=i

in | i
(T A
s qualiiy ST =
T E) "] b
¥ it Ff ety Eigg]
= @ipeE
e : i i
FEE : E i
S = il
(o oas
iamia Biginun AR Mg
- = TTHFEE
it 5 = w_
; 4 i
s ol Sheed
Jmimn T
: T pe SR
pR AT T
= i iiEEE H
3 - Lo e B
SEEE AR st

FAh
s e

>4k

wemuil |

R B

i :

7 EEEI0AI; . v i

A e

T ﬂq.: : m_ ;
ez e i i
Hg iz
s i & i
ik 3 i 2 =
e ™ i
r b Fal ER T
T




TECHNICAL REPORT SERIES
¥ B 8 &5 B ®

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC £#HISE 82, ABCCOHFASLURANYEMEE, WM, MR HFZLUFECR
MOMEBHENERZG U AHOHIERBLLIAEBTHS. RABEHELELTERD
ErRE-ZRZEDTIR S\




'HH 1D, 1001
TECbI-RIICAL REPORT
11-66
¥ B % £ B
iF 2k Hy 22 M

THE GROWTH AND DEVELOPMENT OF CHILDREN EXPOSED IN UTERO
TO THE ATOMIC BOMBS IN HIROSHIMA AND NAGASAKI
L B & U E B K 3 0 2 B A ® & F O

B E & & U & F

JAMES W. WOOD, M.D.!*

ROBERT J. KEEHN, M.S?

SADAHISA KAWAMOTO, M.D.! #[Z&EA
KENNETH G. JOHNSON, M.D.!

Approved & 3E 19 May 1966

A.B?Cc

ATOMIC BOMB CASUALTY COMMISSION
HIRDSHIMA AMD NAGASAKL JAPAN

A Cooperative Hesearch Agency of
V.5 A, NATIONAL ACADEMY OF SCIENCES - MNATIONAL RESEARCH COUNCIL

and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds peovided by
US4, ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U5 A PUBLIC HEALTH SERVICE

R #® % T W ¥ = A %
BB E LSRN
KB E ER-FW 2 Mme BESETTHKNERRMN
E0 B kS KRR RM

TRBEFNEA2, NEEELTHERRAL L URELRNENORERIZES)

Departments of Medicine I and Statistics 2
ABCCEEIKZE! 5 X UFABCCHES?

t Surgeon, US Public Health Service, Division of Radiological Health, Research Branch, assigned to ABCC
K ELRGEERHEERAFEEMAREEMN T ABCC ARt



ACKNOWLEDGMENT
BEOZIEE

We thank Mr. Geoffrey Day for preparation of the tables and figures and Mr. Kenneth B. Noble
for his assistance in the preparation of this report.

BENEME2IEE L~ Mr. Geoffrey Day B L UAHGE ToERICEB 2 Al ws
Mr. Kenneth B. Noble 12iE { B&# + 3.

Read in part at the XI International Congress of Pediatrics, Tokyo, Japan, 11 November 1965.

FHEEO L &G, OGENANBEF W THEZA-ZBUEEBEI RS2 0 TRE
ahit.



Introduction # & .......
Method P
Results & 2

Discussion +# ¥
Summary & B

CONTENTS
B X

Comparison of Mean Measurements-Age 17

1TE B IRMEOTFHROES ...

Mean Measurements by Trimester of Gestation-Age 17
TELEiBEOTPHAOEE 3 » B ERES .

Cumulative Measurement Frequencies-Age 17

TEILEFSMEDORBAER

References # % J# it

TABLES #

In. utero sample, number and percent examined at age 17 years

BNEBREAOGY, TETRELZU L EOUBLUVETH

Mean measurements, high dose and low dose subgroups within 2000 m
00mAMOBCHT2EBRS I UVERRSHONED THM

Mean measurements by. distance from hypocenter

LM A 5 oo B R 0 E

Mean measurements, ABCC subjects and school health survey

ABCC &t 8 40 & U T R #3003 3 05 o T2 i

Subjects measured, standing height

BB & I L 2 B

Subjects measured, body weight

PO A L 2k RE R

Subjects measured, head circumference

SR & U Sa B R

18

10

11



10.

12,

13.

Subjects measured, intercristic diameter
BHEELME L -HREER

. Subjects ed, selected

HEOHMALMELLHREH

Cumulative percentage frequencies, standing height
BEORMEFETS

Cumulative percentage freg ies, body weight
ERoRMaTETH

Cumaulative per ge frequencies, head circumference
FRoRMGaETH

Cumulative percentage frequencies, intercristic diameter
BHEZoRMETESH

-
-

FIGURES [¥

Cumulative per ge frequencies, head circumference and standing height-Hiroshima

KB AHBE L CSROERNEFEHE

12

13

14

15

16

17



THE GROWTH AND DEVELOPMENT OF CHILDREN EXPOSED IN UTERO
TO THE ATOMIC BOMBS IN HIROSHIMA AND NAGASAKI
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INTRODUCTION

Many effects of fetal irradiation have been demonstrated
in experimental animals' and reported in children born
after maternal pelvic irradiation.®* Effects of whole
body irradiation on the growth of children have also
been reported.a': but little has been written about the
growth of children who have received irradiation while
in utero.

Both exposed and suitable control subjects who were in
utero at the time of the atomic bombs (ATB) in Hiroshima
and Nagasaki have been studied at ABCC since 1950.
The purpose of the present study is to evaluate growth
attainment at the 17-year level for the 1259 examined
subjects in this group. Since that age there has been a
dispersion of the sample; many have left Hiroshima and
Nagasaki for universities or employment elsewhere. Age
17 is near the time of maturation and the most information
that may ever be available concerning effects of in utero
exposure to the atomic bombs on growth is probably that
which was obtained at this age.

Previous reports on subsamples of 200-300 of these
children have indicated decreased head size® ' and body
size" ' associated with proximal exposure to the atomic
bombs,

METHOD

The study sample of 1613 Hiroshima and Nagasaki
children is comprised of three major comparison groups,
based on the distance of the mothers from the hypocenter
ATB, and defined as 0-1999 m group, 3000-4999 m group,
and not-in-city group. Included are children who were
at all stages of gestation ATB. The two distal groups
were matched for gestational age and sex to the 0-1999m
group. Radiation dose estimates (T57D) " based on air
dose curves and shielding information have been completed
for most of the mothers of children in the 0-1999m group.

# =

HFHER HrUMRBCHRMBNEMZZOAEECE
Th2E-FEORTAT T3, BERokHBRSF LT
ZLOEFEIRATIEMEEATVS. FHOKREL
BETE2SAHBRNHOETIovTHEZATYLS
AT BATHHBRL S A FRORBICET 3 HER
FEAYZWL,

ABCC T, ERE I UENORBREARREE L T2
OEYLHBEIZ T, 90FELIKBEELZITE> T
3. SPhlofEOHNE, CoBRHNKPFI-FTIER
HROADITEFIZ ST 2RE2HM I 22T 3.
COFEBABES L, MERLIIRL T, AFEFES
ZVEREOLOEBELUEGRrE S AHF V. 1TE
T, REREEAXYERL, BAKRORRIIEIET
WRBIZHOVWTAFLIZHEBOKRES L, COERIZE
BWTRHLEhTVWALEEbhA.

ThEOFEo BB A 200 - 300 AR5 LI o 8
Tif, MRS CHO RS B2 a0 L2 5L
CHLEHEORESHAETNT L HFHHLEATWLA.
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5, 20 EIERERIE, 0-199mBps, HEERA# S L
UHEMBRAF B+ 3L5 1Lk ZrhBEHBEIT
ERERARE LTHE LR REERE (TS7D )"
2, 0 -199mBizstsFRoBBENITLA L8
2VuTRHEATVS.,



Subjects are examined annually at ABCC near each
birthday. A history is taken and a physical examination,
leukocyte count, differential cell count, hematocrit, uri-
nalysis, stool examination, chest and left wrist X-rays,
and any other tests clinically indicated are done. Various
anthropometric measurements, and at some examinations,
vital capacity, visual acuity, and psychometrics are
recorded. All data are collected and processed without
the staff knowing the exposure status of the subjects.

The sample distribution and the percentage of subjects
who were examined at age 17, and are included in this
analysis of anthropometric data, are shown in Table 1.
About 80% of the total sample were examined at that
age. The not-examined subjects appear to be randomly
distributed throughout the different exposure groups.
Means for all measurements were calculated separately
for each sex and distance group within each city. The
group within 2000 m was further classified by distance
of the mother from the hypocenter, estimated rad dose,
trimester of gestation ATB, and the presence or absence
of acute radiation syndrome to produce three ‘high dose’

and ‘low dose’ contrasts as follows: s
1 Distance 588
2 Dose R

3 Radiation syndrome ik & §2 21 £ Positive 4

wREE, FOREAOMBIZEVWTEBEABCC TRE
AR TVS. MEENAIT L, GEREE, AmMKE
i, AMERGHEER, ~~ 20 FABE, BIE,
BE, WA FEOL Yy BRES LUV ZOMER
B EBHOAMEBEL VAT LT 3. B8O
AE#HfioIE >z, HS5PFRICIRGEE, Bhsk
CHfElMEM L RBE N k55, TXTOEED
PR LA, BACHRFOEBIKE Do Ludk
St LTtirads:

17 s B s+ 2, Sho AFIHBERORBIIZE
HEHREOBEAGH LI UVEFERELICLRT. 2B
ADFO%EZOERTREL I BEERILY
ARRBE, RERBIIABIAABLTIVEEIICEE
3. t<ToMERBIH+32TFHEHE, &Fmii2v
TIERIZ, £/, ERBHRERCHFE L. 2000m%
EBol, BB LM SDTERE, EESHE(rad)
BEURERMBERBOHEICLE-T, E5 e
(HHEL, Kokt 3onEEB X UREE]
ML T .

-

| PN

‘High Dose’ ‘Low Dose’
s BB {5 it B
<1500 m 1500-1999 m
504 rad <50 rad

Negative #

TABLE 1 IN UTERO SAMPLE, NUMBER AND PERCENT EXAMINED AT AGE 17 YEARS

#1 KBABRBREACRE, ITECBELZIT ARSI UHTR
iy <2000 m 3000-4999 m Notin-City i /4 7 7%
" Total Examined Total  Examined Total Examined
i it R i RBEN i Zu#ay
Hiroshima [L &
Male. 5 224 168 75.0 221 177 80,1 201 164 R1.6
Female 4 211 160 75.8 211 176 83.4 197 142 72.1
Nagasaki EI§
Male m 54 43 79.6 71 a6 78.9 60 45 75.0
Female # 48 36 75.0 61 48 78.7 5 44 B81.5
RESULTS % 2
Comparison of Mean Measuremenis- Age 17  Except TECEUIZRNEOFHEOLR RIEIZHIT5&iE

for Nagasaki females, mean head circumferences were
smaller for those within 2000m as compared to the more
distal groups. The greatest differences were observed
between high dose and low dose subgroups and in every

XBHIE, 2000m MOV HHE L, REERRETC
KEgLThsv, BRENLERBRRLABRLLBE80
HFREOZUERATH), WThoRBRTLIHEEEROTF




comparison the high dose subgroups had the smaller
mean head circumferences(Table 2). Except for Nagasaki
males, comparisons by distance, 0-1499m versus 1500-
1999 m, were statistically significant (P<.01). The least
significance was found in comparisons by presence or
absence of the acute radiation syndrome in the mother.
However, few mothers gave a history of acute radiation
symptoms.

HEE N E v (R2). BEENOLETIE, BiFZsE

MEE BT, 0-1499mEf L 15001999 m # O I
WA AR AELROA(PI.01). BRIZETSE
PER TR E R B o F I LA R T, AEERRADT
Eol. LaLleds, AMREREROKRELHET 2
B lblies s,

TABLE 2 MEAN MEASUREMENTS, HIGH DOSE AND LOW DOSE SUBGROUPS WITHIN 2000 m

#2 200mAKH@HOFFIZEIT S EME L L R RO E T
- T Distance i . Radiation Syndrome¥
Measurement City Sex 5 8 {m} I'57 D (rad) e g IR I
W i K <1500 15001999 50 - <50 Yes # No &
Head circumierence (em) Hiroshima Male 5 §8:0: aEs 55.1 Ga0  XEE 55.1 54.3 NS 54.6
i [ TR 5 Female 531 i £4.0 53.3 X 53.9 52.7 NS 53.7
Nagasaki Male B 53.4 NS 54.9 5.4 NS 54.6 2.9 il 5850
e Female -t 53.7 o 54.8 53.7 K 55.0 53.7  Sugg. 54.5
Standing height (em) Hiroshima Male % 1634 * 165.4 163.7 Sugg. 1655 165.1 NS  164.6
K I 5 Female 1518 g 153.9 151.8 " 154.1 149.2 * 153.3
Nagasaki Male " 161.0 NS 162.3 161.9 NS 161.2 159.1 N5 164.5
F i Female 4 161.5 B 155;1 152 .4 NS 153.9 151.0 NS 154.1
Body Weight (kg) Hiroshima Male 51 51.25 i 54.20 51.45 * 54.549 54.04 NS 52.99
(& 5B Female 4  46.06 % 48.41 46.87 NS 4775 44,04  * 47.87
Nagasaki Male " 50,48 NS 52,77 5181 NS 51.77 47.93  Sugg. 53.03
e Female & 45,58 gt 50,75 44.79 ** 50.04 44.74 NS 49.33
NS P> 10: Sugg (102Pz 05 0+ 052Pz 0Ly Y 01=Pz 001 *** P< .00l
+ Acute radiation symptoms in mother B8 0 808% B SHE SE 4R
Mean standing height and weight were less for Hiroshima EEIFTARXL Iz B IZ2317 5 5T, 2000m
males and females and Nagasaki male? who were \ut.hqm FEHOTPHSE S & U TR, MR o NT
2000 m as compared to the more distal groups. For _
cach sex in both cities the means were smallest for the PTH . WTHIZET A8 E 412, 1500 m EiGEEO

subgroups within 1500 m(Table 2) and, except for Nagasaki
males, the differences were statistically significant{P < .05).
The least significant comparisons were by symptoms of
the mother.

Nagasaki females within 2000 m had smaller mean
intercristic diameters than the distal subjects but analysis
by high dose and low dose subgroups revealed no con-
sistent patterns in either city. Mean chest circumferences
were smaller for subjects within 2000 m as compared to
distal subjects and for the high dose as compared to the
low dose subgroups, but few of the differences were
statistically significant. No consistent patterns by exposure
groups and few significant differences were observed for
arm span, vital capacity, maximal and minimal chest

circumferences, sitting height, systolic and diastolic

blood pressures, and pulse count.

Tl A EWizHI1T 3
AR HE B A ZL2AH - (P S .05).
FREAR I kA ke TL, HEME

e(FE2), BEBVTHE,
BEHL oy TR RS

55 4 N SR o

Fe i 7132000 m 42 0 S ik 0 TR 1% 12, = AR EE IR
ikt Thd, SHERBLESEFEOMITT
F, HiEd—HLAMAEERE 2 h . FEEHEE,

2000 m 42 §iff ¥ 4735 FEMERF & Hedg U T oh
HABBRBIEEN DA TH - Y,

<, FEELE
Zhe@ZEOPTHI

MEHRELOBD LAk RIE, WER, BKA-

A BB, e, BUREHI -dReRMmIE, & UCARHE
WM B LA L, SAHEELARTLO
24 4,



For each sex within each city the mean measurements
were compared for the within 1500 m and 1500-1999m
subgroups and the 3000-4999m and not-in-city groups
(Table 3). The consistency of smadller means for the
most proximal subjects is striking, however, to some
extent this reflects the multiple positively correlated
measurements on the same individuals. Generally, the
means were similar for all groups beyond 1500 m.

Height and weight means for individuals at 17 years of
age in Hiroshima and Nagasaki Prefectures, as published
by the Ministry of Welfare, are shown with those for the
present study in Table 4. The Ministry's data are for
children who were born at about the same time as those
in this study sample. In every case their means are
larger than those of the subgroups within 1500m and
similar to those beyond 1500 m.

Mean Measurements by Trimester of Gestation - Age 17
For the group within 2000 m, mean measurements by
trimester of gestation were compared and no consistent
patterns of effect were evident. Similarly, for the
subgroups within 1500 m no pattern of effect by trimester
of gestation was detected. The corresponding trimestess
for the within 1500 m and 1500-1999 m subgroups were
compared and proximal subjects had the smaller means,
with the exception of third trimester Hiroshima females
and Nagasaki males. Within 1500 m there was only
one third trimester subject in Nagasaki.

Cumulative Measurement Frequencies - Age 17 The
foregoing data demonstrate that there are significant
differences between mean growth attainment for children
who were exposed in utero within 1500 m as compared
with the more distally or not exposed children. In an
effort to describe more precisely the nature of these
differences, cumulative percentage frequencies have been
plotted on normal probability paper for all measurements
at age 17 years.

When measurements are normally distributed and the
number of subjects is large, cumulative frequency curves
approximate straight lines, When the number of subjects
is small, deviations from a straight line at the tails of the
curves may be due to a difference of two or three
subjects from the expected.

For most of the measurements the subgroups within
1500 m tend to have the lower values throughout the
entire range. However, there is considerable variation
and, as with mean comparisons, the differences are not
impressive except for head circumference, height, and
weight. Even for these measurements there are some

i3 HBiEs L UKo &illE o FHiizo0T,
1500m s 35 £ oF, 1500 -1999m o #AX 4r 8 &, 3000 —
PImBHLITMA VL > LT EORBEERT L 2
(#£3). REBLHGELH RHOTHEF—H LT
BV EAHEON, TR, FA—dEBHFIzHT 3 EH
E@¢*ﬂ“ii®ﬁ%%ﬁ&mf%mwy‘&Hu_
FAESEAMERML TS, iz, 1500mLl o
mf@?uau THEEEM LT

W AR LA B R S R B0 3 1TROH
DOVHEES L URE, 4o FIIARE I IToREE
A mT. BEHOBERE, AEoAEEARCET
AFHELEERURCETRAAHFzHRIILTVS. B
EHAEHOFHEIZ, 1500mEKifiiF oM@ IzEAT R
x¢, 1500mbl Lo EFERETSH 3.

17EICE SR EOFHEOENR 3 » B ERFIEE  2000m
R FEC oW T, IEHE 3 & H HARNCEE o T & e
LEd, —BLAMEIRLA, - 2. FHEEIZ, 1500m
FiOMESHEIZL, BRI »ABoBELED L,

=, 1500m FiEdE £ 1500 - 199 mEE 2> L T xfInT S
m3IrAMERELALZS, BIFEEI »AMILIS
EREOEEE L URBOBMES BT, FEHEIEE
SREERE D AT &, BEEF1500m AR B ILE 3 R
SAAMOL O 1M &H - 2T &40,

TRICET3RECREER o &L, 1500mE
i O RE N B AR O TR & B R TR & £ R
BLIb~igt, AELENSEZLERLTWVS, 2
NhoDEOERES2 L - LIEMICH~3 2niz, 17T#FICH

SHMEOEFERMEL M & ERERA T
E

HMEEPERS AL LT, ERFOHIZ0HEE, B
e EIEERERT. HREORS 2 BEE
REEHHSLIZTERETT. HEFOHSD L0
HlE, BHEOWEIERE» SELT 22, ZhiEdRE
OHHPBHFH L 122, 3EHI>-DTHIDE LT

KESOMEIZH TR, 1500m£ilfREA, RMAE2EL
TEBEE2 TR THE HS. LArLads, 40 0%
AHY, FHfiokTiEvons Ly 12, HE, &
EEIUELBROTIE, Z2RWF i, Flonzx
ArlLitoiionTd, EMoRH TR, FIILtEE



TABLE 3 MEAN MEASUREMENTS BY DISTANCE FROM HYPOCENTER
#£3 BLRAS0BENFYNER

1 <1500m 1500-1999 m 3000.4999m  Not-in-City i AT
Measurement City Sex
M it = Mean Rankt Mean Rank Mean Rank Mean Rank
iy ML iy Wiix T3 L {4 T8 M

Head circumference (em) Hiroshima Male 5 53.9 1 55.1 3 55.0 2 55.1 4
s L8 Female %* 53.1 1 540 2 541 3 542 4
Nagasaki Male % 538 1 549 3 549 2 554 4
3] Female % 537 1 548 4 543 2 545 3
Standing height (cm) Hiroshima Male 5 1634 1 1654 3 165.3 2 1655 4
B =& Female 4 151.3 1 1539 35 153.9 3.5 153.8 2
Nagasaki Male 5 1610 1 162.3 2 163.0 3 1667 4
oo Female % 1513 1 155.1 4 1535 3 1529 2
Body weight (kg) Hiroshima Male % 5125 1 5420 4 5393 2 5419 3
HE E8 Female % 46.06 1 841 2 4861 3 4895 4
Nagasaki Male % 5048 1 5277 3 5242 2 5494 4
e b Female % 4558 1 50,75 4 4846 3 4829 2
Chest circumference (cm) Hiroshima Male 5 772 - 1 78.3 4 78.1 3 78.0 2
L] L& Female % 719 1 734 4 732 3 731 2
Nagasaki Male & 787 1 81.0 3 808 2 820 4
ooz Female v 776 1 799 4 797 2 797 3
Intercristic diameter (cm) Hilii]zsgilui Female % 26.8 1 26.9 4 26.8 2 26.9 3
ERE Nagasaki Female & 260 1 23 4 210 3 268 2

¥ b

1 Rank of mean prior to roundi llest to largest | 1-4)

AvsmollioFamoltthrok(1—~4)

TABLE 4 MEAN MEASUREMENTS, ABCC SUBJECTS AND SCHOOL HEALTH SURVEY
#4  ABCCHR#H & & Ul R Mz 517 2 5% O T il

Measurement City Sex ABCC Subjects &t 8 4 School
i 7k i prae " Health Survey *
<1500 m 1500+ m Wik #iar

Standing height (em) Hiroshima Male ] 163.4 165.4 165.7
Bt g% oK Female 151.3 153.9 154.0
Nagasaki Male ] 161.0 164.1 165.6

£y Female 151.5 153.5 153.8

Body weight (kg) Hiroshima Male 5 51.2 54.1 56.4
i g Female + 46.1 48.7 51.0
Nagasaki Male % 50.5 53.4 56.3

3] Female #« 45.6 48.8 50.2

* Statistical books, Hiroshima and Nagasaki Prefectures, 1963 (Data for Prefecture!

VURTLARLECESGRIGE(EORH)



erratic variations in the Nagasaki data, more for males
than females, but this is most likely the result of the
small number of subjects in the subgroups within 1500 m
in Nagasaki (13 males, 17 females). The Nagasaki
cumulative frequencies for head circumference, height,
and weight do, in a general way, parallel the curves
for Hiroshima.

Head cireumference data for Hiroshima males and females
produce cumulative frequency curves indicating a slightly
smaller head size (4-14mm) for the subgroups within
1500 m as compared to the more distal subjects. Standing
height for Hiroshima subjects shows a general trend for
shorter stature; about 1cm for males and 1-2em for
females (Figure 1). The trends for weight are the same
as for stature, and thev are lighter than their more
distally located contemporaries by 1-3kg.

NRBEORBEE, THULEHHFS5ndH, Zhit
EFOLB0nkBRHISHIEREONN DL v (5
BA, KEVTA)EBTHILEVIRFEHFATHE. E
HZHitAHE, SRS LUCHFEEORMERY, BELT,
EBLCHH3EDIZETLTLAS.

BRI BT SRS L Otk TABEE 2 6 (F - 2 B
odhdr iz £ 4 L, 1500m AR OO A & B, &k
Witk L TP LAEN (4 —1dm) ZEETT. BB
FHANEBRFORE I -FIAZvHimERL TV B,
T4bs, BFlE lan, KtEEl -2 s (FEL).
ko, BECHIIEREARTSE. 74 b
5, FRBEESBOREREEEHBN LN L1 -3 kg

hThHB.

FIGURE | CUMULATIVE PERCENTAGE FREQUENCIES, HEAD CIRCUMFERENCE AND STANDING HEIGHT
HIROSHIMA
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DISCUSSION

The present study indicates that exposure of the human
fetus to the radiation of the atomic bombs has resulted
in limitation of head and body size. The agreement
with previous observations' '* and the much larger
sample size permit little doubt regarding the validity of
the findings. The evaluation having been made at age
17 years, when most meaningful growth had been completed,
adds strength to the conclusions and suggests that the
effects are likely to persist throughout life.

The major effects on growth attainment are those of
decreased head circumference, height, and weight with
several other measurements showing suggestive differences.
Most detectable effects on growth of children who were
in utero ATB occur within 1500 m from the hypocenter.
This is demonstrated by the mean comparisons(Tables 2-4),
and the cumulative frequency distributions (Figure 1)
which indicate that the observed differences are not
caused simply by a reduction in size of a limited number
of subjects but rather by a general reduction in growth
attainment for all subjects within 1500 m. Thus, even
for those who would be considered within ‘normal limits’
there has been a failure to achieve optimal growth when
compared to distal or nonexposed subjects. Additional
assurance that the inferences are applicable to the entire
sample was established by comparing the means of
subjects not examined at age 17 years with those of the
examined group at other ages.

Previous reports from Japan and the Marshall Islands
have shown that exposure of young children to ionizing
radiation has a limiting effect on growth.”" It is
reasonable to expect that similar effects would oceur in
subjects irradiated while in utero and that the fetus may
be susceptible throughout the gestational period, thus
making the identification of quantitative differences by
gestational age difficult. The search for a trimester-
specific effect is further complicated by the additional
subdivision of the sample and the resulting small numbers
in each age group. In this study growth limitation was
detectable in all trimesters. Those who were within
1500 m had smaller mean measurements than the more
distal subjects for any trimester, indicating that proximity
to the hypocenter is operative regardless of trimester.
A gestational time of maximal or minimal risk in terms of
ultimate growth achievement was not detected. This
contrasts with observations on mental retardation where
prevalence was increased within 1500m and those
between 6-15 weeks of gestational age ATB were particu-
larly susceptible.'*

S

AWMEIR, BROZRBIZLY, AP, oXnkz s
BBahtztdmlTv3. ThsOMRBIILIE oBR
BRUE-BLTEY, SEOBANkEEHF, 113
PIZKEVOT, TOREEIDVWTRELAYE R
HiRZV, REFELAFERT LTV ITEROFEL
TL-20T, TOBJIRIVSE58ELLY, 208
WAL THETIREFSSIZLETRELT
w3,

MECHTS 2B, HE, 826 VIIHRED
WL T, Fofl, REMNLZELRTNES HEFH5. F
BEIERGN Iz & o o RO P TR IR G 2 0 RYEHE
bhold, By 51500mkililzd - HTHD.
Zh, ok # -4)BLURBERS S
(M) ashnssd, coEPBwLnLMiig, ¥
HizngfiholRsni—HogEoks gsiheguin
TL{, LLAGOnER/RHIHI I 2fokEn S
BMERIZLI3L0TE3LBbhs. pLLT, [E
TEBEINTHIELEZONSETL, SHERERS
RS AR AE, REOREEERL T
ZOIEULL3. TETBELZ UL HLBEER
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Childhood exposure to whole-body irradiation has been
shown to result in more growth limitation in boys than
girls.”*® No sex-specific response on growth attainment
for the proximal exposed in utero subjects was found,
but a dose response (those within 1500 m affected) was
demonstrated. The radiation dose dropped precipitously
at 1500 m while the effects of blast, fire, trauma, and
disease subsequent to the bombs, extended considerably
beyond that limit."**'® It is impossible to separate all
these various factors, but growth limitation observed
within 1500 m suggests irradiation as the major cause.
Supporting this is the Marshall Islands experience where
the source of irradiation was fallout without blast effects,
and retardation of growth of exposed children occurred
thus suggesting irradiation of the fetus rather than
secondary maternal influences as the cause.

SUMMARY

Subjects who were exposed in utero to the atomic bombs
in Hiroshima and Nagasaki, along with suitable controls,
are examined annually at ABCC. At age 17 vyears,
1259 of the 1613 subjects in the study sample were
examined and a tendency was observed for the proximal
exposed to be least advanced in growth. The major
effects are found most frequently in those who had been
within 1500m from the hypocenter of the bomb and
include decreased head circumference, height, and
weight. The levels of these effects do not vary by
trimester of gestation.
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TABLE 5 SUBJECTS MEASURED, STANDING HEIGHT (em )

#5 HEAELLAHRAEH
o i Subjects .‘::el:nl’i Subjects th!::::nk
" It HRER  TH i
Hiroshima L&
‘Total 3t 509 162.2 6.08 474 153.6 5.27
< 2000 m 168 164.7 6.42 160 153.0 5.56
< 1500 m 63 163.4 5.83 58 151.3 5.96
15001999 m 105 1654 6.66 102 153.9 5.11
50+ rad T2 163.7 5.65 68 151.8 5.61
<50 rad b £ ] 163.5 6.63 69 154.1 5.21
Symptoms [=2 9 3 17 165.1 7.30 13 149.2 7.15
No symptoms EHK % L 151 164.6 - 6.34 147 153.3 5.29
Ist trimester 3 | §EE3#AM 51  166.1  6.84 B 152.0 5.06
2nd trimester ¥ 2 §E8i3 4B 69 164.4 6.41 63 153.1 6.20
3rd trimester B3I HAG 48 163.5 5.83 51 153.7 5.10
3000-499%9 m 177 165.3 6.06 173 153.9 5.10
Notn-city MmN A& 164 165.5 5.75 141 153.8 5.16
Nagasaki &E#
Total F 143 163.8 6.98 128 153.3 5.17
< 2000 m 43 161.9 7.87 36 153.4 5.45
<1500 m 13 161.0 7.70 17 151.5 6.05
1500-1999 m a0 162.3 B.04 19 155.1 4.34
50+ rad 13 161.9 T7.42 15 152.4 5.90
<50 rad 24 161.2 B.55 14 153.9 4.07
Symptoms fEkh 8 159.1 5.96 8 151.,0 7.91
No symptoms fi£4R & L 35 162.5 8.18 28 154,1 4,48
Lst trimester &% 1 fR4E 3 A0 19 162.2 6.36 ] 156.2 2.64
2nd trimester & 2 HEME 3 A0 14 164.5 5.88 12 154.7 4,38
3rd trimester 853 0EME3 A HME L0 157.7 11.30 15 150.7 6.42
3000-4999 m 55 163.0 7.05 48 153.5 5.06
Not-in-city i A e 45 166.7 4.92 44 152.9 5.16

Source Tubulutions 01516, 01549, 01558, 01580, and 01663

N



TABLE 6 SUBJECTS MEASURED, BODY WEIGHT (kg)

£6 PBEREBMELLHREHR

B Male B Female %«
" Subjects Mean sD Subjects Mean sD
HREH T4 HRHER bz
Hiroshima [E&
Total  #t a0g 53.7 6,62 474 48.4 5.78
= 2000 m 168 3.1 6,83 160 A47.6 5,87
<1500 m 63 51.2 634 58 46.1 .15
1500-1999 m 105 54.2 6.91 102 48.4 5.55
50+ rad 72 52.0 6.52 BE 46.9 6.09
<50 rad 73 54.6 6.86 69 47.8 6.07
Symploms ~ ®#EHD 17 54.0 6.98 13 44.0 6.02
No symptoms 4 L 151 53.0 6.83 147 479 5.77
Ist trimester 3 1463 #HEE 51 55.0 7.15 16 47.9 5.47
2nd trimester FH2HEIHHE 69 52.2 6.77 63 48.1 6.69
3rd trimester BIEWILHE 48 52.3 6.28 3l 46.5 5.05
30003999 m 177 53.9 6.91 173 48.6 5.45
Not-in-city HATE 164 54.2 6.03 141 49.0 6.00
Nagasaki =85

Total & 143 53.1 6.97 128 48,4 5.63
<2000m 43 52.1 8.90 36 48.3 6.12
<1500m 13 50.5 9.58 17 45.6 5.84
1500-1999 m 30 52.8 B.67 19 50.8 5.40
50+ rad 13 51.8 10,33 15 44.8 4.60
<50 rad 24 5l.8 8.40 14 50,0 5.19
Symptoms Ak & 0 b 47.9 7.11 8 44.7 T.48
No symptoms  #iR 4 L a5 53.0 9,08 28 49.3 5.40
1st trimester W 1 4866 3 2 FE 19 51.5 7.99 9 51.0 6.64
2nd trimester I 24EE3 A A8 14 ht.2 9.30 12 45.8 4.81
3rd trimester I 3 4R 3 HE 10 47.4 8,10 15 4R.7 6.34
30004999 m 55 52.4 .31 48 48.5 4.83
Not-in-city (i E 45 54.9 5.22 44 48.3 6.14

Source Tolulations 01516, 01549, 01558, 01580, and 01663

"n
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TABLE 7 SUBJECTS MEASURED. HEAD CIRCUMFERENCE (cm)
=T sAREME L2 REH

Group - M::E % o Fem;ile i
o neaz ¥m D nenr vy SP
Hiroshima E&
Total & S04 54.9 1.53 466 4.0 L.75
<2000 m 168 546 1.74 159 53.6 1.84
<1500 m 63 26.5 1.44 58 26.8 1.45
1500-1999 m 105 26.9 .37 101 26.9 1.43
50+ rad 72 26.7 1.46 68 26.8 1.47
<50 rad 73 269 1.27 68 26.7 1.41
Symptoms ERan 17 27.0 1.64 13 26.3 1.36
No symptoms &4 L 151 26.7 1.38 146 26.9 1.43
Ist trimester 5 1 #3718\ 51 27.0. 1.38 46 26.7 1.41
2nd trimester & 2§E83 > H 69 26.5 L4 63 26.8 1.58
3rd trimester WIEWIASHE 48 26.7 1.36 50 27.1 1.25
30004999 m 177 35.0 L40 1649 54.1 1.36
Not-in-city HimTE 164 55.1 1.41 138 54.2 1.99
Nagasaki E 5

Total @t 143 54.9 1.64 128 54.4 1.37
<2000 m 43 546 2,08 36 54.3 1.22
<1500 m 13 26.4 1.83 17 26.0 0,97
1500-1999 m a0 26.2 1.62 19 27.3 1.36
)+ rad 13 26.6 1.86 15 26.2 1.81
<50 rad 24 25.9 1.59 14 27.0 1.37
Symploms fEAR & 0 b 25.2 1.24 8 25,49 1,33
No symptoms 4k % L 35 26.5 1.67 28 26.9 1.27
Ist trimester 3§ 10RME 3 A S]] 1Y 26.10 188 ] 27.1 1.13
2nd trimester 3 2 4E0R 3 oA L4 26.8 1.04 12 26.5 1,00
Srd trimester 0 3 UR4R 34 P00 L0 26.0 1.90 15 26.5 1,67
3000-4999 m 35 54.9 1.54 48 54.3 148
Not-in-city iAo 45 55.4 L.16 LT 54.5 1.37

Source Tabulutions 01516, DI549, 01558, V580, and 01663

v
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TABLE 8 SUBJECTS MEASURED, INTERCRISTIC DIAMETER (em)
#8 BWHEELZNMELANREM

Gasi Male 5= Female %
= Subjects MAean sp Subjects Mean sD
HEHR T4y MR E R T8
Hiroshima E&
Total 2t 509 26.8 1.39 466 26.9 1.35
<2000m 168 26.7 1.41 159 26.8 143
<1500 m 63 26.5 1.44 58 26.8 1.45
1500-1999m 105 26.9 1.37 101 26.9 1.43
50+ rad 72 26.7 1.46 68 26.8 1.47
<50 rad 73 26.9 1.27 68 26.7 1.41
Symptoms EKaN 1= 270 1.64 13 26.3 1.36
No symptoms &4k % L 151 26.7 1.38 146 26.9 1.43
Ist trimester 3183 #H8E 51 27.0 1.38 46 26.7 1.41
2nd trimester F2 LI AAm 69 26.5 1.44 63 26.8 1.58
3rd trimester F3IEWIF AR 48 26.7 1.36 50 27.1 1.25
3000-4999 m 177 26.8 1.43 169 26.8 1.28
Not-in-city MR E 164 26.9 1.32 138 26.9 1.34
Nagasaki E &

Total it 143 26.5 1.39 128 26.8 1.39
< 2000m 43 26.3 1.66 36 26.7 1.34
<1500 m 13 26.4 1.83 17 26.0 0.97
1500-1999m 30 26.2 1.62 19 27.3 1.36
50+ rad 13 26.6 1.86 15 26,2 1.31
<50 rad 24 25.9 1.59 14 27.0 L.37
Symptoms fER & D 8 25.2 1.24 8 26.9 1,33
No symptoms §EAK % L 35 26.5 1.67 28 26.9 1.27
Ist trimester # | 4F@3 #AK 19 26.0 1.88 9 27.1 1.13
2nd trimester i 24EM23 AHME 14 26.8 1.04 12 26.5 1.00
3rd trimester H3E2IA [ 10 26.0 1.90 15 26.5 1.67
3000-4999 m 85 26.5 1.19 48 27.0 1.48
Not-in-city idaEek:d 45 26.8 1.32 a4 26.8 1.33

Source Tabulutions 1516, 01549, 01558, BI58U, and V1663
b L
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TABLE 9

SUBJECTS MEASURED, SELECTED MEASUREMENTS
WEOFME LB E LA REYN

City Group o ::ﬂ]e g2 5 Female 4
X ubjects Mean Subjects Mean
" . HREH  FH SD HRan Y =D
Sitting Height (em) £ 5

Hiroshima Total 3t 509 89.7 3.03 166 85.2 2.79
A <2000 m 168 89.6 275 159 85.2 3.03
3000-4999 m 177 RO6 3.35 169 £5.3 2.51

Not-in-city #ipg 744 164 899 2.94 138 #5.0 2.84

Nagasaki  Total #t 143 891 4.24 128 £5.2 2.69
-4 <2000 m 13 87.8 4.95 36 85.7 2.94
30004999 m 35 88.7 4.36 48 85.0 232

Not-incity HRFE 45 90.7 2.59 44 85.1 2.87

Span (em) W&

Hiroshima Total 3t 508 165.1 6.69 166 152.2 6.26
L3 <2000m 168 164.4 7.07 159 151.5 6.48
30004999 m 176 165.5 6.39 169 152.6 5.81

Not-in-city #H™ 7 164 165.6 6.58 138 152.4 6.01

Nagasaki Total 2 143 1642 _ ~7.51 128 132.2 5.64
eng <2000 m 43 163.0 .73 36 152.0 5.24
3000-1999 m 55 162.9 7.97 48 152.6 5.96

Not-in-city i T&E 45 167.0 5.96 44 151.9 .71

Chest Circumference (em) f[E

Hiroshima  Total # 509 78.0 4.37 166 73.0 4.64
& <2000 m 168 71.9 459 159 2.8 4.47
3000-4999 m 177 78.1 4.38 169 73.2 4.70

Not-in-city i 7 7c 164 8.0 4.13 138 73.1 4.79

Nagasaki ~ Total #t 143 81.0 1.35 128 79.4 4.79
3% M <2000 m 43 80.3 5.27 36 8.8 5.04
300048994 m 55 B8 3.87 48 79.7 4.12

Not-in-city iy it 45 82.0 3.83 44 79.7 5.31

Vital Capacity (dl)  JhiE#

Hiroshima  Total #f 08 368.7 5.27 463 26.0 89T
2 <2000 m 168 36.2 5.57 156 25.7 4,16
A000.4999 m 177 36.6 5.36 164 20.0 367

Notin-city #4163 37.3 4,82 138 26.3 341

Nagasaki Total i 142 35.4 6.73 126 24.7 3.66
e g <2000 m 42 32.7 7.58 35 24,5 8,75
3000-4999 m 55 35.6 5.97 47 25.1 3.64

Notin-city #igFi7E 45 37.6 6.00 44 24.4 3.65

~ Blood Pressure-Systolic (mmHg) 4 i i m =

Hiroshima  Total it 509 111.7 11.67 466 106.0 10.58
%5 <2000 m 168 111.6 11.78 158 105.8 10.45
3000-4999 m 177 111.5 12.16 168 105.8 10.47

Not-in-city iy 474 164 112.1 11.08 140 106.5 10.93

Nagasaki Total # 144 110.9 11.82 128 105.2 9.79
10 <2000 m 43 110.3 13.03 36 105.6 9.68
3000-4999 m 56 110.4 12.01 48 106.3 8.71

Not-incity iy T 45 112.0 10.49 44 103.8 10.95
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TABLE & 9
City G Male 3 Female %
e - Subjects Mean sp Subjects Mean sp
HEHR T4 HERE R Ty
Blood Pressure - Diastolic (mmHg) #3&mimE
Hiroshima  Total §t 509 64.1 10,65 466 63.0 8.91
/4 - <2000 m 168 63.2 10.04 158 63.4 8.50
3000-49949 m 177 65.2 10,70 168 62.8 8.97
Not-in-city i th 4% {E 164 63.8 121311 140 62.7 9.32
Nagasaki Total it 144 66,5 9.28 128 65.4 7.75
1 i <2000 m 43 65.6 11.14 46 G4.3 6.77
3000-4999 m 56 66.8 9.20 4R 6.4 T7.23
Not-in-city #iy4dE 45 67.1 7.31 44 65.1 8.99

Source Tobulations 01516, 01549, 01580, and 01663

Wi
TABLE 10 CUMULATIVE PERCENTAGE FREQUENCIES, STANDING HEIGHT
=10 SEORHeGFETH
;7 Male B Female #&
(tm) . 3000-1999 ) 3000-1999
) i <1500 m 1500-1999 3000.4999 Nm-m'-c.u.y Nulﬁiﬂscit <1500m  1500.1999 :muo—-wsgw?mlfmy Nof-%:'f it
i g A ¥ 1 - ili N A cuY
ili £ i P £
Hiroshima EB
Subjects i 8 %% 63 105 177 164 341 58 102 173 141 314
129 0
134 0 0 1.7 0 0 0
139 0 0.6 0.3 5.2 0 0.6 0.7 0.6
144 0 0 0.6 0.6 0.6 8.6 3.9 35 43 3.8
149 1.6 1.0 17 0.6 1.2 345 16.7 19.1 19.9 19.4
154 3.2 1.9 5.1 2.4 3.8 7.2 52.0 52.0 53.9 52.9
159 28.6 15.2 11.9 14.6 13.2 93.1 89.2 87.9 87.9 87.9
164 55.6 18.6 46.9 42.7 44.9 100.0 98.0 97.7 98.6 98.1
169 84.1 76.2 76.3 79.3 717 100.0 100.0 100.0 100.0
174 9s.4 94.3 9414 95.7 95.0
179 100.0 98,1 100,0 994 99.7
184 98.1 100.0 100,0
189 08,1
194 1000
Nagasaki £
Subjects # 2 &% 13 30 55 45 100 17 19 48 44 92
129 0
134 3.3 0 0 0
139 3.3 L8 1.0 5.9 0 0 0
144 0 3.3 L8 1.0 11.8 0 2.1 6.8 3.4
149 7.7 6.7 1.8 0 1.0 353 10.5 18.8 29.6 239
154 30.8 6.7 14.6 2.2 9.0 70.6 12.1 56.2 50.0 53.3
159 16.2 30.0 236 6.7 16.0 94.1 84.2 375 95.4 91.3
164 53.8 53.3 54.5 £0.0 48.0 100.0 100.0 97.9 100.0 98.9
169 .~ 846 3.3 §7.2 68.9 79.0 100.0 1000
174 100.0 100.0 6.3 97.4 97.0
179 100.0 100.0 100.0
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TABLE 11 CUMULATIVE PERCENTAGE FREQUENCIES, BODY WEIGHT
#11 HHEROERWO TN

N Male % Female %«
Measuremént
ke) 30004999 30004899
P = Notincity _ plus Notincity  plus
BES <1500m 1500-1999 30004999 HRE .\al‘in-_city <1500 m 1500-1999 30004999 HNTE f\nt-ln-cut‘y
’ HN HNTE
Hiroshima Subjects HEEH 63 105 177 164 in 38 102 173 141 314
KR 27.9 0
29.9 0 1.0
31.9 0 0 0 1.7 1.0
339 1.0 0.6 0.3 3.4 1.0 0 0
35.9 1.0 0 0.6 0.3 5.2 1.0 0 1.4 0.6
37.9 0 1.0 LI 0.6 0.9 6.9 249 2.9 4.3 35
39.9 1.6 1.9 1.7 0.6 1,2 10.3 9.8 3.5 6.4 4.8
41.9 4.8 1.9 2.3 1.2 1.8 20,7 9.8 8.7 10.6 9.6
43.9 9.5 4.8 5.1 2.4 3.8 39.7 17.6 22.0 18,4 20,4
45.9 19.0 5.7 9.6 5.5 7.6 56.9 34.3 32.4 27.0 29.9
47.9 28.6 16,2 17.5 11.6 14.7 67.2 43.1 45.1 il 45.5
499 47.6 31.4 23 25.0 24.3 72.4 58.8 61.8 60,3 61.2
51.9 60.3 Al 39.6 34.8 37.2 81.0 71.6 74.6 67.4 713
b3.9 69,8 48.6 55.9 51.2 53.7 #6.2 82,4 84.4 80.1 82.5
55.9 B1.0 60.0 67.2 66.5 66,9 93.1 94.1 91.3 87.9 89.8
571.9 841 69.5 75.1 75.6 75.4 94.8 97.1 93.6 95.7 94.6
59.9 88.9 81.0 84.2 829 83.6 98.3 98.0 97.1 97.9 97.4
61.9 92.1 84.8 §9.3 90.8. ~ 90.0 100.0 100.0 98.3 97.9 98.1
63.9 95.2 90.5 92.7 93.9 93.3 99.4 97.9 98.7
65.9 96.8 96.2 96.0 96.3 96.2 100.0 98.6 99 4
67.9 100.0 97.1 97.7 97.0 97.4 99.3 99.7
69.9 98.1 97.7 97.6 97.6 100.0 100.0
719 99.1 9.7 99.4 98.5
739 100.0 9.7 100.0 98.8
75.9 989 99.4
77.9 98.9 99.4
79.9 99.4 99.7
819 100.0 100.0
Nagasaki Subjects HBEH 13 30 55 45 100 17 19 a8 a4 92
ke 319 0 .
33.9 0 33 0 0
35.9 3.3 0 0 ] 0 2.3 1sd
37.9 7.7 6.7 3.6 2.0 5.4 0 o 2.3 2.2
39.9 15.4 10,0 3.6 2.0 11.8 5.3 4.2 14 7.6
41,9 23.1 10,0 3.6 2.0 29.4 5.3 6.2 13.6 9.8
43.9 30.8 10.0 9.1 0 5.0 35.3 10.5 16.7 26.0 20.6
45.9 30.8 13.3 14.6 2.2 9.0 64.7 15.8 31.2 38.6 34.8
47.9 46.2 23.3 23.6 44 15.0 70.6 26.3 47.9 50.0 48.9
49.9 53.8 30.0 32.7 15.6 25.0 88.2 42.1 56,2 59.1 57.6
51.9 61.5 50.0 43.6 31.1 38.0 88.2 52.6 81.2 70.4 76.1
53.9 61.5 63.3 61.8 44.4 54.0 88.2 79.0 89.6 77.3 83.7
55.9 69.2 70.0 65.4 57.8 62.0 94.1 89.5 93.8 90.9 92.4
57.9 69.2 76.7 80.0 75.6 78.0 9.1 89.5 95.8 95.5 95.6
59.9 923 833 90.9 80.0 86.0 94.1 94.7 95.8 95.4 95.6
61.9 923 83.3 94.6 86.7 91.0 100.0 94.7 100.0 100.0 100.0
63.9 923 B6.7 96.4 91.1 94.0 100.0
65.9 92.3 90.0 98.2 97.8 98.0
679 92.3 96.7 100.0 100.0 100.0
69.9 92.3 96.7
3.9 100.0 100.0

15



TABLE 12 CUMULATIVE PERCENTAGE FREQUENCIES, HEAD CIRCUMFERENCE
#12 GMORMEFEIN

Measurement Male Female %
{cm) 30004999 3000.4999
BEE - - Not-in-city __ plus = Not-in-city _ plus _
<1500m 1500-1999 30004999 ERT Notincity <1500m 1500-1999 30004999 ERTA N?:-:muty
R E HNTE
Hiroshima E&
Subjects &M 63 105 177 164 n 58 101 169 138 307
A6.9 1] 0 0
47.9 6 0.3 3.4
48.9 0 0.6 0.3 5.2
49.9 1.6 0 0.6 0.3 12.1 [ 0 0 0
50.9 6.4 1.0 1] 1.2 0.6 13.8 2.0 1.2 3.6 &3
51.9 327 3.8 F 15 1.2 1.5 25.9 10.9 3.6 .2 5.2
529 27.0 6.7 6.2 2.4 4.4 43.1 26.7 20.7 239 22.2
539 57.1 23.8 21.5 16.5 19.1 60.3 446 47.9 442 46.2
54.9 71.4 47.6 50.8 415" 46.3 82.8 68.3 72.8 68.8 71.0
55.9 84.1 743 72.9 73.2 73.0 91.4 B89.1 89.9 90.6 90.2
56.9 96.8 83.8 92.1 93.3 92.7 100.0 99.0 98.8 95.6 97.4
57.9 100.0 95.2 98.3 98.2 98.2 1000 9.4 97.8 98.7
58.9 1000 29,4 99.4 99.4 1000 99.3 94,7
59.9 99.4 100,0 99.7 993 99.7
60.9 100.0 1000 99 3 99.7
100.0 100.0
Nagasaki £8
Subjects R ENI13 30 55 45 100 17 19 48 4“1 92
499 0 0 0 0
50.9 0 0 1.8 0 1.0 2.1 1.1
51.9 38.5 6.7 1.8 0 1.0 0 0 4.2 U] 22
52.9 6.2 13.3 5.4 (1] 3.0 17.6 5.3 14.6 13.6 14.1
53.9 53.8 36.7 23.6 15.6 20.0 64.7 21.0 39.6 43.2 41.3
5.9 G1.5 53.3 h2.7 35.6 45.0 88.2 57.9 T75.0 63.6 69,6
55.9 76.9 66.7 78.2 66.7 73.0 100,0 73.7 89.6 77.3 83.7
56.9 4.6 B6.7 50.9 93.3 92.0 100.0 95.8 100.0 97.8
57.9 92.3 96.7 96.4 97.8 97.0 97.9 98.9
58.9 100.0 100.0 98.2 100.0 99.0 97.9 98.9
599 100.0 100.0 100.0 100.0
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TABLE 13 CUMULATIVE PERCENTAGE FREQUENCIES, INTERCRISTIC DIAMETER
*13 BHEORHGIESS

Measurement Make % Female %

(em) 3000-4999 3000-4999

iy » Not-in-ci fu Not-in-cit lus
MER  <1500m 1500-1999 3000-4999 m,’;“T‘;’ Notincity <1500m 1500-1999 30004999 o 0 Nobin-city

LIRS e

Hiroshima [© 8

Subjects 3 REX 63 105 177 164 B3] 58 101 169 138 307
G49.9 1.0 0 ] 0 15.5 4.0 3.6 8.0 5.5
1.9 1] 1.0 .6 0.6 0.6 24.1 9.9 10.6 12,3 11.4
73.9 1.6 1.0 1.1 0.6 0.9 39.7 24.8 22.5 25.4 23.8
75.9 9.5 4.8 4.0 5.5 4.7 51.7 43.6 40.2 44.2 42,0
7.9 25.4 17.1 13.0 8.5 10.8 65.5 55.4 59.2 5.9 62.2
79.9 38.1 24.8 26.6 22.0 24.3 84.5 80.2 8.7 80.4 79.5
81.9 49.2 43.8 39.6 42.1 40.8 93.1 88.1 90.5 B8.4 89.6
83.9 68.2 61.0 54.2 66.5 60.1 98.3 96.0 97.0 94.2 95.8
85.9 79.4 75.2 79.1 76.8 78.0 100.0 99.0 97.0 96.4 96.7
87.9 90.5 81.0 87.6 896 88.6 100.0 98.8 97.1 98.0
89.9 95.2 93.3 94.9 95.1 95.0 98.8 100.0 99.4
91.9 96.8 97.1 97.7 99.4 985 98.8 99.4
939 100.0 99.0 98.3 99.4 98.8 99.4 99.7
95.9 99.0 99.4 99.4 99.4 1000 100.0
97.9 99.0 100.0 100.0 100.0
99.9 100.0

Nagasaki £®&

Subjects # 2 EX 13 30 55 15 100 17 19 48 44 92
69.9 0 '] 23 1.1
71.9 3.3 0 0 0 0 21 2.3 2.2
73.9 0 3.3 3.6 2.0 5.9 5.3 2.1 2.3 2.2
75.9 15.4 6.7 5.4 3.0 17.6 10.5 42 9.1 6.5
77.9 23.1 10.0 7.3 0 4.0 29.4 15.8 16.7 25.0 20.6
79.9 38.5 16.7 16.4 4.4 11.0 58.8 36.8 1.2 40.9 35.9
B1.9 46.2 36.7 32.7 28.9 31.0 76.5 47.4 45.8 50.0 47.8
83.9 61.5 53.3 47.3 44.4 46,0 82,4 63.2 64.6 56.8 60,9
85.9 69.2 73.3 61.8 60.0 61.0 88.2 68.4 83.3 79.6 81.5
87.9 76.9 76.7 83.6 68.9 77.0 94.1 84.2 93.8 86.4 90.2
89.9 92.3 83.3 94.6 82,2 89.0 100.0 842 97.9 90.9 94.6
919 100.0 90.0 98.2 95.6 97.0 94.7 97.9 93.2 95.6
93.9 93.3 98.2 100.0 99.0 100.0 100.0 97.7 98.9
95.9 96.7 100,0 100.0 100.0 100.0
97.9 100.0
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