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SERUM BUTANOL EXTRACTABLE IODINE VALUES FOR ADOLESCENTS
EXPOSED IN UTERO NAGASAKI

FRATHEBRLARBOBREFYREICSYINBET 2/ - VA HEMKXEMS

INTRODUCTI ON

In children sensitivity of the thyroid
gland to lonizing radiation has been
emphasized recently in numerous reports. 1=6
Fetal tissues in general, especially
during the first trimester, are reported
to be extremely sensitive to ionizing
radiation. 8
if any, on fetal thyroid function deserves
special attention during the first tri-

9,10 yhen the fetal thyroid traps
1131,

The mother's influence,

mes ter
negligible amounts of A group
of children who were exposed in utero
at the time of the atomie bombing in
Nagasaki, Japan, together with suitable
control groups, currently receive annual
examinations at the Atomic Bomb Casualty
Commission (ABCC). Within ABCC this is
known as the PE-86 sample. Earlier studies
of these childrenll=16

increased incidence of microcephaly and

have shown an

mental retardation in the exposed group
when compared with the control groups, but
no other consistent significant differences
have been found. It was thought that
when these children entered adolescence
certain differences attributable to
radiation, not otherwise apparent, might
be revealed during pubertal stress.
Therefore, in Nagasaki, a carefully matched
group known as the PE-86 Adolescent Study
Sample was selected from the total PE-86
sample of in utero exposed. The Adolescent
Study group has been receiving special
examinations placing particular emphasis on
growth and development.l7

In the adolescent period goiters are
and during the rapid growth
of adolescence the normal values for serum
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precipitable iodine (SPI) and butanol
extractable iodine (BEI) have been found
to be lower than in normal pre-adolescent
children or adults.21"23 For these
reasons, an investigation of thyroid
function in adolescents exposed in utero
was undertaken in Nagasaki. The sample for
this study of BEI values included subjects
from the matched PE-86 Adolescent Study
group as well as some members of the
larger PE-86 population.

This study was planned to ascertain the
influence, if any, of ionlzing radiation,
at various stages of gestation, on adoles-
cent thyroid function as evaluated by
clinical examination and by measurement of
the serum BEI. Blood samples for serum BEI
determinations were obtained from both
exposed and control subjects all of whom
were in utero August 9, 1945, the time of
the atomic bombing of Nagasaki. Tentative
radiation dose estimates for the mothers
of the in utero exposed children indicate
that some of these children received
relatively large single doses of whole
body irradiation, at varying stages of
gestation.24 Maternal radiation dose,
trimester of gestation, sex, and growth
and development were evaluated initially
before the serum BEI findings were known;
also, observations have been made on
the prevalence of goiter in the exposed
and control groups.

MATERIALS AND METHODS

In the course of this investigation 281
adolescents were seen, but for reasons
described below, 32 were omitted from the
final analysis. The remaining 249 children
were divided into three comparable groups:
a proximal group of 74 children whose
mothers were exposed to the atomle bomb
within 2000 meters of the hypocenter; a
distal control group of 94 children whose
mothers were exposed at 3000-4999 meters
from the hypocenter; and a nonexposed
control group of 81 children whose mothers
came into the city between one and twelve
months after the atomic bombing.
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The method of calculation of the tenta-
tive dose estimates for the exposed
mothers (Table 1) has been reported
previously.24 Ten mothers were behind
heavy shielding at the time of the bombing,
and dose estimates could not be calculated.
In addition, a tentative dose estimate
for the mother of one child has not been
calculated. Mothers of children in the
distal control group probably received less
than 1.0 rad of total body radiation, the
calculated air doses at those distances,25
and their radiation exposure was considered
However, the distal control
group did experience traumatic effects
similar to those of the proximal exposed
group. By using the offspring of distal
exposed and of nonexposed mothers as
control groups 1t was thought that the
traumatic effects of the bombing might be
separated from the radiation effects.

negligible.
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TABLE 1 TENTATIVE RADIATION DOSE ESTIMATES FOR BEI STUDY SAMWPLE,
ADOLESCENTS EXPOSED IN UTERD, NAGASAKI

F1 BATEESEL-EWoBEMEEBEIBEEA K+ 2 B FE RoHg R ER

NUMBER OF SUBJECTS
RADIATION TENTATIYE 1957 DOSE IN RADJ M B
1957 B 7 M 4P4R AL (rad ) MALE |FEMALE| TOTAL
5 % il
0- 8 3 7 5
10- 18 11 0 11
20- 29 7 5 12
an- 38 3 2 5
40- 49 4 2 g
50- B8 4 2 B
70- 89 1 1 2
100-149 1 [ 7
150-1899 4 1 5
200-298 1 3 4
TOTAL 39 24 63
HEAVY SHIELDING HiEdk 5 5 10
NOT ESTIMATED HEGERL & L 1 0 1
TOTAL SAMPLE B4 45 29 741
tcamma plus neutron dose added at 1:1 ratio.
YL P TFRELE L 1 0BG AT L A,

115 exposed subjects are omitted as described In text.
FUIRRELESZBEOHBHRER V.



Children were examined as nearly as pos-
sible within two weeks of their fifteenth
birthdays. They were grouped according to
radiological determination of the number
of closed epiphyseal centers at the
hand and wrist which has been shown to
be a reliable indicator of developmental
maturity in this age group.26 Serutiny of
clinical records disclosed no subject with
familial history of metabolic disease.
The children were specifically questioned
about the ingestion of iodine-containing
medicines and the replies were uniformly
negative. A dlagnosis of goliter was made
only when two independent observers agreed
that a gland was at least twice normal
size. Excluded from the study were
eleven girls with goiters, elght mentally
retarded children, one child with a
questionable thyroid nodule and one child
who had liver disease.

Blood for serum BEI determinations was
drawn in disposable plastiec syringes. For
stabllization of thyroxine-like iodine a
small amount of thiouracil was added to
27 which was then refrigerated
but not frozen.

each serum
Samples were collected
during no more than a ten day period and
were flown unrefrigerated from Nagasaki,
Japan, to New Haven, Connecticut. Transit
time was usually three to four days with
a single long perlod of one week. BEI
values were measured immediately, but
for a large shipment the laboratory
determinations extended over three days.
Thus, the serum BEI was quantitated within
two or at the most three weeks after
venipuncture. It has been shown that the
BEI of thiouracilized, refrigerated control
sera remains stable and unchanged after
more than six months. 2?2 Serum BEI values
were determined in duplicate by the
method of Man et 2127228 ang agreed
within 1.0 gamma per cent. Eleven samples
were lost elther in transit or through
laboratory error.

Loss of BEI determinations for 11 sera
and exclusion of 21 subjects for clinical
reasons as previously discussed left a
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total of 249 children in the study.
Distribution within the various exposure
categories 1s shown in Table 2. It is
apparent that the sampling distribution is
somewhat uneven for the females and this
may be due in part to the previously
discussed exclusions. Thus, there are 142
males but only 107 females. For males the
distribution is fairly even among the three
exposure categorles with 45 or more
subjects in each, whereas for females it
is somewhat unbalanced, with only 29
in the proximal group.

OB EBRY LD, ZO#EBIZEITS
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TABLE 2 BEI STUDY SAMPLE, ADOLESCENTS EXPOSED IN UTERO, NAGASAKI BY TRIMESTER OF GESTATION,

SEX, AND EXPOSURE

2 KBATHRBRLARHOBHEHREBE I #EFE A ERNN, 5 & O #5857,
EXPOSURE CATEGORY  HiR5rMH
PROXIMAL DISTAL EXPOSED NONEXPOSED COMBINED
SEX TRIMESTER I B I8 B 1R g 208 Sogitl F A X B it
14 51 iR <2000m 3000-4989p
SUBJECTS|MEAN BEI |SUBJECTS{MEAN BEI|SUBJECTS| MEAN BEI [SUBJECTS|MEAN BEI
Xt % # T EOR- 8- 13 xt B - £ o B T £
|THIRD &M 14 5.6 X1.7|" 14 5.3%0.9 10 4.8%1.0 i8 5.3%£1.3
MALE |SECOND TrhEi B 5.611.6 15 5.6 11,2 22 §azdit2 48 5.4%1.3
% FIRST il 20 5.811.2 22 5.2%1.8 14 5.3%1.0 56 5.9E1.3
TOTAL &t 45 5.6%1.4 51 5udd1 8 45 el | 142 5.4+1.3
THIRD % 12 5.7%t0.9 17 5.4%f1,8 18 g £ 52 47 5.6%1.3
FEMALE|SEcOND 1 Ef 10 G2kt 14 5.8+1.0 11 5.5%1.0 35 5.8%1.0
& [FIRST Al 7 B.0O*1.7 12 5.8%1.1 6 g.2%1.2 25 6.0%1.3
IrnTAL it 29 58+1.2 43 5.7%1.3 35 5.8+1.1 107 5.8t1.2
RESULTS
AEFR

Radiological determination of the number
of epiphyseal centers closed in the hand
and wrist indicated that these 15 year old
Japanese boys were not as mature as the
girls. The males were classiflied in
relation to closure of any epiphyses,
whereas the females were classified as
to whether more or less than 19 centers
had closed. For all females, except'S,
menarche had occurred prior to the initi-
ation of the present study. Therefore, it
would appear that the male population
conformed more closely with the age of
adolescent stress and subsequent results
will be presented first for the boys.

Further, as previously mentioned, the
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males appear to offer a somewhat more
satisfactory basis for comparative obser-
vations than the females.

Table 2 shows the BEI values for the
males according to exposure and trimester
of gestation. The mean* value of 5.2 T 1.1
gamma per cent for the nonexposed males
is lower than 5.3 % 1.3 gamma per cent for
the distal exposed controls, and 5.6 * 1.4
gamma per cent for the proximal exposed
group, but the differences are not statis-
tically significant. The mean for the
proximal exposed group includes the BEI
values for those whose mothers were
behind heavy shielding and one for whom
Since
all these subjects may have received
considerable amounts of radiation it has
not seemed justified to exclude them.
However, even if they are excluded, there
is no significant difference in the mean

a dose estimate was not available.

for the proximal exposed group. o

To evaluate the apparent tendency toward
higher values for the exposed group, the
proximally exposed were divided into those
whose mothers received a tentative dose
estimate of less than 50 rads and those
For the
28 subjects whose mothers received less
than 50 rads the mean serum BEI value
was 5.8 t+ 1.4 gamma per cent and for the
11 subjects whose mothers received 50 rads
or more it was 4.8 t 1.2 gamma per cent,
a statistically significant difference
(0.02<P<0.05). More detailed analysis of
the first trimester boys was attempted, by

who received 50 rads or more.

separating them into two subgroups, exposed
in utero during the first six weeks of
gestation, and exposed in the second six
weeks, but the number of subjects was too
small for meaningful comparisons.

In the 107 females studied, no signifi-
cant statistical differences were found
be tween the proximal exposed, distal
exposed control and nonexposed control
groups (Table 2). Further subdivisions
according to estimated alr dose to the
mothers or according to the first and last
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six weeks of gestation in the first tri-
mester ylelded no significant differences
in BEI values.

Although excluded from the analysis of
BEI values, the 11 female subjects with
goiter also were evaluated with regard to
exposure and to stage of gestation. Six
were in the exposed group, 1 in the distal
control group, and 4 in the nonexposed
control group. When these 11 subjects were
divided by trimester, 7 were in the first
trimester, none in the second trimester
and 4 in the third trimester. The number
of subjects with goiter was too small to
analyze simultaneously by exposure group
SPI values for
all the goiter patients, determined by
the 406th Medical General Laboratories,
Camp Zama, Japan using a modification of
Barker's rruathod,:g9 were well within the
normal range (3.5 to 8.0 gamma per cent).

and trimester of gestation.

As noted above, the boys tended to .be
less mature than the girls, as measured by
the number of epiphyseal closures of the
hand and wrist. In an effort to see if
BEI values might be more closely related
to the degree of maturity, detailed
comparisons were made with respect to
When the mean BEI
value for those males with all centers
open was compared wilith the mean for those
in whom any center was closed, no statis-
tically significant difference was found
(5.3 gamma per cent vs 5.5 gamma per cent).
For the females, a comparison between those
with more than and those with less than 19
centers closed showed no difference (5.8
gamma per cent for both).

epiphyseal closures.

Since there was no clearly apparant
radiation effect on the serum BEI values,
the mean for all the adolescent males was
compared with that for all the females.
Omission of the data for the 11 boys whose
mothers received 50 rads or more does
not effect this comparison. For the males,
the mean BEI value was 5.4 ¥ 1.3 gamma
per cent and for the females, 5.8 1.2
gamma per cent, a statistically significant
difference (0.01<P<0.02).

ENHiASHELTHEESIT L, 285 S, BEI
HlzEREEL2RD L 5 /2.,

BEI DA » 5 Bt L 2 HIRIRIEZ A ¥ 5
NAOEFHRIIOVT E, BN HS & PRI
B L. 6 2 ANEMBERER, 140 E
PREE AR G BREE, 2 L4 BB IRE T A
sl ZRSUYORNEEFREHIIZS T 5 &,
TR EEAT T, EPHICS s 2FHIT 1IN
2<, 4% rb“&?ﬁﬂhﬂféﬁﬁ Thor., FIRIREZ A
ARBEOKEIEV L LD T, WERSEMN,
JEMEERR O AT 2 FIREICIT 2 ) 2L I3 TE A 5
Foo AT oHRIEE A E o T EM o B R
H 55 406 K EFR AN T Barker [KIEOXE
E® AW TSPIHEZIE LABRIER TH -
2(3.5T5E8.0Y %)

it ki, FREIUFEOBEZEBHO
BENELALZA, BFEEF LD ENANS
STWAMHE A S - 7/2. BEIE AL L LDE
BLMENHEHEIERL Y E LT, B
FASH & DM 2 A I ZIT A - 2. $ T OHR
EARB LTV A3BFIcE T2 FHBEIfLE, ¥
NRTOEWEVHEL T3 ?®1Hmuﬁk&
LA Zs, HEMICERZRA DL &
(5.3Y %x5.5Y %). &ITlk, BWmkA19L)
LA LTWwWEELE, ZhUTOHFEZLELL
R, ZERBLL L (RTEE 5.87%).

MEBEIMEIZA + 2 MHEHEOMW G 2 E %
Rohhr0T, TRTOREHNEFLEXFO
P & & bl U7z, R A'50rad L) ko> BOsH
R AEUNAOBFOBEIEEZRWT S 2O
OFFIZEEV L. BFoFEHEi
1.3 Y% Thd3nizxl, XFOFHME 5.8+
1.2Y%CHAMIZAREZ 28074 (0.01<P<0.02).



DISCUSSION

In this study no statistically signifi-
cant differences were demonstrated between
the mean BEI values for exposed and control
groups, although the values tended to be
higher in the exposed group, occurring in
both males and females when the comparison
was made agalnst either control group.
In an effort to determine whether this
tendency toward higher values 1n the
exposed group was a radiation effect, the
group was divided according to estimated
maternal dosages of less than 50 and 50
rads or more. Although the mean BEI
value for the males was lower in the
more heavily irradiated group, for the
females, it was slightly higher, and the
difference was statistically significant
only for the males. There is no readily
apparent explanation for this seeming sex
difference, but it seems probable that
sampling difficulties may in part be
responsible. 0"

In the present investigation, attempts
to distinguish a maternal effect on the
fetal thyroid were inconclusive, since in
the first trimester children, where the
influence of the mother would seem to be
greatest, and where one might expect the
mean BEI values to be most affected, no
significant differences were found.
However, a definite conclusion on this
point 1is ruled out because of the sampling
problems mentioned earlier. Further, 1f
there were a radiation effect which
caused morphological abnormalities in the
thyrold gland, then the first six weeks of
gestation would be the most important,
since major organogeneslis occurs at
that time and it has been shown that
radiation results in a high incidence of
abnarmalities.7’30 Evidence either in
support of or in refutation of this theory
is not available from the present study,
since the number of subjects in each
exposure group 1s too small for valid
comparisons.

The data do not substantiate any hypo-
thesis regarding a 'blast' effect, since
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the values in the distal control group
approximate those of the nonexposed migrant
control group.

With respect to the golters seen in this
study, it has been observed that although
they occur frequently in adolescent
residents of inland areas in the United
States and Europe, their incidence may be
18,19 .

Nagasaki, a seaport where large amounts of

less frequent in coastal regions.

iodine-containing substances, such as fish
and seaweed are staple items of the diet,
it 1s unlikely that an iodine deficiency
is the etiological factor in golter during
the period of rapid adolescent growth.
Therefore, it is of interest that among the
281 subjects seen 1n the course of this
study, 11 girls with golter were found.
Although there was a slight preponderance
of such girls in the exposed group, the
number of subjects was too small to detect
a statistically significant difference in
the incidence of goiter between the expos€d
The fact that all
those with goiter were female 1s not

and control groups.

particularly surprising, since others have
observed that a slightly enlarged readily
palpable thyroid is quite common in

adolescent Japanese girls.gl

The significant difference between
the mean BEI values for the males and
females is presumably a reflection of the
difference in maturity in the two sexes.
Although all subjects were examined at
age fifteen, the boys were less mature than
the girls:
in the hand and wrist were just beginning

the boys' eplphyseal centers

to close while the girls' centers were
almost all closed. Thus the boys were
apparently closer to the period of adoles-
cent growth spurt when the BEI and SPI
21-23 gpr
values for the Japanese adolescents of this
study are significantly higher than are
comparable values for adolescents in the
central and northern seaboard areas
of eastern United States.Z22:23 1his
observation 1s compatible with higher mean
BEI values for 10 adult Japanese men and 10
women studied simul taneously with the

values are lower than usual.
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investigation reported here, as well as

with higher ranges for SPI values for the

Japanese observed by others. 20

SUMMARY

Serum BEI determinations were performed
on 249 fifteen year old exposed and
nonexposed apparently normal children all
of whom were in utero at the time of the

atomic bombing in Nagasaki, Japan.

The girls were more mature in growth and
development than the boys; the boys were
probably near the peak stress of adolescent
development.

No statistically significant difference
of BEI values was found between exposed
and control groups.

The trimester of gestation of the
children at the time of exposure appeared
to have no conclusive effect on the BEI
value, but the number of subjects from each
trimester was too small for satisfactory
statistical analysis.

Eleven females with goiter were analyzed
separately. There was a slight prepon-
derance of golter in the exposed group, but
the difference was not significant.

The mean BEI value for the males was
significantly lower than that for the
females.

The mean BEI values for Japanese adoles-
cents are higher than for adolescents in
the Middle Atlantic and New England states
in the United States.
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