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GROWTH STATUS OF CHILDREN EXPOSED TO FALLOUT 

RADIATION ON MARSHALL ISLANDS 

W.W. Sutow, M.D., R. A. Conard, M.D. and K. M. Griffith, M.D. 
University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, Texas, and the 

Medical Diuisio11, Brookhaven National Laboratory, Upton, Long Island, New York 

0 N March 1, 1954, inhabitants of three 
atolls (Rongelap, Ailingnae, and 

Utirik) of the ~Iarshall Islands were acci­
dentally exposed to fallout radiation from 
the experimental detonation of a large 
thermonuclear device over Bikini Atoll. An 
unpredicted shift in wind at the time of 
detonation caused deposition of significant 
amounts of fallout on these nearby islands 
(see Table I). The inhabitants were sub­
jected to whole body gamma radiation, 
irradiation of the skin (largely from beta 
particles in the fallout), and radiation from 
internal absorption of radionuclides follow­
ing ingestion of contaminated food and 
water. About two days after the accident, 
the entire populations of the three atolls 
were evacuated by plane and ship to Kwa­
jalein Atoll where complete examinations 
were carried out. After several months, the 
Utirik group was returned to its home island 
where radioactivity was considered to be 
low enough for safe habitation. The Ronge­
lap and Ailingnae people were transferred 
to Majuro Atoll, several hundred miles to 
the south. By June, 1957, the radioactivity 
levels on Rongelap were considered low 
enough for the people to be moved back to . 
the island. 

Most of the people exposed on Rongelap 
experienced anorexia and nausea within the 
first 24 to 48 hours after exposure. Vomiting 
and diarrhea occurred in a few. Cutaneous 
lesions and alopecia developed about two 
weeks later in most of the exposed subjects . 
Leukopenia (white blood count less than 
5,000) and thrombocytopenia (platelet 
count less than 100,000) were seen in a 
number (see Table II). None of the people 

exposed on Utirik developed alopecia, epi­
lation, or other radiation symptoms. 

Since the exposure, annual medical fol­
lowup examinations have been conducted 
on these people. Detailed accounts of the 
hematological, clinical, and other data 
from these surveys have been publishcd.1

-
10 

This report summarizes the findings from 
growth and development studies, for 1958 
through 1963, of those who were in the 
pediatric age group (less than 20 years of 
age) at the time of exposure. 

RADIATION EXPOSURE DATA 

Table I shows the various island groups, 
distances from Bikini, and estimated whole 
body 'doses. On Rongelap atoll, 64 people 
received the calculated gamnia dose in air 
of 175 r. Eighteen other Rongelap inhabi­
tant.S who had beeri on . the neighboring 
Ailingnae atoll were exposed to about 69 r. 
One hundred and fifty-seven inhabitants of 
Utirik atoll, farthest from Bikini, received 
the smallest dose of about 14 r. The inte­
grated dosage calculations were rather 
complicated and involved survey instru­
ment readings at the time of evacuation, 
film badge readings of a group of Ameri­
cans on a nearby contaminated . island, 
estimation of the time and extent of fallout, 
fallout decay, etc.11 An accurate estimate of 
the beta radiation dose to the skin from 
radioactive material in contact with the 
dermal surf ace could not be made, but the 
development of skin lesions indicated that 
it must have been roughly 10,000 to 15,000 
rads (largely low-energy beta). 

Radiochemical ·analysis of urine samples 
from exposed persons showed some degree 

(Submitted November 18, 1964; revision accepted for publication March 31, 1965.) 
ADDRESS: (W.W.S.) University of Texas M. D. Anderson Hospital and Tumor Institute, Texas Medical 

Center, Houston, Texas; (R.A.C.) Brookhaven National Laboratory, Upton, Long Island, New York. 
This work was supported by the U. S. Atomic Energy Commission. 

PEDIATRICS, Vol. 36, No. 5, November 1965 
721 

,. 

40 :LE349 

l 
L. 

r 
i 



722 GROWTH AND RADIATION 

TABLE I 

EXPOSURE DATA* :\IARSllALL ISLANU l!<iHADITANTS 

Diltanco Erpo•uro DoJe 
Number of Ptop/e 

Erpowl 

Atoll 
from Bikini (JJ"Aol• Bod11 

(Nautical Gamma 
Under Age 

Milu) Radial ion) Total 
fO l"eari 

Rongelap 105 175 r 6l Slt 
Ailiogoae soi 69 r 18 7 
Utirik iOO Hr 157 H 

• 2S Japanese fishermen alward the "essel "Lucky Dragon" near 
Rongelap and 28 American service men stationed at another atoll 
were also oubjected to the fallout radiation on the same day. 

t Four additional 1ubjecU v-·ere in uUro at the time of expo!lure. 
i Though Ailiogoae wu closer than Rongelap to Bikini it was more 

out of the pattern of heavy fallout. 

of internal absorption of radioactive mate­
rial, presumably from ingestion of contami­
nated food and water.12 Body_ burdens of 
radio-nuclides have been measured by 
radiochemical urine analysis and gamma 
spectrographic analysis; the latter was done 
in a 21-ton steel room carried to the islands 
especially for this purpose. Cs137 and Zn65 

have been the principal gamma emitters 
detected (residual fallout contamination). 
The highest levels of these isotopes aver-

aged about 0.7 µc for cesium137 and 0.4 µc 
for zinc65 per individual, well below the 
accepted permissible levels, and imparting 
a dose of only about 100 mr annually (less 
than that normally received from natural 
gamma sources). During the first few days 
the radioisotopes of iodine exceeded the 
accepted permissible level (about 6.4 µc on 
the first day). It was estimated that the 
thyroid glands of the adults received 100 to 
150 rads from the radioiodines (with some­
what higher values for the children). No 
acute effects were noted from these internal 
exposures. 

Sr90, a beta emitter which is selectively 
deposited in bones, was another considera­
tion. Based on urinary excretion values8

• 
9

• 
13 

and bone analyses from autopsy specimens, 
the maximum Sr90 in the adult bones was 
calculated to be about 15 pc/gm Ca. Since 
this value was higher by a factor of about 
10 in children, because of greater bone 
absorption, the value would be l~>O pc/ gm 
Ca. Using the assumptions accepted in the 
United Nations report, 14 this value cor­
responded to a dose to the children's bones 

TABLE II 

RADIATION SYMPTOMS IN RoNGELAP CHILDREN 

Age at 
Numher with Radiation Symptam8 

Number 
Exposure Sex Exposed Skin Leuko- Thrombo-

(yr) Nau.sea Vomiting Diarrhea Epilation Lesion penia cytopenia 

Under 2 l\I 5 4 I I 4 4 5 
F s 2 s s 2 2 

~ 
2-3 M s I 1 I 2 s f's 

F 4 8 I s 4 4 s 

4-6 M 2 2 I 2 2 2 I 
F I I 

7-10 M s I I I 2 s s I 
F 5 2 5 5 5 

11-15 l\I 2 1 2 2 2 
F 6 6 8 5 5 4 

16-20 l\I 1 1 1 1 
F 8 1 

,,.---~ 

1 s s 

501/!.5bb ,. 

l 

( 



AR Tl OLES 723 

of about 370 mr/yr or a total dose of about TABLE IV 

3 rads over the 9-year perio<l since the Exrosw AND UNEXPOSED CmLDREN Ro:-mELAP SERIES 

fallout. 

PROCEDURES 

Of the total population of 237 exposed 
to fallout radiation, 112 ( 47%) were und_er 
the age of 20 years (Table I). Although 
some attrition in number has resulted from 
inter-island migration and from "gradua­
tion" into the adult category, longitudinal 
data have become available for the majority 
of the children. This analysis, however, has 
been limited to growth data obtained from 
1958 through 1963 on the 38 children ex­
posed at Rongelap and Ailingnae atolls 
(Table III), 4 children exposed in utero, 
67 unexposed comparison children, 39 chil­
dren born to exposed parents, and 53 chil­
dren born to unexposed parents on Ronge­
lap subsequent to the radiation fallout. 

When the Rongelap people were returned 
to their home island in 1957, they were 
accompanied by a group of relatives and 
former Rongelap residents who had not 
been exposed to the fallout. These added 
people are thought to be ethnologically 
comparable to the exposed group. Since 
these unexposed people, which included 69 
in the pediatric age group, have continued 
to live and eat in the same environment as 
the exposed islanders, they have been used 

TABLE III 

NUMBER OF CHILDREN ExAmNED RoNGELAP SERIES 

Babie11 Born after 
Year December, 1954 
of Un-

Exami- Exposed exposed To Un-
nation To Exposed exposed 

Parent(s) Parent(s) • 

1954 SB 
1958 39• 67 13 26 
1959 g4• 50 20 3~ 

1960 36* 10 
1961 so• 50 24 39 
1962 SO* 43 37 53 
1963 25• 36 35 53 

• Includes 4 who were exposed in utero. 

Number of Doy11 Number of Girl11 
Birth 
Year Un-

Ez]>Olled. erpoaed* Ezposed 

1954 st 2 It 
1953 l 2 
1952 4 2 s 
1951 2 2 
1950 s s 2 
1949 1 
1948 4 1 
1947 1 l 2 
1946 1 5 1 
1945 1 1 2 
1944 2 
1948 1 4 

1942 & 
earlier s 6 9 

• Children born prior to December, 1954. 
t Exposed in ul.ero. -

Un-
ezposed 

7 
s 
4 
2 
4 
1 
2 
s 
l 

2 

6 

after 1957 as the comparison population. 
The age-sex statistics of the exposed and 
unexposed children are shown on Table IV. 

During the evacuation phase, the hospital 
and clinics at Kwajalein and Majuro were 
used for the _medical surveys. Following 
repatriation, examination facilities were set 
up on Rongelap. Examinations, however, 
have been continued on Kwajalein and 
Majuro for those exposed islanders who had 
moved there. 

Routine annual pediatric work-up on 
each child has consisted of interval medical 
history, physical examination, physical an­
thropometry, roentgenogram of left hand 
and wrist, complete blood count, and urin­
alysis. During the period covered by this 
analysis, ophthalmological studies were 
carried out in 1957, 1958, 19"59, and 1962 
apd dental surveys in 1959 and 1961. 
Special laboratory studies for clinical in­
dications and for survey purposes have in­
cluded biochemical determinations on body 
fluids, parasitological surveys, chromosome 
studies, skin biopsy examinations, radionu­
clide body burden evaluations, immuno­
electrophoretic analyses, and studies of 

L 

r 
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724 GROWTH AND RADIATION 

genetically inherited characteristics of 
blood components and urine. 

The routine anthropometric measure­
ments consisted of stature, body weight, 
sitting height, head circumference, head 
width, head length, chest circumference, 
calf circumference, bisacromial diameter, 
and bicristal diameter. Weight was deter­
mined on a Fairbanks scale, beam balance. 
Stature was measureu on a fixed wall scale 
using a right-angle square. Circumferences 
were determined by a flexible steel tape and 
diameters by Swan Tool spreading calipers. 
Techniques conformed basically to those 
used internationally in physical anthropo­
metry. 1~ The growth data used in this anal­
ysis were obtained by a single observer 
( W.W.S.) except in 1960 when only the 
heights and weights were determined on 
exposed children (by R.A. C. ) . 

Evaluation of sexual maturation was done 
during the physical examination using stan­
dards described by Greulich et al. 16 and 
Reynolds and \Vines. 17 

• 
18 Assessment of os­

seous development was carried out by a 
single evaluator ( W. W. S.) using the tech­
nique of Greulich and Pyle.19 

RESULTS 

The pediatric study population was di­
vided into four groups: (a) those exposed 
to radiation, including 4 children in utero at 
the time of exposure; ( b) those born before 
the fallout but not exposed to radiation; ( c) 
those born to exposed parents subsequent to 
the fallout; and ( d) those born to unex­
posed parents subsequent to the fallout. 

Because some of the distributions en­
countered in these data did not approximate 
normality or even symmetry of distribution, 
and because many of the groups were too 
small to justify making assumptions about 
the parameters of the populations from 
which the samples were drawn (and in 
many instances too small to permit cal­
culations of any meaningful measure of 
variability), all data analysis was done by 
non-parametric statistical methods. All 
measures of central tendency were medians, 
and all graphic presentations comparing 

\ 

groups were plotted in terms of group me­
dians. Descriptive differences reported as 
between groups were differences between 
medians. Significance of differences be­
tween groups, unless otherwise specified, 
was determined by the Kruskal-W allis one­
way analysis of variance. 20 

Height and weight data on unexposed 
children born before the fallout showed the 
expected pattern of pubertal growth spurt 
occurring earlier in girls than in boys and 
the eventual superiority in size of boys at 
maturity. Among the exposed children, 
there was a distinct tendency for boys ex­
posed at ages 1 through 5 to be shorter 
than unexposed boys of the same age (Fig. 
I ) . Although the differences were statistic­
ally significant at the 5% confidence level 

170 

160 

I ''° ~ 
.... 
:c 
"' 140 ... 
:c 

130 

STATURAL GROWTH 1958-1963 

-EXPOSED 
<>--oCONTROL 

BOYS 

e BIRTH YEAR GROUP 
I AGE AT EXPOSURE) 

6 8 10 
AGE (YEARS) 

12 14 16 

FIG. 1. Statural growth of boys, 1958 through 
1963. Longitudinal growth curves showing median 
statures of groups of boys exposed at various ages, 
e.g., in utero ( u) 3 boys; 12 to 24 months ( 1) 5 
boys; 3 through 5 years ( 3-5) 4 boys; 6 through 
8 years ( 6-8) 3 boys; and 12 through 13 years 
( 12-13) 2 boys; indicate definite and continuing 
retardation in statural growth of boys exposed at 
ages 5 years or younger and particularly 12 to 24 

,. 

months of age.~ 
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ARTICLES 72.5 

only in the measurements at ages 6, 9, and 
10 years for the boys exposed at age 1, and 
at age 11 for the boys exposed at ages 3 
·through 5 years, the retardation in stature 
of these boys exposed at an early age was 
apparent at all ages at which measurements 
were made. Two of the 9 boys exposed at 
ages 1 through 5 maintained statures com­
parable to the median statures of the un­
exposed boys of the same age while the 
other 7 showed varying degrees of retarda­
tion. No ten<lency toward diminution in 
the magnitudes of the differences was 
noted as the boys grew older. 

In general, the boys exposed at age 5 
years or below appear to have growth 
curves patallel to those of the unexposed 
group, but remain 5 to 10 cm shorter in 
stature than unexposed boys of the same 
age (Fig. 1). The notable exceptions to 
this generalization are 2 of the 4 boys ex­
posed at 16 to 17 months of age. Both of 
these boys, at age 10 years, are roughly 
comparable in stature to the 6-year-old un­
exposed boy. Subject No. 3 was 6.8 cm 
below the median height for the unexposed 
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MEDIAN STATURES 1958·1963 GIRLS1· 
.__..... EXPOSEO 

3 4 5 6 7 6 9 °10 II 12 13 14 15 16 17 
CHRONOLOGICAL AGE (YRS) 

Fie. 2. Statural growth of girls, 1953 through 1963. 
No significant differences exist between the exposed 

and non-exposed groups of girls. 

~ 0 1 . . t..11• ··- • ,.., 
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140 

120 

40 

20 

MEDIAN WEIGHTS 19~8-1963 

- EXPOSED 
o---o CONTROL 

BOYS ~ 
/ 

p;r-
/ , 

-~ 

0'--•4__.___.6__,.__,..__..__.~__.__.1~2_..__._,4__..__.,s__, 

AGE IYEARSI 

Fie. 3. Median weights of. boys, 1958 through 
1963. A trend, not statistically significant, for the 
younger boys of the exposed group to be lighter 
in weight in comparison with the control group 

is noted. ,,, /\ D. 
t' v '()~ ~ -<O 

when he was 5 years_ old, and at age 10 he</ 
was 19.5 cm below the median height for 
the unexposed. Subject No. 5 was 9.6 cm 
below the median height for the unexposed 
at age 5 years, as compared with 22.9 cm 
at 10 years. 

Boys exposed at ages 6 to 12 years 
showed no differences in stature from un­
exposed boys of the same age. Since there 
were only 2 boys exposed in the 12- through 
13-year-age range, the data available did 
not justify any conclusion regarding the 
effect of exposure about the time of pu­
berty. 

There is no evidence of retardation of 
stature of the exposed girls as compared 
with the unexposed group, regardless of 
age at exposure (Fig. 2). There are no 
statistically significant differences between 
the two groups of girls with respect to 
stature at any age at which measurements 
were made, nor are there any individuals 
who might be described as staturally re­
tarded. 

The trends for weights of exposed and 
unexposed children (Fig. 3 and 4) are 

l 
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MEDIAN WEIGHTS 1956-1963 
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AGE l YEARS) 

Fie. 4. Median weights of girls, 1958 through 1963. 
No difference in the weight curves is apparent be­
tween exposed and non-exposed groups of girls. 

I o - er d.€ -<-Di 
similar to those observed in the statures, 
but the differences were smaller and none 
were statistically significant. Even subjects 
No. 3 and 5, who are approximately 4 years 

SKELETAL AGE vs CH RONONLOGICAL AGE 
BOYS POOLED MEASURMENTS FOR 1961-1963 

16~-~-"-..;:..:;.=..,.;:;_:_c'-.--~---.---,,-----, 

14 

;;- 12 
a: 

"" "" .. 
;;; 10 

"' "" -' 
~ 8 
"" -' 
"" "' 
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00 0 

o CONTROLS 
o EXPOSED AT AGE 12-18 
• EXPOSED AT OTHER AGES 

0 

0 0 

2 2<---~4----6-~8--1~0--1~2-__.14,--~16,.--~ 

CHRONOLOGICAL AGE I YEARS) 

Fie. 5. Skeletal age versus chronological age in 
boys, 1961 through 1963. Scattergram of pooled 
skeletal age assessment data from three separate 
examinations show general retardation (though not 
statistically significant over-all) of exposed boys 
compared to the non-exposed. The measurements 
on the boys exposed to fallout radiation at 12 to 
18 months of age are represented by open squares 
and indicate continued failure in skeletal matura­
tion. The standard curve derived from :\larshall 

Islands data is represented by the solid line. 

'""01?""""10 J . l.. J ' 

behind their peers in stature, are only 1 to 
2 years behind in weight. 

Neither the boys nor the girls have 
showed any significant differences between 
exposed and unexposed groups with re-
spect to head circumference. · 

Skeletal ages, based on the standards of 
Greulich and Pyle, 10 paralleled the statural 
development of the children. The scatter­
grams of skeletal ages versus chronological 
ages (Figs. 5 and 6) represent the pooled 
measurements for 1961, 1962, and 1963. 
Thus, the same individual may be shown 
at three different chronological age levels 
on the graph. The solid line on each scatter­
gram is a least squares fitting to the points 
representing the measurements on the un­
exposed children. Both the exposed and . 
unexposed Marshallese children tended to 
be less mature skeletally at comparable 
chronological ages than the norms pub­
lished by Greulich and Pyle. However, the 
boys were somewhat less mature skeletally 
than the girls, being on the average 8 
months retarded, as compared with 3 
months for the girls. -Also, the exposed 
children, both boys and girls, were some­
what less mature skeletally than the un­
exposed. The median skeletal retardation 
of the exposed children was 9 months, as 
compared with 3 months for the controls. 

SKELETAL AGE vi CHRONOLOGICAL AGE 1961-1963 
16.--:.=.r=--=-~--r---,---,---r--""Ji:----i 

GIRLS 

o CONTROL 
14 a EXPOSED AT AGE 12-18 MOS. 

• EXPOSED AT OTHER AGES 

~ 12 0 0 ... 
"" .. 
:; 10 .. 
"" -' 
"" 8 .... 
"' -' 
"' ~ 6 D 

4 

4 6 8 10 12 14 
CHRONOLOGICAL AGE I YEARS l 

16 

FIG. 6. Skeletal age versus chronological age in 
girls, 1961 through 1963. No significant over-all 
difference is apparent between exposed and non-

exposed groups of girls. 
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However, these differences were not sta­
tistically significant. 

The retardation of skeletal maturation of 
subjects No. 3 and 5, the 2 boys exposed at 
16 to 17 months of age, is even more ex­
treme than the retardation in their statural 
growth. Their skeletal maturation has fallen 
progressively farther behind the standards 
of Greulich and Pyle each year, and they 
are now approximately 6 years retarded 
according to these norms. One of these 
boys (No. 3) is shown with his younger 
(larger) sib (No: 8.3) in Figure 7. The 
roentgenograms of the wrist (Fig. 8) as 
well as the graphic presentation of the 
osseous development (Fig. 9) indicate the 
magnitude of retardation in this particular 
boy. 

The exposed girls did not differ sigi1ifi­
cantly from the unexposed girls with re­
spect to skeletal maturation, but it is per­
haps of interest to note that the girl who 
has consistently been the most retarded in 
·skeletal maturation ( 27 months below 
Greulich and Py le standards), and the 
smallest for age of the exposed girls, was 
exposed at 15 months of age. This would 
be consistent with the viewpoint that chil­
dren are most susceptible to the effects of 
exposure in the I-year-old age range, but 
that girls are less susceptible than boys. 

There were no significant differences be­
tween the children born to exposed parents 
and the children born to unexposed parents 
with respect to stature, weight, head cir­
cumference, or skeletal maturation. 

Although the exposed category consisted 
of 31 children who had received 175 r and 
7 who had received 69 r, there was no 
difference in the growth patterns of the 
children receiving the two different doses 
of irradiation. Therefore, the two groups 
were combined in the analytic procedures. 

COMMENTS 

Among the most prominent findings of 
the present study has been the age and sex 
dependence of the effects on grmvth of the 
Marshallese children. Boys appeared to be 
more adversely affected than the girls; the 

FIG. 7. Brothers. Marked retardation in statural 
growth is shown by the older (shorter) brother 
(No. 3 on the right) who was exposed at age 4 
months. The younger, by 21 months (No. 83 on 
the left), is taller by 13 cm. The retarded boy 
showed no evidence of hypothyroidism or skeletal 
disease clinically other than markedly delayed 

osseous maturation. /a - ~fy 
. . -Gv 

retardation was noted among boys exposed / · 
at ages below 5 years. Those who were 12 
to 18 months old at the time of exposure 
to fallout radiation hav!" shown the greatest 
deviations in growth patterns. 

From a preliminary survey in 1947 and 
1948 of children who were exposed to the 
atomic bomb in Nagasaki and Hiroshima, 
Japan, Greulich et al.21 reported that the 
growth and development of the surviving 
children were retarded. They also found 
that the boys tended to be more affected 
than the girls. This sex-connected inferior­
ity in adjusting to stress situations had been 
noted in earlier studies on Guamanian chil­
dren by Greulich. 22 

In a broad program of medical observa­
tions, the Atomic Bomb Casualty Commis­
sion ( ABCC) has continued to study the 
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Fm. 8. Skeletal age rot?ntgenograms of left wrists and hands. (A) Subject No. 3 shows marked retarda­
tion in ~kelctal m:ituration :it chronoloi;ical age of 10 years 6 months. (B) Subject No-. 83, younger 

brother of No. 3, has norma~elo~t ljz:_ological age of 8 years 8 months. 

exposed Japanese populace. 23 Reynolds24 "the effect te~ be most marked at 
examined the growth data obtained from the older and younger age groups," i.e., in 
1951 through 1953 on the Hiroshima chil- children who were "either in infancy at 
dren and reported a trend in the direction the time of the bomb or in the 12- and 13-
of inferior physical status in the exposed as year-age range". · 
compared to the control children. He fur- Even in the large-scale ABCC program, 
ther interpreted the data as demonstrating the problems related to the selection of a 
a tendency among children exposed closer control population for purposes of com­
to the hypocenter to be physically smaller parison have been difficult to solve. 23-

25 Al­
than those exposed farther away. Similarly, though quantitative differences in growth 
inferior growth status was more marked in between exposed and unexposed children 
those children with histories of more severe can be shown to exist statistically, the 
radiation symptoms. causal relationship of the biological effect 

Recently, Nehemias25 utilized multivar- of radiation to the noted difference remains 
iate techniques with twelve anthropometric to be proved.25 Factors such as physical 
,variables to analyze the 1951-1953 ABCC and psychic trauma added to nutritional 
growth data. He concluded that there were deficiencies could have influenced growth 
trends "in the direction of decreasing size and development in the Japanese children. 
with increasing degree of radiation expo- These factors that complicated the interpre­
sure." It was noted that the differences in tation of growth data in the ABCC pro­
size were physically small, not detectable gram would seem to be of minimal im­
for the most part in the age-sex-specific portance in the Marshall island study. 
tests. Correlation analyses indicated that Significant socioeconomic differences do 
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not exist on the Rongelap atoll as they did 
in Japan. The level and availability of 
medical care are uniform for all inhabi­
tants. Great variations in food habits do 
not occur and food deprivation is a com­
munity and not an individual problem. 

The size of the exposed group as well 
as the nearly uniform exposure did not 
permit stratification by dose groups of 
Rongelap people. Fortunately, the influx 
of unexposed relatives and former inhabi­
tants of the Rongelap atoll have provided 
an unexpectedly stable comparison group. 

The virtual absence of locally recorded 
vital statistics data as well as the incom­
plete and frequently inaccurate information 
filed centrally at Trust Territory Head-

. quarters introduced uncertainty regarding 
the birth dates of many of the children in 
the study. This necessitated a painstaking 
reconstruction of the birth chronology of 
the childhood population of Rongelap. 
Birth order and spacing of sibs as well as 
coincidental births in neighboring families 
provided useful information. Where con­
flicting birth dates were given, one most 
consistent with circumstantial evidence and 
biologic compatibility was selected as the 
presump~ive birth date. As expected, the 
recorded information on birth dates 
checked out validly only in the younger 
children. 

A point of genetic significance that needs 
further evaluation is the degree of inbreed­
ing that may exist in the population. 
Schull26 has reported a significant associa­
tion between inbreeding and anthropome­
tric measures of growth and development. 
In a rigidly controlled Child Health Survey 
on Japanese children, he found that 10 
body measurements including height and 
weight were all depressed in proportion to 
the child's coefficient of inbreeding. 

Complete genealogical information on 
the Rongelap population is now being tab­
ulated. In the meantime, previously accum­
ulated data on a number of families permits 
speculations concerning the extent of con­
sanguineous marriages on the island. 
Among parents of 33 exposed children, 
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SKELETAL MATURATION 
IN BROTHERS (# 3 AND # 83) 

1959 1961 . 1963 /(j '8 
YEAR OF EXAMINATION d..r::, 

F1c. 9. Skeletal maturation in brothers (Nos. 3 and ~ 
83). The older brother (No. 3) has failed to show 
any significant skeletal development during three 
successive examinations at 2-year intervals. His 
younger brother (No. 83) is developing normally 
and is now about 6 years ahead of his older brother 

in bone maturation. 

there were 5 third cousin, 3 second cousin, 
and no first cousin marriages. Among 19 
paternal and 34 maternal grandparents as 
well as among 64 great-grandparents of 
these children, there were no first, second, 
or third cousin marriages. In contrast, 
among the unexposed control children, 
there were 8 first cousin marriages among 
23 parents. Among 20 maternal grandpar­
ents there were 6 first cousin marriages. No 
first, second, or third cousin marriages were 
noted among 25 paternal grandparents and 
24 great-grandparents. These preliminary 
observations suggest that a greater degree 
of parental inbreeding does not exist among 
the exposed children. 

If the difference in growth noted in this 
study is the result of exposure to radiation, 
important questions are raised concerning 
the mechanisms by which the retardation 
was brought about. Clinical and biochemi­
cal evaluations have demonstrated no ap­
parent abnormalities in endocrine function 
or mineral metabolism. The beta irradiation 
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730 GROWTH AND RADL-\.TION 

delivered to the thyroid did not result in 
any clinically apparent metabolic dysfunc­
tions and repeated determinations of the 
sernm protein-bound iodine values have 
been about the same in exposed and un­
exposed Rongelap children. Persistent en­
vironmental factors are eliminated since 
both exposed and control populations live 
under identical condition. Thus, it is be­
lieved that in these Marshall Islands chil­
dren any radiation effect on bone growth 
must have resulted from penetrating 
gamma radiation at the time of original 
exposure. As pointed out above, the ac­
cumulated dose to the bones from absorbed 
radionuclides, such as Sr90

, is believed to 
be negligible compared with the dose of 
gamma radiation originally received. How­
ever, the dose of penetrating radiation re­
ceived was much lower than that expected 
to produce retardation by direct effect on 
osseous growth. In rabbits, D' Angio and 
co-workers27 found that a dose of 400 r to 
the entire extremity. was required before 
any grossly observable inhibition of bone 
growth occurred. The possibility that radia­
tion exposure may produce some indirect, 
abscopal effect on bone growth has been 
examined by Conard,28 who demonstrated 
in weanling rats a retardation effect on 
bone growth of shielded legs when the 
animals were exposed to 300 to 600 rads. 
This effect was largely accounted for by 
radiation-induced lowered food intake and 
weight loss, though preliminary experi­
ments indicated that the abdominal area 
might be the site of an additional abscopal 
effect. It was noted that in 25 of 31 exposed 
Rongelap children, in whom weights were 
documented, a weight loss of several 
pounds each occurred during the first 6- to 
8-week period following exposure.1

•
2 This 

may have been a reflection of radiation 
effect on metabolism, but effects of change 
of environment cannot be ruled out. 

SUMMARY 

Longitudinal studies on 38 children who 
were exposed to fallout radiation on Ronge­
lap and Ailingnae atolls, Marshall Islands, 

in March, 1954, have shown retardation in 
both statural growth and skeletal matura­
tion among the exposed boys as compared 
to non-exposed comparison children. The 
retardation was noted among boys who 
were under 5 years of age when exposed 
to the fallout, being most prominent among 
those who were 12 to 18 months old at time 
of exposure. No statistically significant dif­
ferences were noted in the growth patterns 
between the exposed and the non-exposed 
group of girls and between 39 children 
bom to exposed parents subsequent to fall­
out and 53 children bom to non-exposed 
parents. 
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