . . . . . . . • . . . . . . . • • 3.8209 
Autopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . 5 .0427 
Exposure ( unadjusted) . . . . . . . . . . . . . . . . . . . . . . . . .  2 .4682 

• Father exposed and both parents exposed pooled. 

0 2 
3 1 35 

3 1  37 

2 1 
14 27 

16 28 

2 3 
45 62 

47 65 

DF 
5 
2 
1 
2 

Total 

19 
387 

406 

22 
2 19 

241 

41 
606 

647 

p 
.05-.10 
.11}-.20 
.02-.05 
.21}-.30 

traneous variation with respect to the frequency 
of possibly syphilitic mothers among the 
mothers of autopsied infants. 

13.2 The daJa. - Two bodies of data exist 
pertinent to the occurrence of major malforma
tions among infants born to exposed and non
exposed parents and coming to autopsy in Hiro
shima and Nagasaki . The first body of data to 
be presented here is the data obtained in Hiro
shima under the auspices of the Atomic Bomb 
Casualty Commission. We present these data 
first for the following reasons : 

1 .  Proportionately more "exposed" individuals 
in Hiroshima received significant amounts of 

In Table 1 3 .� are presented the data with 
regard to the frequency of congenital malforma
tions among infants autopsied in Hiroshima, 
distributed by parental exposure without ad
justment for differences in maternal age. Four 
comparisons have been made, namely, the 
equality of the frequency of congenital mal
formations (a) among all four exposure cells, 
(b) between infants born to non-exposed par
ents and those born to parents one or both of 
whom were exposed, (c) between infants born 
to non-exposed parents and to exposed parents 
one or both of whom were exposed and in ex
posure classes 4 or �. and (d) between infants 
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1 88 Genetic Effects of Atomic Bombs Olapter XIII 

born to exposed parents with exposures less 
than 4 with infants born to parents in exposure 
classes 4 or 5 .  In no one of these instances does 
there emerge a significant difference. In view 
of the effect of maternal age, adjustment for the 
age differences among exposure groups would 

cent of the parents received inappreciable 
amounts of irradiation (exposure class 2)  . It 
seems doubtful, therefore, that the autopsy data 
are sufficiently extensive to detect small irradia
tion effects such as a priori considerations would 
lead us to expect. 

TABLE 13.5 THI! DISTRIBUTION BY PARI!NTAL EXPOS URI! OF INFANTS BORN IN HIROSHIMA AND FOUND TO 
BE GROSSLY ABNORMAL AT AUTOPSY 

(a) Distribution of abnormal infants by parental exposure when exposure is defined as .. present in city at the 
time of the bombing . .  

Neither parent 
Class of infant exposed 

Mother only Father only Both parents 
ewposed exposed exposed Total 

333  
73  

Normal . . . . . . . . . . . . . . . . . . . .  1 74 107 24 28 
Abnormal . . . . . . . . . . . . . . . . . . 3 7 20 7 9 

(24.3% ) ( 17.5% ) ( 1 5 .89'o ) ( 22 .6% ) 

Total . . . . . . . . . . . . . . . . . . . .  2 1 1  127 3 1  37 406 

(b)  Distribution of abnormal infants by parental 
exposure when exposure is defined in terms of the 

categories given in Chapter IV 

Class of 
infant 

One or both 
parents in ex

posure categories 
4 or 5 

Normal . . . . . .  . 33 
Abnormal . . . .  . 5 ( 1 3 .2% ) 

Total . . . . . . .  38 

Both parents 
exposed but 

neither in ex-
posure categories 

4 or ' 
25 
8 (24.20/o )  

( c )  Analysis of data i n  Tables 1 3 .5a and 1 3 .5b 

Contrast x• DF P 
All exposure cells in 1 3 .5a . .  1 .912 3 .5o-.7o 
Neither parent vs. one or 

both parents exposed in 
1 3 .5a . . . . . . . . . . . . . . . 0.059 .so-.90 

Neither parent ( 1 3 .5a) vs. 
one or both parents ex-
posed as 4 or 5 ( 1 3 .5b) . 0.440 1 .5o-.70 

All exposure cells in 1 3 .5b . . 1 .451  1 .to-.20 

TABLE 13.6 THE DISTRIBUTION BY EXPOSURE CLA SS OF THE EXPOSED PARENTS GIVEN IN TABLE 13 .5 

Exposure 
class 

2 . . . . . . . . • . . . . • . . • • •  

3 
4 
5 

Father not 
exposed ; 

mother in 
class shown 

in first 
column 

72 ( 56.7%) " 
38 
4 

1 3 

Total . . . . . . . . . . . . . . . . . .  1 27 

• Percentage of total. 

lead to differences between exposure categories 
deviating in a greater fashion from what is to 
be expected under an hypothesis of radiation
induced genetic changes. Obviously the sensi
tivity, as it were, of the comparisons given in 
Table 13 . 5  is a function of the number of 
parents who received significant amounts of 
irradiation. The distribution of the exposed 
parents by exposure category is given in Table 
1 3 .6, from which we note that about 53.6 per 

Both parents 
exposed ; 

Mother not more heavily 
exposed ; exposed 
father in parent in 

class shown class shown 
in first in first 

column column Total 

14 ( 45 .2o/o ) 18 (48.6% ) 104 ( 53.3% ) 
1 3 
1 
3 

3 1  

7 58 
4 9 
8 24 

37 195 

A second body of autopsy data bearing on the 
problem of radiation-induced genetic changes 
in the malformation rate is the data collected by 
Professor Ichiro Hayashi of the Nagasaki Uni
versity Medical School. We feel compelled to 
present and discuss these data in some detail 
because of the recent grossly over-simplified, 
biased presentation of these data by Sevitt 
( 1955 ) . Professor Hayashi has kindly furnished 
us with a copy of a preliminary report on these 
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data given as an address at a meeting of the 
Japanese Atomic Bomb Investigation Group and 
members of the Japan Science Council, held at 
the Nagasaki Medical School on 3 October 
1955 .  At the outset of a discussion of Hayashi's 
data, it should be pointed out that his data differ 
in two important respects from the data we have 
presented from Hiroshima, namely, ( 1 )  the fact 
that the age range among the infants coming to 
autopsy is not clearly defined (they are described 
as fetuses or newborn infants) , and (2)  the 
definition of exposure. Hayashi's exposed cases 
are defined as those infants who were born to 
parents one or both of whom lived within 10 
kilometers of ground zero at the time of the 
bombing (August 9, 1945 ) .  It should be noted 
that the definition specifies Jived within, which 
does not necessarily imply present within. 
Hayashi asserts that the location of these parents 
with regard to the hypocenter is still under in
vestigation. If we assume, however, that all of 
the individuals who lived within were in fact 
present within 10 kilometers of the hypocenter 
at the time of the bombing, Hayashi's definition 
of exposure is still, in our estimation, a most 
unfortunate one for a variety of reasons. The 
most important of these reasons is that 10 km. 
extends some 7 km. beyond the area of signifi
cant irradiation (5r or higher) except possibly 
in the "fallout" sector (principally the Nishi
yama reservoir area) . A definition as all en
compassing as this can only lead to a dilution 
of radiation effects, if such exist, because of 
the inclusion of large numbers of essentially 
unexposed persons. An additional disadvantage 
of Hayashi's definition which is worth men
tioning is that a radius of 10 km. extends far 
beyond the limits of the city of Nagasaki (par
ticularly to the north, east, and west) and hence 
creates difficulty in any attempt to determine 
the completeness andjor randomness of sam
pling. While we believe there is ample justifica
tion for a conservative definition of exposure, 
Hayashi's definition would appear overly con
servative. 

It is extremely difficult to appraise the real 
significance of Hayashi's data. Among the fac
tors which make it difficult is, as Professor 
Hayashi has pointed out, the lack of information 
regarding (a) the randomness of the sample, 
(b) the degree of exposure of the parents, and 
(c) other etiological agents, such as maternal 
age, of importance in congenital malformations. 

Some measure of the importance and effect of 
these factors can be gleaned from the corpus 
of data collected by the Commission. With re
gard to maternal age, we have commented re
peatedly on both its importance and the fact 
that maternal ages are so distributed among the 
terminations occurring in Hiroshima and Naga
saki as to bias upwards an estimate of the effect 
of irradiation. 

With respect to the degree of exposure most 
probably experienced by the parents in Hayashi's 
series, the following observations are pertinent : 

1 .  All dosage estimates, both Japanese and 
.American, of the bombs detonated over Hiro-

TABLE 13.7 HAYASHI'S DATA ON CoNGENITAL 
ABNORMALmBS IN RBLAnON TO 

EXPOSURB OP PARBNTS 

(After Sevitt, 19,,)  

Number Number % 
of mal- mal-

Category infants formed formed 
One or both parents ex-

posed to A-bomb . . . . . 497 • 
Both parents exposed . . . . .  149 
Father exposed . . . . . . . . . . 80 
Mother exposed . . . . . . . . . 2,9 
Neither parent exposed . . . • �6� 
Both parents unknown 

exposure ; information 
not available . . . . . . . . .  27 

x• ( 2  X 4)= 10.718 OF= � 
x• ( 2  X 2)= 9.062 DF = 1 

92 
27 
18 
47 
40 

10 

18.9 
18.1 
22.5 
18.1 
1 1 .0 

P <  0.02 
P <  0.01 

• Includes 9 children "mother exposed, father un
known." 

shima and Nagasaki indicate that the instan
taneous irradiation at 3,000 meters was less than 
5r and consisted of gamma irradiation alone. 
2. The total irradiation received by an indi
vidual is the sum of the instantaneous irradia
tion and the residual irradiation to which he or 
she may have been exposed. The major com
ponent of residual irradiation arises from the 
so-called "fallout" following the bombing. The 
area of fallout in Nagasaki is reasonably well 
defined, and is, as has been indicated, east of 
ground zero in the region of the Nishiyama 
reservoir.1 Save for a very small area immedi
ately adjacent to the reservoir, the estimated 
residual irradiation from one hour to infinity 

1 The fallout area could be described as a band of 
about �.ooo meters· width (on its north-south axis ) 
extending eastward from a point 1,500 meters from 
the hypocenter. 
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190 Genetic Effects of Atomic Bombs Chapter XIII 

following the bombing is a dose probably less 
than 61", and possibly less than 2r. The area 
encompassed by the fallout is in the main rela
tively sparsely populated, and consists princi
pally of hills and rice paddies. It is a safe con
clusion that relatively few persons residing 
outside 3 km. from ground zero received ex
posures of the order of magnitude of 5r from 
the fallout. 
3. In the interval 1949-1953, some 363 regis
tered infants came to autopsy in Nagasaki under 
the auspices of the ABCC. The distribution by 
exposure of these infants is compared with 
those autopsied by Hayashi in Table 1 3 .8. The 
two distributions are not significantly different 
and by inspection appear to be very nearly 
identical one with the other. In Table 1 3 .9, we 
have given the distribution of exposed parents 

Hiroshima data, derived from a group whose 
average exposure was greater, is also 18.5 per 
cent (36 infants out of 195 ) . Be that as it may, 
the more important consideration is that Haya
shi's control group has a frequency of con
genital malformation of only 1 1  per cent ( 40 
out of 363 ) , whereas the Hiroshima control 
group has a frequency of 17 . 5 per cent (37 out 
of 21 1 )  . This is a significant difference, yet the 
evidence from physical examinations presented 
in Tables 8.6 and 8.7 suggests no difference in 
the malformation rates between these two cities. 
(It need hardly be pointed out that if Hayashi's 
exposed group is contrasted with the control 
group from Hiroshima no significant difference 
emerges.)  Further evidence which suggests that 
Hayashi's control is low stems from the fol
lowing considerations : ( 1 )  Among registered 

TABLE 13.8 A CoMPAlUSON oF THB ExPOSURE DlsTJUBunoN oF HAYASHI's DATA AND THAT oF THE 
ATOMIC BoMB CASUALTY CoMMISSION CoLLECTED IN NAGASAKI 

Neither parent 
exposed 

Mother exposed ; 
father not 

Father exposed ; Both parents 
Source 

Hayashi . . . . . • . . �6� ( 42.66o/o ) 
ABCC • . . . . . . . . 1 5 5  (42.70o/o) 

Total • . . . . . . .  5 18 

259 ( �o.4�o/o) 
1 1 5  ( � 1 .68o/o ) 

�74 

x' = 0-�64 

mother not 
80 ( 9.40"/o )  
34 (9-�7o/o ) 

1 14 

P = .9-.95 

exposed Total • 
149 ( 17.5 1o/o)  85 1 
59 ( 16.25o/o ) �6� 

208 1 ,2 14  

• See text for differences between Hayashi's and ABCC's exposure definitions. 

in our series in terms of the categories of ex
posure defined in Chapter IV. We note that the 
large majority of exposed parents (87.5 per 
cent) are in exposure category 2 wherein the 
average exposure did not exceed 5r. Since 
Hayashi's definition of exposure must encom
pass proportionately more individuals outside 
the 3 km. zone than are presently residing in 
Nagasaki (and hence would enter our study) 
we can only conclude that an even greater 
number of Hayashi's exposed cases are infants 
hom to parents whose exposure was insignifi
cant. In summary, then, it would appear that 
the great bulk of Hayashi's exposed parents 
must have received exposures of less than 5r. 

The representativeness of Hayashi's series is, 
as has been indicated, a matter of conjecture ; 
however, certain observations which we shall 
now discuss suggest that the series may be 
biased. We note that Hayashi's data (see Table 
1 3 .7) reveal a frequency of congenital mal
formation of 18.5 per cent among the exposed 
group (92 out of 497 infants) whereas the 

TABLE 13.9 DISTill&unoN BY ExPOSUilE CLASS oP 
EXPOSED PAilENTS WHOSB INFANTS CAME TO 

AUTOPSY AT ABCC IN NAGASAKI 

Expo
sure 
class 

2 
� 
4 . . . . .  
5 • . . . .  

Father Mother not 
not exposed; exposed; 
mother in father in class shown class shown 
in first in first 
column column 

101 (87.8o/o ) . �� (97.1o/o) 
12 1 

2 

Total . . . . 1 1 5  �4 

• Percentage of total. 

Both parents 
exposed; 

more heavily 
� parent m class shown 
in first 
column 

48 (81 .4o/o) 
9 

2 

59 

infants who were stillborn or who died in the 
first six days of life and were hom to non
exposed parents in Nagasaki (both parents ex
posure category 1 ) , no less than 9.4 per cent 
(42 out of 444) had clearly visible major mal
formations. (2)  Experience in Hiroshima sug
gests that for every eight infants coming tp 
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autopsy on whom a prior clinical diagnosis of 
major malformation has been made (verifiable 
at autopsy, of course) , six cases will come to 
autopsy and a major malformation will be found 
on which no prior clinical diagnosis exists. In 
short, among infants coming to autopsy, clinical 
examination will reveal only �8 per cent of the 
infants with major malformations. These two 
observations taken conjointly suggest that a 
more reasonable figure for Hayashi's control 
would be no less than 16  per cent. 

From the preceding considerations we are led 
to the conclusion that the more obvious explana
tion for Hayashi's findings lies either in ex
traneous variation or in non-representativeness 
of the control, rather than in irradiation (for 

example, a maternal age effect similar to the 
one noted in Figure 13 . 1  could easily produce 
a spurious radiation effect in a larger series· of 
cases) .  

13.3 S11mmary. - The data with regard to 
the frequency of congenital malformations 
among the pregnancy terminations to exposed 
and non-exposed persons in Hiroshima afford 
no evidence of a significant irradiation effect, 
although the small differences observed are in 
the direction of genetic expectation. Reasons 
are advanced for believing that the "irradiation 
effect" reported by Sevitt ( 19�� )  from Haya
shi's data in Nagasaki is more likely due to 
extraneous variation (or sampling biases) be
tween the exposure cells than to irradiation. 
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Chapter XIV 

R E C A P I T U LAT I O N  

THE present chapter will be devoted to a brief 
recapitulation of the findings of this study, and 
a comparison of these results with those of 
other studies utilizing mammalian material. 

14.1 The findings. - Information has been 
collected concerning the relationship between 
irradiation and the outcome of 76,626 preg
nancies terminating in Hiroshima and Nagasaki 
between 1948 and 1953 .  The following aspects 
of pregnancy outcome were considered : sex of 
infant, occurrence of major malformation, vi
ability at birth, birthweight, and occurrence of 
death during the first six postpartum days. In 
addition, on a random sample of 19,8 18  preg
nancy terminations followed up at age nine 
months, data were obtained on infant survival 
up to nine months postpartum, malformations 
which had become apparent since the previous 
examination, and growth of the child as re
flected in certain anthropometric measurements. 
The variation in these potential indicators of 
radiation-induced genetic change has been ana
lyzed in relation to the experience of the 
parents at the time of the atomic bombings. For 
analytical purposes, five categories of radiation, 
defined in Table 4.7, have been recognized. 
Each infant studied may thus fall into any one 
of 25 categories when classified according to 
the radiation history of both father and mother. 

In evaluating the significance of the findings, 
it is important to bear in mind that there are, in 
effect, two sets of control parents, namely, those 
parents (group 1 ) who were not in either city 
at the time of the bombings, and those parents 
(group 2 )  who, although in one or the other of 
the two cities, were at distances of 3,000 or 
more meters from the hypocenter or, if nearer, 
were significantly shielded, and presumably re
ceived negligible amounts of irradiation. 

In Chapters III and V an effort has been 
made to explore dissimilarities between Hiro
shima and Nagasaki parents which might be 

192 

responsible for differences in indicator findings 
in the two cities. It is noteworthy that despite 
the several demonstrated or possible dissimilari
ties, the two cities did not differ significantly 
with respect to any of the indicators save birth
weight and the anthropometric measurements 
at age nine months. This may be taken as some 
measure of "relative stability," within this range 
of environmental variation, on the part of the 
indicators of potential genetic damage utilized 
in this study. This has some bearing on one's 
attitude towards the appropriateness of radia
tion category 1 parents as the source of control 
material. As mentioned in Section 5 . 10, there is 
a relatively high proportion of repatriates or 
persons of rural background among category 1 
parents. It seems unlikely, however, that cate
gory 1 parents, as a group, differ biologically 
from the "exposed" group any more than the 
inhabitants of Hiroshima differ from those of 
Nagasaki. If this is correct, then theoretically 
the differences, if any, between the offspring of 
category 1 parents and of categories 2, 3, 4, and 
5 parents may be used as a measure of com
bined radiation and "disaster" effect, with the 
radiation effect then best measured by progres
sive differences between the offspring of parents 
falling into categories 2, 3, 4, and 5.  

There are significant sex differences as regards 
the indicators birthweight, neonatal death rate, 
and anthropometric measurements at age nine 
months, but not with respect to major mal
formations or stillbirths. Such sex differences 
are well recognized in the literature. It is per
haps worth pointing out that the level of the 
significance with which these previously recog
nized differences emerge in this analysis in
creases one's confidence that valid differences of 
appreciable magnitude between the various 
analytical subclasses would be detected. 

The reader's attention is directed to Figures 
14 .1  and 14.2 which present graphically the 
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PlGURB 14.1 - A  graphical representation of the effect of parental exposure on: ( 1 )  the sex ratio ; ( 2 )  the 
frequencies of malformed infants, stillborn infants, and infants dying in the neonatal period ; ( 3 )  birthweight 
means ; and ( 4 ) birthweight variances. 
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1 94 Geneti( Elfe(IJ of Atomk Bombs Chapter XIV 

distributions of the indicators by parental ex
posure, and to Table 14 .1  for a summarization 
of the tests of significance with reference to 
exposure. With regard to the effect of parental 
exposure on the indicators, we find the fol
lowing : 

( 1 )  Sex raJio. - The one indicator wherein 
differences of opinion with regard to the effect 
of parental exposure may arise is the sex ratio. 

P[AC[NT "'AL'OAWATION AT AG1 
NIN[ MONTHS 

terminations where the father was in class 1 ,  
provided the mother was not also in this class, 
there emerges a significant effect, on a one
tailed test, of mother's exposure, but not of 
father's exposure. Two questions immediately 
arise, namely, (a) is this a legitimate compari
son, and (b) if so, does there exist ancillary 
evidence which supports the reality of this 
difference ? 

u .• 
u . • 
11. :1  

�M:ENT DEATHS IIY AG1 

I 
WOTICIItS EXPOSUIII 

�----�----�-----� 
I J 

WOTICII'S EXPOIUIII 

FtGUilB 142 - A graphical representation of the effect of parental exposure on: ( 1 )  the frequency of 
malformed infants alive at age nine months; ( 2 ) the frequency of death in the first nine months of life; and 
( 3 )  the anthropometric measurements of weight, height, head circumference and chest circumference. 

This stems from the fact that significance or 
non-significance of a maternal exposure effect 
is, in part, a function of that portion of the 
data which one elects to analyze. If all exposure 
classes are used, there is no demonstrable effect 
of mother's exposure or father's exposure on a 
two-tailed, or for that matter, a one-tailed test 
of significance. Similarly, if all terminations 
occurring to parents one or both of whom are 
in exposure class 1 are rejected, there is no 
effect of mother's exposure or father's exposure. 
If, however, one rejects those terminations 
where the mother was in class 1 but retains the 

It is difficult to appraise the legitimacy of 
this comparison ; however, two observations 
seem pertinent to any appraisal. Firstly, there 
is an element of arbitrariness in a procedure 
which rejects as unsuitable mothers in one 
exposure class but not fathers on such vague 
grounds as dissimilarity in place of origin, in 
the absence of demonstrable differences with 
respect to concomitant variables which are 
known or can be shown to appreciably affect 
the indicator. Secondly, rejection of mothers in 
class 1 leads to the use of a "control" approxi
mately 2� per cent of which is contributed by 
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a single exposure cell (mothers 2, fathers 1 ,  
Hiroshima) exhibiting a sex ratio which is 
higher than any observed in these cities (or all 
of Japan) for any one of the fourteen years in 
the interval 193�-19�2 for which data exist. 

Figure 14.1 fails to reveal consistent changes in 
the "exposure surface." 

Data continue to be collected which bear on 
the relationship of maternal exposure to the 
sex ratio.1 

TABLE 14.1 A SUW.MAlliZAnON OP niB CoMPARISONS OF mB VARIOUS INDICATOilS WITH PARENTAL 
ExPOSURE WHEN (a) ALL ExPOSUllB CBu.s ARB CoNSIDERED (THB 4 X 4 CAsB) ,  AND (b) ONLY 

THOSB CBLLS WHBilB Bom PARBNTS WBu ExPOSED ARB CoNsmBilBD (mB 3 X 3 CAsB) 

(The general direction of change is indicated by an arrow pointing upwards if the observed frequency of departure from "normality" increases with i.ncrnsing parental exposure, and by an arrow pointing downwards 
if the frequency of the event decreases with increasing e:zposure. The tabular entries are probabilities.) 

Parental exposure 

4 X 4 
Indicator case 

Sex ratio . . . . . . . . . . . . . . . . . . . . . . . .30-.50 t 

Malformation 
At birth . . . . . . . . . . . . . . . . . . . . . . . 70-.80 t 
At 9 months . . . . . . . . . . . . . . . . . .  . 

Stillbirth . . • . . . . . . . . . . . . . . . . . . . . . .20-.30 t 
"Neonatal" death . . . . . . . . • . . . . . . .  

Death in 9 months . . . . . . . . . . . . . . .  . 

Birthweight means 
Males-Hiroshima . . . . . . . . . . . . . . . . 10-.25 l 
Females-Hiroshima . . . . . . . . . . . . . > .25 .1. 
Males-Napsaki . .  . .  . .  . .  . .  . .  . .  . .  > .25 t 
Females-Napsaki . .  . .  . .  . . .  . . .  . .  > .25 t 

Anthropometries generalized means . . < .001 

• No general test (see Chapter XI) . 

Fathen 

3 X 3  
case 

.90-.95 t 

.80-.90 l 

.3G-.50 l 

.80-.90 t 

.20-.30 l 

.95-.98 t 

.25-.50 

Combined parental exposure 

4 X 4 3 X 3  
Indicator 

Birthweight variances 
Males-Hiroshima . . . . . . . . 10-.25 
Females-Hiroshima . . . . . < .001 
Males-Nagasaki . . . . . . . . • 10-.25 
Females-Nagasaki . . . . . . . 10-.25 

Anthropometries 
generalized variances 

Males-Hiroshima . • . . . . . .10-.25 
Females-Hiroshima . . . . . . 10-.25 
Males-Napsaki . . . . . . . . . 10-.25 
Females-Nagasaki . . . . . . .02-.05 

case 

> .25 
> .25 
> .25 

.05-. 10 

4 X 4 
case 

. 10-.20 l 

.50-.70 t 

.001-.01 t 

> .25 l 
.05-. 10  l 
.10-.25 l 
.10-.25 t 

.02-.05 

Mothers 

3 X 3  
case 

.95-.98 l 

.80-.90 t 

.02-.05 l 

.20-.30 l 

.02-.05 t 
.50-.70 t 

.05-.10 

With regard to whether there exists ancillary 
evidence suggesting an effect of mother's ex
posure, it may be stated that neither the limited 
observations available on early pregnancy 
terminations, nor the stillbirth data, nor the 
neonatal death data, indicate an interaction of 
sex with mother's exposure such as one might 
expect if the death of male infants is a function 
of mother's exposure. Moreover, inspection of 

(2) Malformation. - There is no significant 
effect of mother's or father's exposure on the 
frequency of congenitally malformed infants 
irrespective of whether exposure class 1 parents 
are or are not included in the analysis. Further 
classification and analysis of these data to take 

. 

1 The reader may wish at this point to refer to the 
discussion of the findings in this supplementary 
material, at the end of Chap. VII. 
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into account known differences between ex
posure classes in the age of the mother at the 
birth of the infant fails to reveal consistent, 
significant differences in the frequency of con
genital malformation attributable to parental 
exposure. There is evidence, however, of an 
effect of mother's exposure on the frequency of 
malformation among the children of very young 
mothers ( < 2 1  years of age) . This effect, how
ever, seems largely one of an inordinately low 
frequency of malformation among young, unex
posed mothers rather than an elevation of the 
frequency among exposed mothers since there 
is no demonstrable difference among mothers 
in exposure classes 2, 3, and 4-5. Finally, analy
sis of additional data on the frequency of 
congenital malformation obtained at nine 
months of age discloses no significant effect of 
parental exposure. 

(3)  Stillbirths. - Analysis of the data un
adjusted for differences in parity and maternal 
age between exposure cells fails to reveal an 
effect of paternal exposure, regardless of 
whether category 1 fathers are or are not in
cluded in the analysis. However, there does exist 
an effect of maternal exposure (significant at 
the 5 per cent level ) when category 1 mothers 
are included in the analysis. This effect does not 
persist when mothers in exposure category 1 are 
excluded. Further classification of the data by 
parity and subsequent analysis reveals no effect 
of mother's exposure when the category 1 
mothers are included. It would seem that the 
apparent mother's exposure effect is explicable 
in terms of differences between exposure classes 
in birth ranks. The latter analysis suggests an 
effect of paternal exposure limited to first-born 
infants. An explanation of this finding is not 
immediately apparent. 

(4) Neonatal death. - Both with and with
out allowance for differences in parity among 
the mothers falling into the various radiation 
categories, there is no significant effect of 
mother's or father's exposure on the frequency 
of neonatal death. Moreover, the analysis of 
deaths during the first nine months of life fails 
to reveal a significant effect of parental 
exposure. 

( 5 )  Birthweight. - When allowance is made 
for differences between exposure cells in ma
ternal age and parity, there exists no significant 
difference between classes of father's exposure 
or classes of mother's exposure in mean birth
weight. Furthermore, it was not possible to 

demonstrate a consistent effect of parental ex
posure on (a) the relationship between birth
weight and concomitant variables, notably ma
ternal age and parity, or (b) the residual 
birthweight variances, that is, on the b.irthweight 
variances following removal of maternal age 
and parity effects. Figure 14 .1  illustrates the 
lack of a consistent exposure effect on the 
birthweight means or birthweight variances. 

(6) Anthropometries. - Neither the gen
eralized means nor the generalized variances can 
be shown to differ among classes of paternal or 
classes of maternal exposure. This remains true 
following removal of differences between ex
posure cells in the age of the infant at the time 
the measurements were obtained. 

14.2 The quesJion of etJaiuating the otJer-all 
direction of the indicators. - As noted in Sec
tion 6.2, the plan of analysis adopted ensured 
non-overlapping indicators of genetic effects. By 
suitable transformations it is readily possible to 
combine the results of such independent tests, 
given a theory which permits specifying the 
direction of the differences between control and 
irradiated material. In this particular study, 

however, the findings are sufficiently small and 
inconsistent, that we have not felt an attempt 
at a combined treatment to be justifiable. 

There is in the analysis of these data another 
problem, closely related to the foregoing. There 
are segments of the analysis which suggest the 
possibility of a radiation effect (e.g., certain 
selected comparisons within the sex ratio data ;  
frequency of malformations in relation to  ma
ternal radiation history when only very young 
mothers are considered ; frequency of stillbirths 
in relation to paternal radiation exposure his
tory, when only the first-born children of these 
fathers are considered) . Such findings tend to 
stand out in one's mind as he thinks back over 
the analysis as a whole. It is important in this 
connection not to lose sight of the fact that even 
in the absence of any effects whatsoever, by 
definition 1 in 20 independent tests or subtests 
may be expected to exceed the 5 per cent level 
of significance. Thus, while these "hints" can
not be entirely disregarded, they must be viewed 
against the background provided by the totality 
of the significance tests to which the data were 
subjected. 

14.3 The confidence limits determined by 
these obser11ations. - Thus far in our analysis 
we have been concerned with attempts to 
demonstrate a positive effect of exposure to the 
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atomic bombs on the indicators selected for 
study. There is, however, another aspect of these 
data. They permit us to place upper limits on 
the effects which may have been induced but 
not demonstrated by these studies. In other 
words, we can place confidence limits on our 
observations. One may proceed to establish these 
limits by several different approaches. To avoid 
misunderstaQding, it should be clearly pointed 
out at this juncture that we are not primarily 
concerned with placing limits on a series of 
estimates, since estimates of abnormalities in 
pregnancy terminations derived from these data 
would probably have little meaning to other 
populations, in view of the racial differences 
and the variety of "experimental" conditions 
which could arise in man. Our primary concern 
here is to determine the adequacy of our test 
procedures. The ideal solution, perhaps, would 
be the computation of the power curves asso
ciated with each of the individual tests of sig
nificance. In multi-way analyses, however, the 
computation of the power function is, to say the 
least, tedious, and for a number of the tests 
performed here the power function is not 
known . .An approximate solution to the problem 
of the adequacy of our data, sufficient for our 
purposes, can, however, be obtained. We shall 
begin by restricting our attention to the ade
quacy of the data for detecting differences of a 
specified size between a control population and 
a single, moderate-to-heavily irradiated popula
tion. Thus we shall seek to determine the prob
ability of rejecting the null hypothesis (no 
difference between groups) , given a fixed sam
ple size, when the true situation is one wherein 
the exposed group differs from the control 
group by some amount, say J, for varying values 
of J. The groups with which we shall be con
cerned will be those terminations occurring to 
parents (a) neither of whom had exposures in 
excess of class 2 - the control group, and (b) 
one or both of whom had exposures equal to or 
greater than class 3 - the moderate-to-heavily 
irradiated group. We shall make the following 
simplifying assumptions : 

1 .  The proportion of "successes" in the control 
population is known without error. 
2. The normal approximation to the binomial 
distribution has the requisite accuracy over the 
critical range, which, for this study, includes 
those values for the exposed group which de
viate from the control by a factor less than two. 

The latter assumption requires no special 
comment, and seems warranted in this situation. 
The former assumption is obviously not strictly 
satisfied by these data ; however, the sample 
number available on the control group is suffi
ciently large that the error associated with the 
estimate of the true proportion of successes for 
this group is small under all circumstances, and 
can for our purposes be disregarded when con
trasted with the error associated with an estimate 
based on the sample sizes available for the 
exposed groups. 

Now to determine the probability of rejecting 
the null hypothesis under a variety of alternative 
situations we proceed as follows : We shall 
assume that the level of confidence with regard 
to the null hypothesis is 0.05 . There exist, then, 
two limiting values corresponding to this level 
of confidence such that the number of successes, 
say x, among N trials will lie within these limits 
95 times in 100 if the null hypothesis is, in 
fact, true, that is, if there is no difference be
tween the proportion of successes in the control, 
say Pc• and the proportion of successes in the 
heavily exposed group, say p •. These limiting 
values, L1 and �. are chosen so that 

P(L1��1Ho) = 
X=� 
� (� )Po•(1 -Pc) N-411= 0.95 .  

X=4 
I f  now N and Po (or p.) are sufficiently large 
such that N Pc> 5, this probability can be reason
ably approximated by the normal distribution. 
Under the latter circumstance, we obtain 4 
and L2 from the relations 

L1 = - 1 .96v'Np0 ( 1 -Po) +NPo �= 1.96VNPc ( 1 - Po) +NPo· 
If Pff=Po• but the number of successes, x, among 
N trials from a population characterized by p. 
should lie within the limits L1 and �. we would 
erroneously accept the null hypothesis as true 
(the type II error) . The probability of the latter 
can be computed for any value of p., and is 
merely 

P (L1��2IH1) = 
x=L2 � (�) p8• ( 1 -p8) N-411 
x=L1 
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and, again, this probability can be reasonably 
approximated by the normal distribution . If this 
procedure were repeated for every possible value 
of p., we would generate a continuous curve 
resembling either the normal cumulative prob
ability curve (if we were interested solely in 
one-tailed tests of significance) or the normal 
frequency curve (if we were interested in two
tailed tests of significance) . These curves are 
termed the power function of the test or the 

1 .00 

I 

I 
I 

I 

I 
I 

I 

I 
I 

I 

tests of significance. For the remaining operat
ing characteristic curves the sample size was the 
number of parents both of whom experienced 
exposures equalling or exceeding class 3. Before 
we turn to a consideration of these five curves, 
it is worth noting that the amount of informa
tion actuaJJy available with regard to these four 
indicators is in excess of that used to compute 
the OC curves. Accordingly, we may view these 
curves as underestimating the adequacy of the 

, 
I 

" 
/ 

-

- OC FOR M A L E  BIRTHS -
MOTHERS EXPOSED, FATHEIItS NOT 

- - OC FOR MALE BIRTHS -

FAT HEIItS EXPOSED, MOT HERS NOT 

.4tt8 .5078 .5158 .5258 .5338 .5418 .S4t8 

. 5038 .sue .5118 .52t8 .5378 . 5458 .5538 

FREQUENCY 

FIGURE 14.3 - The adequacy of the data with regard to sex ratio as indicated by the operati.n& chat
acteristic (OC) curves for analyses based on sample sizes of 5,629 mothers and 2,453 fathers, where the 
true proportion of successes is assumed to be 0.5 198, the value observed in the c:ontrol population. 

operating characteristic of the test depending 
upon whether we are interested in the prob
ability of rejecting the null hypothesis when it 
is, in fact, false, or the probability of errone
ously accepting the null hypothesis when some 
alternative hypothesis is true. 

Figures 14.3 and 14.4 present five operating 
characteristic curves for sex ratio, malformation, 
stillbirth, and neonatal death. The two curves 
for sex ratio are based on sample sizes corre
sponding to the number of mothers in classes 3, 
4, and 5 whose spouses were in classes 1 and 2, 
and the number of fathers in classes 3, 4, and 
5 whose spouses were in classes 1 and 2. In both 
instances, we are concerned with one-tailed 

data to detect departures of specified size from 
the null hypothesis. 

Before turning to Figures 14.3 and 14.4, we 
must define what is meant by an adequate test. 
We shall say that a test is adequate with regard 
to the alternatives, Pe-Pe � js j, if the prior 
probability of detecting departures from the 
null hypothesis of size s, or greater, equals, or 
exceeds, some specified probability. Otherwise 
stated, a test is adequate with reference to all 
those alternatives for which the power (the 
probability of correctly rejecting the null hy
pothesis when it is, in fact, false) is not less 
than some specified amount. The reader may, 
of course, impose any power restriction he 
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wishes, but we shall define adequate power, 
here, as being 0.90. That is to say, if the prior 
probability of detecting a difference of size s 
is at least nine chances in ten we shall say that 
the test is adequate with regard to departures 
of size s or greater. This value may well be too 
high, since, as we have indicated, our procedure 
takes into account appreciably less than the total 
number of observations which are germaine. 
Within this frame of reference, we can say that 
our data are adequate to give reasonable as-

"' 
i 

heavily exposed, or 4 per cent if the father only 
was exposed ; 
2. Changes of less than 100 per cent (absolute) 
in the frequency of malformed infants ; 
3 .  Changes of less than 80 per cent (absolute) 
in the frequency of stillborn infants or infants 
dying during the neonatal period. 

14.4 A resume of work on mammalian ma
terial pertinent to the interpretation of these 
findings. - Before proceeding to a final inter-

r • • • • - • - • • T - - • - - - • - - •y • - • • - • - - - 'T - - - • - - - - ,- • - • • - - • T - - - - - - - • • i. !. � I I i � 
-- - -- - - - - - ... ... ... ... ... ' ' ' ' 

' 

·- OC FOA STILLUtTHS AND 
NEONATAL DEATHS 

2.SP 2P 

, , 

1 . $P p 

, 

, , , , , 
, , 

, , 
, , , 

• '  

, .. ' , 

, ' • - OC FOA MALFOAMATION , , 

0.17P O.SP 0. 4P 

FIGUllE 14.4 -The adequacy of the data with regard to malformations, stillbirths, and neonatal deaths as 
indicated by the operating characteristic (OC) curves for analyses based on samples of size 1,097 parents, 
where the true proportion of successes are assumed to be 0.0090 for malformations and 0.0142 for stillbirths 
and neonatal deaths, the control values. 

surance that we would be able to detect the 
following : 

1 .  A. decrease in the sex ratio, following ma
ternal exposure, in excess of an absolute change 
of 1 .6 per cent ; 
2. A.n increase in the sex ratio, following pa
ternal exposure, in excess of an absolute change 
of 4 per cent ; 
3. A.n alteration of the malformation rate in 
excess of two times the control value ; 
4. A.n alteration of the stillbirth rate (and neo
natal death rate) in excess of approximately 1 .8 
times the control value. 

Alternatively stated, we should be unable to 
detect: 

1 .  Olanges of less than 1 .6 per cent (absolute) 
in the sex ratio when the mother only was 

pretation of these findings, we would do well 
to consider at some length the results of more 
or less comparable studies on other animal spe
cies. Although the many important studies 
which have been carried out on the genetic 
effect of irradiation on Drosophila clearly indi
cate the types of results to be expected in mam
mals, the differences between mammalian and 
insect physiology are such that any semiquanti
tative extrapolation is at best hazardous. Ac
cordingly, we will for the purposes of this 
discussion confine our attention to studies on 
mammalian material. The current status of our 
knowledge of mammalian radiation genetics has 
recently been comprehensively summarized by 
Russell ( 19,4) . There is actually a rather strik
ing dearth of information available for com-
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parison with the findings of the present study. 
Such information as there is will be presented 
in the following six subsections. 

In most of the work to be cited, the house 
mouse has been the experimental animal. Some 
two to four weeks after male mice are irradiated 
with a dosage in excess of 400r, they become 
sterile, the time of onset of sterility depending 
on dosage. In those animals which survive, fer
tility usually returns in four to twelve weeks, 
again depending on dosage. There are impor
tant quantitative and qualitative differences be
tween the observable genetic effects associated 
with sperm released in the pre-sterile period -
corresponding to the result of irradiation of 
spermatocytes, spermatids, and spermatozoa -
and the effects associated with sperm released 
during the post-sterile period - corresponding 
to the irradiation of spermatogonia. We will 
consider primarily data collected during the 
post-sterile period, since this corresponds to the 
period during which observations have been 
made in Japan. 

14.4.1 Effects on sex ratio. - It will be 
recalled that genetic theory suggests that the 
irradiation of males should result in an increase 
in the proportion of males in the next genera
tion. Parkes ( 1925 ) ,  studying the offspring of 
male mice exposed to doses of X-ray below 
those which produce temporary sterility, re
ported (a) a moderate but non-significant in
crease in the proportion of males born to mice 
mated 0--4 days after irradiation (59.4 per cent 
of 133  offspring of irradiated males vs. 5 1 .6 
per cent of 7 3 5 controls) , (b) a significant de
crease in the proportion of males born from 
matings made 5-18 days after irradiation, and 
(c) no change in the sex ratio among the off
spring of matings made 19-57 days post irradia
tion, this group apparently reflecting the results 
of the irradiation of spermatogonia. The ob
servations of Hertwig (1938) on the results of 
irradiation of spermatogonial stages in the house 
mouse are reproduced in Table 14.2 . .Although 
the difference is in the postulated direction, the 
results of a comparison of "all irradiated" vs. 
"controls" are not at the level of significance 
nor, for that matter, were the results obtained 
during the pre-sterile period significant. How
ever, when only the two groups receiving the 
most irradiation are considered, there is a sig
nificant difference. Russell (1954) reports that 
in his experiments with the exposure of male 

mice to 600r, there were 50.35 per cent males 
in 72,472 post-sterile period offspring, as against 
5 1 .00 per cent males in 55 ,828 controls. Finally, 
Kalmus, Metrakos, and Silverberg ( 1 952)  re
ported a significant decrease in the frequency 
of females among the offspring of male mice 
mated immediately following treatment with 
1 50 or 300r, but were unable to confirm this 
observation in a later study (Trasler and 
Metrakos, 1953 ) . 

Even if clear-cut effects had been demon
strated for the house mouse, the advisability of 
extrapolating to man would be rendered ques
tionable by the much higher apparent proportion 
of inherited defects which are sex-linked in 

TABLE 14.2 THE EFFECT OF 1RilADIATION OF MALE 
MICE ON THE SEX RATIO OF OFFSPRING CoNC.BJVIID 

DURING THE POST·STERILE PERIOD 
(Mter Hertwig, 1938) 

Dose in Number of 
, 

400 
500 
600 
800 
1 ,000 

• • •  0 • • • • • •  0 • •  

. . . . . . . . . . . . . 
• • • • • •  0 • • • • • • 

. . . . . . . . . . . . .  
• • • • • •  0 • • • • •  

1 ,20Q-1,400 . . . . . . . . . 
1,50Q-1 ,600 0 • • • • • • • •  

offspring 
415  
167 
167 
683 
574 
171  
63 

Number of 
males 
197 
86 
86 

347 
291 
102 
37 

% 
males 
47.47 
5 1 .50 
5 1 .50  
50.80 
50.69 
59.65 
58.72 

All doses . . . . . . . . . . . 2,240 1, 146 5 1 .16 
Controls . . . . . . . . . . . . 2,595 1 ,290 49.71 

x' (all doses vs. controls) =  1 .0 1 1  
D F  = 1 o.50 > P > 0.30 

man than in the mouse, suggesting the possi· 
bility of a genetically more active differential 
segment of the X-chromosome in man . The 
corollary of this is, of course, a probable higher 
expectation of induced sex-linked lethals per 
unit irradiation in man . 

R-ecently Macht and Lawrence ( 1955 ) have 
published a detailed comparison of the sex 
ratio, the frequency of twinning, the frequency 
of fetal death, and the occurrence of congenital 
defect among the children of radiologists as 
contrasted with the children of physicians in 
other specialties (pathologists, psychiatrists, 
anesthesiologists, plastic surgeons, and ophthal
mologists) . The information was obtained by 
questionnaires mailed to the subjects. Answers 
were obtained from 74. 1  per cent of the radiolo
gists queried, with information on 5,461 chil
dren, but from only 53 .8 per cent of controls, 
with data on 4,484 children. Because of the 
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publicity given the matter of the genetic risks 
of radiation, one immediately wonders if radi
ologists as a group were especially motivated 
to reply, perhaps particularly if the reproductive 
history was in some way unusual. The authors 
are aware of this source of bias, and quite prop
erly point out that inasmuch as the distribution 
of single persons, married couples without chil
dren, and married couples with children is 
similar in the two groups, this suggests that 
radiologists with (abnormal) children were not 
especially motivated to reply. On the other 
hand, they present data suggesting that recall for 
abnormal terminations is better for later than 
earlier pregnancies. Despite this, they combine 
the (early) reproductive history of radiologists 

results obtained on the two appeals. But that 
this may be an important source of bias is indi
cated by the fact that whereas after correction 
for parity differences, there were 3 . 10  per cent 
more "abnormal offspring (fetal death and con
genital defects) " in the children of radiologists 
than non-radiologists on the basis of first ques
tionnaires, this difference dropped to 0.76 per 
cent on second questionnaires. This is a striking 
and disturbing discrepancy. 

Inasmuch as their study will be widely 
quoted, a detailed comparison between their 
findings and our own seems indicated. With 
regard to the indicator under consideration, sex 
ratio, the findings are as shown in Table 14.3 .  
With respect to livebirths, the proportion of 

TABLE 14.3 THE SEX RATIO AMONG I.Iv.BBDlTHS AND FETAL DEATHS IN THE STUDY OP MACHT AND 
LAWRENCE ( 19�� ) 

Offspring of Livebirths Fetal deaths -------persons 
Males Females 

Males per 
Unknown 100 females Males Females Unknown 

Males per 
100 females 

Exposed throughout 
marriage . . . . . . . .  1 , 104 1,1 1 �  29� 

Exposed part of mar-
riage . . . . . . . . . . .  986 922 299 

Unexposed part of mar-
riage . . . . . . . . . . .  �26 461 1�2 

Unexposed throughout 
marriage . . . . . . . .  1 ,240 1 , 16� 404 

All exposed . . . . . . . . .  2,090 2,0�7 �92 
All unexposed . . . . . . .  1 ,766 1 ,624 ��6 

Total . . . . . . . . . . . . . �.8�6 M61 1,148 

prior to entering this field with the control data. 
A study of their Table 1 3  suggests that this may 
be an important source of bias. 

A second source of bias in this study stems 
from the fact that "persons who did not respond 
(to the questionnaire) within approximately 
two months were sent a second questionnaire 
together with a further appeal that it be re
turned." Of the total completed questionnaires 
available for analysis, 78.5 per cent of those 
completed by radiologists were obtained on first 
writing, as contrasted to 63.8 per cent of those 
from non-radiologists. The possible significance 
of this to the study lies in the fact that there 
was, in general, a higher percentage of abnormal 
outcomes reported on "second-appeal" question
naires than on "first-appeal" questionnaires. 
Specification of the direction of the bias intro
duced is difficult, since it depends on one's 
interpretation of the reasons for the different 

99.01 H 2� �16 2�o.4� 

106.94 n 19 �00 289.47 

1 14.10 22 14 102 1 �7.14 

106.62 42 2� �4� 182.61 
102.60 108 42 616 2�7.14 
108.74 64 �7 447 1 72.97 

10�.33 172 79 1 ,063 217.72 

males is decreased, although not significantly so, 
a finding opposite in direction to expectation 
when fathers are irradiated unless - as they 
suggest - the male is more sensitive than the 
female to the effects of induced mutations in 
the autosomes. Among fetal deaths (their term ; 
includes miscarriages and stillbirths) , the data 
are in the direction of expectation but so very 
limited in number that even the large difference 
observed is not significant ; it is worth noting 
that sex was not recorded for 81 per cent of 
this material. 

14.4.2 Effects on malformaJion frequency. 
- Dominantly inherited mutant forms, some 
of which in our terminology would be classified 
as congenital malformations, have been detected 
in small numbers by Charles ( 1950) among the 
offspring of male mice exposed to 60r (7 in 
3,072 offspring ; 0 in 2,755 controls) , and by 
Russell ( 1954) among the post-sterile period 
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offspring of male mice exposed to 6001' (� in 
approximately 30,000 offspring ; number of 
controls not stated) . The examination given the 
offspring by Russell was much less searching 
than that by Charles since Russell's work was 
primarily oriented in other directions. From the 
quantitative standpoint, these findings have 
debatable carry-over value for man if only be
cause of the tendency observed in most labora
tories for female mice to devour dead and 
defective embryos immediately following par
turition. 

The older medical literature contains a num
ber of studies, based on the questionnaire ap· 
proach, of the relationship between therapeutic 
irradiation and the "health" of children con
ceived subsequently (review in Murphy, 1928) . 
For a variety of reasons, and particularly with 
reference to the problems of diagnostic stand
ards and control observations, these data do not 
lend themselves to critical inferences. More re
cently, however, Macht and Lawrence (19�5 ) ,  
in the study described earlier, after correcting 
for parity differences between the two sets of 
data, record � -99 per cent congenital defect 
among 5,461 children of radiologists and 4.84 
per cent among 4,484 control children. The 
figures cannot be compared with those of the 
present study because (a) minor defects are 
included, (b) autopsy findings are included 
with no analysis of comparability of autopsy 
frequency in the two groups, (c) congenital 
conditions not usually regarded as malforma
tions, such as erythroblastosis fetalis and ate
lectasis of the lung, are included in the list, 
(d) multiple defects in one individual are 
scored separately, and (e) disease states are 
listed which very probably developed and were 
detected sometime postpartum, such as muscular 
dystrophy, Oppenheim's disease, spondylolisthe
sis, celiac syndrome, melanoma, lymphosarcoma, 
retinoblastoma, Tay-Sach's disease, missing 
teeth, and defective night vision. There are 
differences between the children comprising the 
two groups which are difficult to understand: 
There are 14 cases of "erythroblastosis" and one 
"died 4 days Rh positive problem" among the 
children of radiologists but only three cases of 
"erythroblastosis" among the controls. The in
terpretation of this discrepancy is complicated 
by the fact that the children born to radiologists 
before they entered this specialty are included 
among the controls, and, as is well-known, 

erythroblastotic infants are found among later 
pregnancies. This fact would tend to bias the 
results in the observed direction, although 
whether to the extent observed is debatable. 
There are nine cases of atelectasis of the lungs 
among the exposed group but only three among 
the controls. These two differences alone ac
count for approximately one-third of the ob
served 1 . 1 5  per cent increase in malformation 
among the children of radiologists. Although 
Macht and Lawrence believe the difference be
tween the two groups is significant, we do not 
feel they have established this fact. 

14.4.3 Effects on stillbirth freqt�ency. 
Mutations with a dominant lethal effect can. 

TABLE 14.4 THB EPPBCT OP buw>IAnON OP MAul 
M!CB ON THB FllBQUBNCY OP SnLLBIB.THS AWONG 
0PPSPIUNG CoNCBlVBD 0UJUNG THB POST-STBIULB 

PBRJOD 
(After Hertwig, 1938) 

Dose in Number of 
,. 

400 
500 
600 
800 
1 ,000 

. . . . . . . . . . . . . . 

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  
• • • • • • • • •  0 • • • •  

• • •  0 • • • • •  0 • •  0 

1 ,2G0-1,400 . . . . . . . . . . 
1,50G-1 ,600 . . . . . . . . . . 

All doses . . . . . . . . . . . .  
Controls . . . . . . . . . . . . .  

offspring 
423 
170 
175 
693 
590 
171 
65 

2,287 
2 ,616 

Stillborn 
2 1  
1 1 
12 
12 
36 
0 

1 1  

103 
90 

x.• (all doses vs. controls ) = 3.649 
DF = l  0.10 > P > 0.05 

o/o 
still-
born 
4.97 
6.47 
6.85 
1.73 
6.10 
0.0 

16.92 

4.50  
3.45 

by definition, produce death any time from 
shortly following fertilization to just prior to 
reproduction (cf. Hadom, 195 5 ) . If the domi
nant lethal exerts an effect during the last tri
mester of pregnancy, the result would be a 
stillbirth. Evidence concerning an increase in 
stillbirths among the pre- and post -sterile period 
progeny of irradiated male mice is unsatisfactory 
because of the tendency, referred to in the 
preceding section, for females following parturi
tion to devour stillborn young. Hertwig (1938) 
has published data, reproduced in Table 14.4, 
which show a small and insignificant inaease 
in stillbirths in the offspring of post-sterile 
period irradiated male mice, and Strandskov 
( 1932 ) ,  in a pioneer experiment in which the 
dose varied from 173 to 2,�92r, has recorded 
similar data for the guinea pig, although the 
latter's results must be interpreted with caution 
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because the effect was present in post-sterile 
period but not pre-sterile period offspring. 
However, the number of the latter observed was 
quite small (39) . 

Macht and Lawrence (195 5 )  report 13 .77 
per cent "fetal death" in the children of the 
exposed, as contrasted to 1 2 .50 per cent in the 
controls. The term fetal death "includes all re
ported cases where the product of conception 
was not born alive. It therefore includes mis
carriages and stillbirths irrespective of the 
length of uterogestation and regardless of 
whether or not the embryo or fetus was other
wise normal at this stage" (p. 447 ) . From the 
frequency of the event in the controls, as well 
as the wording of the questionnaire, this term 
must include abortions as well. The difference 
between the two series was not statistically 
significant. Crow (1955 ) ,  in a similar ques
tionnaire-type study, also failed to detect any 
statistically significant differences between fre
quencies of stillbirths and miscarriages among 
the children of radiologists and in the children 
of a control group of pathologists. 

14.4.4 Effects on birthweight. - Strand
skov ( 1932) observed that when correction was 
made for the smaller mean litter size of females 
mated to irradiated male guinea pigs, mean 
birthweight was decreased in the post-sterile 
period offspring of his experiment from 90.93 
gms. in the controls to 86.35 gms. in the post
sterile period offspring. The number of animals 
involved is not stated but can be estimated from 
the data in the paper to be approximately 260 
for the controls and 75 for the irradiated. The 
data are not presented in such a way that the 
significance of the findings can be analyzed. 
The interpretation is further complicated by the 
fact that only the data for animals surviving at 
least 30 days are presented. Variances are not 
given for the birthweights of guinea pigs con
ceived during the post-sterile period, a point 
of especial interest in view of the findings of 
our study. There do not seem to be comparable 
data for the house mouse. 

14.4.5 Effects on neonatal death rates. 
Hertwig ( 1938) observed a slightly but not 
significantly increased death rate during the first 
75 days following birth in the offspring of male 
mice receiving 800-1,600r, the survival figures 
being 79. 14 ± 1 .80 per cent in 508 progeny of 
irradiated mice as contrasted to 82.43 ± 1 .38 

per cent in 757 control offspring. Strandskov's 
data, on the other hand, involving approxi
mately the numbers referred to earlier, reveal 
no difference in post-natal death rate in the off
spring of irradiated guinea pigs up to 30 days 
postpartum. Crow (195 5 ) , in the questionnaire 
study referred to earlier, found that "the infant 
mortality rates also were not significantly differ
ent in the children of the two groups, but the 
numbers were very small." 

14.4.6 Effects on growth and def!elopment. 
- The only pertinent data appear to be those 
of Strandskov (1932) . At 30 days postpartum 
the mean weight of the post-sterile period off
spring of irradiated male guinea pigs, corrected 
for litter size, was 265 .73 gms., against a con
trol value of 281.66 gms. The number of ani
mals involved is presumably the same as for the 
birthweight figures given above. 

14.5 Interpretation of the findings. - The 
interpretation of the findings of the present 
study can now be very simply stated. The fore
going section has brought out the fact that when 
one considers data of a type which it is feasible 
to collect on human populations, the available 
information on other animals is scattered, frag
mentary, and often contradictory. However, 
this information, taken in conjunction with the 
much more extensive data on Drosophila, cer
tainly does not suggest a high likelihood of 
demonstrating dear-cut effects in Hiroshima 
and Nagasaki. The divergence of opinion with 
regard to what one might expect in human 
populations is sufficiently large as to make it 
unprofitable to explore all presently held opin
ions with regard to all of the indicators. How
ever, it does seem worth-while to explore a 
single class of mutations, say the sex-linked 
lethals. Evidence from Drosophila suggests that 
the yield in sex-linked lethals is approximately 
3 per cent per 1,000 roentgens (Timofeefi
Ressovsky, 1937 ; Spencer and Stem, 1948 ; 
Muller, 1954) . The yield in the mouse, on the 
basis of the data on induced autosomal muta
tions, might, if the mouse X-chromosome had 
the same number of loci capable of giving rise 
to lethal mutations as the Drosophila X, be 
greater by a factor of 1 5-20. Now, if the dosage 
estimates advanced for the various exposure 
classes are reasonably accurate, then the average 
dose in rep's received by the 5,629 mothers with 
exposure 3 or greater (whose spouses were in 
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classes 1 or 2 )  is approximately 100 rep's. If 
we impose the restrictions indicated in the previ
ous paragraphs with regard to an adequate test, 
then differences in the sex ratio between the 
control (average exposure 0 rep's) and the ex
posed group ( 100 rep's) as large as 1 .6 per 
cent (absolute change) would quite probably 
not be detected. Accordingly, we may estimate 
that the yield, in man, might be as high as 
roughly 2 per cent per 100 rep's and we would 
not detect it. This is a value six times that in 
Drosophila, but approximately one-half to one
third the value to be expected if human genes 
were as sensitive to irradiation as the small 
series of tested mouse genes (extrapolating 
from autosomal visibles to sex-linked lethals) 
and the X-chromosome of man had the same 
genetic length as that of Drosophila. This is, of 
course, the upper limit ; the yield could be, and 
quite probably is, much lower. Similar con-

jectures could be made for a number of the 
other indicators. 

Accordingly, we can say of the present study 
that under circumstances where, on the basis of 
what is known concerning the radiation genetics 
of mammals, it appeared unlikely that conspicu
ous genetic effects of the atomic bombs could 
be demonstrated, such effects h411e in fact not 
been demonstrated. The present study can in no 
way be interpreted to mean that there were no 
mutations induced in the survivors of the atomic 
blasts. Neither, on the other hand, is the reverse 
interpretation - that of mutation production -
permissible from this series of observations, al
though, on the basis of all that is known of 
radiation genetics, there is no real reason to 
doubt that mutations were produced in Hiro
shima and Nagasaki. We are left with incon
clusive findings, albeit findings which pennit 
us to set confidence limits. 
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Chapter XJ7 

P E R M I S S I B L E I N F E R E N C E S  

.1�.1 �aJic daJa necessary to reaching per
mtsstble mferences. - There would at this junc
ture � �pie justification, judging from the 
genettc hterature of recent years, to utilize the 
findings of this study, taken in conjunction with 
other available information, as the basis for a 
semi-quantitative treatment of the problem of 
the genetic risks of increased radiation of the 
human species. Such calculations proceed in 
general along the following lines : On the basis 
of existing data, one estimates the average 
spontaneous mutation rate of human genes and 
the number of genes in man. From this one 
obtains an estimate of the average number of 
!?utat�?ns pe� human gamete per generation (a 

total mutation rate) . Then, again on the basis 
of exist�g data, on� estimates the probability 
of mutattonjlocusjr m man, and from this the 
amount o� ra.diation required to double, triple, 
or otherwtse mcrease the mutation rate over the 
spontaneous baseline. Next, then, by one ap
proach or the other, one estimates the ratio of 
"recessive" mutations which have been accumu
lated in the population to "recessive" mutations 
arising anew each generation, the so-called 
"accumulation factor." Given this, one can esti
mate by how much, on the basis of the preceding 
calculations, this frequency will be altered by 
any arbitrary increase in radiation. Finally, on 
the basis 

. 
of certain assumptions concerning 

gene phystology and the operation of natural 
selection in man, one attempts to evaluate the 
phenotypic impact of this increase in radiation. 

There are, then, five estimates which are basic 
to these semi-quantitative treatments : 

1 .  The spontaneous mutation rate in man. 
2. The induced mutation ratejlocusjr in man. 
3. The total number of genes in man.t 

1 The pr�uct of ( l ) X ( 3 ) ,  or ( 2 ) X (3) ,  is the 
rate of mutation per gamete, spontaneous or induced 
as the case may be. It is possible in suitably designed 
experiments to estimate this directly (d. Muller, 

4. The "accumulation factor." 
5. The manner in which selection operates on 
the total gene complex. 

It is our contention, which we will now pro
ceed to document, that the available data on 
which these five estimates are based are so in
adequate that semi-quantitative treatments are 
ill-advised, since except to the relatively few 
who �ave made a detailed study of the problem, 
they tmpart an air of mathematical exactitude 
and scientific accuracy to an area where the 
errors are sometimes large and often inde
terminate. 

15.2 The spontaneous mutaJion raJe in man. 
- Current thinking concerning the rate of mu
tation of mammalian genes is for obvious 
reasons strongly influenced by what is known 
concerning Drosophila rates. We will accord
ingly first consider briefly what seem to us to 
be. some ?f the more pertinent data concerning 
thts spectes. For methodological reasons it is 
customary to distinguish on the basis of their 
physiological effects between three categories 
of mutations, namely, those associated with 
visible effects, those associated with lethal ef
fects, and those which express themselves 
through a reduction of viability in the absence 
of detectable somatic effects, the so-called semi
lethal mutations ( 1-10 per cent viability) and 
deleterious mutations (over 10  but less than 
100 per cent viability) . Terminology in this 
field leaves something to be desired. Thus, the 
"deleterious" mutations must have an organic 
basis, so that many of them would be found on 
careful study to be also "visibles." By the same 
token, most "visibles" are also "deleterious." 
Finally, the dividing line between "lethals" 
and "semi-lethals" may be altered by culture 
conditions. Be that as it may, the division into 

19��) .  and so decrease the number of variables in· 
volved in the calculation. 

20� 
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these three categories has an operational useful
ness, as we shall now see. 

Beginning with the pioneer attempts of 
Muller ( 1934 ; see also Kerkis, 193,, and 
Timofeef-Ressovsky, 193 , ) , a number of efforts 
have been made to establish the relative fre
quencies with which these types of mutations 
are represented among all mutations. These at· 
tempts have involved radiation-induced rather 
than spontaneous mutations because of the much 
more laborious nature of the problem if at
tacked through the study of spontaneously oc
curring mutations. In view of the possibility that 
the relative frequency of lethals is higher among 
the radiation-induced mutations because of the 
increased proportion of minute deletions, the 
estimate of the ratio, ( serni-lethels + delete· 
rious) jlethals, may be a minimum estimate. 
Muller ( 19,4 ; see also Falk, 19" ) places this 
ratio at 3-5 to 1 .  This same author goes on to 
state that " . . . the ratio may indeed be con
siderably higher than this, since the technique 
was hardly refined enough for the detection of 
detrimentals with a viability greater than some 
8' per cent of normal. Other studies have shown 
that 'invisible' mutants causing sterility or 
lowered fertility of some degree also form a 
very large group. This group, however, overlaps, 
to an extent not yet well investigated, that of the 
detrimental mutations" (p. 396) . 

The significance of information concerning 
the relative frequency of mutants with viability 
in the 85-99 per cent range in attempts to 
quantitate the genetic risks of radiation is of 
course enormous. A related problem concerns 
the frequency of mutations for which the or
ganism at the time is able to compensate com
pletely, the undetectable mutations. Lately con
siderable attention has been directed towards 
the genetic basis and evolutionary implications 
of physiological homeostasis (refs. in Lerner, 
195 5 )  . The possibility cannot be ruled out that 
the principle of homeostasis enables some or
ganisms to compensate entirely, under particular 
sets of circumstances, for the effects of certain 
mutations. 

It may be argued that there is no reason to 
be concerned about the relative frequency of 
mutants with undetectable effects in a considera· 
tion of the deleterious effects of radiation. How
ever, these mutations are undetectable only 
under the conditions set by the observer. Under 
other conditions, set by nature and not by man, 
they might have decided effects. It is not at all 

difficult to argue that the mutants-with-over-
85% viability which cannot now be studied in 
Drosophila may in evolutionary importance far 
outweigh the visibles. 

Muller ( 1950) in a discussion of the question 
of the numerical relationship between lethals, on 
the one hand, and semi-lethals and deleterious 
mutations, on the other hand, has made the 
following statement: "However, studies carried 
on in Drosophila during the past year by Meyer, 
Edmondson, and the writer indicate that in this 
organism the assumption of an equal distribu
tion of detrimental mutations throughout all 
ibo values 1 (when represented on an arithmetic 
scale) does not hold. Instead, it appears that, 
following the high but descending peak formed 
by complete lethals (ibo= 100% ) and nearly 
complete lethals (illo=between 98% and 
100% ) ,  there is a marked drop in the frequency 
of mutations. The mutations studied were in
duced in an autosome (the second chromosome) 
by ultraviolet light acting on an interphase stage 
(in the polar cap) . Along with 208 complete 
lethals there were 20 mutants found in the range 
of ibo between 98% and 100%, and again only 
20 in the range of illo between 90% and 98%,  
although this range i s  four times as wide as the 
preceding one. If the rest of the distribution, 
as far as ibo= 10%, had only the same fre
quency of mutations as in the range between 
90% and 98% there would have been only 240 
detrimentals in the entire interval between 
100% and 10%, to set against the 208 complete 
lethals found. But since we know from other 
work, previously cited, that the detrimentals in 
this interval are in reality several (about 5 )  
times as numerous as the complete lethals, it is 
evident that their frequency must, at lower de
grees of detriment (lower illo) , rise very much 
above that existing in the 90% to 98% range. 
The distribution of frequencies of ibo therefore 
forms a bimodal curve with one peak at the 
left origin, lethality ( illo = 100% ) , and another 
peak somewhere to the right. 

"Little more than this is yet known definitely 
about the shape of the curve in question, im
portant though this genetic question is. How
ever, there are grounds, both theoretical and 
observational, for regarding it as very unlikely 
that the second peak is near the first or that the 
rise towards it is sharp. Hence it is probable that 

2 ; .. - the amount of impairment produced by a 
gene when homozygous. 
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detrimental mutations, instead of having an 
even distribution with respect to values of i11o, 
form a curve which, except for its peak of 
near-lethals at the left end, is massively skewed 
towards the right, with its mean at a value of 
iho significantly beyond the middle (0.5 ) "  
(pp. 140-141 ) .  

If we consider these remarks of Muller in 
conjunction with the possibility of "invisible" 
mutants discussed earlier, then the problem of 
estimating the relative frequency of lethal mu
tants vs. those viable to some degree assumes 
new complexity. Figure 1 5 . 1  attempts to present 

cated two of the principal alternatives. Curve A 
assumes a mode at 60-70 per cent viability, 
from which it would seem likely that the pro
portion of mutations in the 85-100 per cent 
and normal viability range is small. Curve B 
assumes that the mode is farther to the right 
with the corollary that there is a considerable 
group of mutations not now being detected. 
How large that group is depends of course on 
the shape of the curve. 

The question of the relative frequency of 
lethal mutations as contrasted to visibles, is on 
somewhat more secure footing than the question 

t----+ RANGE OF PR£SENT oestRYATIONS +-------, 

NUUSER OF 
�TATIONS 

' ... , .. ' ' ' ' ' ' ' ' ' ' 

UTHAL.S SEM- LETHALS ANO DELETERIOUS NORMAL S I>H> 
BETTER 

FIGURl! 15.1 -A  schematic representation of two different "mutation spectra" with reference to degree of 
viability, both compatible with the present data. Further explanation in text. 

some of this complexity graphically. The ab
scissa of this figure represents viability of the 
homozygous genotype in some arbitrary environ
ment. In this connection, it is apparent that the 
term "lethal" is relative, some lethal mutations 
having effects under no known circumstances 
compatible with life, other lethal mutations 
having far lesser effects. Likewise, the term 
"normal" as applied to viability is relative, some 
normals being more normal than others, with 
the differences brought out only under unusual 
circumstances. Thus far, observations have been 
limited to the range of lethality and 1-85 per 
cent viability. As Muller has pointed out in the 
statement quoted above, there is great doubt 
concerning the shape of the curve of numerical 
relationships within this range. We have indi-

of the ratio of lethal mutations to mutations 
reducing viability to a lesser degree. In tabulat
ing the results of radiation experiments by five 
different workers, Schultz (1936) found this 
ratio to be 7.4 : 1. In view of the well recognized 
differences in the ability of individuals to recog
nize mutant phenotypes, the true ratio is prob
ably somewhat lower. We prefer, for instance, 
the ratio of 5 .2 : 1  which obtained in the exten
sive and meticulous experiments of Spencer and 
Stem (1948) . For all three groups, the ratio 
of visibles : lethals : semi-lethals and deleterious 
has been set at approximately 1 : 5 : 20, although, 
as noted above, the third figure is certainly an 
underestimate. 

The important question of the mutation spec
trum at individual loci remains in its early stages 
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because of the amount of labor involved in se
curing reliable data. There is evidence that in 
Drosophila some few genetic loci which are 
associated with visible mutants are not abso
lutely essential to life, although in the absence 
of these loci viability is usually markedly re
duced. On the other hand, there are numerous 
illustrations of lethal and visible mutations 
arising at what seems to be the same locus. It 
should also be pointed out that the question of 
the total relative frequency of mutation at differ
ent loci is in a very unsettled state. Although 
there seems no doubt that the rate of recovery 
of mutations differs from locus to locus, care 
must be exercised in reasoning to the magnitude 
of the true differences (cf. Neel and Schull, 
1954) . In the following discussion of mutation 
rates at specific loci, the fact that these are 
selected loci must constantly be borne in mind. 

mutations per generation, a rate some fourfold 
that ordinarily observed. Since the numbers in
volved are not given, the reliability of this 
apparent fourfold increase cannot be evaluated. 
Muller et al. argue, from this fourfold increase 
in recovered lethals, that "the frequency of 
gene-mutations at the nine loci would ordinarily 
average between 1 Q-3 and 7 x 1 Q-6 per locus 
in females" (p. 125 )  .1 For our present pur
poses, it will be sufficient to average all three 
of these series together, with no attempt to 
introduce the correction suggested by Muller 
et al . (which would in any event then appear to 
create a possible discrepancy between their find
ings and those of Glass and Ritterhoff) . In a 
total of 1 ,665,345 locus tests, at least 32 muta
tions were recovered, a rate of 1 .9 x 1()-6. 
However, this applies only lo "visible muta
tions." If lethals, semi-lethals, and deleterious 

TABLE 15.1 FREQUENCY OP OccuRRENCE OP SPONTANEous ''VISIBLE MuTATIONs" IN VARious SPEOES 

No. of No. of Total locus 
Author Chromosome organisms loci tests Mutations I' 

Drosophila 
Muller, Valencia, and 

Valencia, 1950 . . . . .  X ±60,000 9 540,000 1 5  2 .8 X 10 .. 
Alexander, 1954 . . . . . .  III 45,504 8 364,032 0 0 
Glass an� Ritterhoff, un-{Multiple (males ) 

pubhshed · · · · · · · · Multiple (females) 
1 02,759 4 359,657 16-2 1  4.5-5.8 X 1 0  .. 
100,4 14 4 401,656 1 3 .1  X 10 .. 

House mouse 
Russell, 1954 . . . . . . . . . Several 37,868 7 265,076 2 .8 X 10 .. 

Three recent studies on the rate of occurrence 
of spontaneous "visible mutations" in Dro
sophila appear outstanding. The results, in terms 
of frequency of appearance of visible mutaJions, 
are summarized in Table 1 5 . 1 .  There appear to 
be significant differences between the studies 
with respect to the observed frequencies, al
though it must be kept in mind that different 
loci are involved in the three studies. Further
more, the work (unpublished) of Glass and 
Ritterhoff suggests that the mutation rates of 
males and females differ, although different loci 
were being tested in the two sexes. This ob
servation may provide a clue to the apparent 
difference between the findings of Muller, 
Valencia, and Valencia ( 1950) and Alexander 
( 1954) , since the former were studying muta
tion rates in females and the latter in males. 
It is also noteworthy that in other experiments 
with the same strain used for the "visible muta
tion" studies, Muller, Valencia, and Valencia 
( 1950) recovered 0.7 per cent sex-linked lethal 

mutations are artstng at these same loci, the 
mutation rate must be higher. If, for instance, 
the ratio of visibles : (undetected lethal + semi
lethal + deleterious mutations) at these loci was 
a conservative 1 :4, the mutation rate per locus 
becomes 1 x 1 Q-6 ! 

Two other studies involving individual loci 
should be quoted : Lefevre ( 195 5 ) ,  in a paper 
which contains an excellent discussion of the 
problem of estimating spontaneous mutation 
rates, reports that the rate of appearance of 
mutants with visible or lethal effects at the 1 
locus is "about 1 per 75,000" (p. 379) . On the 
other hand, Bonnier and Luning ( 1949) , in a 
paper criticized by Muller ( 1954) because the 
rate of recovery of spontaneous mutations ap-

• The question of the frequency of these "high 
mutation rate" lines has been discussed by lves 
( 1950 ; see also Nee!, 1942) ,  who suggests that the 
mutator genes which are responsible for these high 
rates "are the major cause of both gene mutations 
and inversions in natural populations" (p. 251 ) .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E f f e c t  o f  E x p o s u r e  t o  t h e  A t o m i c  B o m b s  o n  P r e g n a n c y  T e r m i n a t i o n  i n  H i r o s h i m a  a n d  N a g a s a k i
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 7 7 6
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peated to be too low in comparison with certain 
other findings, observed only one mutation at 
the white and forked loci among 1 5 3,579 flies 
tested for visible mutations, a rate of .4 x 1 ()-6. 
Both of these estimates do not take into account 
the semi-lethal and deleterious mutations. The 
same conservative 1 : 5 ratio applied in the pre
ceding paragraph would bring these estimates 
well within the range of the others quoted 
earlier. 

Utilizing a somewhat different approach, 
Dobzhansky, Spassky, and Spassky ( 1952)  have 
estimated the average rate of mutation to Iethals, 
semi-lethals ( 1-20 per cent viability) , and visi
bles per lethal producing locus in different spe
cies. These estimates, which they feel are more 
likely to be overestimates than underestimates, 
are reproduced in Table 1 5 .2 .  Again, the esti
mate does not include the deleterious mutants. 

TABLE 15.2 EsTIMATED AVBilAGB MUTATION RATES 
PER. lETHAL-PilODUClNG Locus IN SBVBilAL 

OllOSOPHILA SPBOBS 
( Mter Dobzhanslcy, Spassky, and Spassky { 19�2} .  
These estimates are felt by the investigators to be 

more likely overestimates than underestimates. ) 

Species 
D. melanogaster 
D. pseudo-obsura . . . .  . 
D. willistoni . . . . . . .  . 
D. prosaltans . . . . . . .  . 

Second 
chromosome 

1 . 1  X 10  ... 

2.2 X 10 ... 
1 . 1  X 10-a 

Third 
chromosome 

1 . 1  X 10 ... 
3.0 X 10-a 
2 . 1  X 10 ... 

In summary, then, it would appear that de
pending on one's view of the representativeness 
of the loci studied, and the problem of the rela
tive frequency of mutations not detected by 
current techniques, there is room for a wide 
divergence of opinion concerning the average 
rate of mutation of Drosophila genes, with the 
range of possibilities perhaps extending from 
0. 5 x 1()-6 to 5 x 1()-6. It is in our opinion not 
permissible to apply even this wide range of 
estimates directly to human problems, since 
even within species of the same genus mutation 
rates appear to differ significantly (cf. Table 
1 5 .2) . 

Turning now to mammals, we find that sig
nificant studies are available for only two spe
cies, the house mouse and man himself. The 
figures for the house mouse were derived in 
much the same fashion as the figures quoted for 
Drosophila, namely, through a search for mu
tant individuals among animals simultaneously 

heterozygous at multiple loci. Russell ( 1954) , 
in connection with the important observations 
on radiation-induced mutations in the house 
mouse which we will refer to shortly, has now 
amassed the control data shown in Table 1 5 . 1 .  
The rate of appearance of 11isible mutations in 
265,076 locus tests was 0.8 x 1()-6. The ob
servational error is of course large. Again it 
must be recognized that these tests detect only a 
fraction of the mutations occurring at these loci. 

The available estimates for the frequency of 
occurrence in man of mutations with certain 
visible effects are shown in Table 1 5 .3 ,  prepared 
by Dr. T. E. Reed in collaboration with one of 
us (J.V.N. ) .  Many of the problems involved 
in estimating human mutation rates have been 
discussed elsewhere (Haldane, 1948, 1949 ; 
Nee!, 1952 ; Nee! and Schull, 1954 ; Nacht
sheim, 1954) . Because of the particular prob
lems associated with the study of incompletely 
recessive genes, no estimates based on such 
genes are included. The average of the estimates 
in Table 15 . 3  is approximately 3 x 1Q-6. This 
estimate, now, is entirely limited to dominant 
mutations with visible effects. Even what would 
seem a very conservative allowance for recessive 
visibles and for the lethal, semi-lethal, and 
deleterious mutations would bring the average 
estimate up to 1 x 104 for these loci. 

The representativeness of these estimates has 
been repeatedly challenged. There can be no 
doubt that there is definite selection in the loci 
studied. How this influences our estimates is 
not at all clear. As we have pointed out else
where (Nee! and Schull, 1954 ) , mutation at 
any particular locus may be thought of in terms 
of these aspects : ( 1 )  the frequency of mutation 
at that locus ; (2)  the number of alternative 
forms of the gene which may occur at any locus, 
i .e., the number of multiple alleles ; and ( 3 )  
the ease with which the effect associated with 
each of these multiple alleles can be detected. 
We assume that some loci are more mutable 
than others because we detect the results of 
mutation more frequently at these loci. How
ever, making allowance for "unstable loci," the 
hypothesis has not been disproven that the 
inherent instability of all the genes is, by virtue 
of their biochemical complexity, very similar, 
but that the results of mutation are more readily 
detected at some loci than at others because of 
the role of that particular locus in the animal's 
physiology. It is entirely conceivable that the 
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loci 4 thus far selected for study in man are 
those at which a high proportion of all possible 
alleles at that locus results in readily detectable 
effects, but at which the per locus mutation rate 
is fairly representative of the human species. 
This problem is discussed further in Nee! and 
Schull ( 1954) . 

For purposes of calculation, estimates of the 
rate of mutation of human genes have included 
1()-3 (Evans, 1949) , 1 0-7 (Wright, 1950) , and 
2 x 1Q-6 (Muller, 1950 ; Slatis, 1955 ) .  In the 
current state of our knowledge students of the 
problem can select and justify estimates differ
ing from one another by a factor of 100. 

15.3 The radiation-induced mutation rate in 

" In point of accuracy, we do not know but what 
any particular mutation rate study in man is detecting 
mutation at several loci. 

man. - If we turn now to the estimation of the 
sensitivity of human genes to irradiation, we 
must first of all take cognizance of the same 
technical problems that exist in the estimation 
of spontaneous rates, as well as additional prob
lems discussed by Muller ( 1954) . For reasons 
brought out earlier, we are interested in effects 
on spermatogonia rather than mature sperm. 
For obvious reasons, no precise estimates are 
available for man . Until relatively recently, 
there was no mammalian material whatsoever. 
Now, however, Russell's ( 1954) figures, based 
on specific locus tests, indicate a visible mutation 
rate in spermatogonial cells of (25 .0 ± 3 .7) x 
I0-8jgenejr. Russell has emphasized the danger 
of generalizing from these limited results, a 
point with which we heartily agree. But as long 
as these are the only figures available, they can-

TABLE 15.3 FREQUENCY OF OCCURRENCE OF NINE D IFFERENT DoMINANT OR SBX·UNKJID MUTATIONS IN 
MAN 

Dominant genes 

Method of Mutations per gene 
Character estimation • per generation 

Epiloia . . . . . . . . . . . . . . .  Direct 0.4-{).8 X 10·• 

Chondrodystrophy • . . . . . Direct 

Indirect 

Direct 

Direct 

Pelger's nuclear anomaly . .  Direct 

Aniridia . . . . . . . . . . . . . . .  Direct 

Retinoblastoma . . . . . . . . .  Direct 

Direct 

Direct 

W aardenburg' s syndrome . Direct 

Neurofibromatosis . . . . . . . Direct 

Indirect 

4.2 X 10·• • 

4.3 X 10·• 

4.9 x 1o� • 

7 X  10� 

2.7 X 10·• 

o.� X 1 0� 

1 .4 X 1 0·• 

2 .3 X 1 0� 

4.3 X 10 ... d 

3.7 X 1 0·• 

1 . 3-2 .� X 10 .. 

o.s-t .o X 10·• 

Source 
M. Gunther and L. S. Penrose ( 193�. J. Genet. 

3 1 :  41 3 ) ,  L. S. Penrose ( 1936, .Anlf E11gen. 
7: 1 ) .  

E. T. Meech ( 1941 ,  Opera ex Domo Bio/ogiae 
Hereditariae H11manae Ulfiversitatis Hafnien
sis, Vol. 3 ) .  

] .  B .  S .  Haldane ( 1949, Proc. 8th Int. Cong. 
Genet., Hereditas, suppl. : 267 ) from data of 
Merch ( 1941, vide supra ) .  

] .  B. S .  Haldane ( 1949, vide supra from data of 
Meech, 1941,  vide supra) . 

]. A. Book ( 19�2. f. Gelfel. HMmailfe 1 :  24 ) .  

H. Nachtsheim ( 19�4. NatMrwiss. 1 7 : 38� ) .  

C. ]. Mellenbach ( 1947, Opera ex Domo Bio
/ogiae Hereditariae H11manae Ulfiversitatis 
Hafnielfsis, Vol. 1 5 ) .  

U. Philip and A. Sorsby (unpublished, quoted by 
Haldane, 1949, vide supra) . 

]. V. Neel and H. F. Falls ( 19�1 ,  Sden�e 1 14 :  
419 ) .  

F .  Vogel ( 19�4. ZIJ(br. menuhl. VererbMifgs-M. 
KonstitMtiolfslehre 32 : 308 ) .  

P .  ] .  Waardenburg ( 19�1. Amer. f. H11m. Genet. 
3 : 19� ) .  

F. W .  Crowe, W. J. Schull, and J. V .  Nee! 
( 19�6. Multiple Neurofibromatosis, Ameri�alf 
Le�tMres ;, Dermatology series, C. C. 
Thomas) .  

F. W. Crowe, W. ]. Schull, and J. V. Nee!, loc. 
cit. 
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TABLE 15.3-Continlletl 

Sex-linked recessive genes 

Method of 
�cter estimation • 

Hemophilia . . . . . . . . . . . .  Indirect 

Mutations per gene 
per generation 

3.2 X 10_.• 
Source 

]. B. S. Haldane ( 1947, Ann. E11gen. 1 3 :  262 ) 
from data of M. Andreassen ( 1943, Opera 
ex Domo Biologiae Heretlitariae H11manae 
Unit�ersitatis Hafniensis, Vol. 6 ) .  

Childhood progressive 
muscular dystrophy . . . .  Direct t 

Indirect 
Indirect 

1 X 10 ... 

1 X 10 ... 
4.�-6.� X 10 .... 

F. E. Stephens and F. H. Tyler ( 19�1,  Amer. J. 
H11m. Genet. 3 :  1 1 1 ) .  

F. E. Stephens and F. H .  Tyler ( 19H, loc. cit. ) .  
A. C. Stevenson ( 19�3. Ann. E11gen. 18 :  �0) . 

• Estimation is considered to be direct when based on observed mutations, indirect when not so based. 
All indirect estimation makes use of estimates of the relative fitness and frequency at birth of the trait, and 
assumes that the population is in equilibrium. 

b Slatis ( 19��. Amer. J. H11m. Genet. 7: 76) has suggested that these estimates may be spuriously high 
in this case because of some evidence for the occurrence of phenocopies. 

• Independent estimates from different data contained in the paper of Merch ( 195 1 ) .  
• This estimate is based on the proposition that approximately 75 per cent of all sporadic cases of reti

noblastoma are phenocopies. There are reasons to believe that this is an overestimate of the proportion of 
phenocopies. On the other hand, the estimates of Philip and Sorsby, and Nee! and Falls, which treated all spo
radic cases as due to mutation, are undoubtedly too high. 

• This study may have included three distinct types of hemophilia: ( a) classical sex-linked hemophilia 
resulting from deficiency of anti-hemophilic globulin ( AHG ) ,  (b)  a sex-linked clotting defect from lack of 
''plasma thromboplastin component" ( PTC),  and (c)  an autosomally-inherited clotting defect from lack of 
"plasma thromboplastin antecedent" ( PTA ) .  Frick ( 19 54, J. lAb. & Clin. Metl. 43:  860) found that of 55  
patients with coagulation defects, 4� had AHG defici ency, 6 had PTC deficiency, and 4 had PTA deficiency. 
Probably, therefore, Andreassen's study was mainly concerned with AHG deficiency ; the mutation rate es
timate for this deficiency may be about 1 5  per cent too high. 

' Strictly, not a true direct estimate but an approximation which overestimates the mutation rate. 

not help but strongly influence current thought. 
For what it is worth this average rate is about 
U-20 times the .figure of U x 1Q-8jgenejr 
obtained for Drosophila melanogasler sperma
togonia under comparable conditions (.Alexan
der, 1954) . Again, we emphasize that these 
estimates are undoubtedly based on the recovery 
of only a portion of the mutations occurring at 
these loci, with no assurance that the relative 
recovery rates are the same in the two species. 
Even so, taken at face value, the data would 
seem to indicate that mouse genes are decidedly 
more sensitive to irradiation than Drosophila 
genes. However, lves ( 1954) has recently 
drawn attention to a number of factors which 
make it difficult to say precisely how much (if 
any) more sensitive mouse genes are than Dro
sophila genes, concluding that "for the present 
the radiation-induced mutation rate per r per 
locus appears to be similar in flies and mice" 
(p. 364) . Although lves' paper was written 
prior to the appearance of the paper by .Alex
ander, quoted above, some of his objections 
would doubtless still stand, particularly the 
point concerning the disproportionate contribu
tion of mutation at one particular locus to 

Russell 's conclusions. Many of lves' objections 
seem to have been met by a recent paper by 
Russell { 1956) . Early discussions of the genetic 
effects of radiation on human populations used 
an estimate of the frequency of induced muta
tion (3  x 1Q-8jgenejr) based on work on ma
ture Drosophila sperm (Evans, 1949 ; Wright, 
1950) ; more recent treatments (Muller, 1955 ; 
Slatis, 195 5 )  have used a .figure (2 x 1o-1;. 
genejr) based on Russell's work on mouse 
spermatogonia, although Sturtevant ( 195 5 )  pre
fers to retain the .figures based on Drosophila. 

In a discussion of radiation hazards, it is 
sometimes convenient to think in terms of the 
amount of radiation necessary to double the 
spontaneous mutation rate. This is obviously a 
function of the average spontaneous mutation 
rate per locus and the probability of mutation 
per locus per r. For purposes of discussion, 
Muller ( 195 4 ; 195 5 )  , on the basis of Russell's 
{ 1954) work, has utilized .figures ranging be
tween 3 7 and 80r as the doubling dose. Haldane 
( 1955 ) ,  on the other hand, appears to feel that 
the doubling dose is closer to 3r, which would 
seem to imply a belief that the average spon
taneous mutation rate per locus is in the neigh-
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borhood of 1 x 1o-e. Westergaard ( 1955 )  also 
stresses the possibility that the doubling dose 
may be low, in the neighborhood of 3--61'. 

15.4 Estimates of the number of genes in 
man. - The haploid gene number in Dro
sophila is commonly placed at 5,000 to 10,000 
(cf. Muller, 1935 ) . The existence of the rela
tively enormous salivary gland cell chromosomes 
in Drosophila, and the usual correspondence be
tween a genetic locus and a visible "band" in 
these chromosomes, provides an unusual oppor
tunity for gene number estimates in this species. 
No corresponding situation has been established 
in man or any other mammal. It is commonly 
argued that man, because of his greater physio
logical complexity, must have more genes than 
Drosophila. There exists only one piece of ob. 
jective evidence in support of this argument. 
Spuhler ( 1948) has pointed out that the mean 
total length of the chromosomes in late prophase 
nuclei in man is some 8.5 times that of Dro
sophila. If one assumes that the spacing of the 
genes in the chromosomes is similar in the two 
species, this permits an estimate of the haploid 
gene number in man of between 42,000 and 
85,000. Current treatments of the problem use 
estimates of the haploid gene number of from 
100,000 (Evans, 1949) to 5,000 (Muller, 
1950 ; Slatis, 1955 ) .  The data, then, permit 
competent students of the problem to make as
sumptions varying by a factor of 20. 

15.5 The "accumulation factor." - The term 
"accumulation factor" is applied to the ratio 
of "recessive" genes already present in the popu
lation to those arising spontaneously each gen
eration through mutation. Evans ( 1949) , the 
first to make use of this factor in calculations, 
assumed, "somewhat arbitrarily," a value of 50. 
No discussion of the basis for this estimate is 
given. With his assumptions concerning average 
mutation rate ( 1 x 1 o-e) and haploid gene 
number ( 1  X 106) , the total mutation rate per 
eygote would be 2 .0, and the average number of 
accumulated "recessive" genes per individual 
would be 100. 

Muller ( 1950) , on the other hand, after an 
extensive discussion of the evidence regarding 
the average degree of dominance of Drosophila 
genes, arrives at an "accumulation factor" -
his p value - of 40, writing at the same time 
that there is "such a lamentable paucity of 
numerical values for human beings, or for any 
vertebrates, of a. type which would throw light 

on the actual values of these factors, that we 
cannot feel too secure in regarding even 40 as a 
lower limit for p" (p. 14 1 ) .  The total mutation 
rate per gamete (JLt) , i.e., the product of gene 
number X average mutation rate, is set for pur
poses of calculation at 0. 1 .  Introducing a factor 
of 2 to make allowance for the fact that selection 
probably operates predominantly on heterozy
gotes, the average number of "recessive" dele
terious genes carried by a human being is placed 
at 2 X 0. 1 X 40 = 8. In a later calculation, 
Muller ( 1954) adopts a figure of 0.3 as the 
total mutation rate, and suggests a figure of 
100 for p. This leads to an estimate of 60 for 
the average number of recessive deleterious 
genes for which each individual is heteroeygous. 

Slatis ( 1954) has attempted a direct calcula
tion of the frequency of abnormal autosomal 
recessive genes in man, from a consideration of 
the outcome of first cousin marriages. Data are 
presented on 17  sibships, in nine of which 
defects occur that are attributed to recessive 
inheritance. This leads to the estimate that "the 
average person is heteroeygous for eight ab
normal genes" (p. 418) . Although the method 
is a valuable contribution, the data are un
fortunately so biased as to be practically worth
less for a calculation of this type. As Slatis 
points out, five of these nine families were ascer
tained because of the abnormality. Furthermore, 
two of the four remaining traits (polydactyly, 
distal webbing of the digits) are frequently due 
to dominant genes of irregular penetrance. If 
one discards those sibships, the data remaining 
are insufficient for a calculation of this type. 
The extensive data on the children born to 
consanguineous parents which were collected in 
the course of the present study, although still 
incompletely analyzed, are at marked variance 
with those of Slatis as regards frequency of 
appearance of genetic defect in the offspring. 

In his later discussion of the results of the 
induction of mutations by irradiation, Slatis 
( 1955 )  uses this figure of 8 for the average 
number of recessive deleterious genes present 
in man. Muller's above-quoted estimate of 60 is 
dismissed as "obviously too high," on the basis 
of a calculation which assumes that each of these 
recessive genes has a clear-cut and readily 
demonstrable effect. While we hold no particu
lar brief for either Evans' estimate of 50 nor 
Muller's of 60, Slatis' rejection of estimates of 
this magnitude appears to be based on the mis-
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conception that all deleterious genes of any im
portance to the problem should result in clear
cut, readily diagnosable defect. 

15.6 The nature of natural selection. - We 
come now to the last of the factors which enter 
into attempts to quantitate the genetic effects of 
the irradiation of human populations. All treat· 
ments of this subject, implicitly or explicitly, 
make certain assumptions concerning the mode 
of operation of natural selection. This problem 
has been treated most extensively by Muller 
( 1950, 1954) . In his earlier treatment, Muller 
( 1950) writes : "Moreover since, firstly, the 
extinction rate due to an individual locus is 
exceedingly small and since, secondly, in the 
great majority of cases the extinctions caused by 
any locus are probably only in small proportion 
(relatively to the whole) determinately con
nected with those caused by particular genes at 
other loci, we may tentatively and as a first ap· 
proximation consider the genetic deaths asso
ciated with different loci as occurring inde
pendently" (p. 12 1 ) .  Later (p. 1 5 1 )  we read : 
"We have seen (p. 1 38)  that if Po the total 
mutation rate per gamete, is 0. 1 ,  and if the 
dominance is 'effective,' then n1, the frequency 
of newly manifested cases per individual, is the 
same as the frequency of individuals eliminated 
at equilibrium under natural selection, and has 
a value only slightly less than 0.2, namely, 0. 18, 
provided we assume ( 1 )  the independence of 
distribution and (2 )  the independence of detri· 
mental action of the mutant genes. Although 
the second assumption is certainly inaccurate, 
as pointed out previously, nevertheless provi
sional consideration of the matter indicates that 
it is unlikely for the frequency and strength of 
synergistic action of mutant genes to be so great 
as to reduce the frequency of elimination from 
a value of 0.18 to below, say, 0. 1 5 ." We inter· 
pret this passage to mean that, given Muller's 
assumptions, at genetic equilibrium, at a mini
mum, the reproductive performance of the 
population will be, as a result of natural selec
tion, some 1 5  per cent below what it would 
have been in the absence of these mutations. 
Somewhat later, however, it is pointed out that, 
given the assumption of an average of 8 dele
terious genes per individual, artificial selection 
which prohibited that 3 per cent of the popula
tion with the highest concentration of deleteri
ous genes from breeding could balance the total 
mutation rate of 0. 1 per individual which is 

assumed. Thus, the operation of natural selec
tion is postulated to involve the elimination at 
equilibrium of approximately five times as many 
individuals as a "completely efficient" system 
of artificial selection. 

As Neel and Falls ( 195 1 )  have emphasized 
in considering this problem, the survival of 
an individual under competition is as a rule not 
determined by single genes but by constellations 
of genes. These constellations of genes may be 
considered as having either additive or non
additive effects - a variety �f observations sug
gest that non-additive effects are rather common 
where combinations of mutant genes are con
cerned (e.g., in Drosophila, Neel, 1941 ,  1943 ; 
House, 1953a, b ;  in the guinea pig, Wright, 
1949) . Non-additive effects suggest that an in· 
dividual with 12 deleterious "recessives" does 
not necessarily carry double the handicap of 
one with 6. The concept of synergistic gene 
action was given the term "dependent over
lapping" by Muller ( 1954) . It is to be dis
tinguished from "independent overlapping," 
the latter illustrated by the case of an individual 
who meets genetic extinction through the effect 
of a given gene who would have met extinction 
anyway through the effect of one or more other 
independently acting genes which he also hap· 
pened to carry. Muller ( 1954) in his most 
recent treatment of dependent overlapping 
modifies the earlier position stated in the pre· 
ceding paragraph, and now considers it very 
unlikely that dependent overlapping "would 
reduce the elimination rate of individuals by a 
factor of more than 2 or 3," but after a con
sideration of the probable distribution of mu
tant genes in the individuals of a population, 
does not introduce this factor into his most 
recent calculation of the average number of 
deleterious genes per individual ( 60) , although 
introduction of the factor would of course re
duce the estimate to a half or third. It is to us 
not clear how our present knowledge permits 
assigning a definite numerical value to the role 
of dependent overlapping. This question must 
certainly be considered one of the most impor· 
tant in the field of natural selection. 

The problem of defining the balance between 
selection and mutation is extremely complex. 
Thus, Muller ( 1950) on pages 149-50 argues 
as follows : "Whatever the values finally found, 
it is evident that the natural rate of mutation 
of man is so high, and his natural rate of repro-
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duction so low, that not a great deal of margin 
is left for selection. Thus if IJ.t has the minimal 
value of 0. 1 (n, = 0.18)  an average reproduc
tive rate of 2 .4 children per individual would 
be necessary to compensate for individuals 
genetically eliminated, without taking any ac
count whatever of all the deaths and failures 
to reproduce due to non-genetic causes. But 
when these are taken into account as well (even 
though we allow only that reduced number of 
them that occur under modern conditions) it 
becomes perfectly evident that the present num
ber of children per couple cannot be great 
enough to allow selection to keep pace with a 
mutation rate of 0. 1 .  If, to make matters worse, 
P.t should be anything like as high as 0.5, a 
possibility that cannot yet be ignored, our pres
ent reproductive practices would be utterly out 
of line with human requirements." 

Now, if at equilibrium, and invariably, over 
a long period of time, each member of one 
generation contributes genetically to, on the 
average, two members of the next, then there 
is no question whatever of a decrease in the size 
of the population. This condition is both neces
sary and sufficient to define the restriction on a 
population of unaltering size, and the mortality 
experience of the population - intrinsic or ex
trinsic in source - will effect no change in 
number provided the condition is met. Suppose, 
for example, there are N individuals in one 
generation. These N individuals will, under the 
condition, contribute 2N gametes to the next 
generation. Since the number of individuals 
equals ! the number of gametes, there will be 
N individuals in the next generation.6 

Therefore, Muller's statement that there must 
be on the average 2.4 children per individual 
to compensate for those lost through selection is 
somewhat ambiguous, and his assertion that still 
further compensation is necessary for additional 
sources of mortality is even more difficult to 
interpret. Without meaning to belabor the point, 
suppose, to take a simple and extreme case, 
there are N individuals born into one genera
tion, and fs of them are completely sterile. If 
the condition for unaltering size, given in the 
above paragraph, is met, there will still be 2N 
gametes contributed to the next generation, and 
therefore N individuals. 

& We are indebted to Dr. Robert Krooth for calling 
our attention to the line of reasoning developed in 
this and the following several paragraphs. 

Let us accept the assumption that selection 
acts primarily through the heterozygote. If there 
are p, heterozygotes at locus i (and let us con
sider but one mutant allele) ,  and if W, is the 
mean number of children to whom persons 
heterozygous at locus i contribute genetically 
("fitness" ) ,  W is the mean fitness of the whole 
population, P1 is the mutation rate per chromo
some per generation from the normal allele to 
the mutant gene, and if, finally, there are but 
N individuals in the population, then there will 
be N p, heterozygotes in one generation who will 
contribute N p,w, gametes so that there will be 
!Np,w, "affected" genes from "affected" par
ents. There will be NW loci (of the type in 
question) in the whole of the next generation, 
and of these (near enough) NW � will be 
represented by "affected" genes newly mutated 
from the wild type. 

Since the population is in equilibrium, there 
will be no change in gene frequency from the 
first generation to the second, hence 

NW� + !Np,W, 
_ 

Np' = O, or 
NW 2N 

NW2p.1 =NWp,- NW,p,. 

Therefore, 2P1 is the ratio of gametes lost 
through selection acting on the parents of the 
second generation to the number of gametes 
actually present in the form of zygotes in the 
second generation. 

Now in the passage quoted, Muller assumes 
that IJ.t - a quantity which he considers to be 
roughly, though not exactly, equivalent to 2ll'l 

I 
(the sum being over all loci) - is equal to 
0.18. Thus, ignoring overlapping effects, as 
Muller does, 8 the ratio of gametes lost through 
selection to gametes actually realized in zygotes 
is 0.18. If W0 is the mean fitness which would 
prevail in the absence of this gametic loss, and 
if W is the fitness which in fact does prevail, 
then 

W - W 
p.c = -o'=_ 

w 

Substituting 0. 1 8  for P.t and letting W equal 2,  
the minimum fitness which will enable the popu
lation to maintain its numbers, we find W0= 
2.36. This then is presumably the origin of 

8 And we shall not in this section consider whether 
this is permissible. 
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Muller's 2.4 - it is a virtual fertility, not an 
actual one. It is the fertility which would pre
vail if there were no gametic loss due to muta
tion and if the population were just maintaining 
itself ; it is not the fertility which must prevail 
to maintain the size of the population. If the 
actual fertility of the population were 2.4, the 
population of the United States would increase 
by 20 per cent within a single generation. 

If now we substitute 2.4 for W, the actual 
fertility, and 0. 18  for 11-t• we find the virtual 
fertility of the population to be 2.832. Substi
tuting W0 = 2.832 and W = 2  into the formula, 
we can determine the maximum total mutation 
rate which would permit the population to 
maintain its numbers. This quantity equals 
0.416, which is slightly more than twice as 
large as the figure given above for P.t ( = 0.18) . 
In other words, if the "average reproductive 
rate of 2.4 children per individual" actually did 
prevail, a human population could experience 
a permanent doubling of Muller's estimate of 
the total natural mutation rate without loss in 
number. 

Finally, and in summary, if one really did 
take all the genetic and non-genetic factors into 
account in the computations, a minimum 11irtuaJ 
fertility far higher than those considered above 
would result, but the population of the country 
would still maintain itself (and it is in fact 
increasing exponentially) provided W averages 

2, e11en if : averaged, say, but 10 per cent ! 
0 

In addition to the question of the extent to 
which selection may be considered to involve 
single genes as contrasted to constellations of 
genes, and the relationship at equilibrium be
tween fertility and mutation rate, there is per
haps an even more basic assumption as regards 
selection which enters into treatments of this 
problem. It is customary to assume that the 
mutations produced by irradiation have with 
very rare exceptions harmful effects ; one accord
ingly calculates the increase in "undesirable 
recessive traits," "congenital malformations," 
etc. In point of fact, however, irradiation, inso
far as it increases the appearance of mutations 
which would occur anyway, accelerates a process 
which modern biology accepts as the cornerstone 
of evolution. Although the results of mutation 
are from the standpoint of the organism usually 
unfortunate, they may sometimes be beneficial. 
Natural selection, it is assumed, sorts out the 

beneficial from the harmful. Treatments of the 
problem of the genetic effects of irradiation tend 
to assume that modem civilization has so 
blunted the effectiveness of selection that the 
ill-effects of radiation-induced mutation far 
outweigh the potential good. In view of our 
abysmal ignorance of the actual selective forces 
which have shaped mankind, there is no way to 
reach a valid opinion concerning the extent to 
which Western culture does in fact negate the 
selective mechanisms which are responsible for 
Homo sapiens as we know him today. There 
is also no real information on the extent to 
which certain characteristics which are of great 
importance to the species and which have a 
strong genetic component, such as intelligence, 
are maintained by "balanced polymorphic" sys
tems ( cf. Penrose, 19  50) , which systems would 
be relatively resistant to increased mutation 
pressure. Of all the gaps in the background in
formation necessary to an accurate quantitative 
approach to the genetic effects of increased 
radiation, the deficiency of data on this point 
is perhaps the most striking. 

Muller ( 1954, pp. 436-37) has spelled out 
the conditions under which radiation might 
speed the evolutionary advance of man (or any 
other animal) as follows : " . . .  the first is that 
the spontaneous mutation rate should not be 
already so high that when irradiation is applied 
mutations occur too frequently to allow an 
equilibrium elimination rate andjor a genetic 
load low enough to be tolerated by the popula
tion. A second condition is that the advan
tageous mutants should multiply fast enough 
to replace the original type at a rate commen
surate with their increased rate of origination. 
A third requirement is that the organism should 
not be at the limit of an evolutionary blind end, 
i .e., that pathways of advantageous change still 
remain open to it. Such opportunities will be 
present in greater abundance, allowing more of 
the mutations that occur to be helpful in the 
given situation, if the population has been 
placed in an environment, and subjected to 
conditions of living, somewhat different from 
those previously natural to it ; for it must already 
have become so highly adapted to its natural 
conditions as to make further progress difficult. 
Advance is also achieved more readily if the 
population is one which has to some extent lost, 
through genetic changes or recombinations, its 
original nicety of adaptation. This may have 
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come about through the prior establishment of 
some more or less harmful mutations, the effects 
of which can now be overcome by reverse or 
counteracting mutations. Such prior retrogres· 
sion is likely to have occurred if the given 
population has recently been derived from one 
or from a mixture of a few more or less inbred 
lines, or from relatively few progenitors ; in that 
case, moreover, the population will also start 
out with unusually restricted genetic variability, 
which the application of radiation will tend to 
remedy." 

With respect to the first two of these condi
tions, Muller argues that very probably "human 
beings are already near if not at or beyond the 
mutation rate which, in relation to their condi
tions of living and breeding, is the 'critical' 
one." With respect to the second condition, 
Muller contends that the reproductive differen
tials between members of the human species are 
insufficient to allow for the necessary rate of 
incorporation of advantageous mutations into 
the genotype. For both of these arguments, it is 
important to recognize that although they may 
be in essence correct, we are in no position to 
supply the precise figures on which quantitative 
treatments of the problem of the genetic risks 
of irradiation must be based. Finally, with re
spect to the third condition, one can argue that 
in view of the striking changes in the circum· 
stances under which man lives which have 
occurred during the past century, man is enter
ing a period of biological readjustment, during 
which he will need an increased store of genetic 
variability on which to draw. Wallace ( 1951 ,  
et seq.) has recently irradiated Drosophila 
populations under circumstances which, as Mul
ler ( 1954) points out, fulfill these very condi
tions. At the end of 100 generations of exposure 
to 2,000r each generation, viability and fertility 
appeared unimpaired. While extrapolation to 
human populations can under no circumstances 
be justified, this does remain an illustration of 
the amount of irradiation which llntier special 
circ11mstances a species can tolerate. 

In a recent paper, Keosian ( 195 5 )  has taken 
the extreme point of view that on the basis of 
the existing evidence, it can actually be argued 
that increased radiation will lead to genetic 
betterment. The gist of the argument is that 
with respect to human populations much room 
exists for biological progress, so that " increased 
genetic variability can lead to an accelerated 

evolution along beneficial lines." This approach 
challenges the validity of the concept that man 
is near a "critical mutation load," and also 
assumes the normal operation of natural selec
tion, or at least sufficient natural selection, plus 
improved medical care, that the potential bene
ficial effects of radiation-induced mutations will 
outweigh the ill effects. 

In order to avoid possible misunderstanding, 
in closing this section we would emphasize that 
we do not mean, directly or by inference, to 
suggest that radiation will lead to the genetic 
betterment of human populations. Thus, quot
ing Keosian's speculations does not constitute 
endorsement of his position. Our purpose is 
solely to emphasize the present inadequacies in 
our knowledge of the operation of natural se
lection on human populations, inadequacies 
which permit widely different viewpoints. 

15.7 Concluding remarks.- It seems wise 
at this point to phrase as succinctly as possible 
the present position of the authors regarding the 
genetic risks of radiation. On the basis of exten
sive plant and animal work, it seems reasonable 
to conclude that all levels of irradiation of hu
man populations will result in mutation produc
tion. There is a high probability (but not cer
tainty) that under the conditions of Western 
culture, such mutations will act to the detriment 
of the populations concerned. However, the 
present data do not permit, in the authors' 
opinion, a satisfactory quantitative approach to 
this problem. 

Radiation is but one of a number of dysgenic 
influences at work in human populations. Two 
others commonly mentioned are war and differ· 
ential birth rates. The quantification of these 
influences is just as unsatisfactory as that of 
radiation. 

As coal and oil resources dwindle, increasing 
recourse will be had to atomic fuel as a source 
of energy. Our concern as to the undesirable 
consequences of increased radiation due to in· 
dustrial installations, as well as other sources, 
m11s1 find a frame of reference. If it were possi
ble to assess the sum total of the influences 
which would be considered dysgenic, does in
creased radiation of all types at the present and 
at foreseeable levels constitute 1 %, 10%, or 
50% of that total - and what is the size of 
the total ? 

It will seem to many that to attempt to phrase 
the problem in those terms is hopelessly im-
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Permissible Inferences 2 17  

practical. At the moment, yes. But it i s  the belief 
of the authors that the stage is now set for very 
substantial advances in our knowledge of the 
genetics of man . Given the facilities and the 
investigators, great progress can be made to
wards a better understanding of the problem of 
the genetic effects of the irradiation of human 
populations, and, on the time scale of human 
evolution, within a relatively short period of 
time. 

We have seen that great uncertainty exists 
concerning the value of each of the five factors 
which must be known to quantitate the genetic 
effects of the irradiation of human populations. 
The data presented in this monograph have 
potential value in the clarification of these fac
tors. Given independent approaches which lead 
to the elucidation of, for example, gene number 
or gene sensitivity to irradiation, these data 
then enable the next step to be taken. At the 
moment, however, we are reluctant to infer 
more than that the data remove the remote 
possibility of a conspicuous sensitivity of human 
genes to irradiation (i .e., marked mutability) .  
Even this conclusion is open to challenge, de
pending on the definition given "conspicuous." 

As the term is here employed, we mean only 
that under circumstances where a group of 
geneticists felt that a clear-cut demonstration 
of genetic radiation effects was unlikely (Ge· 
netics Conference, 1947 ) ,  no effects have been 
conclusively demonstrated. Conversely, had 
clearly significant effects on sex-ratio and mal
formation and stillbirth frequencies emerged, 
these would, on the basis of current knowledge, 
have qualified as "conspicuous" effects. More 
specifically, we feel that the present data render 
it improbable that, as has been suggested by 
some (Haldane, 19� � ) .  human genes are so 
sensitive that as little as 3r, or even 1 Or, will 
double the present mutation rate, although it 
must be admitted that a rigorous demonstration 
of this belief would be difficult. 

But, it may be argued, the urgency of the 
problem of setting "permissible" individual 

radiation dosages is such that we must be guided 
by the data at hand. There is no doubt concern
ing the urgency of the problem. There is doubt 
concerning the advisability of calculations 
which have the appearance of mathematical 
exactitude to persons not thoroughly indoc
trinated in genetics and unfamiliar with the 
shaky basis of the primary assumptions. Expo
sure to irradiation of all types should undoubt
edly be minimized until we have a clearer idea 
of just how harmful these effects are. Until the 
day of this better understanding, it is as un
fortunate, on the one hand, to deny the possi
bility that low doses are dysgenic at all as it is, 
on the other hand, to assert that a serious threat 
to the genetic integrity of mankind is involved. 
The practical difficulty in this position is the 
apparent necessity of setting tolerance limits for, 
e.g., workers in situations involving the produc
tion of atomic energy, or military personnel in
volved in the use of atomic weapons. However, 
it is well worth bearing in mind that even if 
the present "limits" are ultimately found to be 
too high, there are few who would argue that 
in the period it takes to establish that fact with 
certainty, man will have suffered serious genetic 
harm. There is, on the other hand, the possi
bility that by refusing to be drawn into prema
ture speculative calculations which in the nature 
of things will be "used" as soon as they have 
been set to paper, and by insisting on all possi
ble occasions that the work that should be done 
actually be carried forward, the geneticist in 
the long run will arrive more quickly at the goal 
of a lasting, valid appraisal of this problem. 

But although we entertain reservations con
cerning the inferences which can be drawn from 
the data presented in this report, this should not 
be construed to indicate doubts concerning the 
wisdom of collecting the material . A problem 
as complex as the evaluation of the genetic 
risks of human irradiation will only finally be 
solved through the combined efforts of many 
investigators. This study will have justified itself 
if in that final synthesis it proves of value. 
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A P P E N D I X 

PROCEDURE FOR CODING GENETICS SHORT-FORM QUESTIONNAIRES 

1 .  Genetics Questionnaire number . . .  
(First digit indicates location ; sub
sequent five, the case number. ) 

Hiroshima H 00000 
Kure K 00000 
Nagasaki N ooooo 

2. Husband's Marter File number . . . .  
(First digit indicates location.) 

Hiroshima 2 00000 
Kure 5 00000 
Nagasaki 0 00000 

3. Wife's Marter File number . . . . . . . 

(First digit indicates location. )  
4 .  Age . . . . . . . . . . . . . . . . . . . . . . .  . 

(Coded as 00 to 99, two columns 
for husband, two for wife. ) 

5. In Hiroshima or Nagasaki a1 time 
of bombing . . . . . . . . . . . . . . . . .  . 

(YES or NO for husband and 
wife. ) 

1 Neither 
2 Husband only in Hiroshima 
3 Wife only in Hiroshima 
4 Both in Hiroshima 
5 Husband only in Nagasaki 
6 Wife only in Nagasaki 
7 Both in Nagasaki 
8 Husband in Hiroshima ; wife 

in Nagasaki 
9 Wife in Hiroshima ; husband 

in Nagasaki 
6. Distance from hy poe enter . . . . . . .  . 

(In hundreds of meters, with maxi
mum coded 98 and final entry being 
99 or greater ; two columns for hus
band, two for wife. ) 

7. Indoors or outside . . . . . . . . . . . . .  . 
(Coded as both if only one ex
posed.) 1 

Col11mn 

1-6 

7-12 

1 3-18 

19-22 

23 

24-27 

28 

1 It should be noted that in this and a number of 
items to follow, special provision is not made for the 
case where only one parent is exposed. When this 
obtained, the unexposed parent was treated as having 

Neither sheltered by hill 
2 Both outside 
3 Husband outside, wife in

doors 
4 Wife outside, husband in

doors 
5 Both indoors 

Husband sheltered by hill 
B Both outside 
C Husband outside, wife in

doors 
D Wife outside, husband in-

doors 
E Both indoors 
Wife sheltered by hill 
K Both outside 
L Husband outside, wife in

doors 
M Wife outside, husband in-

doors 
N Both indoors 
Both sheltered by hill 
S Both outside 
T Husband outside, wife in

doors 
U Wife outside, husband in

doors 
V Both indoors 

8. Type of building . . . . . . . . . . . . . .  . 

(Answered as Japanese or other, 
the latter including concrete build
ings of all types, brick, air raid 
shelters, etc. Coded as both if only 
one exposed. )  

1 Husband in  Japanese type 
bldg., wife outdoors 

Co/11mn 

29 

given the same response as the exposed parent. Thus, 
if the husband were exposed and the wife not, and if 
the husband asserted that he was outdoors at the 
time of the bombing, item 1 would be coded as 2,  
namely, both outside. No confusion should exist be
tween this situation and the one where both parents 
were in fact exposed and outside because of items � 
and 6 in the code. 
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Appendix 2 19 

Col11mn 
2 Husband in other type bldg., 

wife outdoors 
3 Wife in Japanese type bldg., 

husband outdoors 
4 Wife in other type bldg., 

husband outdoors 
5 Both in Japanese type bldg. 
6 Both in other type bldg. 
7 Husband in Japanese type 

bldg., wife in other type 
8 Husband in other type, wife 

in Japanese type bldg. 
9. Petechiae . . . . . . . . . . . . . . . . . . . . 30 

(Coded as both if only one ex-
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

10.  Gingi11itis . . . . . . . . . . . . . . . . . . . . 3 1 
(Coded as both if only one ex-
posed . Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

1 1 . Bloody diarrhea . . . . . . . . . . . . . . . 32 
(Coded as both if only one ex· 
posed. Coded as: ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

12 .  Epilation . . . . . . . . . . . . . . . . . . . . 33 
(Coded as both if only one ex-
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

1 3 .  Fe11er . . . . . . . . . . . . . . . . . . . . . . . 34 
(Coded as both if only one ex· 
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

Co/11mn 

14. Burns . . . . . . . . . . . . . . . . . . . . . . . 35 
(Coded as both if only one ex
posed. Coded as : )  

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

1 5 . Trauma . . . . . . . . . . . . . . . . . . . . . 36 
(Coded as both if only one ex
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

1 6. Total duration of cohabitation . . . . 37-39 
( In months coded from 1 to 999.) 

17. Months cohabitation prior to Au-
gust 1945 . . . . . . . . . . . . . . . . . . . . 40-42 
(Coded from 1 to 999. ) 

18. Conceptions prior to August 1945 . 43-44 
(Coded from 0 to 99. ) 

19. Stillbirths prior to August 1945 . . . 45 
(Coded from 0 to 9.) 

20. Therapeutic abortions prior to Au-
gust 1945 . . . . . . . . • . . . . . . . . . . . 46 
(Coded as 0 to 9.) 

21. Months cohabitation after August 
1945 . . . . . . . . . . . . . . . . . . . . . . . . 47-49 
(Coded from 1 to 999.)  

22. Conceptions after August 1945 . . .  50-5 1 
(Coded as 1 to 99.)  

23.  Stillbirths after August 1945 . . . . . 52 
(Coded as 0 to 9.) 

24. Therapeutic abortions after August 
1945 . . . . . . . . . . . . . . . . . . . . . . . .  53  
(Coded as 0 to 9.) 

25 . Total conceptions . . . . . . . . . . . . . .  54-55 
(Coded as o to 99. )  

26. T otaJ stillbirths . . . . . . . . . . . . . . . 56 
(Coded as 0 to 9.) 

27. Total therapeutic abortions . . . . . . . 57 
(Coded as 0 to 9.)  

28 .  Consanguinity . . . . . . . . . . . . . . . . 58 
(Coded as : )  

1 None 
2 First cousins 
3 One and one-half cousins 
4 Second cousins 
5 Other 
9 Unknown 
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220 Genetic Effects of Atomic Bombs 

Col11m11 Co/11m11 

29. Date of termination . . . . . . . . . . . .  59-60 3 Second twin 
Month Year 4 First triplet 
January 1 1948 1 5 Second triplet 
February 2 1949 2 6 Third triplet 
March 3 1950 3 35  . Sex of newborn . . . . . . . . . . . . . . . .  67 
.April 4 195 1 4 (Coded as : )  
May 5 1952 5 1 Male 
June 6 1953 6 2 Female 
July 7 1954 7 3 Undetermined 
.August 8 36. Weight of newborn . . . . . . . . . . . . 68-70 
September 9 (In tens of grams. 999 for un-
October 0 known.)  
November X 37.  Abnormality . . . . . . . . . . . . . . . . . .  7 1  
December v (Coded as : )  

30. D11ration of pregnancy in weeks . . .  61-62 1 Normal 

(Coded as 00 to 99, unknown is 2 Congenital disease 

99. ) 3 Birth injury 

3 1 .  Onset of labor . . . . . . . . . . . . . . . . .  63 
4 Major malformation 
5 Minor malformation 

(Coded as : )  6 Congenital disease, birth in-
1 Spontaneous less than 24 jury 

hours 7 Congenital disease, major 
2 Spontaneous more than 24 malformation 

hours 8 Congenital disease, minor 
3 Induced less than 24 hours malformation 
4 Induced more than 24 hours 9 Birth injury, major malfor-
5 Operative mation 

32.  Co11rse of labor . . . . . . . . . . . . . . . . 64 0 Birth injury, minor malfor-
(Coded as : ) mation 

1 Normal X Congenital disease, birth in· 
2 Operative jury, major malformation 
3 Instrumental v Congenital disease, birth in-
4 Miscellaneous complications jury, minor malformation 

33 .  Termination . . . . . . . . . . . . . . . . . .  65 38. Type of abnormality . . . . . . . . . . . .  72-77 

(Coded as : ) (Classified by code. See Part II . )  

1 Livebirth after 38th week 39. Neonatal death . . . . . . . . . . . . . . .  78-79 

2 Premature birth under or in- (Coded as age at death.) 

eluding 38th week 00 Under 1 day 

3 Stillbirth 20 weeks or under 
01 1 day 

4 Stillbirth 21-29 weeks 
02 2 days 

5 Stillbirth 30-38 weeks 
03 3-6 days 
04 7-1 3  days ( I  week) 

6 Stillbirth after 38th week 05 14-20 days (2 weeks) 
7 Unknown livebirth 06 2 1-27 days ( 3  weeks) 
8 Unknown stillbirth 07 1 month 

34. Mllltiple birth . . . . . . . . . . . . . . . .  66 08 2 months etc. to 1 1  months 
(Coded as : ) 40. Other pregnancies since 1948 . . . . .  80 

1 Single birth (Number for which questionnaire 
2 First twin was completed.)  
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Appendix 221  

CODING INSTRUCfiONS FOR GENETICS FOLLOW-UP QUESTIONNAIRES 

Coll11nn 
1 .  Genetics n11mbet> . . . . . . • . . . . . . . 1-6 

(.As item 1, columns 1 to 6, of Ge-
netics Short-Form Code, i.e., first 
digit indicates location, subsequent 
five, the case number.)  

2 .  Parental radiation history . . . . . . . . 7-14 
(.As items 5, 6, 9, 10 and 1 2, col-
umns 23, 24-27, 30, 3 1 ,  and 33  of 
the Genetics Short-Form Code.)  
(a)  Location: 

(In Hiroshima or Nagasaki at 
time of bombing. Yes or no 
for husband and wife.)  

1 Neither 
2 Husband only in Hiro-

shima 
3 Wife only in Hiroshima 
4 Both in Hiroshima 
5 Husband only in Naga-

saki 
6 Wife only in Nagasaki 
7 Both in Nagasaki 
8 Husband in Hiroshima ; 

wife in Nagasaki 
9 Wife in Hiroshima ; 

husband in Nagasaki 
(b) Distance : 

(Distance from hypocenter in 
hundreds of meters, with 
maximum coded 98 and final 
entry being 99 or greater, two 
columns for husband, two for 
wife.) 

(c) Petechiae: 
(Coded as both if only one 
exposed.) 

H11sband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(d) Gingiflitis: 
(Coded as both if only one 
exposed.) 

H11sband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(e) Epilation: 
(Coded as both if only one 
exposed.) 

H11sband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

Column 

3. Date of child's birth . . . . . . . . . . . .  1 5-16  
(.As item 29, columns 59-60 of 
Genetics Short-Form Code. Coded 
as : )  

Month 
January 
February 
March 
.April 
May 
June 
July 
.August 
September 
October 
November 
December 

Year 
1 1948 1 
2 1949 2 
3 1950 3 
4 1951 4 
5 1952 5 
6 1953 6 
7 1954 7 
8 
9 
0 

X 
v 

4. D11ration of pregnancy in weeks . . .  17-18 
(.As item 30, columns 61-62 of 
Genetics Short-Form Code. Coded 
as 00 to 99 ;  99 is unknown.) 

5 .  Onset of labor . . . . . . . . . . . . . . . . .  19  
(.As item 31 ,  column 63  of  Genetics 
Short-Form Code. Coded as : )  

1 Spontaneous less than 24 
hours 

2 Spontaneous more than 24 
hours 

3 Induced less than 24 hours 
4 Induced more than 24 hours 
5 Operative 

6. Termination . . . . . . . . . . . . . . . . . . 20 
(.As item 33, column 65 of Genetics 
Short-Form Code. Coded as : )  

1 Livebirth after 38th week 
2 Premature birth under or in-

cluding 38th week 
3 Stillbirth 20 weeks or under 
4 Stillbirth 21-29 weeks 
5 Stillbirth 30-38 weeks 
6 Stillbirth after 38th week 
7 Unknown livebirth 
8 Unknown stillbirth 
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Co/11mn 

7. Sex . . . . . . . . . . . . . . . . . . . . . . . . . 2 1  
(As item 35 ,  column 67  of  Genetics 
Short-Form Code. Coded as: ) 

1 Male 
2 Female 
3 Unknown 

8. Weight . . . . . . . . . . . . . . . . . . . . . . 22-24 
(As item 36, column 68 to 70, of 
Genetics Short-Form Code. Weight 
of newborn coded in tens of grams. 
999 for unknown.)  
(NOTE : Items 1 to 8 were 
punched on the Long Form IBM 
card by machine transfer from the 
Short-Form IBM card. )  

9 .  Multiple birth . . . . . . . . . . . . . . . . 25 
(Coded as: ) 

1 Single birth 
2 First twin 
3 Second twin 
4 First triplet 
5 Second triplet 
6 Third triplet 

10. Abnormality . . . . . . . . . . . . . . . . . . 26 
(Coded as : )  

A Normal to clinical examina
tion and autopsy 

1 Normal to clinical examina
tion 

2 Congenital disease (includ
ing autopsy data) 

3 Birth injury (clinical diag
nosis only) 

4 Major malformation - clini
cal or autopsy diagnosis 

5 Minor malformation - clini
cal or autopsy diagnosis 

6 Congenital disease, birth in
jury 

7 Congenital disease, major 
malformation 

8 Congenital disease, minor 
malformation 

9 Birth injury, major malfor
mation 

0 Birth injury, minor malfor
mation 

X Congenital disease, birth in
jury, major malformation 

V Congenital disease, birth in
jury, minor malformation 

Col•m• 

1 1 .  Clinical and autopsy diagnosis . . . . 27-44 
(Maximum of three diagnoses of 6 
digits ; first digit of each diagnosis 
coded as: ) 

1 Oinical diagnosis of defect 
limited to one region or sys
tem 

2 Oinical diagnosis of multiple 
defects, with most important 
defect coded first, and succes
sive diagnoses introduced by 
a 1 .  . .  

3 Clinical diagnosis of a com
plex and ill-defined defect 

4 Oinical diagnosis of a double 
monster 

A Autopsy confirmation of 1 . . , 
coded as A followed by five 
diagnostic digits 

B Autopsy confirmation of 2 . . , 
coded as B followed by five 
diagnostic digits ; successive 
diagnoses as A . . .  

C Autopsy confirmation of 3 . .  , 
coded as C followed by five 
diagnostic digits 

D Autopsy confirmation of 4 . .  , 
coded as D followed by five 
diagnostic digits 

J Autopsy diagnosis alone of a 
1 . . , coded as J followed by 
five diagnostic digits 

K Autopsy diagnosis alone of a 
2 . .  , coded as K followed by 
five diagnostic digits ; succes
sive diagnoses as J . . .  

L Autopsy diagnosis alone of a 
3 . . , coded as L followed by 
five diagnostic digits 

M Autopsy diagnosis alone of a 
4 . . , coded as M followed by 
five diagnostic digits 

S Autopsy fails to confirm a 
clinical diagnosis of a 1 . . , 
coded as S followed by five 
diagnostic digits 

T Autopsy fails to confirm a 
clinical diagnosis of a 2 . .  , 
coded as T followed by five 
diagnostic digits ; successive 
diagnoses as S . . .  
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U Autopsy fails to confirm a 
clinical diagnosis of a 3 . .  , 
coded as U followed by iive 
diagnostic digits 

V Autopsy fails to coniirm a 
clinical diagnosis of a 4 . . , 
coded as V followed by iive 
diagnostic digits 

Col11m11 

12 .  NeonaJaJ and infant deaJh . . . . . . .  45-46 
(Coded as age at death ; 99 is un
known. )  

00 Under 1 day 
01 1 day 
02 2 days 
03 3-6 days 
04 7-1 3  days 
05 14-20 days 
06 2 1-27 days 
07 1 month 
08 2 months 
09 3 months 
etc. to 1 1  months 

13 .  Age of faJher aJ terminaJion of 
pregnancy . . . . . . . . . . . . . . . . . . . . 47-48 
(Coded as 00 to 99. Unknown 
coded as 99. ) 

14. Family history of father . . . . . . . . .  49 
(Coded as: ) 

1 Negative family history 
2 Father alone with same defect 
3 Father alone with other de-

fect 
4 Other paternal relatives with 

same defect 
5 Other paternal relatives with 

other defect 
6 Father and other paternal 

relatives with same defect 
7 Father same defect, paternal 

relatives with other defect 
8 Father with other defect, pa

ternal relatives with same de
fect 

9 Father and paternal relatives 
with other defect 

0 Unknown 

(NoTE : Same or other defect refers 
to the same or a different defect 
from that present in the infant.) 

1 5 .  Consanguinity of parents . . .  . . . . . 50 
(Coded as: ) 

1 None 
2 First cousins 

3 One and one-half cousins 
4 Second cousins 
5 Other 
6 Unknown 

16. Consanguinity of grandparents . . . . 5 1  
(Coded as : ) 

1 Both negative 
2 Paternal positive, maternal 

negative 
3 Paternal negative, maternal 

positive 
4 Paternal and maternal posi

tive 
5 Paternal unknown, maternal 

positive 
6 Paternal unknown, maternal 

negative 
7 Paternal positive, maternal 

unknown 
8 Paternal negative, maternal 

unknown 
9 Paternal unknown, maternal 

unknown 
17 .  Economic staJus . . . . . . . . . . . . . . . 52  

(Coded as : )  
1 Very poor 
2 Poor 
3 Average 
4 Well-to-do 
5 Rich 
6 Not indicated 

18.  Age of mother aJ terminaJion of 
pregnancy . . . . . . . . . . . . . . . . . . . . 53-54 
(Coded as 00 to 99. Unknown 
coded as 99.) 

19. Family history of mother . . . . . . .  . 5 5  
(Coded as : ) 

1 Negative family history 
2 Mother alone with same de

fect 
3 Mother alone with other de

fect 
4 Other maternal relatives with 

same defect 
5 Other maternal relatives with 

other defect 
6 Mother and other maternal 

relatives with same defect 
7 Mother with same defect, 

maternal relatives with other 
defect 

8 Mother with other defect, 
maternal relatives with same 
defect 
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Column 
9 Mother and maternal rela-

tives with other defect 
0 Unknown 

(NoTE : Same or other defect refers 
to the same or a different defect 
from that present in the infant. )  

20. Menstrual history 
1 Age of onset in years to near

est year, coded as 00 to 99 ; 
99 is unknown . . . . . . . . . . .  56-57 

2 Duration in days, coded as o 
to 9 (no entry is unknown ; 
greater than 9 coded as 9) . .  

3 Interval in days between peri
ods coded as oo to 39 (coded 
as 00 if entry is "irregular," 

58 

99 if unknown) . . . . . . . . . . 59-60 
2 1 .  I"egultWity of menstruation . . . . . . 61 

(Coded as : )  
1 None 
2 Periods of amenorrhea ex

ceeding 90 days 
3 Periods of amenorrhea of less 

than 90 days 
4 Cycles of 3 weeks or less 
5 Ill-defined or nature not 

stated 
22.  Pelvic operations, treatment, or dis-

eases . . . . . . . . . . . . . . . . . . . . . . .  . 

(Coded as : )  
1 None 
2 Pelvic operations, abdominal 

approach 
3 Pelvic operations, D and C 
4 Radium or X-ray therapy 
5 Other 
6 Pelvic operations, D and C. 

and abdominal 
7 Unknown 

23 .  Illness during pregnancy . . . . . . . .  . 

(Coded as : )  
1 None 
2 Febrile disease, clearly de

fined 
3 Other illness, may be febrile 

but no clear indication 
4 Unknown 

24. Uterine bleeding during first six 
months of pregnancy . . . . . . . . . .  . 
(Coded as : )  

1 None 
2 Present 
3 Unknown 

62 

63 

64 

Co/11m11 

25 .  Presentation . . . . . . . . . . . . . . . . . . 65  
(Coded as : )  

1 Occiput 
2 Face 
3 Breech 
4 Footling 
5 Arm 
6 Cesarean section 
7 Unknown 

26. Maternal and infant serology . . . . . 66 
(NoTE : For Nagasaki, the pre-
partum Hokensho serological tests 
are coded as the alphabetical equiva-
lents of 1 to 8. The prepartum 
serology is to be coded if post-
partum testing by ABCC did not 
occur.) 

1 Mother negative, child un
tested 

2 Mother negative, child nega
tive 

3 Mother negative, child posi
tive 

4 Mother positive, child un
tested 

5 Mother positive, child nega
tive 

6 Mother positive, child posi
tive 

7 Mother and child untested 
8 Mother doubtful, child un

tested 
27. Total number of pregnancies this 

marriage . . . . . . . . . . . . . . . . . . . . .  67-68 
(Coded as 00 to 99. Multiples 
scored as one pregnancy ; 99 is un
known. )  

28. Number of liveborn infants . . . . . . 69-70 
(Coded as 00 to 99. Multiples 
scored as 2, 3, etc., or in combina-
tion.) 

29. Number of premature infants . . . . .  7 l  
(Liveborn or stillborn exclusive of 
abortions, coded as 0 to 9. Multi-
ples scored as 2, 3, etc., or in com
bination.) 

30. Number of stillborn infants . . . . . .  72 
(Coded as 0 to 9. Multiples scored 
as 2, 3, etc., or in combination ; 
artificial interruption after 20 weeks 
ending in stillborn fetus is scored as 
stillborn infant. ) 
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3 1 .  Number of pregnancies terminating 
as spontaneous abortions, i.e., gesta
tion of less Jhan or equal lo 20 

Col•m11 

weeks . . . . . . . . . . . . . . . . . . . . . . . 73 
(Coded as o to 9. Multiples scored 
as 2, 3, etc., or in combination . ) 

32.  Number of pregnancies lerminating 
as induced abortions, i.e., gestation 
of less than or equal to 20 weeks . . 74 
(Coded as 0 to 9.) 

33 .  Number of pregnancies terminating 
as multiple births . . . . . . . . . . . . . . 75 
(Coded as 0 to 9.) 

34. Number of infants dying before 
one year of age . . . . . . . . . . . . . . . . 76 
(Coded as 0 to 9.) 

35 .  Defective terminations in sibs . . . . .  77-79 
(Coded as : )  

Child abnormal clinically* ; negative 
sibship history 

Child abnormal ; negative sibship his
tory with respect to this defect 
but other defect 

Code 
Column 77 

1 

2 

Col•m11 
36. Relationship of informant to in-

fant . . . . . . . . . . . . . . . . . . • . . . . . 80 
(Coded as : )  

1 Mother 
2 Father 
3 Maternal grandmother 
4 Maternal grandfather 
5 Paternal grandmother 
6 Paternal grandfather 
7 Not related 
8 Other 
9 Unknown 

A Father and mother 
B Other combination 

Code 
Column 78 

No: of sibs with 
other major de
fect, 1 .  . .  9 

Code 
Column 79 

(NoTE : A history of another minor defect is scored as 2, column 77, with no entry in columns 
78-79. ) 
Child abnormal ; positive sibship his- 3 No. of sibs with 

tory with respect to this defect same defect, in
cluding this sib-

Child abnormal ; positive sibship his
tory with respect to this defect 
and other defect present in sibship 

Child normal ; sibship history negative 

Child normal ; sibship history positive 
for defect 

4 

5 

6 

ling, 1 .  . .  9 

No. of sibs with 
same defect, in
cluding this sib
ling, 1 .  . .  9 

No. of sibs with 
major defect, 
1 .  . . 9 

No. of sibs with 
other major de
fect, 1 .  . .  9 

(NoTE : In the event a previous Long Form exists on this family, it will be indicated by an X in 
column 79 if some number other than 4 is entered in column 77. If 4 is entered in column 77, then 
M is to be punched in column 79.) 

• The term "abnormal" as used here does not apply to stillbirths or abortions, but only to visible defects. 

CODING INSTRUCTIONS FOR PEDIATRICS FOLLOW-UP QUESTIONNAIRE 

Co1Mm11 
1 . Genetics Questionnaire number . . . 1-6 

(As item 1, columns 1-6 of Ge-
netics Short-Form Code. Coded as :  
first digit indicates location ; subse-

quent five, the case number.) 
Hiroshima H 00000 
Nagasaki N 00000 
Kure K 00000 
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Colum11 

2. Mother's Mastt!f' File number . . . . . 7-12  
(Coded as :  first digit indicates loca-
tion.) 

Hiroshima 
Nagasaki 
Kure 

2 00000 
0 00000 
5 00000 

3 .  Parental age at time of termination . 1 3-16 
(As calculated from Genetics Short-
Form Code. Coded as 00 to 99 ; 99 
is unknown ; two columns for hus-
band, two for wife. ) 

4. Parental radiation history . . . . . . . . 17-30 
(As items 5-1 5, columns 23-36, of 
Genetics Short-Form Code. Coded 
as : )  
(a) Location :  

(In Hiroshima or Nagasaki at 
time of bombing ; yes or no for 
husband and wife. Coded as : )  

1 Neither 
2 Husband only in Hiro-

shima 
3 Wife only in Hiroshima 
4 Both in Hiroshima 
5 Husband only in Naga-

saki 
6 Wife only in Nagasaki 
7 Both in Nagasaki 
8 Husband in Hiroshima ; 

wife in Nagasaki 
9 Wife in Hiroshima ; 

husband in Nagasaki 
(b) Distance : 

· 

(From hypocenter in hundreds 
of meters, with maximum 
coded as 98 and final entry be
ing 99 or greater, two columns 
for husband, two for wife.) 

(c) Indoors or outside: 
(Coded as both if only one 
exposed.)  

Neither sheltered by hill 
2 Both outside 
3 Husband outside, wife 

indoors 
4 Wife outside, husband 

indoors 
5 Both indoors 
Husband sheltt!f'ed by hill 
B Both outside 
C Husband outside, wife 

indoors 

Co/11m11 

D Wife outside, husband 
indoors 

E Both indoors 
Wife sheltered by hill 
K Both outside 
L Husband outside, wife 

indoors 
M Wife outside, husband 

indoors 
N Both indoors 
Both sheltered by hill 
S Both outside 
T Husband outside, wife 

indoors 
U Wife outside, husband 

indoors 
V Both indoors 

(d) Type of building: 
(Answered as Japanese or 
other, the latter including con
crete buildings of all types, 
brick, air raid shelters, etc. 
Coded as both if only one ex
posed. Coded as : )  

1 Husband i n  Japanese 
type bldg., wife out
doors 

2 Husband in other type 
bldg., wife outdoors 

3 Wife in Japanese type 
bldg., husband outdoors 

4 Wife in other type 
bldg., husband outdoors 

5 Both in Japanese type 
bldg. 

6 Both in other type 
bldg. 

7 Husband in Japanese 
type bldg., wife in other 
type 

8 Husband in other type 
bldg., wife in Japanese 
type 

(e) Petechiae: 
(Coded as both if only one ex
posed. Coded as : )  

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 
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(f) Gingivitis : 
(Coded as both if only one ex· 
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(g) Bloody diarrhea: 
(Coded as both if only one ex· 
posed. Coded as :  ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(h) Epilation :  
(Coded as both i f  only one ex· 
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(i) Fever: 
(Coded as both if only one ex· 
posed. Coded as : ) 

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(j ) Burns : 
(Coded as both if only one ex· 
posed. Coded as : )  

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

(k) Trauma: 
(Coded as both if only one ex· 
posed. Coded as : )  

Husband Wife 
1 yes yes 
2 yes no 
3 no yes 
4 no no 

Co/11m11 

5 .  Date of birth . . . . . . . . . . . . . . . . . .  3 1-32 
(As item 29, columns 59-60 of 
Genetics Short-Form Code. Coded 
as : )  

Month 
January 

Year 
1 1948 1 

Col11m11 
February 2 1949 2 
March 3 1950 3 
April 4 195 1  4 
May 5 1952 5 
June 6 1953 6 
July 7 1954 7 
August 8 
September 9 
October 0 
November X 
December v 

6. Duration of pregnancy in weeks . . . 33-34 
(As item 30, columns 61-62 of 
Genetics Short-Form Code. Coded 
as 00 to 99 ; 99 is unknown. )  

7. Course of labor . . . . . . . . . . . . . . . .  35  
(As item 32 ,  column 64 of  Genetics 
Short-Form Code. Coded as : )  

1 Normal 
2 Operative 
3 Instrumental 
4 Miscellaneous complications 

8. Termination . . . . . . . . . . . . . . . . . . 36 
(As item 33, column 65 of Genetics 
Short-Form Code. Coded as : ) 

1 Livebirth after 38th week 
2 Premature birth under or in· 

eluding 38th week 
3 Stillbirth 20 weeks or under 
4 Stillbirth 21-29 weeks 
5 Stillbirth 30-38 weeks 
6 Stillbirth after 38th week 
7 Unknown livebirth 
8 Unknown stillbirth 

9. Sex . . . . . . . . . . . . . . . . . . . . . . . . . 37 
(As item 35, column 67 of Genetics 
Short-Form Code. Coded as : ) 

1 Male 
2 Female 
3 Undetermined 

10. Weight . . . . . . . . . . . . . . . . . . . . . .  38-40 
(As item 36, columns 68-70, of 
Genetics Short-Form Code. Weight 
of newborn coded in tens of grams ; 
000 to 999 ; 999 is unknown. )  
(NoTE : Items 1 to 10 are to be a 
machine transfer from the Short· 
Form IBM card to the Pediatrics 
Follow-up IBM card.)  

1 1 .  Master File number . . . . . . . . . . . . . 41-46 
(Of infant as given on Pediatrics 
Follow-up form. )  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E f f e c t  o f  E x p o s u r e  t o  t h e  A t o m i c  B o m b s  o n  P r e g n a n c y  T e r m i n a t i o n  i n  H i r o s h i m a  a n d  N a g a s a k i
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 7 7 6

http://www.nap.edu/catalog.php?record_id=18776


228 Genetic Effects of Atomic Bombs 

Colt1m11 
12 .  Age . . . . . . . • . . . . . . . . . . . . . . . . 47-48 

(At examination in months given 
on Pediatrics Follow-up form. 
Coded as oo to 99 ; 99 is un
known. )  

13 .  Multiple birth . .  . .  . .  . .  . . . .  . .  . .  49 
(Coded as : )  

1 Single birth 
2 First twin 
3 Second twin 
4 First triplet 
5 Second triplet 
6 Third triplet 

14. Abnormality . . . . . . . . . . . . . . . . . . 50 
(As diagnosed either on home visit 
[ initial] ,  or when child is brought 
to clinic for confirmation of a diag-
nosis of malformation, or on 9-
months follow-up but not autopsy 
diagnosis. )  

1 Normal 
2 Congenital disease 
3 Birth injury 
4 Major malformation 
5 Minor malformation 
6 Congenital disease, birth in

jury 
7 Congenital disease, major 

malformation 
8 Congenital disease, minor 

malformation 
9 Birth injury, major malfor

mation 
0 Birth injury, minor malfor

mation 
X Congenital disease, birth in

jury, major malformation 
V Congenital disease, birth in

jury, minor malformation 
1 5 .  Diagnosis on home visit and follow-

up . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1-74 
(Maximum of four diagnoses each 
of six digits, first digit coded as : )  

1 Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of defects limited to one sys
tem or region, confirmed on 
9-months follow-up. 

2 Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of multiple defects, with 
most important defect coded 
first, and successive defects 

introduced by a 1 . . .  , con
firmed on 9-months follow
up. 

3 Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a complex and ill-defined 
defect, confirmed on 9-
months follow-up. 

4 Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a double monster or tera
toma, confirmed on 9-months 
follow-up. 

A Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 1 . . . , not confirmed on 
9-months follow-up (child 
alive) . 

B Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 2 . . . , not confirmed on 
9-months follow-up (child 
alive) ; successive diagnoses 
introduced by A . . . . 

C Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 3 . . . , not confirmed on 
9-months follow-up (child 
alive) . 

D Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 4 . . . , not confirmed on 
9-months follow-up (child 
alive) . 

J Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 1 . . .  , cannot now be 
confirmed because child 
dead. 

K Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 2 . . .  , cannot now be 
confirmed because child 
dead ; successive diagnoses 
introduced by J . . . .  

L Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 3 . . . , cannot now be 
confirmed because child 
dead. 

M Home visit andjor Pediatrics 
Clinic diagnosis at early age 
of a 4 . . . , cannot now be 

Col11m11 
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Co/11mt1 
confirmed because child 
dead. 

S Nine-months follow-up di
agnosis of a defect limited to 
one region or system not 
previously diagnosed. 

T Nine-months follow-up di
agnosis of multiple defects 
not previously diagnosed, 
most important coded first 
with diagnoses after the first 
introduced by S . . . . 

U Nine-months follow-up di
agnosis of a complex and ill
defined defect not previously 
diagnosed. 

V Nine-months follow-up di
agnosis of a double monster 
or teratoma not previously 
diagnosed. 

16. Infant and neonatal mortality . . . . . 75-76 
(Coded as : ) 

· 

00 Under 1 day 
01 1 day 
02 2 days 
03 3-6 days 
04 7-1 3  days 
05 14-20 days 
06 21-27 days 
07 28-55 days 
08 56-83 days 
09 84-1 1 1  days 
10 1 1 2-139 days 
1 1  140-167 days 
1 2  168-195 days 
1 3  196-223 days 
14 224-25 1  days 

1 5  252-279 days 
16 280-307 days 
17 308-325 days 
18 326-353 days 
19  Over 1 year 
99 Unknown - (see L. F. 

code) 

Co/11mt1 

17 .  No p11nrh - seen in rlinir . . . . . . .  77 
(Coded as : ) ! 

1 Dead on L. F. 
2 Found dead by P. C. 
3 Moved or unable to locate 
4 Infant ill 3 successive weeks 
5 Mother ill 3 successive weeks 
6 Both or other P or F 
7 Other reasons 

18.  Consang11inity . . . . . . . . . . . . . . . . 78 
(Coded as : )  

1 Not related 
2 First cousins 
3 One and one-half cousins 
4 Second cousins 
5 Other 
6 Unknown 

19. Expos11re ralegory . . . . . . . . . . . . . 79-80 
Father's Column 79 
Mother's Column 80 

1 The purpose of this item in the code is several
fold ; but primarily it is designed to detect biases 
which might arise due to unequal attrition ratio 
among the exposure subclasses. It also affords some 
measure of the accuracy of the reports of death. Selec
tion was by terminal registration digit and hence 
some of the infants selected were known to be still
born or to have died during the neonatal period. 
For the latter cases, the statement at 9 months could 
be collated with the information available on the 
at-birth records. 
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