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LEGAL NOTICE

This report was prepared as an account of

Government sponsored work. Neither the
United States, nor the Commission, nor any

person acting on behalf of the Commission:

A. Makes any warranty or representa-
tion, expressed or implied, with respect to
the accuracy, completeness, or usefulness
of the information contained in this report,
or that the use of any information, appa-
ratus, method, or process disclosed in this
report may not infringe privately owned
' rights; or

B. Assumes any liabilities with respect
to the use of, or for damages resulting from
the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, “person acting on
~ bebalf of the Commission” includes any em-
~ ployee or contractor of the Commission, or

empiloyee of such contractor, to the extent
: that sech employee or contractor of the
- Commission, or employee of such contractor
gmdimmmutu,orproviduaccm
x,tﬁ, any information pursuant to his employ-
ment or costract with the Commission, or

his empiloyment with such contractor.
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MEDICAL SURVEY OF THE PEOPLE OF RONGELAP AND UTIRIK ISLANDS
NINE AND TEN YEARS AFTER EXPOSURE TO FALLOUT RADIATION
(MARCH 1963 AND MARCH 1964)

Introduction

The results of a medical survey of the people of
Rongelap in the Marshall Islands, carried out 1n
March 1963 and March 1964, 9 and 10 vears after
the accident, are presented in this report. These
people had been accidentally exposed to fallout
radiation following a detonation of a high yield
thermonuclear device during experiments at
Bikini in the Pacific Proving Grounds in March
1954. An unpredicted shift in winds caused a
deposition of significant amounts of fatlout on four
inhabited Marshall Islands to the east of Bikini
{see Figure 1) and also on 23 Japanese fishermen
aboard their fishing vessel, the Lucky Dragon. Of
the inhabitants of the island of Rongelap, 105
nautical miles away from the detonation. 64 re-
ceived the largest fallout exposure: an estimated
dose of 175 rads of whole-body gamma radiation,
contamination of the skin suflicient to result 1n
beta burns, and slight internal absorption of radio-
active matenials through inhalation and ingestion.
Another 18 Rongelap people away on a nearby
island (Ailingnae), wherc less fallout occurred, re-
ceived only an external gamma dose of about 69
rads. There were 28 American servicemen on the
island of Rongerik further to the east who received
about the same amount of radiation as did the
Rongelap people on Ailingnae. Lasdy, 1537
Marshallese on Utirik Island, about 200 miles fur-
ther east, received about an estimated 14 rads of
whole-body radiation. T'.¢ fallout was not visible
on this island and no skin effects developed.

The exposed people were evacuated from these
islands by plane and ship about two days after the
accident and raken to Kwajalein Naval Base about
150 miles to the south, where they received exten-
sive cxaminations ior the following three months.
In view of the generally negative findings on the
American servicemen, they were later returned to
their duty stations. The Utirik people were also
allowed to return to their home isiand, where

radioactive contamination was slight enough to
allow safe habitation. Because Rongelap Atollwas
considered 1o be too highly contaminated, a tem-
porary village was constructed for the Rongelap
people on Majuro Atoll several hundred miles to
the south, where they lived for the following 3'2
years and were examined at yearly intervals by a
special medical team. In July 1957, after careful
evaluation of the radioactive contamination situ-
ation, Rongelap Island was considered safe fo-
habitation. A new village was constructed, and the
Rongelap people were moved there by Navy ship.
The annual medical surveys have since been car-
ried out on Rongelap Island.

A group of more than 100 Rongelap people,
who were relatives of the exposed people but had
been away from the island at the time of the acci-
dent, moved back with the Rongelap people to
their home island and have served as an ideal
com,.. rison population for the studies. This num-
ber has since increased to about 200. Following
the initial survey of the Utirik people on Kwa-
jalein in 1954, a repeat survey was carried out in
March 1957. In addition. during the past survey,
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Figure 1. Map of Fallout Area MAJURC b

(March 1. 1954), Marshail Isfands.
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Table |

Summary of Marshallese Populations Examined Since 1954

Group No. in group Series
Comranson Porvramons
1954 April Majuro 115 (adults and children) T00-817
1956 Ria 57 " 1000- 1082
1957 Rongelap 100« " 801 -900
1958 Rongelap 170 o " 801-970
1964 Rongelap 170 (age >10 only) 801-1058
Exrosep Porciamons
Rongelap (175 r) 67 (includes 3 m uiere; | exams) 1-86
Ailingnae (70 r) 19 (includes | = sirre; annual exama) 1-86
American servicemen 28 (examined 1954 only) 101428
Utirik (14 r) 157 (examined every J 10 4 years) 2101-2257
Unexrosep CunLoees (< 10 vears as oF 1964)
Rongelap & Ailingnae 45 (expused parenta) 87-1%
Rongelap 73 (unexposed parents) 801-1058
Ctirik 20 {exposed parents) 2258-2278

as in the previous surveys, a visit was made to
Kwajalein and Majuro Atolls for examination of a
number of Rongelap peopie, now residing at these
atolls, and also groups of children who represent
part of the control group used for the growth and
development studies of the exposed children.

Table 1 lists the various populations that have
been examined since 1954,

The accumulation of data from these survevs is
becoming increasingiy voluminous. Since condi-
tions have not been favorable for performance of
extensive statistical analyses or use of electronic
compuung procedures to store and manipulate the
data, the annual survey reports puhlished by this
Laboratory are made as complete as possible. This
report, therefore, includes a considerable amount
of raw data. much of it in appendices. s0 that
others mayv have an opportunity to make further
calculauons if desired.

Summary of Past Findings

Reports have been published on the findings of
survevs made at the foliowing times after expo-
sure: 1nitial examination, 6 months, | vear, 2
vears.' 3 vears, 4 vears,” 5 and 6 vears,’ 7 vears’
and 8 vears.” The following is a brief summary of
the findings previousiv reported.

During the first 24 to 48 hr after exposure, about
% of the Rongelap people experienced anorexia
and nausea. A few vomited and had diarrhea. In
appendix 10 the individual histories of nausea
and vomiting are tabulated. Many also expen-
enced itching and burning of the skin, and a few
complained of lachrymation and burning of the
eves. Following this, the peopie remained asvmp-
tomatic untl about 2 weeks after the accident,
when cutaneous lesions and loss of hair developed.,
due largely to beta irradiation of the skin. It was
apparent when the people were first examined. a
few davs after cxposure, that the lymphocvtes
were considerabiy depressed and that significant
doses of radiation had probabliv been received. In
additon to the whole-bodv dose of radiation and
the beta irradiation of the skin. radiochemical an-
alvses ot the urine showed that measurable
amounts of radicactive matenal had also been ab-
sorbed internallv. The effects of the radiation can
best be summarized under three headings accord-
ing 10 the mode of exposure: penetrating irradia-
ton, skin wrradiation, and 1nternal irradiation.

PENETRATING RADIATION
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levels of leukocytes and plateiets of the per.pheral
blood. This was most marked in the 64 people on
Rongelap who had received 175 rads, and was les
marked in the other groups receiving less expo-
sure. The hemopoietic depression was roughly
proportional to the dose of radiation received.
Even in the 157 Utirik people who received only
an estimated 14 rads, it was posible to distinguish
slight platelet depression in the group as a whole.
The smaller group on Ailingnae and Rongerik
showed peripherai biood leveis between those of
the high and low exposure groups. The chrono-
logical records of blood findings in the Rongelap
and Ailingnae groups are presented in Figures 20,
27, and 32 and in Appendices | and 2, and in the
Utirik group in Appendix 3.

Lymphopenia of about half the level of the com-
parison Marshallese population was evident when
the Rongelap people were first examined on their
arrival at Kwajalein 3 days after exposure. In
children <3 years of age the lvmphocvtes dropped
to 257 of the levels in the comparison children,
but showed a slight rise during the following
weeks. The depressed level was maintained with
only slight increase noted by one year. In the fol-
lowing year, mean counts approached the levels
of the comparison population and have gencrally
remained slightly below.

Neutropht! levels fluctuated considerably during
the first month: possibly this was related to the
prevalence of beta burns of the skin during that
period. Neutrophil depression became evident by
3 and 6 weeks post exposure with levels reaching
about half that of the comparison population in
the adults and slightlv lower in the children <5
vearsof age. Thisdegree of neutropenia was insuffi-
cient to result in anyv apparent increased infectious
processes. and indeed it was noted that neutro-
philic leukocviosis was possible in peopie showing
casual infections at this ume. Neutrophil levels re-
covered more rapidly than lymphocvie levels and
reached ncar control levels by one vear. Subse-
quent annual survevs have revealed that recovery
does not appear to be complete, particularly in
vounger and older age groups.

Platelet counts showed less fluctuation than other
blood counts and fairly consistentiv showed in-
creasing depression, reaching levels of about 30%
that of the comparnison population by the +th
week. A spurt of recovery to about 753% of com-
parison levels occurred during the following few
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weeks, which was followed by siower recovery but
with mean levels never reaching higher than 90 to
95% that of the comparison population during the
8 years post exposure.

Erythropoietsc depression has not been a con-
sistent finding as with the leukocytes and thrombo-
cytes. Slight depression of red biood counts, hema-
tocrits, and hemoglobin has been noted at times.
No gross abnormalities of bone marrow smears were
reported at 6 months post exposure. At 8 years,
examination of 9 bone marrow aspirations from
exposed people showed a reduced myeloid-ery-
throid ratio wth abnormalities of the erythroid
and myeloid precursors in 5 cases.

Depression of peripheral blood elements in the
Ailingnae and Rongerik groups was not so pro-
nounced as in the Rongelap group. However, a
stight lag in compiete recovery in the Ailingnae
peripheral blood count has also been noted.

The persistent depression of peripheral blood
clements in the exposed people makes it appear
likely that there is slight residual bone marrow
damage.

A gencral anemic tendency has been evident in
both exposed and unexposed Marshallese. Price-
Jones curves, on the average, showed a slight
microcytic tendency. Serum iron levels have gen-
erally been normal, and the cause of this anemic
tendency has been undetermined.

Retrculocyt: counts have been about the same
in the exposed as in the unexposed people.

Except for radiation-induced lesions of the skin,
patchy epilation, and early gastrointestinal symp-
toms, clinical examinations have revealed no disease
processes or svmptoms which could be related
directly o radiation effects. No prophvlacuc or
specific therapy of radiation effects was ever con-
sidered necessary or given. Epidemics of chicken
pox and measles that occurred showed no greater
incidence or severity in the exposed than in the
unexposed Marshallesc people.

During the first months post exposure about half
of the exposed group exhibited loss of weight of sev-
eral pounds. This may possibly have been related
to their radiation exposure, although it 1s difficult
10 rule out effects possibly duc to change of
environment.

At 3 years post exposure the immune response to pni-
mary and secondary tetanus antitoxin was tested
and found not to be significantly different in the
exposed compared to the unexposed populations.




Five persons in the cxposed population died of
diseasc: (1) a 46-year-old man with hypertensive
heart disease which had been present at the time
of exposure, who died 2 years after the accident;
(2) a 78-year-old man who died, 3 years after ex-
posure, of coronary heart discase complicating
diabetes; (3) a 35-year-old man who died of acuse
varicella, 4 years after exposure, who had received
only 69 rads, having been on Ailingnae at the time
of the fallout; (4) a 60-year-old woman who died

his employment with such contracios.

A cardwoveascular survey of the adults (1959)°
showed no outstanding differences between the
exposed and unexposed groups. The people ap-
peared 10 have less hypertension on the whole
than s noted ia people in the continental United
States.

An arthritis survey (1959)° showed no great dif-
ferences between the exposed and the unexposed
people, and about the same incidence as is seen in
American populations.

of a cancer of the ovary at 5 years after exp 5
and (5) a 78-year-oid woman who died of traumatic
vertebral fractures at 8 years after exposure. There
was no apparent relationship between any of these
deaths and radiation exposure. Four deaths have
occurred in the comparison population. The five
deaths that have occurred in the exposed people
since exposure represent & mertality rate of 7.6 per
1000 population per annum, compared with 8.3
for the Marshall Islands as a whole.

Grewth and development studres on the children
(height, weight, anthropometric measurements,
radiographic studies for bone age) have revealed
that slight retardation in growth anct development
has occurred in the exposed boys who were under
12 years of age at the time of exposure, particu-
lariy those 12 to 18 months of age at exposure.
Only slight immatunty was noted in the exposed
female children. It was also noted that children bomn
of exposed parents were slightly retarded and that
they had slightly lower levels of neutrophils, lym-
phocytes, and platelets, compared with male chil-
dren of unexposed parents. However, since the lat-
ter children were on the average 4 months older, the
data did not justify a conclusion that the difference in
sarurr was associated with the exposure of the parents.

. It was difficult 10 evaluate the effects on fertiliry.
However. a review of the dirth rate of the exposed
group over the past 8 vears scems to indicate no
noticeabile effect of their exposure on fertility. The
35 births represent a rate of 53 per 1000 popula-
tion per annum compared with 37.3 for the Mar-
shall Islands (1957). The 25 births over a 3-vear
penod for the comparison population represent a
rate of 21.8 per 1000 population. A somewhat
greater incidence of muscarriages and stillbirths was
noted in the exposed women dunng the first 4
years after exposure, but because of the paucity
of vital statistics on the Marshallese and the small
number of people involved, the data are not read-
ily amenable to statistical analysis.

Ophthaimelsgical surveys showed no remarkable
differences between the exposed and unexposed
groups except posibly a slightly greater number
of cases of prerygia, pinguecuiae, and corneal scars
in the exposed group. It is not known whether this
finding is of any significance in refation to their
radiaticn exposure. Slit-lamp observations showed
no opacities of the lens characteristic of radiation
exposure. As a whole, visual and accommodation
levels in the Marshallese appeared to be above the
average in the U.S. population.

Dental surveys’ showed no significant ditferences
in caries rate between exposed and unexposed
groups. However, the incidence and severity of
peridontal disease was slightly greater in the ex-
posed group. It is not known whether ur not this
finding is related to radiation effec:s. The poor
oral hygienc generally observed in the Marshallese
had its usual results, namely, high caries rate in
teenage children, severe peridontal lesions in
aduits (heavy calculus and loss of alveolar bone),
and eden:ulous mouths in the aged. Radiation ex-
posure did not appear to have affected developing
dentition in the exposed children.

Late effects of radiation. Various parameters usu-
ally ascociated with aging were measured or esti-
mated on a 0 to 4+ scale (skin looseness, clasticity,
and senile changes: greying of the hair and bald-
ing; accommodation, visual acuity, and arcus
senilis: heanng: cardiovascular changes including
blood pressure and degrees of penpheral and ret-
inal arteriosclerosis: neuromuscular function: and
hand strength). Comparison of these mecasure-
ments in exposed and unexposed individuais of
the same age groups showed no apparent differ-
ences. A biological age score was calculated for
individuals and groups by use of an average per-
centage score. Life shorteming effects of radiation have
not been apparent. As noted, the mortality rate
was about the same in the exposed as in the un-

cxposed people.
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The one case of cancer that developed in the ex-
posed group occurred at 5 years after exposure,
100 3000, it is believed, to bear any particular rela-
tion to radiation exposure. Leukemia surveys in-
cluding physical findings, studies of white cell
counts and types, alkaline phosphatase staining,
and basophii-ctunts of 4000 white cells showed no
evidence of leukemia or leukemic tendency. One
¢hild in the irradiated group has had slightly cle-
vated basophils but no other positive findings. The
cardovascular and arthntis surveys, as well as the
general results of the physical examinations, have
not shown any apparent increased incidence of
degencrative diseases in the exposed people. No
radiation-induced cateracts have been observed in
any of the exposed people.

Genetic effects have not been specifically studied
because of the smail number of people involved.
No apparent radiation-induced genetic changes
have been deterted on routine physical examina-
tion in the first-generation children of exposed
parents, with the possible exception of suggestive
evidence of increased miscarriages and stillbirths
in the exposed women and the slight retardation
of growth noted in the male children of exposed

parents.

BETA IRRADIATION OF THE SKIN

It was impossiblc to get an accurate estimate of
the radiation dose to the skin. Beta burns of the
skin and epilation appeared about 2 weeks after
exposure, largely on parts of the body not covered
by clothing. About 90% of the peopie had these
burns, and a smaller number developed spotty
epilation of the scaip. Most of the lesions were
superficial: they exhibited pigmentation and dry,
scaly desquamation, and were associated with
litle pain. Rapid healing and repigmentation fol-
lowed. Some iesions were decper, showed wet des-
quamaton, and were more painful. A few burns
became secondarily infected and had 1o be treated
with antibiotics. Repigmentation of the lesions
graduaily took place in nost instances. and the
skin appeared normal within a few wecks. How-
ever, in about 15% of the peopie, deeper lesions,
particularly noted on the dorsum of the feet. con-
tinued to show lack of repigmentation with vary-
ing degrees of scarring and atrophy of the skin. By
6 years the only residual effects of beta radiation
of the skin were seen in 10 cases which showed
varying degrees of pigment aberrations, scarring,
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and atrophy at the site of the former burns. During
the past several years an increased number of pig-
mented maculae and moles have been noted in
previously irradiated areas of the skin, but these
have appeared to be quite benign.

Numerous aistopatwlogical studies have been
made,' ' and the changes found have been con-
sistent with radiation damage. At no time have
changes been observed cither grosly or micro-
scopically indicative of malignant or premalignant
change. Spotty epilation on the heads was shon
lived, regrowth of hair occurring about 3 months
after exposure and complete regrowth of normal
hair by 6 months. No further evidence of epilation
has been seen.

An interesting observation noted during the first
few months afier exposure was the development of
bluish-brown pigmentation of the semilunar arcas
of the fingernails and toenails in about 90% of the
people. By 6 months this pigmentation had disap-
peared, having grown out with the nail. The cause
of this phenomenon has not been explained.

INTERNAL RRADIATION

Radiochemical analyses of numerous urine sam-
ples of the exposed population showed internal ab-
sorption of radioactive matenals, probably
brought about largely through eating and dnink-
ing contaminated food and water and to a lesser
extent through inhalation. During the first few
days when the body levels were at their highest,
the maximum permissible concentrations were ap-
proached or slightly exceeded only in the case of
strontium-89 and the isotopes of iodine. The con-
centrations were believed to be too low to result in
any serious effects. Body levels fell rapidly, so that
by 2 and 3 years post exposurc. they were far
below the accepted maximum permissible level;
by 6 months actuivity in the urine was barely
detectable

In 1958 analyses of bone samples on one of the
men who died sho ved 3.7 strontium-90 units/g
calcium. Beginning in 1937, gamma spectroscopy
by use of a low-levei counting chamber was added
to the techniques of radiochemical analvsis. The
return of the Rongelapese to their home 1siand
(which after careful survev was considered safe for
habitation. despite a persisting low level of radio-
active contaminauon) was reflected in a rise in
their body burdens and increased urinary excre-
ton of certain radionuclides. During the years
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since the original contaminating event, additionai
weapons tests held in the area have contributed to
the fission products in the environment. Since the
diet includes a variety of imported foods, the peo-
ple are not living in a “closed ‘environment. and
therefore may not be rapidly approaching equi-
librium with the environmental fission products,
as might be expected under other circumstances.

Body burdens of gamma-emituing fission prod-
ucts (such as Cs'*" and Zn"") were mecasured in a
whole-body counter and checked by radiochemi-
cal analysis of urine specimens. The levels of in-
ternal contamination per unit weight appeared to
be about the same for juveniles as for adults, male
and female. Wide variations in levels of contami-
nation in any group were found, apparently due
to differences in diet and metabolism.

Body burdens of Sr™ were estimated from uri-
nary excretion as determined by radiochemical
analyses. Both the external dose measurements on
Rongelap Island and the levels of radioactive 1s0-
topes in the food on the island indicated that some
increase in Cs' ', Zn"*, and Sc™ body burdens was
to be expected when the peopie returned there in
1957. The Cs''" body burden in 1958 was about
0.68 u(., about 60 times as great as in 1957, and
the urinary Cs' ‘" level rose by a factor of 140; the
mean body burden for 1959 was 0.57 uC. The
mean body burden of Zn"* estimated from whole-
body counting data was, in [958, after the return
1o Rongelap, 0.36 uC. 8 times as high as in 1957.
and 0.44 pC in 1959. In 1961 the mean Cs'*" bodv
burden in adult males was 14.7 muC, kg, which is
not significantly different from the mean value of
a similar group obtained in 1959 it was 300 times
that of the medical team. who were measured at
the same time for comparison. The Zn" level in
adult males (1.51 muC. kg) dropped 10 1 7% of the
mean value measured in 1959, With a larger de-
tector and a longer counting time than previousiy
empioved, it was possible 10 idenufy and quanunfv
Co™ for the hrst time in these people: the mean
level of Co™ was about 1% of the Zn" " level. A
small amount of residual activity was still present
after the subtraction of K" and the above radio-
nuclides from the totai spectrum. The mean level
of urinary excretion of Sr** was 7.2 pC/l or 14%
higher than measured in the 1959 medical sur-
vey. In 1962 the mean urinary Sr* level was 114
pC. g Ca, giving an esumated bodv burden of 12.0
muC. Analysis of bones from the deceased Ron-
gelap woman (1962) gave an estimated bodv

burden of 1 1.4 muC. These leveis represent about
a sixfold increase in Sr™ over the 1938 levels.
Little of the body burden of the exposed group
is apparently due to their initial exposure, since at
present there is little difference between the levels
of the exposed and unexposed populations living
on Rongelap Island. The body burdens are of
small significance in terms of radiarion hazard.

Studies of genetically tnherited characteristics. Blood
grouping studies in the Marshallese showed a rela-
tively high B gene frequency, a high N gene fre-
quency, an extremely high R' gene frequency, and
otal absence of Kell and Diego factors.'” These
characterisucs differ from those of Polvnesians and
suggest relanonship with Southeast Asians and
Indonesians. Haptoglobin studies shcwed the fre-
quency ot the Hp' gene to be higher than in Euro-
pean populations thus far tested and consistent
with populations living near the equator. The dis-
tribution of haptoglobin tvpes showed the popula-
tion to be relatively homogeneous. Transferrins in
all scra were type CC, the common European
type. B-Amino-iso-butynic actd urinary levels showed
the Marshallese to be the highest excreters of this
acid of any population thus far reported. Levels in
the exposed group were about the same as in the
unexposed group, and no correlation was found
with body burden level of radionuclides: this indi-
cates that there 1s probably no correlation with ra-
diation exposure. Hemaglobin types were considered
normal (all had tvpe AA ). Sickling tests showed no
sickling tendency in anv of the people. Glucose-6-
phosphate dehydrogenase of the red cells appeared to
be normal in the Marshallese. Studies of Gm
phenotypes showed the Marshallese tc have 1009
Gm * and nearly 109% Gm °'. There was a
complete absence of Gm* and a high trequency
of Gm-like (Gm' 1. Considerabie cautucn must be
exercised in e\'aluann‘g the results of these studies
on genetically inherited characteristics because of
the small number of samples tested. The data do
seen. 1o tndicate r~lative homogeneity of the pop-
ulation and closest kinship with people of South-
east Asia. These data also mav be useful as a ke
line should genetic changes appear in later gen-
erations. possiblv related to radiation exposure.

Results of other laboratory studies inciuded the
following: Senun protein levels were generally on the
high side of normal: electrophoretic patterns
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showed the increase in proteins was largeiy due
to an increase in the gamma globulin fraction. The
reason for this is not apparent. Numerous chronic
infections may be an explanation.

Sodiwum levels in the urine and food indicated
about the same consumption of NaCl as in Ameri-
cans. The generally lower incidence of hyperten-
sion in the Marshallese might be related to the
fact that the former native diet was probably
lower in salt content than the present, more west-
ernized diet. It will be interesting to see whether
the incidence of hypertension will later increase.

Serum cholesterol levels (1957, 1959) were some-
what lower in the exposed population than in the
comparison or Utirik populations, but were in the
low normal range. No abnormally low readings
were noted.

Serum creatinine levels (1957) were in the normal
range with no abnormal levels noted.

Serum vitamin B, concentrations (1958, 1959)
were generally significantly higher than American
levels. The possibility of contamination of the sam-
ples with bacteria producing vitamin B,. must be
considered, since myeloproliferative and liver dis-
cases were not seen.

Serum protein bound rodine levels (1957, 1959, 1962)
were generally slightly eievated. Evidence for thy-
roid dysfunction was not apparent in the people.

Glucosunia and elevated blood sugar were found in 8
people (| exposed and 7 unexposed). An increased
incidence of diahetes is prevalent in the Mar-
shallese people.

A survev for intestinal parasites (1958) showed
73 of the people to be infected with various
tvpes.'' For the three major pathogens found, the
over-all infection rates were, for Entamocba histo-
fvtica, 18.27; for hookworm, 5.5%; and ‘or Trichuns
trichiura, 34.3%.

Eosinophilia >3% has consistently been noted
in about half the people. The fact that half the
cases with eosinophiha showed no helminthic in-
fections at all suggests that ottier factors besides
parasitic infections must be responsible. The eo-
sinophilia may be related to chrunic fungus and
other infections, particularly of the skin.

Complement fixation studies for parainfluenza 1, 2,
and J, respiratory syncitial, psittacosis, and Q fe-
ver showed antibodies to all groups of viruses ex-
cept that for Asian influenza, which probably had
not vet seriously involved the peor’e of the Mar-
shall Islands. The antibody titers appeared to be
somewhat lower in the exposed people.

Table 9

Immunoclectrophoretic analysis showed neither a
paraproteinemia nor a typicai picture of antibody-
deficiency-syndrome, but a high frequency of in-
creases of some of the immunogiobulins was noted.

Blood volume studies with Cr*'-labeled sodium
chromate showed a significant reduction in red
cell mass and/or plasma volume in 15 of 23
Marshallese.

DIFFICUALTIES ASSOCIATED
WITH THE EXAMINATIONS

As mentioned in previous reports, several diffi-
culties were associated with carrying out the ex-
aminations as well as interpreting the findings.

1. The language barrier made examinations dif-
ficult, since very little English is spoken by the
Marshallese. However, there were sufficient Eng-
lish-speaking Marshallese to assist the medical
team in most instances.

2. The lack of vital statistics or demographic
data on the Marshaliese imposed a serious diffi-
cuity in interpretation and evaluation of the medi-
cal data. Records of births, deaths, etc., have been
made by the health aides or magistrates of the vil-
lages and supposedly forwarded to the district ad-
ministrator; however, such records have been in-
complete or lost in most instances, and vital stats-
ucs are therefore inadequate. Trust Territory
officials are now attempting to assemble such data.

3. There 1s uncertainty on the part of some of
the Marshailese as to their exact ages, particularly
among the older group. This imposes certain diffi-
culties in interpreting some of the studies to be
outlined.

COMPARISON POPULATIONS

During the first 2 vears, two separate groups of
Marshaliese people were used for companson.
each of comparable size to the exposed Rongelap
group and maiched for age and wex. However. this
population was found to be unstable, with a large
attrition rate over the 2 vears, which made it un-
satisfactory At the ume of the 3-year survev, it
was found that during the preceding 12 months
the Rongelap population at Majurc Atoll had
doubled because of the influx of relatives who had
come back from other islands to live with them.
These people had been away from Rongelap Atoll
at the time of the accidental exposure. This group
matched reasonably well for age and sex and was

Tabie 10
L'unk Pediairnc Populaton



Figure 2. Medical survev team for 1963 upper picture; and 1964 (lower
picture). Manv members of the team are Micronesians of the Trust Tern-
torv who work with the AEC medical specialists 1n carrving out the survey
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Figure 3. Trust Territory ship bringing team and medical cquipment at anchor off Utirik Island.

Table 2

Location of Rongelap People, 1964

Exposed U nexposed

Adults Children Chiidren of exposed pareno Adults Children Total

Majuro 3 | 3 7 7 21
Kwajalein 9 6 11 37 40 103
Rongelap 34 20 X 72 49 204
Enwetok 0 0 0 3 i 4
Orher atolls 2 ! 0 13 i1 27
Toal 48 28 +3 32 108 359

of comparable size. Since the return of the people

to Rongelap. however, this group has about
doubied in size.

Organization

1963 SURVEY (9 YEARS POST EXPOSURE)

Examinations were conducted on the following
Rongelap people: 70 exposed, 35 children of ex-
posed parents. and 196 unexposed (adults and

children of the comparison pupuiation). The ma-
jority of these people were examined on Rongelap
Atoll. but about 100 of them were examined at
Ebeve (Kwajalein Atoll) and a few at Majuro
Atoll. In addition, Curik Atoll was visited and 84
exposed peopie were examined there. The survey
team consisted of 10 phvsicians and technicians
from the United States and 6 from the Trust Ter-
nitory of the Pacific Islands (see Figure 23 A Trust
Territory ship, the M. V' Roque, was used to trans-
port the medical team to the Islands (Figure 3).
The tcam lived ashore rather than on board ship
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at Rongelap Village and also at Utirik Viliage
while carrying out the examinations on these
islands.

1964 SURVEY (10 YEARS POST EXPOSURE)

The 1964 survey did not include Utirik, since
these islanders are examined nnly every 3 to 4
vears in view o the small exposure they sustained
from the fallout. Examinations were carried out as
in 1963 at Rongelap, Ebeye, and Majuro, the ma-
Jjority being done a1 Rongelap. Table 2 shows the
distribution of Rongelap people on the various
atolls. Examinations were conducted on 70 of the
exposcd Rongelap people, the 43 children of ex-
posed parents, and 208 of the adults and children
of the comparison population. The survey team
consisted of 8 physicians and technicians from the
United States and 8 from the Trust Territory (see
Figure 2). The Trust Territory ships M/V Roqwe
and M,V Ran Anmm both aided in transporting the
team and equipment to and from Rongelap Atoll.
The team lived at Rongelap Village for the exami-
nations on that island.

-

Figure 4. Manrhallese man carrving a sack of copra.
Copra is the main product in the economy of the [slands.

Procedures

PHYSICAL EXAMINATIONS

Since both the 1943 and 1964 surveys were
similar in scope and procedures, they will be de-
scribed together. Histories were taken by a Mar-
shallese practitioner with particular cmphasis on
the interval history during the past year. During
the 1964 survey Mr. Byron Bender, anthropol-
ogist from the Trust Territory, accompanied the
medica] team and carried out exhaustive studies
on the genealogical background of the Rongelap.
peopie. These data are not published in this re-
port, but are available to those interested. The
pediatrician on the 1963 survey (W.W.S.) carried
out further interviews with the Rongelap people
in order to establish more closely the ages of some
of the children, which were questionable.

Complete physical examinations on both chil-
dren and adults were carried out in both years.
In addition, anthropometric measurements were
done on adults > 19 years of age in order to de-
termine certain ethnic characteristics of the Mar-
shallese. During the 1963 examination extensive
anthropometric measurements were also carried
out on the children as part of the growth and de-
velopment studies, and radiographs of their wrists
were taken for the same studies.

I:i 1963 an oputhalmologist carried out com-
plete ophthalmological examinations including
slit-lamp observations.

Cancer detection, emphasized during examina-
tions for both years, included an evaluation of the
history, special physical examinations, and cer-
tain laboratorv tests.* The family history did not
vield sausfactory information, since the incidence
of familial diseases including cancer was generally
unknown by the people. The history yielded some
information on changes in weight, history of illness,
and. in the case of women, menstrual, obstetric,
and nursing historv. In the physical examination
particular emphasis was placed on examination of
the skin, node-bearing arcas, head and neck.
chest, breast, abdomen, and external genitalia.
Pelvic examinations were carried out on all mature
females. and vaginal and cervical smears for
Papanicolaou examinauons were obtained.** Rec-

*Drs £ Schackow and H. L. Atkins of Brookhaven Nauonal
Laboratorv interpreied ihe x-rav Rima.
**We wish to thank Dy Genevieve Bader of Memonal Slaan
Kettering Cancer Center. New York. N Y | for interpretation of
the Papanwcolaou smears.
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Figure 9. Typical Marshallese living conditions at Utirik.

tal examinations were carried out on all persons
> 40 years of age. Thus included in the case of
men palpation of the prostate gland. Radiographs
of the chest and other parts of the body were ab-
tained as indicated. Hematological data were
obtained and were available for evaluation.

1n detection of possibie ieukemia (or prectinical
evidence of incipient leukemia; the lymph nodes
and spleen were carefully examined; hematological
data were analvzed. including routine hemograms
and percent basophils in 4000 white cell count;
and aikaline phosphatase smears of the whitc
blood cells where done were available for review.

LABORATORY PROCEDURES

Hematologicai studies included white cell counts
with differentials, red biood counts, hematocrits,
hemoglobins. platelet counts, serum proteins,
blood smears for aikaline phosphatase, and baso-
phil count studies. Techniques for these procedures
have been described in previous reports.' ° Bone
marrow asorrations for differenuial study were col-
lected on * exposed and 2 unexposed individuals.
Considerable effort was spent on chromosome
studies in the past two surveys Of particular in-
terest was the possibility of studying the chromo-
somes of cells cultured from the “beta burn™ areas
of the skin. Some 30 skin biopsies were obtained
and successfully grown in most cases. However.
contamination of these cultures occurred under
the field conditions of these studies, and unfortu-
nately all were lost before thev could be brought to
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the stage of chromosome preparations. Chromo-
some studies of peripheral blood cultures, however,
have been considerably more successful. During
1963 a large number of bloods were cultured suc-
cessfully. However, the final chromosome spreads
in many cases were not completely satisfactory.
and the study was repeated during the 1964 sur-
vey. At this time successful 2- and 3-day blood
cultures were obtained on 64 exposed people and
11 unexposed. Excelient growth and chromosome
spreads were ubtained, and the slides are now
being evaluated.®

Sera were coilected both years on most indi-
viduals, and the following examinations were
carried out in U.S. laboratories- protein-bound
jodines on 9 exposed and 8 unexposed people and
a few blood sugar determinations; ** serum folic acd
levels on 32 exposed and 85 unexposed peopic.***

During the 1963 survey 38 urine samples were
collected, and during the 1964 survey 27 samples.
for radiochemical analvses.” Most of these were
24-hour samples, though several pooled samples
were obtained. Most ‘were from people living on
Rongelap Lsland, but some were obtained at Ebeye.

* Amuting in these studies are Dr Shields Warren and Dr
Hermann Liso at the New England Deaconen Hospital. Mim
Agnes Stroud at Argoane Nationai Laboratorv. nd Mus Patnaia
Crumnine at tne Women's Medical College. Philadelphia. We
are grateful to Drs. Michael Bender and Carolvyn Gooch of Oak
Ridee, W M. Court-Brown of Edinburgh, Scotland, and Kurt
Hirsiom of New York Univeruty for advice.

**¢r L.V Hankes and the Clinicai Chemistry Group in the
Medical Department »f Brookhaven National Laboratorv were
responuble for these anaivses
*+¢Dr Thomas Lynch, Hackensack Hospital, Hackensack. N. ..
did the foix acid determinations

+Dr Edward Hardv and others at the AEC Health and Saterv
Laboratorv, New York, N.Y . carmed out these anaiyses.
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Findings

INTERVAL MEDICAL HISTORY
{inesses

The outstanding medical event during the past
2 years on Rongelap wasa poliomyelitis (type I}
epidemic, which occurred early in 1963. The epi-
demic apparently was carried from atoll to atoll
by the crew of a ship, since it broke out on each
atoll within a week or two after that ship had
departed. The epidemic occurred on Rongelap
Atoll in January-February 1963 with 23 children
and 3 adults stricken and one of the adults (an
older exposed woman) succumbing. The children
involved were all <7 ycars of age. Eleven were
children of exposed and 12 of unexposed parents.
Mild residual facinl or lirub paralysis was present
in B and more severe paralysis in 2 children. These
cases will be further described under the Pediatrics
Section. This epidemic was brought under control
within a few months by widespread use of oral
Sabine vaccine by medical personnel of the Public
Health Service, Trust Territory, and Navy. Fortu-
nately Utirik Atoll was spared the epidemic.

Other than the poliomyelitis epidemic, the inter-
val medical history, both on Rongelap during the
past 2 years and on Utirik for the past 4 years, did
not reveal any epidemics or unusual discases. Up-
per respiratory infections, gastroenteritis, and
fungus and other infections of the skin predomi-
nated in the sickness inventory of the heaith aide.
Only a few cases of fish poisoning and sickness
from eating improperly prepared arrowroot were
reported.

Deaths

Four deaths had occurred in the expozed group
during 1962 and early 1963: (1) No. 30, female,
60 vears of age. Died, July 1962, with a siated
diagnosis of cancer of the cervix. Previous exam-
inations had shown progressive loss of weight a. 4
increasing hypertension. On the past survey.
bleeding was noted from the cervical os and a
gynecological checkup had been recommended
but death occurred before this was carried out. No
autopsv was obtained. (2) No. 46, male, 84 years
of age. Died July 1962. Had history of arterioscle-
rotic heart disease, a stroke a number of years ago.
and senility. No autopsy was obtained. (3) No. 26,
male, 21 vears of age. Died in December 1962, two
months after a fall from a coconut tree. Death was

1 B)

preceded by disorientation and amnesia with con-
vulsive seizures and finally cuma. Autopsy stowed
meningeal damage grossly and histologically

Brain damage was the likely cause of deatn. Other
findings were few, but of interest was notation of
giant and multinucieated cells in the meninges
area.® (4) No. 32, female, 53 years of age. Died.
February 1963, with laryngeal paralysis during
the poliomyelitis epidemic. Death appeared to be
from poliomy -litis with bulbar invelvement. No
autopsy was obtained.

There was one death of a child of an exposed par-
ent. No. 107, female, 4 vears of age. Died in Oc-
tober 1962 of acute gastroenteritis and dehvdra-
tion. Child had a history of malnutrition and
weakness, skin infections, loss of pigment in hair.
No autopsy was done.

During 1963 one death occurred in the exposed
group: the oldest Rongelap waman, esumated to
be around 107 years of age; death was reported as
due 2 "old age.” Unfortvnately, no autopsy was
obtained. She had been known to be quite feeble
and had cataracts and a considerable degree of
arteriosclerosis.

A 54-year-old man in the comparison popula-
tion died of asthma. No autopsy was done.

During the 10-vear period. 10 deaths have oc-
curred in the exposed Rongelap group, and 8
deaths have occurred in the comparison popula-
tion since 1957 {(when this group was fint exam-
ined). Tabie 3 lists the deaths with probable causes
in the two groups. The annual mortality rate per
1000 for the exposed group is thus about 12.” com-
pared with about 8.4 for the comparison popula-
tion and 8.3 for the Marshall Islands as a whole
(1960).

Poorly kept records made it difficult to get ac-
curate demographic data on the Utirik people. It
appeared., however, that during the past + vears
since they were last examined, about 3 deaths had
occurred in the older people and 6 infant deaths
had been recorded. The deaths were due to vari-
ous causes such as pneumonia, infant diarrhea.
and infecuons.

Births,

In 1962, 3 healthy babies were born to expose
parents and 5 to unexposed parents In 1963, 5
babies were born to exposed parents and 5 to un-
exposed pa.ents.

*Dr. Hans Cottier of Brookhaven Nauonal Laboratory re-
ported on the histopathoiogy




Table 3

Mortalicy

Exposed

LUnexposed

Year No. & sex Probable cause

Subject  Age

Year No. & sex Probable cause

1956 25 44 M Hyperensive heart discase

1957 38 76 M  Comonary heart discase, diabetes
1958 31 35M  Acute varicella

1999 62 60F  Ovanan cancer

1962 30 60F  Cancerofcervix®

1962 46 8tM  Ancrioacierotic heart disease

1962 26 21'M  Brain damage following fall from tree
1962 3 I5F Fractured vertebrae

1963 32 53F Poliomvyelitis, butbar

1963 57 107F  ~Old age™(?)

1958 857 65M Cerebral thromboss?)

1959 854 5355F  Infrcuon urmary wract, diabews
1960 933 36M Pn dary o
1960 927 65M Pneumonia secundary to influenza
1960 861 o8F Diabetes, cancer cervix(?)

1962 9535 48M  Status asthmaticus

1962 848 41 F  Neurosvphils(?)

1963 886 54M Asthma?)

*Not confirmed by autopsy or hiopsy.

The birth rate for the past year was calculated
as 1in the previous survevs from the number of
births per woman ol childhearing age (13 to 3
vears). There vere 24 such women in the exposed
group and 39 in the unexposed group. (Not in-
ctuded n either group were 4 unexposed women
whose spouses were exposed males.) For the 2-vear
period in the exposed group 8 babies were born,
giving an average ol 0.17 births per woman per
vear; in the unexpused group 10 babies were bom,
giving a shehtly lower birth rate per woman (0.13
per vear). The births were all full-term normal de-
liveries, except one case as noted below.

A review of the entuire menstrual and obstetrical
history of the women rexamined 1in 1964 in the
exposed and control groups s given in Table 4. In
20 exposcd women there had been a wotal of {6
pregnancies, 19 women delivening 115 living
children tor an average of 4.8 babies per woman
tor the 24 women s the group. The same tecun-
dits was noted in the control women, 12 ot the 39
women having been pregnant 203 tunes and de-
Ivering 189 Hiving babies, averamng 4.0 children
per mother The histonies of the age of onset of
menstruation and development of menarche were
not too rehiable, but the ages of onset for these
events o npear to be about the same in the exposed
and the control women.

Table 5 lists the births and fetal deaths by vear
since 1954 of Rongelap people. Since it was un-
certaimn whether the tist of births on Utirtk Atoll

obtained during the 1963 survey was complete, it
was not possible to calculate an accurate birth rate
tor that group. However, the birth rate seemed to
be about the same as nuted 1. other Marshall
Island populauons.
Congenital Anomalies

A full-term sullbirth with congenital anomalies
(ectromelus) was born o exposed parents in 1962,
This anomaly is not vers ancommon, and i view
of the statistical evaluation the question uf radia-
tion imphication must b lett open. Gue 24-vear-
oid exposed woman « No 91 was operated un tor
ectopie pregnancy in 1962 A\ case of congenital
heart detect had beer noted ina chiid born of ex-
posed parents several vears ago. This child died at
4 months of age. Specttic genetic studies have not
been conducted on this relanvely small population,
and onlv routine examination ol new births has
been done. Nov unusual inaidepce of defeais has
been noted 1n the newborn Seme of the detects
noted 10 both expused and unexposed chiidren
include patent ductus arteniosus, congenital de-
formuy o the hip. and congenital hy paplasia of
the middle phalanx of the th hnger

Miscarriages and Stillbirths
Except lor tne one ectopic pregnancy, no mis-
carriages were reported during the past 2-vear

period. One neonatal death (at | mouth of age)
due 1o 1ntant diarrhea vccurred in a twan born to

No. atmen. at

]

2 i3

[ )

14

18 2

24 12

28

“ )
4

45 13

49 13

31 17 ]
8 .
] 4
60

o1 12

63 L,
64 12

66 13

67 13

K 14

n 16

78 i3

81 iJ
Av 13.4 ‘

Total sute. (14)

i

*Hvsterectomy . not 1
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Tabie 4

Exposed Unexposed

Subject  Age Age No. Subject  Age Age Na.

No. atmen. atmeno.  No. preg.  live births No. atmen. asmeno No. preg.  live birthe
1 40 12 12 826 7 6 5
12 K] 5 4 829 12 7 6
13 48 0 0 832 13 6 6
14 9 9 835 12 7 7
18 12 13 12 841 8] 7 7
24 2 2 2 843 13 6 6
8 58 10 10 844 13 12 1
34 35¢ 14 10 851 54 10 10
43 4 4 as2 0 0 0
45 13 1 9 858 9 3 3
19 13 6 3 839 50 9 6
51 17 2 0 865 13 10 9
58 o4 12 10 B8G7 18 9 9
b +1 2 1 893 15 13 1
60 5 1] 0 894 45 0 (1}
61 12 2 2 895 17 - -
63 +4 13 10 896 (R 3 3
64 12 10 9 898 45 4 4
bb 13 0 0 Y08 54 15 i4
67 11 0 0 6 14 14 8
0 i4 2 2 922 i4 1 11
7t 16 1 1 928 47 1 I
i8 13 5 1 929 * 0 0
81 i> 1 1 932 14 3 3
934 13 0 0
936 3 3
938 14 6 4
941 33 i 10
942 t3 [} 0
945 13 1 1
951 14 7 7
956 12 - -
457 16 2 !
965 15 ] 0
970 47 0 0
982 14 3 2
9at >4 i 1
1001 13 7 6
1042 17 6 4
1043 14 - -
1050 18 1 1
1052 13 5 3

Av. 13.4 18.6 5.7 48 138 48.5 5.4 456

Towal subs. (14) (7 (24 1 24) (28) (13 (39) (3)

*Hysterectomv: not inciuded in survey
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Table 5

Births and Fetal Deaths® by Year

Children

Year Women aged 15-45 Total pregnancies  Live births M

% Pregnancies
F  Miscarriages terminating in miscarriage
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*Includes sillbirths and nconatal deaths.
*inciudes nonexposed females mated to exposed males.

“Inciudes only children conceived after March 1, 1954.
‘Includes data onlv through March 1964.

Table 6

Summary of Pregnancy Termination Data
(women aged 15-45)

1955*-1958 1959-1963
Exposed® U nexposed Exposed® Unexposed
(22 females) i 31 females) (30 females) (36 ferales)
Incdence  © Incidence ¢ Incidence ' [ncidence

Women qiving birth to living children 12 34 19 61 17 36 0 8
Wornen with miscarriages’ but no live births 5 ER} 1 3 2 7 i k]
Women with no recorded pregnancies 5 23 11 6 1 37 14 9
Women with one or more miscarmages: 9 + 5 16 5 17 2 6
Women with two or more miscarriages’ 3 14 2 6 0 0 1 3
Total mscamages 13 41 8 22 3 15 4 1

*Includes miscarmages occurning after March 1, 1954,
*Includes nonexposed females mated (o exposed males.

“Inciudes stilibirths and neonatal deaths.
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) bilateral shaf
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Cyst, Bartholin
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Gvnecomastuia
Hallux valgus
Hemorrhowds
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jr March 1, 1954.

)59-1963
: Unexposed
(36 females)
% Incidence 7
36 21 58
7 1 3
37 14 39
17 2 6
0 i 3
3 4 11

'

1) Histological study

Table 7

Physical Findings in Rongelap and Utirik Aduit Populauons

1963 1964

R C U RC

No. exainined 45 75 52 47 85
Adenopathy 1 3 10
Anemia, anemic tendency + 2 3 6
Anterioacierosis, peripheral, mild 14 1 6 12
Arteniosclerasis, peripheral,

modesate 10 severe 12 10 3 6 5
Asthma 2
Auricular fibrillation with

myocardial damage | | I
Beadycardia i t 1
Bronchitis + 13 4
Cardiac enlargement 3 3 1
Cardiac murmur + 4
Cervical erosion. bleeding 8 14 4 ¢ 5
Cervical lacerations 4 5 5 3
Cervical and vaginal atrophy 2 2
Congenital defects

a) dislocation of hip 1 1

b) prominent head of ulna 2 4 2 4

¢} bilateral shortening of

5th finger 2 3 2 3

d) polydactylism 1 1

¢ shortened left thumb i

() flexion deformaty, fingers t 1

g) small 4th toe . i
Cvst, Bartholin 1
Cvst, ovarian 1
Cystocele 2 2
Diabetes meliitus 7 7
Dupuvtren’s contracture 1
Epididvmius 1
Furunculosis 1
Gynecomastia 1 1 !
Hailux vaigus 1 1
Hemorrhoids 2 1 1

Hypertension ( > 140/90) 3 2 6 4 6

Inguinal hernia

lntestinal parasites 3

Kyphouis, scolioss 4 3 2 5 5

Letomyoma, uterus

Leprosy, arremed 1

Leukoplakia ]

Liver, palpabie 2 7 4 2 13

Myocardial damage or
insufficiency (EKG)

Obesity

Ontcoarthrits

Paralysis

Parotid enlargement

Perirectal abscem

Pharvngitis 2 8

Pleural thickening or adhesions

Pregnancies

Prostatic hypertrophy
Proteinuna

Pyocrhea

Rheumatic heart discase 1 1
Senility 4
Svphilis(?) arrested :
Thyroid entargement
Tinea circinata or versicolor 15
Tonsilar hvpertrophy, tonulitis 3

Tumor, berugn 5 8 1 3 4
Ulcer. leg |
Urethrai caruncle 1 i !

Uterus enlargement. fibroids( %)

Uterus retrove-.ion I
Varicocele 1
Varicose veins 1 I
Vitiligo 1

10
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“R = Rongelap exposed. including Ailingnac: C = Rongelap unexposed: U = Link exposed.

"Suspect

exposed parents in 1962, A stillbirth (full term)
with congenital ancmalies which was born 10 ex-
posed parents is described above. Tables 5 and 6
show the incidence of miscarnages and births in
the exposed and comparison populations on a
yearly basis and for the two 3-vear periods.

The data on miscarriages and stilibirths in the
Uurik population were not reliable.

PHYSICAL EXAMINATIONS

The major findings on physical examinations are
listed in Table 7 for the adults and Table 13 for

the children. Appendix 7 contains findings on each
individual adult and Appendix 8 contains such in-
formation on each child.

Adult Examinations

Table 7 does not show any significant difference
in the abnormalities recorded between the exposed
and the comparison populauons. The exposed
group did show a higher incidence of severe arte-
riosclerosis. which may be a reflection of th= greater
percentage of older people in this group. There
was a shightly increased occurrence of cervical ero-
sion and laceration in the exposed women. The ex-

Table 18
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posed group also showed an increase in kypho-
scoliosis, which is probably also due to the age
factor. A slightly increased incidence of prostatic
hypertrophy was found among the exposed males.
This will be given particular attention in the next
survey. The unexposed population slightly ex-
ceeded the exposed in incidence of inflammatory
discases such as adenopathy, bronchitis, and phar-
yngitis. There are no obvious reasons for this dif-
ference. No malignant lesions were detected in
cither the exposed or unexposed groups. Papani-
colaou examinations on vaginal secretions revealed
several that were suspicious of malignancy. These
women will be checked careiuily on the next survey.
Anthropometric Studies

During the 1963 and 1964 physical examina-
tions, anthropometric measuremcents were ob-
tained on Rongelap adults examined (2> 19 years
of age). These mcasurements included height and
weight, and circumferences of shoulder girth,
biceps, forearm, wrist, chest, abdomen, buttocks,
thigh, knee, calf, and ankle. Dr. Albert R. Behnke,
Jr.* has been analyzing such data to provide in-

*The University of Calitornia Medical Center, San Francsm.

formation on body proportions and estimates of
fat and muscle of various ethnic groups. His analy-
sis of the Marshallese data compared with many
individuals in other racial groups rcvealed that
the young Marshallese adult male (age group 20
10 39) appeared outstanding in regard to muscle
development. Table 8 shows a comparison of the
anthropometric data on males of the Rongelap
group and other groups. In contrast to the men,
the data indicated that the women were cither
physically immature or had lost a considerable
amount of lean tissue. These data as summanized
by Dr. Behnke are presented in Appendix 9.

Pedietric Examinations

Children Examined 1943. During the 1963
survey, a total of 212 children were examined: 35
children exposed on Rongelap, 32 children ex-
posed on Uurik, 33 children born after the fall-
out to exposed parents, and |20 controls.

In the Rongelap “‘cxposed” group, two children
examined in 1962 were not available in 1963
Three other children were transferred to the aduk
study ( Table 9). The previous medical survey of
children or Utirik had been done in 1959. Of the

Tabie 8

Anthropometric Data on Various Male Groups

Factor, £, Sum of 11 N, sumof 11
Group Number Age.* vears Height,dm Weight, kg VR crcumiferences”  circumiberences, £
Rongelap (1) 19 20-39 16.25 a0 7 2.936 581 1979
Rongetap (2) 27 +1-08 tb.11 6.0 3.07! 603 196.4
Turks 915 19-32 1693 654.6 2.986 39 198.3
Cireeks 1084 18-30 17.0% (7.0 3.03% 603 198.8
ltalians 1358 19-44 17.07 70.3 3.106 613 197 4
Oregon students 100 18-22 18.03 785 3.220 h27 1947
Lankenau 4 20-40 17.71 753 3171 616 1943
Nawvy 3 20-30 17.82 8.3 3228 626 1939
Air Force trainees 3000 18- 34 1741 68.3 3043 393 1948
Aur Force flvers +000 18-43 17.36 744 .14 h24e 197.2
Philadelphia YMCA 2 39-82 17 00 72 3,163 613 1943
Baltumuore indigents 20 37493 1647 H09 2a27 378 19753
Berkelev 1) 158 145 In6l 33.8 2704 341 193.6
Berkelev 12y 434 13.3 1711 bl 1 2.893 sl 1939
Reference man 17 40 00 5,078 000 1949

“More than 40" of subsects are included in age range

"The 11 vircumferences are girth of the shoulders. chest, abdemen (average of waist. cimphalion perimeters . buttocks.
thigh: biceps, forearm, wrist, knee, calf. and ankle Note the smaii variauon in the A values.
‘ Lower abdorinal (comphalioni circumierences oniv were mv asured.

‘Forearm and kner circumferences culculated.
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Adenopathy
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Palpabic spieen
Upper respiratory
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Tinea versicolor
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Warts

Papilloma
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Tracheostomv sca:
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Spotted enamel on
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Tabie 10

Table 9 Uunk Pediainic Population
Exposed Rongelap Children Examined in 1963 Samples Examined in 1959 and 1963
Total number examined in 1962 30 Total number examined in 1959 60
Not seen in 1963 (Nos. 44, B4) 2 Not exposed. not examined in 1963 10
Transferred to adult study (Nos. 61, 76. 81} 3 Not exposed, examined in 1963 2
Total number examined in 1963 25 Expased. not examined tn 1963 14
Expaosed. graduated to adult ssudy 7
Tabie 11 Exposed. not examined in 1959 but
& examined in 1963 3
Control Pediatric Population. 1963 | Total number examined in 1963 R
Towal number examined in 1962 9% Table 12
Not seen in 1963 14
Graduated 10 aduit study 2 Children Born Afier Fallout 10 Exposed Parents
Not seen in 1962, seen in 1963 3
Total number old controls seen in 1963 85 Total number examined in 1962 37
New babies added 4 Not seen in 1963 3
New controls added (Ebeve) » Died since 1962 i
New controls added ( Rongelap) 2 New babies added in 1962 2
Total number controls examined in 1963 120 Total number examined in 1963 35
Table 13

Summary of Phvsical Findings in Children. 1963 and 1964

Exposed

Rongelap

1963 1964

Ctink
1963

Control

Born before
1 Jan 1953

Born after
1 Jan 1955

Nonexposed, born
of exposed parena

1963 1964 1963 1964 1963 1964

[
=
M

Number examined 2

Active skin lesions
Adenopathy

Paipable liver

Palpabie spleen

Upper respiratory infection
Blood pressure taken
Hypertension

Acute otitis media
Chronic otitis media
Molluscum

Tinea versicolor

Viuhigo

Warts

Papilloma

Chetlosis

Exconauon of lip

Black spots on tongue
Geographic tongue
Canjunciivitis

Thvrod nodule®
Tracheosiomv scar
Thoracotomy scar

Pes excavatus

Infanule eczema

Rales in lungs

Svstolic murmur (grade 2)
Extrasystoles

Spotted enamel on permanent tecth
Anisocoria
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potentially availabie total of 41 children from the
1959 survey, 29 were re-examined in 1963 (Table
10). In the group of 60 children examined in 1959,
there were 12 who because of their ages could not
have been exposed either directly or i stero to the
fallout radiation; two of these 12 were re-exam-
ined in 1963. More than onc-fourth of the exposed
pediatric sample on Utirik was lost to follow-up
between the two examinations.

The Auctuations between examinations in the
numbers of control children and of offspring of ex-
posed parents are shown in Tables 11 and 12. The
29 children added to the control group were ran-
domly selected from the Ebeye school population
1o provide an additional group comparable in ages
to those Rongelap children who were exg med
during infancy and early childhood years to the
fallout radiation. Unfortunately, a study of the
biographical information on these new subjects
indicated the existence of the same uncertaintics
regarding actual chronologica! ages that had been
encountered before. Verification or correction of
the birth date on each of the children will be re-
quired before the data can be utilized for com-
parative purpuses.

Children Examined 1964. During the 1964
survey, 22 exposed children, $1 children of ex-
posed parents, and 101 control children were ex-
amined. The decrease in the number of exposed
children examined in the Rongelap series from
1958 through 1964 results from temporary move-
ment of subjects 1o other atolls and to graduation
of children from the pediatric to the adult study.
The increase in number of children of exposed
parents examined results from new births.

Resuits of Physical Examinations. The inci-
dence of abnormai physical findings in the exposed
and control groups of children is summarized in
Table 13. In general the health of the children
seen during both surveys was good. Respiratory
infections and skin infections were infrequent. The
nutiitional status of all children was adequate, the
growth patterns were consistent with those seen in
previous vears, and rhe height increments for the
period were consistent with the previous group
trends.

During the cpidemic on these atolls, 24 children
in the study developed poliomyvelitis. Residual
weakness of muscle groups was evident in 11 of
these children at the time of the 1963 examination
(Table 14). Seven children continued to show
residual paralysis of varying degree at the time of

Table 14

History of Poliomyelitis Among Chiidren
of Study Population, Rongeiap and Ebeve

Subgects with positive history but no residual involvernent
at time of examination®:
Nos. 102, 105, 113, 120, 126, 127,930, 1012,
1025, 1031, 1040, 1504
Subjects with positive history and with residual involve-
ment at ime of examination:
Nos. 96, 98, 103, 106, 110, B70, 901, 903,
1030, 1037

*Onc subject, No. B4, who had a history of polomyelits
was not examined.

the 1964 survey (Nos. 95, 96, 98, 106, 870, 901,
903). In several instances, the degree of involve-
ment appeared less than in the previous year.

The increase in palpable livers in exposed and
control groups during the 1964 examinations »
thought to result from variation between pediatric
examiners. Liver enlargement exceeded 2 cm
below the right costal margin in only two children,
and in the remainder the liver was palpable at the
costal margin only. In all but one additional cate-
gory in Table 13, variation was considered to be
within {imits expected in sequential examinations
of any pediatric age populauon.

Thyroid Nodules. Of particular interest was
the development of thyroid nodules in three girls
9 and 10 years after exposure; two were I3 and
one was L4 vears of age at the time of detection.
These girls were in the higher dose group in which
there were 29 children ( < 18 vears of age) expgsed;
17 of the 29 were girls, with 6 girls in the 10 10 13-
vear range. Of 73 unexposed comparison children,
37 were girls. and 21 of the girls were in the age
range of 10 to 13 vears. No thvroid nodules were
noted in this group (only one diffuse thyroid en-
largement has heen detected in an unexposed
adult). A small nodule was first detected in one
of the girls in 1963, and nodules in the other two
were first detected in March 1964. No lvmph node
involvement was grossiv evident. The individuals
were hospitalized and two had complete thyroid-
ectomies and the third a parual thyvroidectomv.*
Grossly the glands had a "bobblestone™ appear-
ance with multiple hard nodules and were at first

*Captain C. A Broaddus (MC) U.S N. a1 the U'S. Naval
Hosprtal in Guam performed the surgery

Figure 14
14-vear4
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Figure 10. Gross picture of sectioned thvroid gland from
1 4-year-old Marshallese girl (No. 69) showing nodules.

Figure 1. Microscopic section (10 ) of thyroid gland
from same case as in Figure 10. These changes are char-
acteristic of all three cases. Note the multiple. discrete
nodules with wide vanation in sizc and growth pattern.
Some nodules consist of microfollicular tissue and others
of colloid cysts, while still others show hvperplasia with
papiilary infolding of the epithehum.

3

EosinopHiLs, MONOCYTES, AsD Basopuiis. The bcAl!c_cﬁn the exposed and unexposed groups. Pl!-
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thought to be malignant. Sections of the tisues
were reviewed by a number of pathologisis,* all
of whom agreed that the nodules were not malig-
nant and resembied in many respects adenomatod
goiters seen with jodine deficiency, with its charac-
teristic regenerative rather than ncoplastic prolif-
cration. However. in the Marshall Islands, where
fish and sea food are mainstays of the diet, iodine
deficiency is not likely and goiters are rare. Figure
10 shows a picture of the gross appearance of the
nodules and Figure 11 shows a microphotograph
of one of the glands. The likelihood of these nod-
ules being radiation induced is discussed in the
Summarizing Discussion. The two girls who had
compiete thyroidectomies developed signs of hypo-
parathyroidism which responded to treatment.
Parathyroid function returned in No. 17, but No.
21 suill requires therapy including thyroid extract.
In the third case (No. 69) only a partial thyroid-
ectomy was done, and she requires no therapy.
Note: During the 11th-year survey now in pro-
gress (March 1965) 3 new cases of thyroid nodules
in the exposed group have been detected. Two

*Secuons of umue were reviewed and reported on by Drs. S
Warren, New England Dea Hospatal: G H. Klink, Armed
Farces Insutute of Pathology. C |. Stahl, U.S. Naval Hospetal at
Guam: HA. jobnson, Brookhaven National La'ratory, and
S. Lindsav. Univerury of California Medical Schoot.
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were in boys 12 and 17 years of age and one in an
aduit woman 41 vears of age. The nodules ap-
peared gromly similar to those described in the
teen-age girls in this report, and these cases will
receive study and treatment.

Growth and Dovelopment Studies.  Analysis of
the statural dawa from the 1963 survey indicated
the persistence of the trends previously reported.
As shown in Figures 12 and 13, no difference was
apparent in median statures between the exposed
and control groups among girls and between girls
born to exposed and girls born to nonexposed
parents.* Among the boys, however, retardation
in statural growth of the exposed group between
the ages of 5 and 12 years as compared with that
of the control group was again noted (Figure 14).
The difference in median statures between bovs
born to exposed parents and those with non-
cxposed parents was also evident in 1963 (Fig-
ure 15). This difference has been arttributed to the
fact that the boys in the group with exposed parents
were, on the average, 4 months younger than the
bovs in the group with nonexposed parents.

No statistically significant differences were noted
in body weight curves between exposed and con-
trol children (Figures 16 and 17). In skeletal mat-
uration, the trends reported in the previous studies

*Or. K. M. Gniith of the M.D. Anderson Hospetal did the
saustucal analyses.
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Figure {8. Brothers. Marked retardation in statural
growth is shown by the older (shorter) brother (No. 3. on
the right) who was exposed at age 18 months. The younger
by 21 months (No. 83, on the left) is taller by 13 cm. The
retarded boy shows no evidence of hyperthyroidism or
skeletal disease clinically, nther than markedly delayed
CERCOUS MATUraton.

(7-year and B-year surveys) have persisted. In
comparison with the Greulich and Pyle standards,
the skeletal development of Marshallese children
was retarded at the same chronological age levels.
In addition, the exposed children were less mature
than control children. The retardation was most
prominent among those exposed during infancy to
the fallout radiation (see Figure 18). Skeletal age
values during successive examinations of thi. par-
ticular group of children are shown in Table 15.
These data covering the period since 1958 are
being published in detail elsewhere.'* Complete
tables of anthropometric measurements on the
Marshallese children dating back to the early sur-
veys are presented in Appendices 11 through 6.
Ophthaimelegical Findings

Ophthalmological examinations were carried
out in 1964 on 68 exposed, 45 children of exposed,
and 190 people in the comparison population; a
total of 303 people.

As noted in previous surveys, there was an in-
creased incidence of large corneas and enlarged
tortuous retinal vessels and a lower incidence of
myopia, strabismus, amblyopia ex anopsia, reti-
nitis pigmentosa, retinoblastoma, and congenital
glaucoma.

The incidence of arcus senilis is higher in the
Marshallese than in similar age groups in the
United States, which is in keeping with the gen-

Tabie 15

Skeletal Age Develop

in Children Born Between july 1952 and February 1953

Skeletal age (5.4 values at succemive examinations, years

Age at
Subject No. Sex  exposure, months CA*=4yr CA.=6vr CA.=8yr CA.=9yr CA.=10yr
2 M 16 ks % 6 7% 8%
3 M 17 2% 2% 3 3 3
5 M 16 3% 34 3t 3% NE*
6 M 16 3 5% 6% 8% 9
65 F 15 24 3 6 6% 8
33 F 20 ) 6% 9t 10 NE
4 M 12 3% NE 9% 10 1
955 F C* NE NE 10 10 10%
962 F (o] NE NE T4 7% I
980 F C NE 6% 84 NE NE
996 F C NE NE 84 10 10%
814 M C NE 5% 8 9 10

*C.A. =chronological age; NE=not examined: C=not exposed (control).
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eral observation that the Marshallese age faster
than Americans. The incidence was higher in the
exposed group (36% ) than in the unexposed group
(19% ). However. recent analysis of aging critenia
did not show any significant differences between
exposed and unexposed groups.

Though diabetes mellitus has a moderately high
incidence in the Marshall Islanders, only one case
of diabetic retinopathy was noted. This is in keep-
ing with the observation that the onset of diabetes in
the Marshallese occurs largely in older individuals.

The incidence of pinguecula and ptervgium is
high in the Marshall Islands. and also slightly
higher in the exposed group than in the unexposed
(see Table 16). It has been postulated that the
higher incidence in the exposed group may be re-
lated to contamination of the conjunctival sac
with fallout matenial at the time of the accident.

The incidence of abnormalities of the crystalline
lens is greater in the Marshall Islander. than in
similar age groups in the United States. Further-
more, the incidence of such abnormalities was

Table 16

Ophthaimological Survey, 1964

Children
Exposed of exposed Controls
No. % No. “ No. “
Number examined 68 45 190
Anisocoria 1 1.40 1 0.52
Anterior staphyloma 1 .40
Arcus senilis 25 36.70 37 19.46
Argyll Roberwton pupil 1 1.40
Cha'lazion 2 1.05
Choroiditis ,old, healed with scars) 3 +.20 3 1.57
Conjunctivitis 1 1.40
Corneai pigment 2 2.80
Corneal scar 3 4.20 2 1.05
Driisen 1 1.40
Duane’s syndrome 1 0.52
Lens: Polychromatic sheen 18 26.30 11 21.57
Opacities & cataract: presenile 1 1.40 3 1.57
senile 12 17.60 25 10.64
Aphakia 2 2.80 1 032
Leprosy, eve signs of ! 1 40 1 052
Macular degeneration 1 1.40 2 105
Molluscum contagiosum 1 0.32
Melanoma of iris 2 1.05
Melanoma of conjunctiva 1 140
Nystagmus 2 1.05
Pinguecula 1 16.20 17 B 44
Prervgium 20 2940 38 19.98
Proptomis ! 052
Phthinis bulbi 1 0.32
Positive Rhomberg 1 1.40 1 0.32
Reunal artenoscieross 4 6.00 9 4.68
Reunal scars 2 2.80 5 2.6
Retinal hemorrhage 1 1.40
Strabumus: Internal ! 032
External 3 7.30 2 1.05
Seventh nerve weakness 1 22 1 0.52
Viwreous opacities 3 1.57

37
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somewhat greater in the expused group in 196+
than in the unexposed comparison population.
These abnormalities consist of polychromatic
sheen, lenticular opacities of all degrees, and cata-
racts. The polychromaiic sheen was noted as the
carliest lens change and varied from a few tine
granules in the carlicr cases 1o large granular
plaques in the more advanced cases. These plagques
were situated on the pusterior lens capsule in the
zone of specular reflection. The earliest cases
showed yetlowish granules which in some cases
apprared slightly darker with a “beaten bras™
color. As the granules coalesce into a plaque,
greenish and bluish hues appear - hence the name
pulychromatic sheen.

Whether the polychromatic sheen seen follow-
ing irradiation has unique and specitic charac-
teristics is still a debatable quesiion. Some inves-
tigators contend that similar appearing changes
can be detected in patients with retinitis pig-
mentosa and the early stages of cataracts which
might be a complicauan of endogenous ocular or
svstemic discase or intoxication. Such polvchro-
matic sheens were seen in 21% of the unirradiated
Rongelap group and 26,57 of the expused group.
This ditference 1s thought to be 1o small w impli-
cate irradiation exposure with any degree of cer-
tainty, particularly in view of the slightly greater
number ol older peuple in the expused group. The
incidence ot lenticular opacities was also shightly
greater in the exposed group (194 than in the un-
exposed group (1290,

Oniv one child (an 8-yvear-old temale) com-
plained ol defective mght vision. This was thought
t0 be due 1o vitamin A\ deficrency, since there were
no pathological changes in the fundus of either eve.
Several vears ago 12 chiidren were encountered
who had great dithiculty in seetng at night. These
children responded prompily with vitamin A
treatment and diectany changes.

Oniv two cases were noted with corneal pigmen-
tation, previoushy seen in three cases (19%2) This
pigmentation was characterized by a fine. dark.
lincar streak of piement Iving close 10 or on Bow-
man’s membrane 1n the honizontal asxis between
the limbus and pupiilary edee. [t s believed that
these changes mav have been induced from beta
radiation contaminating margins of the evelids at
the tume of the acaident.

There were several findings which mav be re-
sidual to the poliomvelitis eprdemic of 1963 two

i

Tabie 17
Resical “Beta B .

Subject
No Age S5mx Data

2 12 M Roughcniag and prgment vanaton
an froms of neck. Several pigmented
macules ACs . * Perianal depigmen-
tatson.

3 n M  Motted pigmentation boh axillae.
Fapnensed arca behund ieft ear.

It & M Pigment changes ieft ACF. dorsum
frm rigit toe; pigmented nevi axsbla

17 13 F  Scamng and pgmentatun lett \CF
20 17 M Pigusrnsed paich back of neck.
M

x 14 Pigmented mac ules icft axilla. frome

24 s F  Slight pegment vanation on froat of
aeck; sweveral pigmented macules
dorsum et o,

4 55 F  Slight roughe:.ing and pigmrniaton
back of meck. Moles on frome of neck.

9 25 F Slight rmughening and p aton
back uf neck; pigment vanatsons and
dight hvperpigmentation dorsum
ngie foot.

49 25 F Numerous piemenied macules buth
udes of neck and 3 few on arms and
ACF.

54 i M  Motiled pigmentation and depeg-
mentation on front of neck.

9 & F  Motled pigmentation and depeg-
mentanion on back of neck.

63 LY F  Shight rugomty and permented ndees
on back of neck.

ot 40 F Male back of neck. slight pigmem
vanacen aud a few macvles (nac of
neck.

hy i F  Pigment vananon and roughening
front of nevk.

67 H F  Dememented scars dorsum beft foot

P r F  Slight prigmented arca dorsum nght
hnt 1o

TR 47 F  Numerous pedunculated moles on
ndes and front of neck

Y RE] M  Pigmented and depigmented scar
posternx surtace ieft ear

*ACF zanteonbrtal kmxa.

Figure 20. Ra
pegent abrrra
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Figure 20. Residual “"beta burn™ scarnng and
pgment aberranion in antecubstal fossa (No. 1 7).

F-_ure 2. Pigmented ncvin-like kessons
in previous Cbeta burn’ arca of neck « No. 78).
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cases with 7th nerve weakness involving the lids;
two cases of anisocoria (unequal pupils); and an
increased incidence of strabismus.

Residual “Sete Durns™

Persisting residual effects of “beta burns’ were
found 10 be present in 19 peopile, 6 children and
13 aduits. These are outlined in Table 17. The
skin changes consisted of hyperkeratosis, and
varying degrees of aurophy, scarring, and pigment
aberrations (see Figures 19 and 20). These changes
were slight in most of the people. The develop-
ment of lentigo-like and papular pigmented
nevus-like lesions in arcas of previows * beta burns™
was first observed several ycars ago. and these
lesions appear to have been increasing slightly

Figure 22. Secunn of skin from “bets burn ™~ area on back uf’
neck of 56-year-old woman (No. 34) at 10 years after ex-
posure (100X ). Note atrophy of epidermis with asrrow-

unce that time (see Figure 21). Histological study
of a biopsy of one of these iesions showed it to be
a typical benign pigmented nevus.

The residual changes in the skin of the Mar-
shallese who had sustained acute “beta burns™
have shown neither fissure tmsue breakdown in the
affected areas as seen in chronic radiation derma-
titis nor cvidencr of malignant change. Only one
case showed a few sposalalopecia of the occipital
arca of the scalp as a residuum of epilation. Figure
22 shows histological residual changes in a lesion
at 10 years after exposure.®

Hematelogienl

Summary tables of hematological data are pre-
sented in the tables and graphs in the text, and
raw data on the individuais are presented in the
appendicez. The more heavily exposed Rongelap

ing of stratum granulosum and finger-like progections of

rese pegs. Slight atrophy of the swea: gland duct « also
present.

40

*Dr. David A. Wand of the Univermty of Califoraia Medical
Cenaer, San F dad the hamol l pr

Tabie 2t
Protein Bound lodine. 1963 and 1964

SubjectNo __ PBLy T

F4

Males %15 vv
Ronerlap expused*
Ailingnae expused
Ltirik exposed
Rongelap unexpused

Females 9-13vr
R angelap expused
Asungnae expused
Utirik expused
Rongelap unexposed

Males  15-40 vy
Rongelap exposed
Aslingnae exposrd
Uunk exposed
Rengriap unexpoed

Females - 15-40vr
Rangriap cxpused
Ailingnae cxpoard
Utink expuard
Rongelap unrspored

Mairs Wy
Ronerlap expened
Ailingnae cxpsed

Urink expuerd
Rongelap unexposed
Femais  -40vr.
Runeriap expuned
Ailingnae expaned
Utink expused
Rungrlap unypare
Males < Yvr
(A expomrd parenis
Of utexprsed paren
Frmales < 9y
(A expuwed par-nes
(M uncapuwed pares

Males 00y
Rongriap cxpuard
\ilingnar cxpuned
LUtink cxpomeed
Rongeiap uncxposr

Females %15 w7
Rongriap cxpuard
Auhingnare expused
LUunk expimed
Rungriap unexpar
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tion of aberraue




1. Histological study
.ions showed it to be
«evus.
he skin of the Mar-
acute "“beta burns”
nie breakdown in the
.uc radiation derma-
at change. Only one
pecia of the occipital
n of epilation. Figure
I changes in a lesion

NATIONS

llogical data are pre-
phs in the text, and
are presented in the
'y exposed Rongelap

-v of California Medical
gical interpretations.

s T

Tabie 18

Mean Levels of Rongelap Peripheral Blood Elements by Age and Sex, 1963

Plate. wBC New. Lymph. Mono.
(X101 (x10 ") (X101 (x10 ") (x10"

Males 9-15 vr

Rongelap exposed® 87 66 (9) 847218 (9) 392x=1.31 (9 1.25*0.59 (9) 0.44 (9)

Ailingnae exposed 194 () 6.64 (N 219 n 3.19 () 0.06 (1)

Utirik exposed 419= 93(12) 9.20=2.88(12) 457=183(11) 389=1.17(11) 0.2¢4(11)

Rongelap unexposed 286> 78(14) 8.37=290(14) 407 x1.96(14) 3.27=1.11(14) 0.30( 14)
Females 9-15 vr

P.ongeiap exposed 300> 78 (8) 850249 (8) 4.42+3.09 (8) 3.31=0.80 (8) 024 (8)

Aulingnae exposed 225 (2) 7.15 (2) 3.69 (2) 2.97 (2) 0.22 (2)

Utirik exposed H02=116(14) 9.01 =266(15) 4.81:22.04(15) 3.33=0.94(15) 0.29(15)

Rongelap unexposed 373= 9917 8.82=2.29(17) +.12=1.64(16) 3.86=0.77(16) 0.26(16)
Males >15-40 vr

Rongelap exposed 198= 7H(11) 6.58=1.49(11) 3.27=0.74(11) 282+089(11) 0.19(11)

Ailingnae exposed — — — — -

Utirik exposed H2= 78(10) 6.55=1.47(10) 3.42=0.76(10) 2.55=0.85(10) 0.27(10)

Rnngelap unexposed W4 ob(21) TIT=1.44(21) 107 *+1.86(21) 2.9 =0.90(21) 0.28(21)
Females >13-40 vr

Rongeiap exposed MV7=127( 1) 802=218(14) +£35=1.33(14) 2.86=0.84( 4) 0.29(14)

Ailingnae exposed 27 4 7.96 (4) 5.45 4 2.05 (4) 0.25 (4)

Lririk exposed 410= 97(16) 717=1.39(16) 3.96=1.35(16) 267 =0.66(16) 0.21(16)

Rongelap unexposed 294> 66¢23) 765=1.47(23) 4.23=1.34(23) 283 +0.78(23) 0.22(23)
Males ~40yvr

Rongelap exposed 214= 87 (8) 633124 (8) 288=0.59 (8) 299+1.04 (8) 0.15 (8)

Ailingnae exposed 245 4 6.38 (4) 3.23 (4) 2.46 4 0.27 (4)

Ltink exposed 4= 73(19) 6.88~=1.85(19) 34910919 280x091(19) 0.22(19)

Rongelap unexposed 294 66(23) 6.63=1.40(23) 3.17x0.99(23) 2.85+0.67(23) 0.20(23)
Females >40yvr

Rongelap exposed 238> 98 (1) 3822060 (7) 286=058 : ) 256+063 (7) 0.18 (7)

Ailingnae expused 249 47 15 =160 13 383057 9) 237%+1.20 (5) 0.35 (5)

Lunk exposed 3= Wi lh) T08=130(1b) 347=1 13013 3.072092(15) 0.22(15)

Rongelap unexpused HB= 9419 TN =140 567 =1 200 19y 298 +=094(19) 0.26(19)
Males <9 vr -

Of exposed parents 74 95015 10.60 = 3.49(16) +49= 119116y 5.15=3.04(16) 0.39(16)

OFf unexpused parents 3T 11929 1091 =2.87(29) +40221.82(.29) 5.291.87(29) 0.40(29}
Females < 9 vr

Of expused par=nts 386 87118 12.20=1.92018) 476192018 807 =300(18) 0.35¢18)

OF unexposed parents 83=101¢21) 10.15=2.30(22) P83 = L.23022) 231 = 160022y 0.36(22)

Eosin. Baso. RBC Serum
Cx 1) 1 x10 ) Het, ™ v 10t Hgb . g protein. g

Males 913 vy

Rongetap exposed* 0.79 (9 074 (9r WI1=20 i $2943 19y 138=05 9} 77=05 (9

Athingnae expused 060 11y 00 (1 so.U 1y 377 h 124 1) 7.3 (@ D]

Uuirik exposed 030011y 038(11; 37922112y #2=23(12) 150=1.2012) 7.6=0.3(12)

Rongelap unexposed 0.69(14) 04414 AT 4014) 43334014y 14120714 78=04012)
Females 9-15 vr

Rongelap exposed’ 048 (8) 046 (8, 395220 i8) 44934 (8) 13909 (8) 8.0=04 (8)

Ailingnac exposed .28 (2 0.0 21 410 (3] 135 (2) 150 (2) 8.0 (2)

Unnk exposed 0533015 0400151  3BO=21(15) 427=29(15; 140=10¢15) 79=0.4(14)

Rongelap unexposed 0.48016) 0350161  3B83=270117)  424=40(17) 13.7=16(17) 79=0.53(17)

+
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Tabde 18 (cont’d)

Mean Levels of Rongelap Peripheral Blood Elemenu by Age and Sex. 1963

Eosin. Baso. RBC Serum ]
(X110 (X 10 ) Het. % {(x10 %) Hgb.. g protein, g
Maies >15-40 vr Females > 15-40 vr
Rongelap exposed 0.28(11)  0.25(11)  45.5=24(11)  458=47(11) 161=L3(11)  76=03(10 Rongelap exposed |
Ailingnae expused - — - - — = Ailingnae exposed
Utirik exposed 026(10) 048(10)  $46=25(10) 460=3410) 162=0.7(10)  7.6=0.4(10} Rongelap unexposs
Rongelap unexposed  U40(21)  030(20)  457=4.7(21)  473=32(21)  161=05(21)  B0=04(21) Maies >40 vr
Females >153-40 yr Rf)q(elap exposed
Rongelap cxposed 032(14)  0.25(14)  S79=48(14)  409=64(14) 13.2=1.8(14) 78+05(14) Ailingnac exposed
Ailingnae exposed 019 (4) 032 (1) 373 [EZNE .1 4) 129 (4) 77 (4 Rongelap unexpom
Utirik exposed 0420160 O17(16) 37.0=36(16) 405=41(16) 142=14(16)  76=04(16) Females >40 vr
Rongelap unexpased 043023 0.23(24) 383 T28(23) 421 =39(235) 136=1.0¢2) 79=0.6(23) Rf"_"!'“P exposed
Males 40 vr Ailingnae exposed
Rongelap exposed 031 (8) 008 (8) 41.3=54 (8) 410=58 (8) 145=05 (8) 76=04 (7) Rongelap unexpos
Ailingnae expused 053 (4) 006 (4) 440 4 469 4) 158 (4) 18 4 Males <10 vr
Utirik exposed 034019 028(19)  41.3=22(19) 4283619 148=09(19)  78=04(19) Of exposcd parena
Rongelap unexpused 0.36023)  057(23) 4213823 49T4T(2) 14T Z05(28) 792052 _ Of uncxposcd pare
Females 40 vr Females <10 vr
Ronectap exposed 020 (7) 009 (7)  SBI=23 (1)  STe=38 (7) 13d=14 (1) TBZ02 (6 Of expuacd parcm
Ailingnac expused 062 (31 023 (5) 380=16 (3) 403=41 (3) 139=1.1(3) 84=04 (3 Of unexposed pan
Utirik exposed U32015) 025150 $80=31(16) H5=28(16) 138=08(16) B.1=06(t6)
Rongelap uncxposed 027019)  047(19)  SBI=1T(I9) 93=29(19)  137=09(19)  80=0.5(19)
Males < U vr
Of expersed parents 0.50( Loy 019116} $6.I3*=3G(1b) 138 >=64(1b) 12b>=1.1(18) 73=04 (&)
Of unexposed parents 07929 038 032429 HH =30(29) 125=1.0(29) 73=0.2 (» Males 10-15 vr
Females « 9 vr Rongeiap exposed
Of expused parents 0T I8)  023(1B)  36B=22(1B)  +M4=32(18) 128=10(18) 7.7 3 Ailingnac exposed
Of unexposed parents o2y D032 76172 32420 130=09¢22) 79+-03 (» Rongeiap unexpa

Females 10-15 vr

Rongelap exposed
Ailingnae exposed
Rongelap unexpa

‘Includes 2 chiidren exposed i utero
"Standard deviation and number of people in group.
Includes t child exposed i utero

Table 19

Mean Levels of Rongelap Pernipheral Blood Elemenis by Age and Sex. 19604

Maies ~15-30vr
Rungeiap exposed
Alingnae expused
Rongelap unexpa

Females > 13-#) vr
Rongelap expuset

Plate. wWBC Neut Lymph. Ailingnac cxpose
(X100 X100 % 10 X 10 thingn P
Rongelap unexp
Maies 10-15 v r Males - H)vr
Rongelap exposed® TE- 33 (Wt BO1 =210 (9, SEL =127 o $IB=1 17 (91 Rongelap expose

\lingnae exposed

Y b

T I P17

sy

287 RE

\ilingnae expose
Rongelap unexp

Rongeiap unexposed 389 = 138(15) PLLs - 47005 Y9 =303013) 17122015
Frimales 10-15vr Females 40-r
Rongelap exposed 9B =110 (6 THIIT L0 by L =002 oy 3106 (6) Rongelap expse
\ilingnae exposed 434 1y 1108 N +487 i 187 (1 Atlingnac cxpose
Rongelap unexposed W7 = 106 18) GBT - L0018 FIE=2 25018 400 =094 18) Rongclap uncxpe
Males ~15-4#)\vr Males <10 r
Rongelap exposed 287 T8y 812=210¢11) 90 =1 4411 1 42=1.08(11) Of expused parey
Ailingnae expuosed — _ _ _ Of unexposed pa
Roungelap uncxposed 17104240 Y 40 =5 400 24 51022750231 LA = L15023) Females < 10vr
Of exposed pare
Of unexposed pe

—— i e

“Includes 2 chile
"Standard devia
I
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L7010)
.3(21)

By

4
4ti6)
023
318

(4)
.9 1Y)
.3(23)

4 (7)
(3
b8(16)
29 19)

j1(lb6)
.0(29)

10(18)
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Tabie 19 (cont’d)

Mean Leveis of Rongelap Peripheral Blood Elements by Age and Sex. 1964

Serum Plate. wBC Ncul.] Lymph.
protein. g (X101 (X 10*) (x10") (x10%
Females >15-40vr
7.6=0.3(10) Rongelap exposed 372= 73(15) §25:190( 15) 4.3222.13(14) 3.310.96(14)
— Ailingnae exposed 182> 95 (5) 6.80=1.60 (5) 3.04=1.18¢5) 3.19+0.77 (5)
7.6=0.4(10) Rongelap unexposed 382 110(29) 9.16=2.00(29) 5.29+1.87(29) 301 =1.11(29)
8.0=0.4(21) Males >40 vr
Rongelap exposed 331=126 (8) 7.83+2.00 (8) 3.60=1.20 (8) 348122 (8)
7.8=0.5(14) Ailingnae exposed 323 (4) 6.59 4 3.03 (4 3.03 (4)
7.7 (4 Rongelap unexposed H8=114(1.) 7.75=1.30(19) 3.93x1.14(19) 3.06+0.78(19)
76=0.4(16) Females >40 vr
7.9+0.6(23) Ropgtlapexpwd 346 =159 (6) 8.06=220 (6) 3.74x2.02 (6) 353=1.18 (6)
Ailingnae exposed HI=148 (3) 8.06+2.00 (5) 432091 (5) 280=1.15 (5)
76204 (7) Rongelap unexposed 360= 99(20) 8.29*1.9 (20) 4.01=1.41(20) 3.60=1.45(20)
7.6 4 Males <10 yr
7.8=0.4(19) Of expased parents 488+107(21) 10.33=2.20(21) 4.76=2.22(21) 4.65=1.38(21)
7.920.5(23) Of unexposed parents 470 134(33) 11.34=2.80(33) 503=1.98(33) 5.24+1.77(33)
Females <10 vr
7802 (6) Of exposed parents 323=119(20) 10.96=1.90(20) 4.461.30(20) 5.38+1.31(20)
B.4=0.4 (3) Of uncxposed parents 168 133(24) 10.67 =2.80(24) 4.28=2.10(24) 5.47 > 1.50(24)
8.1 =0.6( 16)
8.0=0.5(19) Mono. Eosin. Baso.
(x10 ) (x10 " (%109 Hut. % Hgb..g
7.3>04 (6)
73202 (3) Males 10-15 vr
Rongelap exposed® 0.19 (N 0.68 (9) 0.76 (9) 42.4+6.1 (9) 12504 (9)
7.7 (3 Ailingnae expused 043 (1) 098 (1) 080 (1) 370 (1) 121 (1)
79%03 (3 Rongelap uncxposed 0.31(13) 0.66(15) 0.26(15) 374x1.7(15) 12.5>0.8(15)
Females 10-13 vr
Rongelap exposed 0.10 (6) 0.65 (6) 0.8 (6) 395=24 (6) 13.3=0.3 (6)
Aslingnae exposed 0.33 (1) 089 (1) 1.10 (1) 40.0 (1 14.0 (r)
Rongelap unexposed 0.21(18) 0.88(18) 0.38(18) 38 3=25(18) 124x08(18)
Males >15-40 vr
Rongeiap exposed 0.25(11) 04311 046(t1) 43.8=53(11) 14710011
Ailingnae exposed — — — - —
Rongelap unexposed 0.26023) 0.57(23) 0.50(23) 6.1 =3.1(24) 152=1.1(2¢
- Females > 15-40 v
Lvmph. Rofwclapexposcd 02414, 0.37¢14) 035014y $00=23(14) 13120714
(%10 ) Ailingnae exposed 020 (3) 0.33 (3 0.46 (3) 38.0=6.1 (3) 123225 (3)
_—_ Rongelap unexposed 0.22(29) 0.49(29) 0.50{29) 37345009 12.421.6(29)
Males >40 vt
378 =117 (9) Rongelap exposed 0.26 (8} 0.48 (8) 039 (8 130=27 (8 135=19 (B)
187 (n Atlingnac expused 013 14 0.39 (4) 030 4y 4310 4 143 (4)
417 =1.22(15) Rongelap unexposed 0200 149 0.47(19) 0.48019) 1 h 26019 1401.0(19)
Femaies >4 vr
334=1.06 (86) Rongelap exposed 009 (6) 063 (6) 0534 1ty 373=319 (6) 12714 (6
487 h) Adingnae exposed 01t (3) 0.76 (3 0.82 13} 383518 (3) 12707 (5
400 =0.94(18) Rongeiap unexposed 0.23020) 0.40( 20, 0.63(20) 9.6 =1.0020) 11.0=0.6020)
Males <10 vr
342=108(11 Of exposed parents 0.23(21) 0.73(21) 0.63(21) 36.6=2.5(21) 120 >=1.1(21)
— Of unexposed parents 0.28(33, 0.66(33) 0.38(33) 37.3224(33) 12.1=0.9(33)
3A43=1.15(23) Femnales <10 vr
Of exposed parents 0.32020) 0.76(20) 0.38(20) 349+137(20) 11521 4(20)
Of unexposed parents 02324y 0.62(24) C 70(24) 368=2.4(24) 121=10024)
*Includes ! children exposed m utero
"Standard deviauon and number of people in group.
Table 23
B R Radiochemical Unine Analvais for Sr™" and Cs' ~*, 1963
e 12 E
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group who received 175 rads are designated as
“Rongelap exposed,” the Rongelap people who
received a smaller exposure of 69 rads as ** Ailingnae
exposed,” and the larger unexposed comparison
population of Rongelap as "‘unexposed.” Because
of the small number of people in the Aitingnae
group, their data were not treated as fully as those
for the Rongelap groups, and are briefly summa-
rized in a separate paragraph. The Utirik data
are summarized separately also. Because of certain
differences noted in age and sex groups between
the exposed and the umexposed, in addition to the
comparivons of mean levels for entire groups,
comparisons are aiso made of age and sex groups.
Ages 910 15, 16 to 40, and >40 years for each sex
are compared.

The hematological data are summarized in
Tables 18 and 19 and in Figures 23 through 49.
In Appendices 1, 2, and 3 are presented summarics
of the mean blood counts of the exposed popula-
tions and of the various comparison populations
since exposure in March 1954. In Appendices ¢
and 5 are listed the individual blood counts for
1963 and 1964. In Appendix 6 basophil counts
are presented.

Rongelap Population. Leuxocytes. Mean
levels of leukocytes in both exposed and compari-
son populations at 9 years post exposure were in-
creased over the 8-vear levels, and the 10-year
levels were higher than those for either of the two
preceding years. The exposed group had only
slightly lower leukocytes than the unexposed
(—4%) at 9 years, and at 10 years, lower by 9%,
Most of the difference was due 1o lower neutrophil
levels in the exposed group (see Figure 25

T'ME  AFTER ExSOSURE

Figure 23. Mean ncutrophil and white blood counts of
exposed Rongelap peopie from ume of exposure through
10 vears post exposure. Stars represent mean values of
companson pupulation.
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Nevtrorrits.  The neutrophil levels inc.cased
slightly at the time of the 9 and 10-vear surveys in
both exposed and comparison populations. At 9
years the neutrophil levels were about 5% lower in
the exposed than in the comparison group, but at
10 years they were about 20% lower. Neutrophil
levels are shown in Figures 23 through 29. The
neutrophil deficit was greater in the cxposed
younger age groups ( <{40 years). The exposed
older age groups ( >40 years) did not share the
deficit as much as has been noted in the past (Fig-
ures 26 through 29).

Lymerocytes. Lymphocyte levels were slightly
higher in the exposed and unexposed groups dur-
ing the 9 and 10-yea surveys. In contrast to the
8-year survey results, the lymphocyte mean levels
showed little difference between the exposed and
unexposed groups during the 9 and 1U-year sur-
veys; however, some individual lymphocyte counts
were lower in the exposed group. Lymphocyte lev-
els are shown in Figures 24, 25, and 30 through 34.
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Figure 25. Cumulative percent distribution curves
for neutrophuls. lymphocvies. and platelets, 1964.
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EosinopuiLs, MoNocYTES, AnD Basopwis. The
levels of these cells were not remarkably different
between the exposed and unecxposed groups and
were similar to the levels in past surveys.

PLaTeLets. The platelet levels in the 9 and
10-year surveys both revealed greater deficit in
exposed males than in exposcd females. Compared
with the unexposed groups the males had 20% less
in 1963 and 12% less in 1964, and the females 7%
less in 1963 and 2% less in 1964 (see Figure 35).
In the scattergrams (Figures 36 through 39) and
the accumulative distribution curves (Figures 24
and 25) the differences are clearly shown.

ExYTHROPOIETIC ELEMENTS.  As in the past sur-
veys no significant differences were noted in the
red blood counts, hemogiobins, or hematocrits

00— —— —_—
MALES 1963

rTor -

60~ -

20—~ - - .. —A e b e s - L
10 20 30 40 L) -] T 80 0
AGE [yeors}

Figure 26. Neutrophil counts of exposed Rongelap mailes
plotted against age. Solid line represents mean level of
unexposed maie population, 1963.
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Figure 27. Neutrophil counts of exposed Rongelap fe-
males plotted against age. Sulid line represents mean
level of unexposed female population, 1963.
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between the exposed and unexposed groups. Fig-
ures 40 through 49 demonstrate this point.

StaTisTiICAL ANALYSIS OF Roncerar BLooo
Data Over Past Four Years. These analyses
arc in progress, and the following represents a
preliminary report by Mr. Keith Thompson of
Brookhaven National Laboratory.

“Acfactorial analysis of variance of unweighted
mesns-wanmedgfor cach of four blood compo-
nents: plateiets, white blood cells, neutrophils, and
lymphocytes. For these preliminary analyses, the
population was stratified into four factors: years
(1961, 1962, 1963, and 1964), sex, exposed Ron-
gelap versus nonexposed, and age (5 to 15, >15
to 40, >40). Thus, for each of the blood compo-
nents, main effects and interaction effects were

MALES 1964

AGE (years)
Figure 28. Neutrophil counts of exposed Rongelap males

plotted against age Solid line represents mean level of
unexposed male popuiation, 1964,

FEMALES 1964
o~ -
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o 0 &% & %m0 %
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Figure 29. Neutrophil counts of exposed Rongelap fe-
males plotted against age. Solid line represents mean
level of unexposed female populanon, 1964.
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Figure 30. Mean lympbocyte counts of exposed Ronge-
lap peopie from time of exposure through 10 years post
exposure. Stars represent mean values of comparison

population.
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Figure 31. Lymphocyte counts of exposed Rongelap
males plotted against age. Solid line represents mean
level of unexposed male population, 1963,
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Figure 32. Lymphocyte counts of exposed Rongelap fe-
males plotted against age. Solid line represents mean

counts of all
at the time of
at the 3% level

computed to obtain information about the effect
of radiation over time in relation to sex, exposure,
and age.

**A generaily similar pattern was observed in
these analyses for all four components. The vari-
ation among years was always highly significant,
largely because of an increased count in all four
components in 1964. This annual difference has
been commented on in previous reports. Differences
existed in ‘1961, 1962, and 1963, but these were
not chronologically consistent among the com-
ponents.

‘*A clear-cut and highly significant decrease in
all four blood components was observed for the ex-
posed population compared to the nonexposed.
There was aiso a highly significant decrease in

sex, exposed v
significant. F
at the 3% level
and sex, and
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and year. The
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Figure 33. Lymphocyte counts of exposed Rongelap
males plotted against age. Solid Iine represents mean level
of unexposed male populavon, 1964.
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Figure 34. Lymphocvte counts of exposed Rongelap fe-

Figure 36. Plae
maies plotied against age. Solid line represents mean level

plotted aga:inst

level of unexposed female population, 1963. of unexposed female populauon, 1964 unexposed maie
46
L range 700 1o 14
— P i el Ak o FU




3
]
|
]
»' 2ut the effect

b sex, exposure,

s observed in

counts of all four components with increasing age
at the time of radiation. There was no evidence
at the 3% level of any sex di‘.crence for any of the
biood components except platelets, for which the

35

80~ . FEMALES 963 -

nts. The varni- male count was significantly lower (1% level) than °

ly significant, the female count. a )
unt in all four “There was no evidence at the 1% level that g
f difference has any of the two- or three-factor interactions (years, < -

3. Differences sex, exposed versus nonexposed, age groups) were « o
&ul these were significant. For lymphocytes there was evidence R ;
pong the com- at the 5% level of an interaction between exposurc * * ) ., B

and sex, and for neutrophils there was evidence O30 0 40 w0 @ 7 8 9%
pnt decrease in at the 5% level of an interaction between exposure AGE (yeers)
pved for the ex- and year. The four-factor interaction was reated L oy by ey cune of exposed Rongelap females
P nonexposed. as error, an assumption Wh'Ch_ appcare.d justified piotted against age. Solid line represents mean level of
b+ decrease in upon examination of the variances. Since these unexposed female population. 1963.
data are being further analyzed, no interpretation
- as to biological significance of the above interac- Moo e
r.:s 964 _‘ tions is justified at present. MALES 1964
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Figure 40. Hematocrit values of exposed males plotted
agains age. Solid line represents mean level of unexposed
male popuiation, 1963.
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Figure 41. it values of d females plotted
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female population, 1963.
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Figure 42. Hematocrit values of exposed males plotted
againm age. Solid line represents mean level of
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Figure 43. it values of d females plotted

against age. Sohd line represenu mean level of unexposed
female population, 1964.
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Figure 44¢. Hemoglobin vaiues of exposed males plotted
against age. Solid linc represents mean level of unexposed
male population, 1963.
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Figure 45. Hemoglobin values of exposed females plotted

male population, 1964.
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burdens of Sr** have reached equnhbnum with the

Akl Ko lonol,

g age. Solid line represents mean level of unexposed
femnale population, 1963.

individuals, too numerous to name, for valuable

L00iARES...

H

3

:

o
i

Figure 46. Hemoglob
against age. Solid line
male population, 1964

6
15 .

Eiare

3 [ . .

- P

z 13+ N .

. -
goz»- v L4
& i
T

o 2o

Figure 47. Hemoglob
against age. Solid line
female populauon, |9

Ailingnae Popw
Ailingnae populat
these two vears sh
those of the higher
year platelet coun
considerably high:
reason for thisisn
this group of peop
and 19 and Apper

Utink Populiatio
who had been cxp
uon {an estimated
radiation) had leul
cyte counts of abor
unexposed compi
(Table 18 and Ap

uon ard Health
Bond, Charman .




FEMALES 1964

ca b i i)y baiaas

HEMOGLOBIN ( groma)

1 1 i i i 1 B
0 0 30 40 30 @ o o %0
AGE (years)

Figure 46. Hemoglobin values of exposed males plotted
against age. Solid line represents mean level of unexposed
male population, 1964.
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Figure 47. Hemogilobin values of exposed females plotted

against age. Solid line represents mean level of unexposed
female population, 1964,

Ailingnae Population. The 16 people in the
Ailingnae population that were examined during
these two vears showed blood counts similar to
those of the higher dose Rongelap group. The 10-
year platelet counts in the Ailingnae women were
considerably higher than the previous counts; the
reason for this is not apparent. The blood data on
this group of people are summarized in Tables 18
and 19 and Appendix 2.

Utirik Population. The people of Utirik Atoll
who had been cxposed to a very low dose of radia-
tion {(an estimated 14 rads of whole-body gamma
radiation) had leukocyte, neutrophil, and lympho-
cyte counts of about the same levels as seen in the
unexposed comparison population of Rongelap
(Table 18 and Appendices 3 and 4). However, it
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Figure 48. RBC values of exposed males plotied agai
age. Solid line represents mean level of unexposed male
population, 1963.
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Figure 49. RBC values of exposed females plotted against
age. Solid line represents mean level of unexposed female
population, 1963.

was of interest that the plateiet counts for all age
groups averaged considerabiy higher in the Utirik
people than in the Rongelap unexposed population.
The explanation for this is not apparent. The eryth-
rocytes, hemoglobin, and hematocrit levels were
about the same as in the unexposed Rongelap people.

Chiidren of Exposed Parents. Blood courts of
children of exposed parents compared with those
of the children of parents in the comparison popu-
lation showed no significant differences. These
data are tabulated in Tables 18 and 19 and Ap-
pendices 4 and 5. Duning the 7th and 8th-year
surveys these children had shown slightly lower
levels of leukocytes and platelets compared with
children of unexposed parents. This difference is
not apparent at this time.

19
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Figure 0. Bizarre mitosis in 2 myelocyte.
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Sene Merrow ixeminetions

The differential counts of bone marrow aspira-
tions on 6 individuals, 4 exposed and 2 unexposed,
are listed in Appendix 18. The differential couna
showed that in 3 of 4 exposed persons there was an
alteration in the myeloid-ervthroid ratio mani-
fested by an increased number of red cell precur-
sors. In addition to hyperplasia. abnormalities of
chromatin material with double nuciei and in-
creased numbers of mitotic figures were seen in
the normeblastic series (Figures 50 and 51). One
of the exposed (No. 63) and one of the unexposed
(No. 948) showed increased lymphocytosis of 33%
and 277 respectively. This was reflected in the
peripherai blood counts in which the total number
of leukocyies was normal but the lymphocytes
were increased 10 51 % and 56%. The significance of
this finding remains obscure, but repeat bone mar-
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row examinations will be carried out in both these
cases during the 1965 survey.

Red Coll Mass and Plosme Velume Stvdies

During the 1961 and 1962 surveys blood volume
studies were performed on a group of Marshallese
subjects and on a small number of Caucasians
who had been living on the iiands for one year or
longer. Sodium chromate labeled with Cr*' was
used to tag the erythrocytes. With body weight as
a criterion, it appeared that 15 of 23 subjects, both
Marshallese and Caucasian, showed a significant
reduction in red celi mass and/or plasma volume.

In order to establish the relationship of blood
volume to lean body mas tritiated water was
administered orally to each of 21 Marshallese
subjects during the 1963 survey. In addition, de-
terminauons were made of red cell mass and blood
volume by using Cr*'-labeled sodium chromate.

Tabike 20

Towal Blood and Red Cell Volume Dawa
(WT . =grom weight: TBW =total body water; FAT = (at as © grom weight;
1.BM =ican bodv mam: R(\' :red cell volume: BV =blood volume }

Subyect RCV/LBM, BV/LBM,
No.  WT.ke TBW.I TBW. FAT.% LEM.kx RCV.l BV.I miske mi/kg
H .54 18.1 68.8 44 52.1. 1.402 3.260 269 62.6
82 .36 250 53.0 6.4 .1 0.849 2.358 249 9.2
Rin h. s $3.3 bl.7 144 48.3 1.428 3.320 M6 68.7
B8 bh 1} 1.7 62.2 156 EYR! 2.108 4.053 36.9 o
23] bh 81 5t9 47.0 47 436 1.150 3.196 6.4 733
871 . $n 432 o9 4 36 39.1 1.670 3.631 28.3 6i.4
881 3 X% ) 128 71 Hb6 +H.7 1 996 4.247 “4.7 95.0
2194 M7 9.9 18 03 54.6 .13 3.426 20.7 62.7
883 hl.81 41.0 63.3 9.3 5.1 1.760 1.825 31.4 68.2
B 3390 Fal X1 215 28.5 0.0 1070 2.488 26.8 62.2
b hind 126 30.4 30.0 “5 1.091 3.031 24.5 681
94 EYERY) Ny M5 99 40.2 0.927 2.505 231 623
9§ 4.0 26 ) 337 226 15.8 1.274 2.963 5.6 828
948 40.00 20 4.1 2409 30.1 0.886 2.3 294 77 4
w2 37 T2 27k 471 46 178 O B6O 2150 228 56.9
439 o) 00 J22 38 20.7 +Ho 1.1%1 2.477 26.2 6 4
eed) B.64 248 6851 124 339 0774 2150 228 0l 4
1007 R ) 41.0 .9 210 56.4 1.620 +.155 8.7 737
1043 11 .81 26.4 62.3 133 36.2 1.066 2.664 294 736
1501 b 81 43.3 4.0 1.2 59.3 1.843 31840 311 4.8

63.18 98 619 14.0 54 .4 1.310 2.675 24.1 49.2
Ax 113 1303 3102 83 682
AvRCV ' Av BV
wTEW -0 STEw o, T2
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Figure 52.

After 4 hours, urine sampies were collected and
lyophilized. and tritium in the water portion was
counted in a Nuclear-Chicago liquid scintiilation
counter. From these values of 1otal body walter,
fat was estimated by the formula % fat =100
—{% TBW/,0.72). The % TBW is total body
water (in kg) as percent of gross weight. Lean
body mass (LBM) was taken as the difference be-
iween gross weight and (a0 (kg).

The data are shown in Table 20. According 10
Sin (personal communication) the values for total
body water, fat, or lcan body mass are not differ-
ent from averages fur Caucasian subjects in the
San Francisco arca. Figure 52 shows the values of
blood volume (liters) and red cell volume (litery)
plotted against total bodv water. Regression lines
drawn for Caucasians by Moore' ' and Sin {un-
published) disclose that with the exception of one
case the values of Marshallese fall far below those
dexcribed by the authors. The average red cell
volume for Marshallese is 28.3 ml per kg LBM as
compared to 35 ml, kg (Sin, unpublished).

Whether these findings represent a genetic dif-
ference or are the result of environment and. or
diet cannot be stated at present. [t is hoped tha
studies will be continued in 1965 with examina-

P
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Tabile 21
Protein Bound lodine, 1963 and 1964

Subyect No. PBIL. v %

Manrssaciese R< © unG on RonceLar

| 9.4

6 19
10 12.0
14 8.2
86 8.2
17 68
21 8.1
- 10.2
865 82
Av 8.8

Manssarrrse Resioenc on Eseve

12 88
829 7.1
944 20
938 56
962 6.3
950 6.7

1005 79
1043 58
Av 6.3
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COPIC eXaAMina-
od cultures is in

progress, including chromosome counts, enumera-
tion of aberrations, and karyotype analysis by
paste-ups of photographa. A few dicentric chromo-
somes and certain other aberrations have been
noted in the examined group, but insufficient con-
trol material has been analyzed for any positive
statements to be made at this time.

Disbetic Swrvey. Based on blood sugar deter-
minations as part of the routine urinc analyses and
fasting blood sugar determinations, it was found
that 6 peopie had a diabetic tendency. The fol-
lowing had elevated fasting blood sugars (mg %):
No. 853, 247; No. 893, 279; No. 936, 187; No.
991, 248; No. 1042, 180; No. 835 had a 3+ urine
sugar but no blood sugar determination was done.
As has been noted, the incidence of diabetes is
fairly high in the Marshallese. It is, however, of
the type that develops in older peopie since no
cases have been seen in younger people.

Serelegicel Studies. Prorein Bounp lobine
DeverMINATIONs. Protein bound iodine levels
were determined in several groups of peopie dur-
ing the past two surveys. The groups included 9
Marshallese living on Rongelap Atoll. 8 Marshal-
lese living on Ebeye Island (Kwajalein Atoll), 10
members of the medical team, and 7 Americans
who had been residing in the Marshall Islands (or
at least a year. The results are presented in Table
21. Again the Marshallese values are higher than
the Caucasian values. Though the number of sam-
ples involved is too small for any positive state-
ment to be made, the lower levels of the Marshal-
lese living on Ebeye may have some meaning,
since their environment is quite different from that
of the Rongelap residents (more westernized in
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food, etc.). A difference between the medical team
who had only been in the Islands a few weeks and
the Americans who had resided there for at least
a year is probably not significant. It is anticipated
that this aspect of the problem will be further in-
vestigated on the next survey.

Fouic Acip DeterminaTions.  Folic acid levels
were below or in the low range of normal in 29%
of the 129 Rongelap people tested. Fifteen per-
cent were below 4 mug/ml and 16% in the border-
line range of 4 to 7 mug/ml. The unexposed com-
parison population had slightly lower values than
the exposed popuilation. The generaily low level
of these Island people is attributed to a dietary
deficiency of foods containing folic acid, mainly
leafy vegetables. The levels were not sufficiently
low to result in any hematological changes or ap-
parent clinical effects. The individual values for
folic acid are presented in Appendix 17.

The AG Svstem. The following statements
were made by Dr. B.S. Blumberg®: “The sera of
patients who have received multiple transfusions
may contain antibodie- against normal human
serum components.'' The first example of such
antibodies was reported in a patient (C.deB.) who
had received =50 transfusions for the treatment
of a refractory anemia of unknown etiology.'* By
means of the Ouchterlony double-diffusion tech-
nique, it was shown that the antibody formed a
precipitin with ==55% of normal U.S. white and
Negro sera. By twin, family, and population stud-
ies'” it was shown that the presence or absence

*Amociate Director for Clinscai Research, Institute for Cancer
Research, Philadeiphia, Pa.

Table 22
Serum Teso
Antisera reactors
(.deB. New York
Population Location Touwl No. % Pos. Toual No. % Pos.
Micronesian Rongelap Atall 187 98 181 38
U S. White Maryland 120 59 120 97
U.S. Negro Georgia 149 68 149 99
Greek Greece 203 72 203 93
Quechua Indian Peru 102 70 102 96
Sioux Indian South Dakota 143 91 143 8
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of the reacting antigen was under genetic control.
Individuals with a dominant gene designated A4¢*
in single or double dose (genotypes Ag*/Ag*,
Ag¢*/Ag) were reactors [phenotype Ag(a +)| and
those homozygous for the recessive allele Ag non-
reactors [Ag(a — )|. The antigen or antigens that
react with the antibodies present in the serum of
the frequently transfused patient are serum low
density B-lipoproteins.'’ A serum from a second
patient { .), the New York antiserum, was also
found to react with a low density B-lipoprotein.
Preliminary family studies indicated that reactors
were homozygous cr heterozygous for a second
gene, while nonreactors were homozygous for the
alternate recessive allele. Immunologic, genetic,
and population studies showed that the lipoproteins
sclected by the two antisera were antigenically
distinct and controtled by different genes.'”

**Sera collected from the inhabitanus of Rongelap
Atoll in 1962 were tested with both the C.deB.
|anti-Ag(a +}] and the New York antisera. The
total results compared with those on several other
populations are shown in Table 22. There is a
much higher frequency of C.deB. antiserum re-
actors and a much lower frequency of New York
antiserum reactors in the Rongelap population
than in U.S. whites and Negroes. The reasons for
these differences are not known, but may depend
on differences in past or present selective forces
which affect the balance of the polymorphisms.

*Because of the lower frequency of New Yerk
antiserum .eactors, the Rongelap population was
useful lor family studies. From these studies it was
tentatively concluded that reactors with the New
York antiscrum were cither homozygous or heter-
uzygous for a dormant gene. and nonreactors were
homazygous for its aliernate allele.™

Rediochemicol Analyses of the Urine. Decter-
minations ol body burdens of gamma emitting
isotopes (principally Cs'" and Zn"") by whoie-
bodv gamma spectruoscopy were not donc during
the past two survevs, Data in 1961, by that tech-
nique, indicated that the body burdens of Cs'
wcere not signihcantly dilerent from those of two
vears before. and Zn™ levels had dropped by a
factor of about 10. It was decided, therefore, to
defer whole-body counts unuil the 1965 survey.

Resuits of radiochemical urine analyses for Cs'*
and 5r™ on 38 urine samples for 1963 and 27 sam-
ples for 1964 are presented in Tables 23 and 24.
The data are divided into the following groups:

exposed and unexposed of ages <15 and >15
years, living on Rongelap, Ebeve, and Utirik.

Sr* urine levels for 1963 and 1964 have not in-
creased over the 1962 levels. In 1962, the mean
Sr** values from the individual aduit 24-hr sam-
pies were 12.45 pC/l or t 14 pC/ g Ca. From these
values, on the basis of previous calculations,” '
the body burden was estimated as 12.0 muC for
adults and 28.4 muC for children. On the same
basis, the estimates for 1963 body burden levels
of Sr** are 11.3 muC (adults) and 21.8 muC
(children); and for 1964, 10.7 muC (adults) and
23.1 muC (children). As shown in Table 23, the
levels of both Cs'** and Sr* are lower for the
peopie living on the uncontaminated island Ebeye
at Kwajailein Atoll.

Thus the return of the Rongelap people to their
home island was reflected in annual increases to
1962 in estimated body burdens of Sr*® based on
urinary excretion values. The annual estimates in
muC for adults were as follows: 2.0in 1958; 6.0 in
1959; 6.9 in 1961; 12.0in 1962; 11.3 in 1963; and
10.7 in 1964. The present body burdens are about
5 to 6% (adults) to about 10% (children) of the
maximum permissible concentration (MPC) of
Sr™ (200 muC) for non-industrial populations. It
appears now that equilibrium with the environ-
mental contamination of Sr™ has been reached in
the people living on Rongelap Island, and the
previously estimated equilibrium value of 23 muC
will not be reached.

No bone samples were obtained from autopsy
matenial duning the past two years for Sr*® anal-
ysis. Estimates of body burdens from previous
analyses of bone samples had shown fairly good
correlation with those obtained from urine analyses.

In view of the paucity of the previous data on
Cs'*" urinary levels, it is diiicult 1o interpret the
present levels in terms of body burden. However,
the levels are generally less than the mean 1958
Cs'Y urinary level of about 4+ nC,'l. This is in ac-
cord with the finding by gamma spectrographic
determinations that the whole-body burdens of
Cs'' in 1961 had not increased.

Analvses of three coconut crabs for Sr*® and
Cs''' are shown in Table 25. Though the levels of
Sr*" (pC/g Ca) are lower than in the crabs ana-
lyzed in 1962, they are still sufficiently high to ne-
cessitate continuation of the ban on their consump-
tion by the peopic of Rongelap. [tisinteresting that
the Cs''* leveis are also quite high in these crahs
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Table 23

Radiochemical Urine Analysis for Sr** and Cs' *, 1963

Group Subject No. Age Sex Sample vol, ml 3¢, pC/l Ca,g/! Se. pC/gCa GCo'', nC/t
RonGeLar
Unexposed. age <15 818 12 M 790 19.3 0.072 268 6.73
820 4 M 1180 6.4 020 320 3.32
814 11 M 1490 12.0 .168 7 2.60
913 12 M 590 17.1 .188 91 1.52
912 10 M 1630 i1.4 A7 98 2.68
ans 13 M 350 49 012 408 4.69
9 10 F 1050 5.9 046 137 1.54
955 10 F 465 41 022 186 3.14
816 13 F 1050 6.3 035 180 2.12
821 14 F 705 125 172 73 4.69
Mean 950 10.0 0.085 1a3 331
Exposcd, age <15 19 12 M 1160 48 003 155 1.81
23 13 M 987 5.6 046 122 224
69 13 F 987 96 u3l 310 6.11
°? 12 F 1060 17.5 076 230 2.84
17 12 F 340 336 076 442 3.08
8 1 F 1150 168 074 227 110
Mean 947 14.6 0.056 248 2.86
Unexposed, age > 15 822 16 M 1280 6.4 0.069 93 2.02
865 30 F 795 118 072 164 2.4
Mean - 1037 9.1 0.070 128 221
Exposed, age > 15 40 38 M 700 14.6 0.167 88 733
7 45 M 875 9.1 218 42 1.73
41 53 M 1500 20 .040 50 0.57
27 3% M 1400 6.3 177 36 1.67
14 34 F 990 6.9 038 182 0.48
66 38 F 650 89 437 65 2.58
39 24 F 530 4.0 015 267 4.45
i8 30 F 725 7.2 AN 42 7.96
[} 17 F 1025 153 104 147 268
Mean 933 8.3 0.118 102 3.27
Pool A 2060 4.5 0.051 88 1.58
B 1820 3.5 07 49 1.62
C 1990 4.7 065 73 1.49
Mean 1956 4.2 0.062 70 1.56
Eseve
Pooled 1400 59 0.073 75 0.65
Urnimix (Exrosep)
Age <15 2256 14 F 625 85  0.149 57 0.95
1251 12 F 350 19 .031 32 0.15
Mean 487 52 0.090 33 0.55
Age >13 2168 28 M 730 2.6 0.363 7 1.26
2137 24 M 800 3.2 178 15 0.70
Mean 765 29 0.271 11 0.98
StmMary
Rongelap. all <15 118 0074 207 3.14
Rongelap. ail >15 8.3 114 107 3.08
Ebeve 59 073 75 0.65
Ctirik, all <15 5.2 090 35 0.55
Ltink, all >15 29 2N 11 0.98




Table 24

Radiochemical Urine Anatyws for Sr™* and Ca'*", 1964

GMP stle‘NO Age Sex Snmpbvol‘.ml Se*, ﬂ:/] C."/] Se*e, ﬂ/sCl Cs'*", nC/1
Rowoxiar
Unexpased, age < 15 818 13 M 2000 22.4 0.165 136 6.90
Exposed, age <15 19 13 M 1280 45 0.020 225 4.12
: -] 14 F 490 211 071 7 120
Mean 885 128 0.046 261 8.06
Unexposed, age >15 822 17 M 2880 9.0 0.114 Ll 297
865 31 F 3260 6.7 on 87 2.96
896 4 F 2180 1.4 040 185 3.62
Mean 2773 7.7 0.077 1n? 3.18
Exposed, age >15 15 17 F 1100 6.6 0.028 236 2.94
41 4 M 1940 35 035 100 2.34
40 % M 2000 9.5 230 4 459
7 46 M 1890 it .206 4 4.33
16 49 M 1880 4.6 069 67 3.55
50 “4 M 2100 6.0 12 49 3.14
14 35 F 1580 8.7 032 n 4.52
18 3t F 860 14.5 181 80 6.40
¥4 3% M 1340 36 083 43 2.95
9 4“4 F 1000 7.2 .200 35 3.60
Mean 1569 7.5 0.119 9% 3.84
Pooled A 2920 3.7 0.080 46 0.96
B 2050 9.3 107 87 2.94
Mean 5480 6.5 0.093 66 1.95
Esavz
Unexposed, age <15 909 4 F 770 44 012 34 0.15
Exposed, age <15 32 13 M 1160 9.0 0.083 108 1.49
23 4 M 285 16.3 .189 86 3134
Mean 2 12.6 0.136 98 24
Unexposed, age >15 835 4 F 1180 35 0.030 117 0.08
843 35 F 2000 8.6 130 66 2.80
893 46 F 3680 5.3 052 102 1.25
Mean 2287 58 0.071 95 1.37
Exposed, age > 15 28 8 F 1200 24 0092 26 1.17
39 25 F 740 76 078 97 1.86
Mean 970 5.0 0.085 61 1.51
Stmmary
Rongelap, all <15 1257 16.0 0.085 219 60
Rongelap, all >15 1846 75 101 102 3.69
Ebeye, all <15 738 99 134 76 1.9
Ebeye, all >15 1760 5.5 017 81 1.45
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Table 25

Analyss of Coconut Crabs for Sr** and Cs*’

Per kg Total
Crab No. Tiewue Se=, pC Co*,pC  Cag S, oC  Ca*,pC  Cag S, pC/gCa
t Liver 4,400 2,679 6.88 999 608 1.56 639
Exoskeleton 172,502 94,074 196.9 68,285 37,239 78.53 869
Muscle (edible) 5,757 4,994 6.57 1,708 1,482 1.95 876
Remaining soft parts 5,631 4,470 6.56 516 410 0.60 858
Total crab 70,703 39,292 81.71 71,508 39,739 82.64 865
2 Liver 4,428 2,287 5.80 5N 295 0.7% 764
Exoskeleton 123318 95,724 197.7% 45,287 35,154 72.62 623
Muscle (edibie) 3,980 5,757 5.50 937 1,355 1.30 123
Remaining soft para 5,711 3414 6.92 497 297 0.60 825
Total crab 57,766 45318 91.94 47,292 37,101 75.27 628
3 Liver 8,650 5,431 10.21 335 502 048 847
Exoskeleton 146,956 143,758 182,90 30,817 30,146 39.40 82
Muscie (edibile) 6,010 12,716 7.74 978 2,069 1.26 776
Remaining soft parts 4316 6,475 6.23 21 316 0.30 692
Total crab 64,847 66,234 83.09 32,341 33,033 41.44 780
Summaorizing Discussion MORTALITY

Medical evaluation of the health status of the
exposed Rongelap people over the years since the
accident has revealed about the same incidence of
iliness and discase as in the unexposed population
with the exceptions noted below. General health
and nutrition has continued to be satisfactory and
comparable to that of the unexposed comparison
population. Annual hematological follow-up
studies have revealed that the levels of white
cells and platelets of the peripheral blood in the
exposed group have never quite reached the levels
of the unexposed comparison population. This was
again demonstrated in the 9 and 10-year surveys
and can be readily seen in the accumulative distri-
bution curves (Figures 23 and 35).

Bone marrow examinations oi a few individuak
at 9 and 10 years post exposure showed a reduced
myeloid-erythroid ratio with slight increase of im-
mature red and white cells in some cases. There
has been no indication that these findings have
impaired the general heaith or response to disease
in the exposed people.

There were 10 deaths in the exposed population
over the 10-year period. Of these, two deaths were
due to malignancies. Neither of these could be
ascribed reasonably to radiation exposure. The
somewhat higher death rate in the exposed group
is partly offset by the higher proportion of older
peopie, those >65 ycars of age being 20% in the
exposed group and only 7% in the unexposed
group. This mortality rate is also higher . an in
the Marshallese as a whole, but not significantly
s0. Evaluation of effects of exposure on longevity
in this group must await future findings.

AGING

No specific aging studies were carried out dur-
ing the past two surveys, but attempts were made
during several previous surveys to put on a quan-
titative basis various criteria of aging (skin elastic-
ity, skin looseness, hand strength, blood pressure,
arteriosclerosis, accommodation and arcus senilis
of the eyes, greyness of hair, degree of baldness,
etc.). No detectable radiation-induced aging ef-
fects have been noted. Aging scores evaluated at 6
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and 7 years after the accident were about the same for
exposed and unexposed persons of comparable age.

PERTILITY, MISCARRIAGES, STILLBIRTHS,
AND GENETIC FFFICTS

Effects on fertility were not apparent as judged
by comparison of birth rates for the exposed and
unexposed popuiations. During the first 4 yeans
after exposure an increase in miscarriages and
stillbirths was noted in the exposed women, 41%
of the births (13 in 32 births) in this group termi-
nating in nonviable offspring compared with 21%
(8 in 38 births) in the unexposed women. Since
that time, the incidence has been about the same
in the two groups. One cannot be certau: that this
effect is actually due to radiation exposure bocause
of the small number of women invol-ed.

No specific genetic studies have been carried
out, but differences in incidences of abnormalities
in children of exposed compared with those of un-
expased women have not been observed. The gen-
erally negative results of large-scale genetic studies
on the offspring of exposed Japanese indicated that
detailed studies on the Marshallese would not be fruitfial.

GROWTH AND DEVELOPMENT STUDIRS

Comparison of exposed with unexposed children
of the same ages indicated slight retardation effecs
in the exposed males. The boys exposed at ages 1
to 5 showed retardation of statural growth as well
as bone age. This was most marked in those ex-
posed at 15 to 18 months of age. The average
skeletal maturation in the exposed boys was about
7 months behind that of their unexposed peers.
Though weight gain also appeared slightly re-
tarded in this group, it was not staustically signifi-
cant. The exposed girls showed no significant dif-
ferences compared with unexposed girls.

The slight retardation of growth in the male
children who were exposed when <5 ycars of age
as compared with unexposed males of the same
age suggests that radiation may be a causal factor
although possible mechanisms are not clear. The
dose 10 bones from internally absorbed isotopes is
believed to have been too small to have affected
bone growth. Adverse effects on growth and devel-
opment of Japanese children exposed to the
atomic bomb have been reported by Greulich,
Reynolds,” and Nehemias.*' However, the evalu-
ation of such effects in these Japanese children

was complicated by physical and psychic trauma
and by malnutrition factors not operative in the
case of the Marshallese children. The 175-rad
gamma dose would seem to be too small to cause
any direct effect on bone growth, and the esti-
mated dose to the bones from internally absorbed
isotopes probably can aiso be disregarded since
this source contributed only about 3 to 4 rads over
a 10-year period. Bone growth studies in weanling
rats given sublethal exposures have shown an in-
direct cffect on subsequent growth of shielded legs,
but this appears to be based largely on a radiation-
induced lowered food consumnption.** It is of inter-
est that 25 of 31 exposed children were noted to
lose several pounds of weight during the first 6 10 8
weeks following exposure. However, the influence
of change in environment in producing this effect
cannot be ruied out.

DEVELOPMENT OF THYROID NODULES

Thyroid nodules were removed from 3 teen-age
exposed girls after the 10-year survey. Most pa-
thologists consulted did not feel that radiation
could be implicated as the etiologic agent on the
basis of the pathological findings alone, though
some considered the findings typical of the lesions
seen in children treated medically with radiocactive
iodine. However, the evidence is strong that the
thyroid nodules in the Marshallese girls were in-
duced by radiation. Correlation of the thyroid
nodules with radiation exposure was substantiated
by statistical analysis which showed the difference
in thyroid nodule incidence between the exposed
and the unexposed children to be significant at the
1% level.®* Moreover, Sheline et al.** and Lindsay
et al.** have reported the development of thyrod
nodules 5 to 11 years after treatment of children
with radioiodine for thyrotoxicosis. Dr. Lindsay
reported that the sections of the glands removed
from the Marshallese girls were similar to the
glands of children who had been given 'V
therapy. On the basis of a caiculated dose of =130
rads' to the adult thyroids from isotopes of iodine,
it was estimated that the smaller thyroid glands of
the giris exposed at 3 to 4 years of age received a
total dose of the order of 1000 rads®* (probable

*Mr. Keith Thompeon of Brookhaven Nauonal Laboratory
carmed out the x° test.
**Mr. Ralph James and Dr. John Gofman, Lawrence Radia-
uon Laboratory. Livermore, California, re-examined the carly
dats and recaiculated the thyroud dases.
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range 700 to 1400 rads). The fact that a part of the
total dose to the thyroid (175 rads) was due to
whoie-body gamma exposure (including the pi-
tuitary gland) may be of some significance.

The fact that all three Marshallese developing
the thyroid nodules were girls is in accord with the
experience of others that thyroid neoplasia and
goiters predominate in females. In the report by
Sheline et al.** referred to above, 8 cases among
256 patients treated with 1'** developed thyroid
nodules. All 8 cases were females: the ages at the
time of treatment in 6 were <18 (4 aged <10 and
2 between 20 and 30). In the Marshallese girls, the
stress of puberty may have been a factor in the de-
velopment of the nodules.

Nore: During the 11th-year survey now in pro-
gress (March 1965) 3 new cases of thyroid nodules
in the exposed group have been detected. Two
were in boys 12 and 17 years of age and one in an
adult woman 41 ycars of age. The nodules ap-
peared grossly similar to those described in the
teen-age girls in this report, and these cases will
receive study and treatment.

MALIGNANCY

Two older women who had been exposed died
with a diagnosis of cancer, one at 67 years of age
of ovarian malignancy at 5 years post exposure
and the other at 60 years of age of probable cancer
of the cervix at 8 years post exposure. The diagnosis
in the latter case was not confirmed by autopsy or
biopsy. One unexposed older woman died possibly
of cancer of the cervix, but the diagnosis was not
confirmed. No other cases of malignancy have
been noted in the unexposed population.

No cases of leukemia have been detected in
cither the exposed or unexposed Rongelapese. Pe-
ripheral blood smears were studied closely for leu-
kemic cells, including examinations for alkaline
phosphatase and basophil counts.

The three cases of thyroid nodules plus the two
carlier cases of cancer in older exposed women
raise the question whether an increased frequency
of cancer may be expected in future years. How-
ever, in evaluating the role of radiation, it must be
kept in mind that one case of cancer in the ex-
posed group occurred at 5 years after exposure -
too soon, it is believed, to be related to radiation
exposure - and in the second case it was not pos-
sible to obtain autopsy or biopsy matenal for con-
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firmation of the diagnosis. Atomic Bomb Casuality
Commission studies have conclusively demon-
strated an increased incidence of leukemia in Jap-
anese exposed to the atomn bomb radiation.**-** An
increased incidence has also been noted in patients
who had received radiation therapy for ankylosing
spondylitis.”* There are many reports of the late
development of neoplasia, particularly cancer of
the thyroid gland, following radiation exposure of
infants and children.’*-* Increased instances of
cancer of the thyroid gland and adenomata have
been reported in the Japanese heavily exposed to
ionizing radiation from the atomic bombs.’”*®
The Marshallese will be carefully observed for
such a possibility in future surveys. The question
of increased incidence of malignancy in the ir-
radiated Marshallese must be left open for the
present.

During the past several years, increased num-
bers of pigmented nevus-like lesions have been
noted in previously irradiated areas of the skin,
but these have appeared to be quite benign.
Neither chronic radiation dermatitis nor cancers
of the skin have been noted.

INTERNALLY ABSORSED ISOTOPES

Radiochemical urine analyses and whole-body
gamma spectrometric analyses revealed that the
level of body burdens of radioisotopes in the ex-
posed Rongelapese fell rapidly, so that by 2 and 3
years post exposure the levels were far below the
stated maximum permissible level.** The retum
of the Rongelapese to their home island was as-
sociated with a rise in their body burdens of Cs'*’,
Zn*, and Sr*°. By 1961, the whole-body content
of Cs''" had apparently reached an equilibrium
with the environment at a value of about 14.7
muC/kg body weight or about 300 times the mean
of the medical team measured at the same time.
Zn~", which had risen to about 9.9 muC in 1959,
fell by 1961 to 1.5 muC/kg body weight, or about
100 times that mecasured in members of the medi-
cal :eam. The levels of Sr** in 1962 and 1963 hov-
ered around the 12.0-muC level in adults and
about 22 muC in children, about 5 and 10% of
the maximum permissibie level (for members of
the population at large). It thus appears that body
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burdens of Sr** have reached equilibrium with the
environmental Sr*’. Little or none of the present
body burden of the exposed group can be consid-
ered residual from their initial exposure, since
little difference has been noted between the body
burdens in exposed and unexposed populations
living on Rongelap [sland. The possible relation
of internal absorption of radiciodines initially in
the fallout to the recent development of thyrowd
nodules has been refirred to above. No other ef-
fects of such exposure have been detected.

Ophthalmological examinations showed no
clear-cut evidence of radiation-induced changes
in the eyes. Slit-lamp studies revealed no increase
in incidence of lens opacities which might be annb-
uted to radiation. Cytogenetic studies of the chro-
mosomes of leukocytes and peripheral blood cul-
tures obtained in 1964 are in progress and will be
reported at a later date. Anthropometric studies
revealed that young adult Rongelap males were
superior in muscuiar development compared with
many populations. This was not tru=, however, for
the young adult females. Blood volume and red
cell mass determinations using tritiated water and
Cr** revealed values in the Marshallese which
were considerably lower than found in American
Caucasians. However, there is some indication
that Americans living in the Islands for more than
one year may also have slightly lower values. This
finding will be further investigated on future sur-
veys. Protein bound iodine studies during the past
two years confirmed the previous findings of levels
higher in the Marshallese than generally found
elsewhere. No explanation is apparent. Folic acid
levels were found to be somewhat low in the
Rongelap population and probably reflected low
dietary folic acid. Serum studies for the Ag system
reveal that the Rongelapese compared with other
world populations have a high frequency of C.deB.
antiserum reactors and a low frequency of New
York antserum reactors.
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blncludes all males >8, clnc:ludu all males >9,

*Includes all males »7,




AFPENDIX 2

Ailingnae Group and Control Mean Blood Counts at Various Times After Rxposure

Platelets Hematocrit,

Neutrophils Lymphocytes

WBC

(x10™%)

(x107%)

Female Total

(x10™%) (x10™4)

(x107%)

Male MNale

female

>135 all ages

Male Male

<13

Male Male

Female

<15 >135 all ages

<10 >10 all ages group
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“Includes all males >9.

blm:mdol all males >8,

*Includes all males >7,
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% ncludes all males >7,

Includes all males >8,

APPENDIX 3

Utirik Group Mean Blood Counts at Various Times After Bxposure

clncludu all males >9.

Neutrophils Lymphocytes

WBC Platelets Hematocrit, RBC
0™ oY (x107Y) (x10™4 s (x107%)
T T T T Tale’ wmale bemsle Male Male Femsle  Male Male  Female
Postexposure day <3 »>5 <5 >3 <5 >3 <10  >10 all ages <135 >15 all ages <15 >15 all ages
4 9.k 8.2 b7 k2 W9 3.2
14 10.0 8.6 41 3.2 5.1 2.9
19 B9 B 35.6
29 10.1 9.7 k.9 5.8 4B 3.2 .5 25.6 .7 9.9 M2 P.b
3-yr survey 9.8 6.9 L0 3.4 WT 2.9 32.6 26.9 3.0 35.6 .0 35.9
9.yr survey eee T0 === 39y --- 3.0 ceen 36.5% 38.9 1.9 h2.b

.lncludcl all males >0,

7.7 4,42 4.39 4.12
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APPENDIX 4

Individual Hematological Pindings, 1963

Subject Plate. WBC Neut. Lyaph, MowoO, Bosin.
No. (x10°3) (x10°YH (x10™H 0™ (x20™%) (x10°H (x10

Baso,
-3

Roagelap Bxposed Males, Age 9-13

2 2 8.03 5.06 2.0 0.6 o.M
3 a8 9.2 ML66 320 o.M 1.16
s MO 11.90 6.0T M28 0.95 0.3
19 ™| 6.03 2.9 2.8 0.3 0.h2
23 P 7.122 2.1 3.¥» 0.0 1100
» oo 7.29 343 3.06 0.0 0.66
s 307 69T 2.2 3.6 0.28 0.8
83 253 1.90 512 3.0 0.95 2.8
8se 257 7.9 2.62 3.3 066 0.5
Mean gn 807 392 325 oM o
- 2.8 n.n 10.%
Aium Exposed Males, Age 9=13
6 196 6.6 2.9 319 0.06 0.60
msan 194 6.6 2.9 .19 0.06 0.60
R e emales e 9=15
17 27 1..70 12,20 2.06 0.15 0.29
a 3 7.15 2.T2 3.00 0.22 1.1k
35% 8.25 297 LA 0.08 0.91
2 38 8.1 3.66 [ 9§ 0.25 0.17
65 258 T1.92 3.68 3.8 0.3 0.48
& 203 1.05 2.61 3.a 0.2 0.35
T2 203 7.21 3.27 3.82 oO.8h  0.07
86* AT T-33 425 2.35 0.29 0.bh
®ean 300 8.50 4.h2 .n
18 2.8 %309 +0.80 o2 o8
Adlingnae Bxposed Females, Age 9-13
8 203 7.05 3.3 303 021 0.2
M N8 7.25 .99 2.90 0.2 0.15
msan 225 7.15 3.69 297 0.2 o0.28

*Exposed in utero,
**Standard deviatioa,
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0.0
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Hgb., Serum Subject Plate. WBC Neut, Lymph. Moso. Bosin., Baso, Het,, MBC Hgb., Serul
¢ protein, g No. (x10™% (220" (2107 (m10°Y) (1107 (x10™H (x10°!) % (x0™% ¢ protetn, g
Roogelap Exposed Males, Age >15=40
13.2 8.0 9 128 7.25 3.26 377 0.15 0.0 0.0 34 18  16.0 8.0
.5 8.8 10 3 5.91 2.8 2,5 0.8 0. 0.60 M e 152 8.0
13.6 7.8 2 1o h@da 2.1 2,06 0.2 0.2 0.0 S0 5n  17.9 8.0
13.6 1.3 2T 1n3 7.8 3.3 L3 0.0 0.6 0.0 8. NS 164
12.8 7.5 ¥ 22 5.00 2.3 2.05 0.15 0.5 0.0 a2 M6  15.2 7.5
18.0 6.8 31 2™ 6.07 3.3 2.6 0.13 o0.% 0.0 as M6 16.0 T.h
1.0 1.6 N 2 7.98 A7 343 0.6 0.08 0.0 a3 9@ 1h.8 7.1
14.8 1.8 T 232 .5 2,83 213 016 0.33 0.0 7 95 169 1.7
.k 7.6 7383 5.17 2.95 1.7 0.2 016 0.9 % S8  17.h 7.1
% 18 9.73 ATT .99 0.29 0.5 1.00 &S 1373 15.2 1.6
13.8 72 ™ 2 61 3.9 2.5 oW 0,20 0.7 M 7T 16, 8.0
0.5 20, wesa 198 6.58 321 2.8 019 028 o
. . . . .25 85.5 kS8 15,1 1.6
n 1189 0™ 120.89 2.8 2hT 2.3 20.3
R el Females > 1 540
12.4% 7.5
12.4 7.5 12 638 7.80 W76 265 0.3 0.0 0.0 25 20 9.1 7.1
s 2% T.70 MA7T 2,85 0.23 0.15 0.0 B I 13.2 8.4
15 NS5 7.66 3.98 3.1 0.8 0.15 0.0 Y] S5 13.2 1.7
18 208 3,88 2.18 1.81 0.2 0.10 0.0 k] bl 13.2 7.3
2 208 7.1  &.212 1.93 0.07 0.93 0.0 » 426 1AM 1.7
15.2 8.3 a8 260 5.78. 2,25 2.3 0.35 0.52 0.60 M MTT 1.8 7.8
1.8 T.h 9 133 T.00 8,37 2.15 0.2 0.6 0.0 k3 o 1.8 1.5
13.2 8.8 M 2R 6.9 3.2 2.75 0.13 0.26 0.60 ¥ 3™ 12.h 7.8
14.8 8.0 61 m 8.87 3.6 kT0 0.0 Ok 0.90 &3 W39 1s.h 8.5
12.h 7.5 6 193 8.87 S.a1  2.88 o.bh 0,18 0.0 33 33 10.9 7.1
.6 7.8 66 29 8.39 3.69 3.78 0.% 0.3k 0.0 B k9 13.6 7.3
14.0 8.5 . 265 9. 593 2.3 0.37 0.65 0.0 A 856 15.2 8.0
13.6 7.5 ™ 55 1h. 30 1.4 .15 0.14 2.43 A0 b2 k69  1h.k 8.8
s 288 1.97 &7 2.39 0.32 0.h8 0.0 1L 856 1k.b 8.5
13.9 8.0 mean 297 4
o9 ton 122 S"fm .;32 f'“ 0.2 0.52 0.25 319 w9 13.2 7.8
21.33 0.8h W8 o %8 %0.5
Ailingnse Exposed Females, Age >135-40
16,4 8.0
15.6 8.0 s1 2 6.55 400 2.29 0.13 0.0 1.0 k2 390  15.2 7.3
53 23 7.53 3.5 37T 0.5 0.15 0.0 n ks 1h.b 8.8
15.0 8.0 T0 243 8.8 1.23 1.06 0.2 0.26 0.0 0 4h2 9.k 7.8
a 1 8.94 7.06 1.07 0.h5 0.% 0.0 35 W6 12.h 7.3
mean 227 7.96 5.5 2.05 0.25 0.19 0.3 37.3 b6 12.9 7.7
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e ———————
Sub ject Plate. e Neut. Lynph, Momo, Sosin. Baso., Het., Hgb., Subject 3
M. o™ @Y @ o™ o™ e @moehH s s No. ¢
Male Childrem of Unexposed Pureats, Age <i0
o » 8. 3.2 03 0.09 o.6e 0.0 b 13.2 &0
Sos 63 10. .23 (% o.a 0.3 0.0 0 13.6 866
. ] u’; 11.9% an 2.9 0.5 0. 120 P 12.4 900
8o Y % 5.0 5. 0.2y 2.17 0.0 % 12.4 900
8oy 300 .90 3. 3.% 0.7 1.A8 0.0 33 J | 903
(] 83 5.0 2.1 3.16 0.18 o.m1 0.0 35 1.8 906
goh A3 11.00 .38 A& oM oM 00 M 132 93
905 60 14.93 10.60 3. 0.1% 0.8 1.40 37 10.6 930
R 10 16.50 6.%0 1. 0.49 1.80 0.0 37 12.0 9%
1008 g 1A.08 7.95 8.05 0.29 2.08 0.14 35 1.8 e
1006 12.83 5.g R 0.86 0.13 0.0 3T 12.6 998
1006 533 16.90 8. 6. 0.68 1.4 0.0 7 n.8 1011
w09 a0 8.0% 3. 3. 0.80 0.50 0.0 B 12.4 1002
1m0 % 1.% 3.2 .n 0.12 0.3% .20 371 12.1 19
1m3 9.90 6.73 3.0 0.10 0-0 0.0 »n 10.3 1000
ms 225 . M.GA 3.10 0.09 0.69 0,90 A2 n.s 1002
ws 69 12.80 b.99 5.28 0.26 2.18 1.0 3% 12.h 1008
1086 MO 8.5% .68 3.15 0.0 0.68 0.90 » 1.5 1026
we6  5TS 11.15 3.68 6.0 o.11 1.3 0.0 » 1.8 1029
007 M3 9.15 9 b3 0.09 0.37 0.0 » 1.5 wn
10 510 9.65 5.3 3.3 0.% 0.h8 1,00 ¥ 12.4 10%
10371 6& 8.03 2.3 LT3 0.2% 0.T2 0.0 7 12.h 1084
1038 %0 10.70 5,07 6.10 0.3 o.n 1.10 35 10.6 1051
1039 93 18,10 6.91 6.9 0.28 0.h2 0.0 49 12.h 1057 6
1000 603 9.58 5.17 3.5 0.29 0.58 0.0 37 12.1
100 S0 10.45 3.97 5.85 0,0 0.63 0.0 » n.2 mean
1087  6h3 17.70 8.3 8.3 0.53 0.35 1..0 1S 10.6 +
1009  hoO 11.15 3.12 7.% 0.56 o.n 0.0 £} 12.8
1053 Mo 8.2% 3.07 4.0h 0.17 0.50 0.0 3B 12.4
1054 225 13.80 .97 8.00 0.1 o.M 0.0 k) 1h.b
1058 550 8.2 2.5 8,7 0.9 0.4 0.0 37 1h.h
1503 880 12.2% 3.80 8.33 0.12 0,0 0.0 %) 13.6
1508 36 11.95 b.A2 6.9 0.50 0.2 0.0 37 12.8
ssan 470 n.» 5.03 5.2 .
13 v2.80 ne 0.28 0.66 0.38 :31‘2 5;
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.
Hgb. Subject  Plate. waC Neut . Lyaph, MNoas, Besia, Base, Fct., Ngb.»
s No. (x10”H @0 0™  o™hH @0 0™y @m0~ 3 s
Zemale Childrgs of Usexposed Paremts, Age <10

13.2 a0 M 8.he AOT % 0.0 o.08 0.5 » 12.8
13.6 866 203 6.20 2.2 3.3 0.08 0.37 0.0 k14 12.1
12.4 9 SA3 19.% 1.12 1. 0.20 o. 1.95 38 10.9
12.h 908 P 9.90 2.97 5.2% 0.0 1. 0.0 » 10.9
U 1 903 L) 13.% 8.1 X ] o.u 0.8 0.0 » 12.8
n.8 906 hSS 7.83 2.5%8 a5 0.08 0.5 0,80 ¥ 1.8
13.2 9 n 10.65 s.g N3T 0.43 0.M3 1.0 ¥ 12.8
10.6 9% 651 8.60 3. b.g 0.09 0.43 0.0 % 12.1
12.4 95 38 1.60 5.8 s. 0.3 1. 0,0 B 12.h
1.8 C 1o ] 386 9.70 h.66 317 0,0 0.87 0,0 L] 13.6
12.4 99% 3% 8.0 2.7 A.08 0.13 0.8 1.70 » 1.4
1.8 ST L ] 11.48 A 5.8% o.% o.98 1,10 B 12.4
12.4 10m2 M8 T.20 2.3 b5 0.3h 0.9 0.0 3 12.h
2.1 me 3N .10 3.66 6.2 o.11 1.00 1.10 » 1.2
10.3 1080 62 14.85 8.76 5.20 0.0 o.Th 1.% 37 12.1
u.5 W0 665 8.20 2.87 5.17 0.3 0.09 0,0 3T 12.8
12.4 1008 635 13.73 3.29 9. ™ 0. 0.27 2,0 W 13.6
1.5 1026 TS 1.15 3.68 6.08 o.11 1.% 0.0 » 1n.8
1.8 1009 Mo 8.7% 2.% 5.95 0.18 0.26 0.0 n 10.9
1.5 W 52 10.90 3.60 6.32 0.28 0.55 220 B 12.4
12.4 103% A0 9.4 3.57 A.98 0.8 0.8 0% ¥ 13.6
12.h 10h 635 1.03 3.86 6.8 0.33 0.5% 0.0 F>) 9.7
10.6 1050 hoh u.2 h.03 6.%0 0.3% 0.22 1,10 ¥ 13.2
12.h 1057 6% 12.60 3.78 T.9% 0.8 0.50 0.0 ¥» 10.6
12.1

1n.2 msan M8 10.67 .28 5.47 0.23 0.62 0.7 ¥.8 121
1o.g #1313 *2.%0 $2.10 2.5 2.8 1.0
12. -
12.%

184

1k.h

13.6

12.8

12.1

+0.9




APPRIDLX ¢
Individual Bagophil Determimatious, 1963 and 1964

% BasS,/4000 cell coumt % Baso, /4000 cell coent Subject
Subdject -— - Subject No.
ne. 1963 1904 No, 1963 1964
1 0.45 0.h0 63 0.3 0.%
2 0.65 .73 & 0.5 0.8 et
3 1.00 1.60 65 0.4% 0.23 122
h o. %% 0.TS 6 0.3 0.% 13
5 0.5 0.55 61 —ase 0.23 1%
é 0.3 0.3 &8 0.33 0.2 125
T 0.00 0.0 &% 0.8 0.23 126
8 0.55 0.60 10 0.2% 0.18 127
9 O. ———- n 0.25 0.’ 128
10 0.65 0.58 ™ 0.58 0.3 1
1 0.23 0.5 5] 0.7 0.8 in
12 0.8 0.5 T 0.8 0.25 13
13 0.58 0.52 ™ 0.18 0.3% 133
1 0.72 0.55 % 0.2% 0.28 13
15 0.0 0.42 m™ 0.3 0.20 138
16 0.25 0.30 . 0.20 o.g 8
17 0.33 0. 30 ™ 0.3% 0. 8o
18 0. 0.45 80 0.2% 0.8 803
19 0. ” 00? 81 O.Q 0.& m
20 0.55 0.58 82 0.8 0.3 806
a 0.45 0.50 83 0.15 0.23 807
2 0.3 — sk ———— 0.8 808
23 0.3 0.25 8s 0.13 ———e 809
% 0.48 0.8 86 0.h2 c—— 810
7 0.52 0.28 a7 0.48 0.hS a1
8 0.k2 0.3 a8 0.48 0.2% a2
2 0.3 0.3 & 0.3 0.8 a3
32 0.52 0.60 90 0.k0 0.%8 ak
33 0.h5 0.8 9N 0.28 0. a5
3 0.8 0.50 92 0.20 0.25 816
35 ———- 0.3 93 0.40 0.15 a8
¥ 0.25 0.23 9 0.18 0.23 M9
7 0.&5 0.3 95 0.25 ——-- a0
39 0.50 0.0 9% ——-- 0.48 8
Y 0.55 0.50 97 ———— 0.52 822
9% 0.50 0.50 98 0.45 0.35 83
k2 0.60 1.05 100 - 0.35 825
3 0.62 0.h5 101 0.45 0.50 82
kS 0.52 0.70 102 0.8 0,58 827
AT 0.40 0.45 103 0.h2 0.25 808
L8 ~0.55 0.48 10k 0.48 0.38 829
b9 0.50 0.45 105 0.42 0.3 830
0 0.35 0.30 106 0.3 0.h2 81
51 0.45. 0.8 108 0.35 0.45 8%
53 0.% 0.50 109 0.25 0.55 833
Sh 0.25 0.50 110 0.25 0.48 8%
55 0.50 0.hs 111 0.42 0.50 835
6 ———- S 12 0.50 0.8 8%
ST 0.2% ee- 113 0.55 0.50 8%
58 0.20 0.0 115 0.25 0.48 840
9 0.20 0.25 16 0.35 0.28 8h1
60 0.8 0.20 17 0.35 0.50 82
61 0.48 0.35 118 0.k2 0.50
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1964
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% 3489,/4000 call cowmt

Sud ject
Ne,
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% Baso,/4000 cell count

Subject Subdject
Ne. 1963 1964 »o, 1963 1964
N3 0.25 0.3 917 - 0.20
91k 0.3 — 918 - 0.28
NS 0.8 0.3 919 -ee- 0.20
m 0-3’ o'” ” wa=- 0. ’
ar- 0.28 - 9 0.35 0.3
s 0.k 0.45 9te ———— 0.3
N9 0.52 0.5 991 . 0.3%
mm 0.8 0.0 993 0.40 0.35
ap 0.25 0.35 995 0.8 0.2%
o3 0.28 0.3% 996 0.3 0.3
oes 0.40 0.25% 998 0.42 0.3
9ab 0.2 0.28 100 0.3 0.8
9eT 0.3 . 1000 0.8 0.35
98 0.23 0.8 1004 0.48 0.3
929 0.35 0.3 1008 0.2% 0.30
930 0.25 0.3 1007 0.3 0.23
o 0.3 0.3 1008 N 0.9
93 0.18 0.3 1009 0.30 0.28
9N 0.h2 0.3 1010 0.8 0.28
93s 0.3 ——ee w01 ——-- 0.3%
93% 0.0 0.3 102 0.8 0.23
937 - 0.35 1m3 .- 0.28
98 0.3 0.2 101k 0.28 0.3
939 ceem 0.23 s 0.80 ——-
okl 0.h0 0.23 107 0.8 ———-
92 0.38 0.3 108 ——e- 0.3
Sk 0.32 0.25 1a19 m——— 0.40
oS — 0.25 1080 0.20 0.2
96 0.3 0.28 1021 0.28 ——
okT 0.8 0.32 1022 0.ko 0.3
988 0.3 0.8 1024 0.45 0.25
9%0 0.28 0.h0 1025 0.28 0.30
951 0.40 0.3 1026 0.35 0.30
952 0.25 0.h0 1027 o.k2 0.30
954 R 0.28 1028 0.25 0.18
955 0.35 0.8 1029 0.38 0.28
95% 0.3 0.35 1030 0.35 0.25
957 0.25 0.2% 1071 0.35 0.30
958 0.52 ---e 1023 0.4 0.32
9% 0.4 0.32 103 0.30 0.2
%0 0.30 0.25 1035 0.35 0.8
%1 C-hs °0£ lof 0.30 O-ﬁ
%2 0035 O.a 1037 O.ﬁ 2.8
96h 0.50 0.k2 1098 0.23 0.23
965 0.23 0.50 1039 ——— ©.30
966 -=-= 0.3 1040 0.28 035
%7 0.30 -=e- 1061 0.25 0.25
969 0.32 0.3 1042 0.40 0.25
910 0.3 c.% 1083 0.23 0.28
g 0.23 0.25 106k 0.23 0.3
912 0. ---- 1045 0.8 -
973 ---- 0.25 1046 0.32 0.30
I ---- 0.3 1047 0.3 0.3
88
y S ) _— )| L
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% Bas0,. /4000 cell commt

% 5290,/4000 celil cowat

Sub ject Subject
No, 1963 1904 N, 1903 1904
1009 B 0.3 a6 0.20 e
1050 o 0.2% a6 0.23 ————
0% - 0.2% as7 0.25 ——--
1052 e 0.28 2108 .38 R
1053 - 0.3 a5 0.8 -
105 R 0.3 are 0.3 ——-
1057 —e- 0.2 an 0.3 aeee
1500 0.30 0.0 an 0.25 cmea
1500 0.23 0.8 am% 0.32 ————
1500 0.8 0.8 am 0.8 cane
1503 0.10 0.20 an 0.h0 P
150k 0.28 0.20 a8 0.35 ———
an 0.25 R ans 0.4% cema
noe 0.32 ceee 2088 0.00 .-
2108 0.23 ———— 289 0.3 e
205 0.3 - an 0.8 aee
206 0.35 —— 293 0.h2 .-
2108 0.70 ——-- a9s 0.2% o
210 0.0 --- 296 0.30 ceee
an 0.40 .- a97 0.25 e
212 0.3 ——-- 2200 0.35 c——e
213 0.8 - 2206 0.2% ceme
21 0.25 c—ea 220 0.60 ——
ams 0.50 - 22 0.%0 —a-
29 0.8 ——-- 22 0.3 —
an 0.23 .- 223 0.20 S
22 0.3 221k 0.30
2125 0.2% 2215 0.32
226 0.3 2216 0.8
a8 0.8 a7 0.25
229 0.8 28 0.35
23 0.35 ——-- 221 0.%8
235 0.h0 ———- 2224 0.h5
ax 0.25 .- 225 0.25
237 0.35 -—-- 226 0.25
a8 0.30 .e-e 227 0.3 comm
240 0.3 - 28 2.23 cwen
a2 0.38 -——- 2229 0.28 a---
2148 0.40 ———- 2235 0.30 ——--
246 0.3 - =¥ 0.23 —eem
28 0.hs —.-- 2240 0.30
aL9 Q.45 ceae 2262 0.8 R
2150 0.35 B 224k 0.38 -
asy 0.25 = esee- 22u6 0.23 -
252 0.2% ---- 24 0.20 ——--
ass 0.35 ——-- 2263 0.48 ——--
25% 0.32 -—-- 2249 0.30 ——--
2as7 0.28 ——-- 2251 0.8 ce--
258 0.35 ——-- 2253 0.3 ————
2160 0.3 2255 0.25
262 0.30 .- 2256 0.3 .-

n
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Adult Physical Pindings
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neg. Al
| T
820 i
Worms '58; URI 109 110/T0 Ing. node 1 -m
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D - '5T Rec. achramycin for otitis mad$
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1962 emmminstion;
oot emmined ‘63 or ‘6h
8,%0] M| 23

7,900} 3] 295

oot examined '
B e Ll
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9% Palio, tpiles in
'59; URI and 50-1/2 78/58
sr lag patn 'Sk 120.7 Gr I sys apical s
i
931
URI '6h 53 98/56 Tines on
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987
[Worme ‘61 98 cm '61 Liver 2.5 cm '61 | Impetigo
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APFEDIX 9

AFTEROPOETNIC STUDY OF ADULT MANSEALLESE
Albert R. Bednke, Jr., W.D.

Oaifyiag Prisciple Underlying Anthropomstric Messurements.

r..mmm_m‘\/;nwu proporticmal to the mm of 1l circun
m—,-'&{:-otmnmuuuwru.um
;m,mm(mulw)mwum.rap«m.
If the maam value for sach msasurement is divided Wy 7, then the quotient
(Mesn/F or 4) can be used for comparison of meusurwments. The & velnes sre
the rew msasuressnts converted to & common basis for comparisos of relative
body sise.
Aoalysis of Data.

NONGELAP FIMALES MEAN VALUES®

Group 1 B 10 Group 11 ¥ 210 Neference Wouan
Age 0.3 yr. Age .8 yr. 20 to 24 yr.
Veight 52.4 kg. 51.2 kg. 56.8 xg.
Beight 15.10 dm 1s. 71 dm. 16.38 &=
e . 2,797 re=2.793 7283
Circumference cm 4 Values ca d Values ce 4 Valuss
(omf/?) {cm/P) {cm/r)
Shoulder 9%, 08 33.63 oh. k5 33.82 97.16 34.30
Biceps 2.8 10,17 28.53 10.22 26.90 9.50
Forears 23.95 8.5 23.14 8.2 24.28 8.57
¥rist 1.7 5.8 1k.65 5.25 15.31  5.h0
Chest ~ 81.79 29.2% 81.02 29.00 83.17 29.39
vaist (Abd.1l) (70.99)(25.37) (72.30)(25.%9) (66.33)(23.42)
ADd. avg. T9.52 28,43 T8.65 28.17 T2.33 25.53
Battocks 90.95 32.50 © 0 90.18 32.30 9h.60 33.kh
Thigh 53.52 19.1% .87 18.58 56.2% 19.85
Knee .97 12.50 35.52 12.72 35.16 12.51
Calf 30.33 10.84 Nn.65 1.3 .37 12.13
Ankle 19.59 7.00 2.00  7.16 2.7 7.32
553 197.3 550 196.9 560 197.

*Individual data on separste taole. ** Factar (F) ./, 0.7 W(veight), h(beigh
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MEASURIDENTS FOR COMPANISCN WITH
U.S. DEPT. OF AGAICULTURE DATA

e T ————————————————————

Average € valuss

Groups 1 & 11

.!
-
~
X
[ 3
w

1”. s

¢ e
;

Young Wamen ( <hO yr.)

s 8 a B8 Enes
R EREER R

832 2

ldgs! CRANN R & IRRES 1229
e

Height
decin.

15.13
15.%9
1k.92
k.92
15.67
15.49
1h, b2

- 15.37

14.90
1%.07

15.10

U.8.D.A. Age Growp (35-3%r.)

U.8.D.A. Age Group lOyr

R = 125, wiu.uu X - 625
n(16.0h dm, 63.3 in.) 31.90 kg
P« 2.950 1(13.52 dm
Pe2.2%
cm 4 Values = & Values
w'” ”-“ 07-7' p-”
.85 235.29 5T-T7 23.05
9. % 33.® L. .92
57.00 19.2% hl.00 18.50
n.22 u.22 27.%0 12.17
5.2 11.93 29.03 12.99
» 8. 0 eeeee eemea
15.26 5.16 cevee  memea
23.60 6.98  eeeme eeee-
151.8

INGIVIDUAL DATA

Veight
One.
5T.7
4.3
8.9
58.8
6.7
56.4
56.6
50.4
5.0
5.9

52.5

¥ = 20 divided 1into two groups
Body Weight = D x b7 x .255

D = Sem 11 cu/100
Veight Sm Circum.
Cale.®* ca
6.1 ST
9.5 5%
41.8
5.7 594
23.0
53.9 557
55.7 S
Mo 53T
.2 523
ho.2 520
52.2 553




Orowp 11 ¥ - 10
e Nn e e AT
axs k ] ™. 436 43.9 1
oy n 1.0 Q.8 %.5 o
3 k-4 LW ~ QU B S ST.M 87
865 n 108 W 8.5 S0k
867 % 15.03~ S&TT  55.&. 513
895 » 15.18 5.5 .6 565
896 -3 12.5%9  b5.S h3.5 538
932 2 W08 T3 kb 529
9% 2 .73 6h.3 6h. b 620
95 » .6 .0 8.5 93
Mean 1.8 1.7 5.2 50.8 550

Grevid? k9 25 15.9  T15.5 ™.2 739 (12 circum. A(1) & 2
61 18 15.37 T6.h ™.6 Th2 . o - -
™ » 15.43  82.0 81.2 ™ o v - .

Cale. Weight (kg) = (Smm 12 cu-cu/u2.9)2 xh' !l x .255
12 Circumferences = 10 circum. + Abd (1) and Abd (2)

1 " . « 10 circum. + Abd (avg. )
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Imterpretation of Data.

The 4 vales for Growp 1 reflect goed mscular developmsnt and lessmess
based en & comgarisom vith the d valuse of a Refereace (Military Mea)® sad
other growps.

The d values for Group 1V reflect loss of lesm tissue emi fetteming
that accompenies the agisg process.

The & valnes of Growp 11 are somevhat pusiling. This growp does mot
have the mmecular development, for exsmple, of the alder age Growp 111,
despits the increased wright of this group. The mmber of isdiviémls is
each growp except Oroup 1, is small, however. There should be st least
30 mem iz each group. Nevertheless, there is oo question sbout the exeellemt
mmsculsr development of Growp 1. The relatively small ankles compared vith
Baferease Mam® may be & physical charecteristic of the males of this rece.

* Meference (Military Man) Age growp 20 - 2% years. Weight 70.0 ig.
Beight 17.50 decimsters (68.5 inches ).
Sm of 11 Circusferences = 600 P « 3.078
Sam 11 Circwm./F = 194.9

d Values for Referesce Man
Shoulder (36.0u), Biceps (10.32), Forearm (8.72), Wrist (5.62),
Chest (29.84), Abdomen Avg. (25.49), Buttocks (30.36),
Thigh (17.80), Knee (11.90), Calr (11.6k), Askle (7.71)

o2
9§
5

[
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Conclusicos.

1. T™e was in the Group 20 to 29 ywars, especially, reflect excellest
physical develogmest. The d value for biceps girth is 10.65 compared with
10.32 for & reference military (young) ssa? (A difference grester than
0.20 1s highly siguificast).

2. By comtrast, the vomen (ages 2% to 39) vith the exception of the
TR messuremsats are either physically immsture, or they have lost &
considerebls smomrt of lean tissee,

The striking immsturity is reflected in the girths of hips and thigh.
The d valuss for tbese ssasuremsnts are such lower than the comparable 4
valuse for a reference woman and for the msan values for a group of Americsa
vomen usssured sbowt 1937 - 1939 by the Dept. of Agriculture in coonection
vith garment patterns. The relstively small size of the calf musculsture

is noteworthy. The 4 values for arm size compare favorably with those of
. reference voman and vith those of the USDA (3539 yr) group.




APPRNDIX 10
Nausea and Vomiting in Marshallese Pollowiang Exposure to Fallout,

March 1, 1934

Nausea
Sub ject Vomi ting
No. Age (1934) Sex Onset Duratioa Onset
2 2 ] 3/1 (1200) 4
3 1 | 3/2 3 days 3/2 eud 3/3
4 kT u 3/2 1 day
5 2 " 3/2 1 day 3/3
9 22 | 3/2 ? 3/2
10 24 M 3/1 (1600) 1 day
11 50 M 372 ?
14 25 r 3/2 (1200) 2 hours
15 7 4 3/2 ?
19 3 | 3/2 ?
20 7 M 3/2 1 day?
21 k] r 3/1 or 3/2 ? 3/1 or 3/2
22 17 r 3/2 (0700) 5 hours
2% 13 r 3/2 (0700) ?
27 26 )| 3/1 or 3/2 ?
32 5 4 3/2 ? 3/2
13 1 r 32 3 deys
34 45 r 3/2 (12000 12 hours
36 7 M 3/2 2 days 3/2
37 20 " 3/2 1 dsy
39 15 4 3/1? 1-2 days
40 29 M 3/1 (1200) 2 days
42 3 r 3/2 2 days 3/2
43 66 4 312 1 day
49 15 r 3/1 or 3/2 1 dsy
54 1 ] 3/1 oxr 3/2 ?
58 59 r /2 (0800) 4 hours
61 8 r 3/2 (1200) 4 hours
62 57 F 3/2 (0600) 6 hours
63 36 F 3/2 (0800) 4 hours
64 30 P 3/2 1 hour
65 1 4 3/1 or 3/2 1 day
66 29 F 3/2 (1800) 12 hours
67 146 ) 4 3/2 (1200) 1 hour
68 45 . | 3/2 (0800) 4 hours
69 4 ) 4 3in 2 days
71 28 r 3/2 (1000) S hours
72 6 ) 4 3/1 or 3/2 ?
74 16 r 3/2 ?
75 12 P 3/2 1 day
77 26 M 3/1 or 3/2 1 dsy
78 7 F 3/2 (0800) 4 hours
80 46 M 3/1 (1800) 1 day
8 50 u 3/2 1 day

WOTE: Total of 44 cases (69L) of 64 people recsivimgl?5 r reported nausea in the
first 2 days after exposure, No nsusea vas reported in the 18 Ailingnae
people (receiving 69 r) or in the 157 Utirtik people (receiving 14 r).
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APPENDIX 11

Pediatric Anthropometric Data (Height and Weight) on Rongelap Control (Unexposed) Childrea,

1957 through 1964

1937 1938 1959 1960 1961 1962 1963 1964
Birth Ht., Wt,, Ht,, Wt., Ht,, Wt,, Ht,, Wt,, Ht,, Wwt,, Ht,, We,, Ht,, wt,, Ht,, Wt,
No, Sex date =] 1b =] 1b cm . 1b - 1b -] 1b - ] 1 [ ] 1> o 1b
sl M 5 17 8 21 87 25 92 23 97 31 100 3, 10k 3% 108 9
80~ M 66 19 79 2, .4 28 - - 101 35 106 38 m 131 118 A8
g3 M 71 20 85 26 91 29 100 - 10 37 log 3 1uR ¥ 118 8
sal ] W 23 - -- -— - -- - - -- - - .- - e .-
g5 r s 27 9% 36 la Lo 112 L9 19 Ly 121 52 126 6 130 61
806 M 79 25 89 30 96 3 10 39 108 Lo - — u8 L9, -
807 M a, 25 90 29 95 28 100 37 104 N 108 38 112 40 117 41
808 F 81 23 [T 28 9% 32 10, 36 109 39 13 L3 118 9 - -
209 M 76 22 & 29 99 29 102 32 107 36 113 38 18 43 126 8
s10 r 91 27 99 32 105 3 1R 39 .8 W 121 s 1% 52 132 57
g11 r 85 28 93 32 99 3 105 38 111 42 11 L6 18 50 125 57
g2 F as 27 9% 33 102 37 - - 115 L2 I - Sk 130 %9
813 '} 9 29 95 33 102 35 109 L 13 Ly 17 L 12 52 126 55
g, W 9 36 105 Lo 112 L3 118 50 122 53 125 57 1% 62 13 69
#15 M 113 L3 119 L6 125 50 129 571 133 8 16 & W n 1y 89
816 F 16 L7 22 52 127 s 133 70 138 76 AR s 1% 9% 152 104
817 116 Ly 121 50 - - 13 & 138 - - —_ .-- - eee -
s M 1Y, L3 119 L8 129 51 130 58 134 45 138 70 142 15 146 82
LI | 132 57 - 6 135 71 o 78 WU &9 U9 95 155 1 165 123
820 M 12, 53 128 56 128 61 1 72 WS 79 152 90 157 106 16) 109
21 r 122 S8 129 8 135 76 3 93 1% 103 wWs 107 k8 1h 148 127
B2 ¥ 132 6 136 & Ul 79 Wé 91 1%, 1d, 158 112 315 120 160 169
823 '] U5 &, 152 9% 158 109 162 12 165 12 165 126 .-- .- o -
sd, M 1 17 - -— - -- - - 10 13 e, 131 ... . eee --
825 F 151 101 152 107 152 115 153 12, - —_ - - --- -- --- --
826 r 15, 78 - - - - - - - - - - - -- e --
g7 M 157 121 157 122 158 123 — - - - - — -e- -- .- --
828 M 150 16 151 103 - - - - - - - - .- - --- --
829 F 152 104 - —_ - - — - - - — -— -e- - —.- .-
80 M 160 128 162 1A% -— _— - - — — - - .- -- .- .-
31 M 152 o8 157 113 160 122 160 125 - —_ -— - .- . ee- --
863 ¥ 112 Ll 117 L9 123 55 127 60 133 & 136 70 ug R 147 85
86 F 31 19 85 25 91 30 - -~ 105 37 110 [ . b 19 W7
89 XM 130 57 13k 6, Mo 7% W7 88 155 98  — = === ow= e -

d3IN0N3Y WIH3LYW 1oy AJQVAIYd
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No.

17
116
120
1é
11
1
wp
123
14,
125
126
127
128
130
131
132
1%

1957 1958 1959 1960 1961 1962 1983 1964

Birth ;t., _;:: Hl—..-“w.t'.: Ht., 'Ut.. Ht,, Wt,, Kt., Wt., Ht., Wt,, Ht., wt,, Ht., Wt.,

Sex date o 1b = ] 1b -} 1b o 1b o 1b on 1b - 1® ca 1b
r n 36 T8 2 89 25
] é8 18 8 2 92 29
r 7% e --- aq 93 32
¥ -~ &8 95 33
r 85.8 2 92 32
[ 4 —-- -- .e- .-
r n 22 ae- 26 oh 30
r % - ess - n 2%
r 66 16 ™ 23 ... .
r n g 6L 23 8 29
] & 26 73 a ) .3
r 17 .- a
r .en .- - 17
M —-- - - --
N --- - -—- 13
N .- - .. 1
’ RO T

d3A0W3H YIY3LYW 10y AJVAIYd
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LEl

No.

Sex

Birth
date

1017
1018
1019
1020
1021
1022
102,
1025
1026
1027
1028
1029
1030
1031
1033
103,
1035
1036
1037
1038
1039
1040
1008
1013
10kk
1046
1087
1051
1052
1053
1054
1056
1057
1058
1503
150k

EEXWEXXIEIEYE XYW INEEEERYWYAE YE ygXK9W'sTE WY " gEK

1957

Ht.,
on

RN B A I I

Pirbrirrid

Wi, ,
1b

LI T T T T T T O O O IO B

1958 1939 1960 1961 1962 1963 1964

Ht., wt., Ht., Wt., Ht.y Wt., Ht,, Wt,, Ht.y Wt., Ht.y Wt,, Ht,, e,
-] 1b [ ] 1b [= ] v ca 1b o 1b ] 1b [ ] 1
- - - - - & 2 % » 9% 2 ... .
- - - = e = = 8 R’ - - 93 1
- =~ = = = = = - 80 - .- - 65 n
- == - = - = - B3 & 9 29
- — - - - - - 22 — -— - -- - -
- -- - - - - - a, % .- 30 9 32
- - -_— - - - 1% @5 8 3 %2 35 100
- = = - = = - s 8 2 1 % o 29
- -_ - - - - - - 80 21 % 26 9 0
- - - - - —_ - - n 18 &2 23 & a7
- - - - - - - - n T - -
— - - - — - - - - 17 -~ 2% a 32
- -— - -— -— -— -— -— 72 22 .-- 26 91 29
- - - -- - - -_ - 75 20 86 26 - n
- - - - - - - - 87 78 143 86 1% 105
- - - - - - - - 96 32 106 ¥ 13 39
- - - - - - - — U R 1 98 16 107
- - - - - - - - 17 % 111 60 13 67
— -— -_ - - - - - 65 W ... 20 ... 25
T "Y' ™ & & 27
— - - - - - - - - 11 .. - 2
— - - - -— - - —_ 66 7 - 25 87 29
--- - 95 3R

..~ 16 -- 20

O T, 18

e e e 19

. e 1%

- -- 132 68

S ) 3

T

ces e e 9

——— e eea 15

aee e ee- 9

& 21 9% b

--- a B85 25

QINOW3Y Y143 LY Loy AQVAING



APPENDIX 12
Pedistric Anthropometric Dats (Height and Weight) on Childres Bora to Exposed Pagents,

1934 through 1964

JINOWIY TYIYILVIN LOY ADVAIYd

1957 1958 1939 1960 1961 1963 1063 1964
Birth Ht., 1 99 Ht., Wt,, Ht. wt., Ht, Wi, Ht,, Wt,., Ht,, e, , Ne.p We.y Ht,» Wty
Seox date [ 1b -] 1b ca 1b om 1b [ 1b [ 10 on 1b o 1b
s r 76 21 - 2 - - N 30 109 %% 12 - 1’ 3 ns s
r8* N 70 21 (3} 26 ] L) 98 3% M % 108 L3 13 ns z:
v n 21 -- o, L 28 95 100 B 108 za 109 o 1ns
9 W n 2 86 28 ol 32 10 3% 108 113 ) 1 N 10 5h
91* ¥ 65 2 9 29 97 A o, W 10 L 16 s 1¥ zx e %
@' r n 24 8l 26 86 28 ol 3 100 ¥ 106 m 3 171 Y]
¥ 50 8 n 21 86 7 93 52 . 100 3 06 39 WO M 16 ¥
r & 16 - -— a4 26 - - 95 N 100 3% m r 107 80
r 7] 18 L) 23 91 - 28 on 2 105 ;B 109 38 1 ... -
¥ sl 9 N a3 &8 » v N M - . WE M
¥ - 1B @8 B — —= 9% - = - - uy M
" n 20 - - 12 z 91 38 ¥ n i? n
r 71 ® & 25 e 3 9% 35 - = e - n
¥ ® 0 - - m 3 wI »
] 7% 18 a4 a 9 9 0 3 1 n
r 70 ¥ -— - - h 3 n w6 ¥
M e 17 - -— [ 26 — - n 105 23
r 65 16 - - s % ° M 9 » 17
r O % % N 10 35
r - - - cee es  eel -
r - f - 95 » 98 »
¥ - 2 -_ - 9% 1B 1 ;z
] 4 o g n 98
¥ s O 26 96 E 3
r o 0 o 93 0
¥ - 0 - B ... 0
¥ - f & o 87 3

*Data for 1936 on the figst five children are ss (ollows: No, 87, 1¢ 1b} No, 88, 38 om, 13 1b;
No. 89, 13 1bj No, 90, 63 cm, 11 1bj No, 91, 73 am, 23 1b.

Q3AOW3Y TVI4ILVIN LIV ADVAIYd



PRIVACY ACT MATERIAL REMOVED

APPENDIX 13
Pediatric Aathropometric Data (Height and Weight) on Rongelap Axposed Childres,

1954 through 1964

1954 (Mar.) 1954 (Septd 1958 19356 1957

No. & Age at Birth Ht,y Wt., wWt., H

T
"
.
-
(o4
.

s Wt.y H

-
.
-
=
"
.
-
x
-
.
-
x
-
.
-

3ex exposure date aa 1b - b - ] 1b om 1b - 1b
83 M In utero -— -— &6 1y (N 20 . 1 28 90 31
4N - - -= - -— -— ] - -— - —_ 28
sk ~ - -— -_ — 7 66 17 86 -— 88 27
86 F = " -— — — — 58 15 —_ —_ 83 25
sa M ly - 23 - — 80 28 90 36 58 39
Sk 1ly2nm -_— 21 — 23 ) - N 83 7 a8 26
SN lyaanm -_ 20 &0 25 &8s x 88 2 93 31
IM lySnm -— 22 L) 25 o 28 90 31 93 31
2N ly4anm -— 22 - 26 &5 2 90 31 95 3
*N ly 4am - 2 -— — 81 27 90 30 95 32
8*F lyénm -_— 23 - 25 L, 26 91 30 99 35
33F Ly7nm -— 2 _— 25 88 28 95 32 99 33
2F 3y — 25 -— 27 R 28 97 31 100 36
21F 3y a 2 - - 91 32 98 35 101 39
17PFP Jyaea 90 31 -— 32 98 35 1R 38 109 N
23 JySm 38 95 37 100 Lo 105 L7 1o L9
IZH Jyenm -— 29 _ 29 95 32 100 36 105 38
“n 4y — 32 99 32 - — 107 Lo 112 Lo
69F 3y7a 95 33 100 3, 100 37 105 42 13 b
194 Sy2m 9 33 1ok 32 105 31 1™ 39 13 L2
4*F Sysa — Ll 1s u3 17 Ly 121 La 126 5
7280 7y 108 L, 13 W 12 L 1s L9 121 3
ISF Ty 106 315  .L 37 113 1S 1156 48 123 47
20M 6y 9nm 110 4 1 4 15 49 11 57 125 9
ok 7Tyéam 116 S0 120 51 19 57 PN & 129 &
61 F 8y 2, 66 120 70 130 ™ 139 99 L5 1S
474 8y 3= 120 55 123 - TR V- 1 5 130 & 133 68
8l*F 8y2am 11 L3 - W 19 50 1 55 130 56
SIF 8y2m L1s us 122 W 126 L9 130 51 133 56
7em 10y7a 128 63 130 & 135 65 138 73 w3 ™
7S F llyénm 135 s 138 82 L5 91 15 100 Wb 108
26 M L2y 4n U3 10, 150 110 155 138 163 140
24F L)y Sa 9% W2 100 9 Uy 100 5 103
35 13y Sm 138 98 W7 ol 155 105 155 11 156 14
67 F 13y7ae 152 115 152 117 152 108 152 116 18, 123
F LByss Ws 1oy U9 102 15 103 150 108 151 109
70F 15y U2 9% — 10l — 198 . _— 150 116
74F 15y9%nm -_ - 151 13, 15 U2 151 137 151 ua
22F 15y9w 151 120 154 120 154 16 18y 10
9F 15yilm 150 120 150 125 150 127 15 W5 150
73IM 18y 170 160 170 158 170 156
12F 19y U7 96 w7 112
37 m 15y 155 128 165 132

*Allingnee group.

PRIVACY ACT MATERIAL REMOVED
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1958 1959 1960 1961 1962 1963 1964
Ht., Wt,, Ht., Wt,, Ht,, Wt., Ht,, Wt,, Ht,, Wt,, Ht,y Wt.,, Ht., Wt.,
o b -] 1b - 1b -] 1b - ] b - 1b [- 1b
98 3L 105 39 113 L5 nuz7 us 123 55 127 58 131 6b
A 33 99 35 105 » 110 L -— _— - -- 126 58
96 30 101 33 108 37 113 uo —_— — 121 u8 a-- .-
91 28 97 30 104 33 108 3% 12 L 116 Ul - --
107 L5 13 L7 118 55 124 57 127 62 13 73 140 82
93 31 98 33 103 38 109 Lo 1L Lk 119 --- --- --
96 35 ) 36 102 Lo 105 Li 11 48 nb 51
9 37 102 Lo 107 L. 109 50 ilo 51 1 65 u. 68
103 Lo 108 L2 116 L6 120 5 125 5% 128 61 133 65
100 38 106 1N} 112 L 16 50 120 53 126 59 128 61
105 39 11 L3 118 Ls 122 52 125 ST 13 63 W0 75
107 39 116 Ll 121 50 27 55 132 60 141 T2 pLY4 81
108 Lo 13 L2 18 L7 123 50 127 L 132 58 139 68
110 LL 15 L9 121 56 127 76 140 s 145 87
17 Ls 122 3 128 60 133 & 139 70 146 81 152 100
119 52 123 60 129 [ 134 75 138 0 1.2 8T 187 97
13 L3 puv L6 121 R 125 56 129 58 132 6k 13T 7T
nuz7 L7 122 52 127 58 131 & -— _— eea -- . -
120 50 126 S 130 62 138 & I ke 150 90 155 101
119 L8 123 51 128 60 132 63 137 66 1s1 76 149 Bl
133 61 139 & Uy 82 151 92 15, 96 154 103 155 104
132 63 139 75 1.8 93 153 15 s, 18 160 126 15T 137
130 58 136 65 Wl 75 152 8 155 9% 157 u3 18 120
132 & 135 67 o 80 w8 87 155 o, 158 112 1% 118
134 76 139 & Wb s L9 97 156 15 163 @ - ...
152 12, 152 W2 18, 152 193 156 15, 16 --- e eee —.-
140 77 w5 79 152 98 10 19 165 130 167 137 --- .--
135 &6 W5 83 152 92 154 107 155 108  --- .- ae- ---
W2 67 149 82 153 90 154 xR 15k 9 15k 98 155 102
153 97 %2 113 166 127 138 - -- .-- -
51 103 STR-J=1 150 9l
173 153 175 154 175 165 175 168
- 105 5 96 pYRS) 100
— 123 163 122 -_ 17
156 121 158 18 160 127
155 16 155 155 106
129 e

AR St i bewi i o e e am oW o
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Subject
No,

801
£02
803
sal
805
806
807
808

810

830
81
863

869
870
872
87
876
879
s,

€91
892
896

APPENDIX 14

Supplementary Anthropometric Data on Rongelap Control Children

Lower Upper
Sitting extremity extremity
ht,, in, length, in, length, in,

16 12, 1042
17 11 11.5
18 Uy 11
17 15.5 12
20 1z U.5
19.5 16 13
19 17 13,2
19 15 12
19 U 12
20.5 19 i
19.5 19 U,
20 18.9 We2
19.5 18,5 W5
21 21.7 16.7
23,5 25 19
25.2 26,5 19
2.5 26.5 19
2l 26 19
27 25,2 20,7
25 2945 21.5
26 28 20,5
25.5 30 22
30 3k 25
7.7 33 2
31 35 25.5
30 37 25
32,5 37 28
26 3l 2.5
33 37 28,5
30.5 36 26
22.5 25 18
19 .5 12
26 3045 22,2
18 Uie5 12.5
29,5 3 27
2645 31 23.5
33.5 37 28
19¢% 17 12.5
33 37.7 29.5
28,5 335 2,
25 '4) 20
2742 28,5 21.5
32 — 2

Arm
span,
in,

1957

Biacromial

width,

6.5
7
6.5
7
8
s
s
7¢5
6.5
8
1.7
8.5
8.0
9
10
945
10.5
10
10.5
12
10.5
.7
13
13
1A
W
15.5
U5
16
.5
9
745
n

1
1545
12

13.5
8

in,

Hesd Chest
Intercristal cicc,y circ.y Left calf
width, in, in, i, circyy in,
5 17.0 17 7.0
5 1645 17 6e5
“05 ll 17.5 1
5¢5 18 18 [ ]
6.5 18 19,7 6.5
6 19.5 19 1.7
6 18.7 18.7 1.7
[ 18 18,5 7.5
505 17!5 19 6'1
[ 19 19 7.2
6 19 19,5 7.7
é 19 21 Te5
6,5 19 19.5 8
7 19 2 8
Te5 19 2 9
1 19.7 21.7 9
645 20 22,2 9
7 21 P 9
8.5 19.7 2.5 10
7.5 12,5 235 9e5
[ 20,7 245 10.5
9 20.5 25 10,5
10 20.2 6.5 12
9 20 25.5 11
9 21 3065 11.2
8 21 26 10
905 22'5 5“05 15-5
10 20,7 3 12,5
1 21,5 33.5 i,
8 x2 30 12,5
6.5 19.5 2, 9
5¢5 18 18 7
7.5 20 2.7 10
5 17.5 18 7
9 20.5 28.5 1n
[} 20 - Y 10
10 21 30 13.5
é 18 18.5 7
10.5 2 33.5 13.5
l 20 25.5 10'5
9 20 23.5 9
L} 20.5 a,.5 10
1 20.5 2 12,5

Buttocks
cigces
in,



€61

32}

1938

Head Head Head Chest
Sub ject circ.,y width, length, Sitting circ.,y Left calf Biacromial Bi-iliac Buttocks
No. cm o =] ht,y o» o cisc,y om dia,y, = din,y cm circ,, om
801 L5.7 13.5 15,2 L47.0 L5.5 18,2 17.4 13.3 Wb
€02 L5.2 12,6 15.4 L7.6 L5.5 18,2 17.3 . L7.3
€03 Le.s 13 16,8 - Ls 19 18,1 13.7 -
805 L7.5 13.6 1544 a7 Lo 2 20.7 17.6 565
806 L9.8 13.4 17.1 53.3 Le 20,2 18.5 15.9 L9.5
807 h7s2 13,1 16.3 L9.6 L9 19.5 18,5 15.3 Le
508 Le,2 12.7 15 53,2 50.3 20 19.7 15.2 L9e7
809 LbeS 12 1647 50 5045 18,5 19.7 15, L7
810 L7147 12,6 1647 5649 Lo 20 21,2 16 51.5
811 L9l 12.7 17.2 53.5 5.4 21.2 19.8 15.6 5.0
212 48,8 12.2 17.4 3.7 52.5 21.5 20.4 1% 52.3
813 47.5 13.6 16.1 53.8 52.1 20,7 20.9 15.7 52.2
1, L&.7 T 1644 58,3 55.7 2.4 239 . o2
ns 49.3 13.7 1645 62,5 57 22.9 23.2 18,3 58
£16 50,2 13.6 17.5 66.6 57 .1 .8 19.5 62.5
817 50,3 i, 17.3 67 57 23.5 25.2 18,7 60.8
r1a 51,2 13.9 18 65.6 58 23.) 4.6 18 60.5
819 51k .9 17.1 72.2 65,8 27.8 27.3 20,4 6.4
820 ba.) lh 16-“ “.1 60.7 m.t 27.1 18.7 6"5
°1 53 13.9 18,7 714 62,8 28,5 26.6 2.4 67
822 52,5 1.6 18.0 72.5 63.6 274 28.8 23,1 69.9
823 52 1.4 17.7 78.3 702 30.7 >30 25.4 78.8
825 53.1 1306 18 ul - 5106 >5° 25.% -
©7 &, b 18,8 & 85.8 33.9 >30 25.5 -
s 52,4 1.3 18,2 81.7 7 31.2 > 30 T1.7
830 55.9 .5 19.3 a8 86.4 36.3 - 7.2 -—
831 55.7 15 19.1 83.1 76 32.5 »30 25.7 79
863 50,5 .3 17.1 62,9 59,2 23,9 25.2 18.7 5941
866 1.6.2 }i.l 16.1 52,7 Le.dy 19.1 18 Lo
869 50, o2 16.3 70 63 26 2743 21.1 67.2
870 L& 13 15.5 L7 Lé.4 19 19.3 U5 L6.5
872 53.2 1.7 17.7 78.6 75.6 314 >30 25.3 94
874 51 U.6 16.9 Tl 62,9 26.5 26.5 20,8 6.1
879 L6,.8 12.3 16.8 5.9 50 20,2 F31 16.2 L9
ss5 56 15.2 18,9 85 4 3.6 - 28.6 »
8£7 51.3 13.8 17.9 75.8 67.1 28.3 28,5 2.0 &
891 50.3 13,1 17.5 67.3 % a,.3 2.9 19.5 &
892 52 u.2 18 1.4 4.5 25.5 7.2 20.8 66.5
896 51.6 1.8 17.2 7546 -_ N4 -— -— -
900 L3 1.8 1.8 - L2.s 8.7 16 12 -
901 Ll.7 12.1 13.8 -— L1 17 13.6 129 -—
902 Lo.é 11.3 1.0 - 39.4 18,2 13.7 12.4 -
903 36.5 10.5 12.4 - 36 13.5 - 10.5 -



Head Head
Subject [3 ¥ I width,
No. ca (=)

905 Lo -~
909 5.3 13.4
911 Lo 13.8
912 L9.3 13.2
913 49.6 13,4
919 L8 12.5
921 L9.9 12.8
923 L7.8 13.1
92, un.8 13,2
925 51.0 13.5
926 L9y 12.5
930 L1.2 13.3
931 L8.7 13.7
937 Le. 13
939 51.4 .2
') 18.6 13.4
b 49.7 13.0
950 5.7 .9
952 L7 12,8
955 L8.5 13.1
959 51,2 Ul
960 50.3 13
962 51.9 13.3
965 52.7 13,1
967 52.5 UL
971 51,1 13.9
972 48.9 12.4
976 51.% U1
977 51.7 .1
978 500y 13.5
979 L7 12,6
980 50.7(hair) 13.9
981 45.8 12,7
985 L9.5 13.8
986 Lb.8(hair) 12.9
988 L5.8 12.8
969 52.3 .3
990 L1.2 12,9
993 52.2 W.s
995 L3.6 -
996 L1.4 13.0
997 L8.7 13.2
998 52 13.7

Head

length, Sitting

. ht,, =

17.1 61.1
16,3 56,2
17.5 9.7
17.3 62.8
16.7 67.1
17.8 56,7
16.7 La.s
16.8 50.7
17.8 63.1
17.6 63,2
16,2 50
16.5 51.5
16.6 553
17.7 7“‘9
16-7 65'5
17.2 63.1
18.2 80,6
15.9 51.3
16.8 62,2
17.9 69.1
17.8 63,5
17.9 58,1
18,0 T76.2
17.8 79.7
18,0 78.9
17.7 53.3
17.4 71.9
17.3 76
16.7 66.1
16.6 L8.3
17.1 58.14
16 52.9
16.8 56.3
16,2 4.5
15.0 5245
18 72
16,2 Ls.8
17.6 71.2
16.2 55.8
16.8 61,2
18,1 73

1958 (cont,)

Chest
circ.y
-

Left calf Biscromisl Pi-iljac
circ.y m dia,, om dia,, o»
22 21.5 14,0
22.% 22,1 17.0
21,3 20,7 17.9
22,3 23.2 19.2
22,6 ol 20.2
2.6 21.6 17.0
17.4 18,2 .0
19 17.6 .9
21.8 25 o@
21.8 3.3 o7
19 18,7 [+]
21.2 20.6 15.5
21,5 21.2 6.4
3 30 21,7

25.2 26 20
2.5 a23.7 Wy
31.5 >30 2.6
19.2 18,5 .5
23,2 2249 18.5
26.8 219 20.44
.2 3.4 18,7
21.6 21,9 18
29,1 25.2 -—
32.7 >30 2.5
30 > 30 2.4
19 20.8 15.#
27.4 28 21.8
27.5 29.5 23.8
- A7 18,0
17.8 18.0 U3
2.3 21 18
21 20.4 U3
2002 &ol 1605
20,2 20.1 15,2
21 21 15.1
27.6 9.4 20,6
18,0 19 13.9
.6 26.5 19.8
20.8 21.7 16.8
25.2 24,3 17.3
25.3 2.5 1.0

Buttocks
cigc,y om

— e —— ———

W 19R 1 | FER | |
-~\n AN | 6

guke

31398LRE

\n
.

.
W=V VIV W oW W

$PYEEss |

REX I S5EBEYLIE

.
W




154¢

1939

Head Head Head Chest
Subject circ.y width, length, Sitting cire., Left calf  Biacromisl Bi-iliac Buttocks

No. a o ca ht., ca -] circ,y cm dla,y dis,.y) cigc.y) @
801 Lb.6 13.9 15.5 so.? L7.5 19,0 » 18 u.8 N
802 L6.3 13 15.7 50.0, 49.1 19.8 . 19.6 18.7 LY.
803 L8.6 13.5 17.1 shay L9 19.6 20.5 1.9 L9.
805 Le.3 13.8 15.5 58,8 sh.2 2. 21.2 18,0 55.5
806 o3 U 17,5 57.3 51.5 21.5 20 17 52.9
807 7.7 13.3 16.5 52.5 - 19.7 20 16.3 -—
808 L6.8 12.8 16.2 86.6 504y 20,6 214 17.2 535
209 L7.2 12.2 17.2 9.8 L9 19,5 19.4 16, h7.2
810 L8.2 12.6 16.9 58,3 50 20.1 21, 16.5 2.5
Q1 49.6 13,0 17.5 55.5 50,7 20,8 20.6 14.¢ L
812 9.5 12.3 17.8 58,8 53 22 ».2 17.6 %
813 Le 13.5 16.L 56.7 52,7 20.6 .3 17 51.7
3T Ls Uy 16.5 61.l4 56 22,3 3.9 18 %
815 L9.2 13.7 16.7 68,6 56,7 23.9 25 18.1 "
816 51,3 13.8 17.6 68,2 59.4 25.5 25.6 21.5 4,
818 51.2 13,9 18 68,5 58,3 23.6 2.7 19.4 61.5
819 51.5 1.8 17.1 h.6 66.5 28.L 8.5 2.9 66
820 Ls.5 U 16 69 63 25.5 1.9 19.8 »
821 Sl 3 U 19.1 73.7 6.8 29.44 28 22,2 n
82p 52.8 W7 18,2 74.3 66.5 28.9 30.1 2.7 &6
823 52,4 13.h 18.6 a3.1 16.5 32.9 >30 2.5 83.8
a5 53.0 13,8 18,2 3.0 -_ 32,8 - %% %
827 53.5 k.2 18,5 83.1 — .0 >30 >30 -—
831 56.2 15 19.1 85.1 79 33.6 -_ 25.0 "
863 50,6 .2 17.1 65.4 67.2 2.1 25.8 19.1 0.5
866 L1.4 13.3 16,3 52.8 51 19.8 20 15.2 51.0
869 51.3 TN 17.2 72.3 66,7 27.6 28.2 2® 6.6
870 hb. 13 15.7 52.5 Le.ly 19.7 19.4 18.7 k1.8
L1/ 51.8 .6 17.6 Thely 68,8 28.2 30 ?.8 ™
887 51,3 13,8 17.¢ 78.7 69,6 2.1 30.1 ®o ™
891 50.5 13 17.3 70.1 9.5 o7 2s., 19.8 8.6
892 52,2 .2 18,1 .5 56,2 27 7.7 21 9
896 52.2 13.8 17.3 73.7 - 32.1 31 25.0 a.5
900 “5'7 124 16.0 - Mo? 1 ." 16.8 13.7 —
901 15.5 13 15.2 - L5 W 17 1.5 7.3
902 LS 12.2 15.7 - Lh.3 18 16.6 13.2 6.9
%’ h207 12.1 ].h.6 - Mcl 1600 16.5 12-0 —
9al; Ls.e 12.7 15.5 — L5.6 17.5 16.2 .2 W



oF1

1959 (coat,)

Head Head Head Chest
Sub ject circay width, length, Sitting circ,y Left calf Biacromial Bi-iliac Buttochs
No. o ) cm ht,, oa cm cigc,y o dis., o» dia,, o» circ,y @
909 Lh.8 12.4 15.7 -_ L.e 16,3 15.7 13.3 h2.5
90é L2 13 15.¢ -— Lo.5 39.5 16 12.6 39.5
911 Lo.5 .0 16.7 61 53.7 23 23.7 18,0 56.0
912 L9.8 13.2 17.7 63.5 51.2 21.2 23.1 17.8 55
913 50.5 1%.6 17.5 65.6 Slyels 23.0 AL 20,2 Kby
921 Lo.e 12.9 17.9 59.3 55.7 22 22.6 1.0 8,.5
923 L9.3 13.3 17.0 49.5 LB.8 19.2 19 15.5 9.7
925 51.7 13.6 17.8 65.4 57 ®.7 5 19.5 5.0
930 Ls.2 133 16.5 sli.e L48.9 20.4 19.7 N 9.5
939 51.7 .3 17.6 18 72.5 Ja.k 30.5 23.5 5.5
9o Le.7 13.5 16.8 68.8 62 25.6 4.1 20,1 63.8
952 L7.4 12.7 16.6 53.3 Ls.3 1.4 19,3 15.4 L1
99‘ L7 12,4 16.5 - us 17,2 16,2 U.6 -
955 Lo.L 13.9 16,8 63.l 55.5 a, 23 18.8 %9.5
959 51.6 1.3 17 71.6 65.5 28.5 20,8 21.7 &
960 50.4 13.2 17.8 &6 51 4.7 25.3 19,5 61
962 51.9 13.4 1%,1 62,5 5.9 2.5 22. 18,0 8.0
967 52.¢ 1,6 1£.0 83.5 82.5 3. >30 2.7 5.5
971 51.6 U 18 82.3 h.3 31.1 >30 2 8
972 L9.L 12.6 17.9 5543 52.6 195 21 16,5 51,2
976 52 U.2 17.5 75.5 71.8 30.1 29.6 2.8 76.5
977 53.1 U5 17.6 81,5 - 30.9 30 a4, 81,2
978 51 13.9 17.1 68.1 57.8 26.2 2.2 19 65
979 L7 12.7 17.2 50 L7 19.6 19.5 15.3 Ls
980 51 i 17k 60.2 52.5 23.8 21.5 18,8 57.2
981 L3 12.7 16.0 58 50.5 21.8 21 16.2 51.5
98s L6.5 12.9 15.6 Sl 5 L9.5 213 a.y % E.s
992 L5.3 12.9 15.5 -~ LS 16.2 17 13.5
993 52.7 U.5 17.5 79.6 61.5 3 27.7 21 66
995 L9 12,7 17.5 - L9.3 18. 16, .6 b5
996 L7.2 13.0 16.4 57.& 50.2 2.1 27.7 17.8 52.7
998 5245 13.7 1.1 7544 65 26,5 27.3 2 70
1002 L7 T 15.5 53 503 19 f1.2 15.9 49.9
1003 Lh.2 12,5 15.5 -— .5 -— -— - it
1004 45.3 12.4 15.8 - L3 - 16.2 13,0 -
1006 L2.8 12.2 U5 - 41.5 -— 15.0 1.8 -
1009 3¢.2 10.8 12.6 - 38,7 — 13 1.7 -_
1010 37 el 12,6 - 35.8 - - -— -



L¥l

1961

Head Head Head Chest
Subject circay’ width, length, Sitting cifces Left colf Biacromisl Bi-iliac Buttocks

No, - ) [- cm ht,y, o -] circ,y dia,, = dia,, o= clecey @
801 U745 .2 15.7 sh.7 49.5 20.} 20,2 16.3 50,0
802 L7k 13.5 16 56 52 = 2.1 175 52
803 50.2 13,9 17.4 » 5.7 21.7 a.7 4.8 5345
807 L8.3 13,8 16.7 5542 50,8 20.6 ] 17 51
808 L7.2 13,1 16.6 62.l 52.6 22,5 23.2 17.5 56.5
£09 Le.5 12,7 17.2 60 51.5 20.% a 18.1 50.5
810 Lu8.6 1.9 17.2 61.9 53.2 - a.2 18.4 58
811 50.2 13.2 17.7 62,1 %.5 2.5 20,6 17.7 55.5
212 50.1 12,7 17.9 &2 561y 23,0 2.7 18.2 57.0
813 L9 .1 16.7 62 55.3 2.7 ol 17.9 n
81, 50 b TN 16,7 .6 60 .4 26,3 19.3 62,5
815 50 13,9 16.9 7 62 25.6 7.9 20 66.%
(373 5@ 13.9 17.8 7h &y n.e 27.6 2 73.5
817 52.3 .3 17.5 755 72.8 29.2 29 2.6 16.5%
818 515 11 18,1 71.2 63 25.9 2.7 2.7 68.0
819 52.3 15 17.2 79 70.3 31 J0 3.3 n
820 L9.3 .3 16.4 The3 68 28,2 %0 21.3 71.5
[>3% 55 1.3 19.2 )1 — 33 n 26, .5
822 s, .7 16.7 ” TheS 32.5 - 7.2 80,5
23 53.5 13.7 19 87.3 81.5 3L -— 29 7.%
a8l $3 W,2 18,2 85.2 0 33.6 - 25.2 .8
863 51,5 TR 17.3 69.1 61.5 26,3 27.¢ 20.3 6
866 La.# 1.8 16,0 60,2 52.2 21.1 22 17 o4
869 52.3 .5 17.5 78.% 73.% 30.5 n 4.4 1%
€70 L7.9 U 16,1 57.5 31.% 21 2.5 17.5 5.5
as7 52.5 u 18 8.5 T1«5 32 -— 25.5 80,5
91 51,2 15.4 17.7 75.4 - 4] 28 al. Th
892 53.3 1.5 18,6 81.3 72.6 30.3 31.0 3.5 76.7
901 L1.5 pL A 16.5 55 Lo 20.5 19.9 16,2 51.0
902 L7 13 16.4 51.5 k9.2 21.1 iE.6 15.0 51,0
903 45.7 12.7 16 - - - - -— —
90l L8.7 13.4 16.5 sh.ly 50.5 20.4 20.4 16.0 L9
905 k7.3 13,2 16,5 52.5 Ly 19.3 18.3 15.2 LS.5
906 L5.5 13.5 1.6 S0 Lh.8 18,5 19 15.3 bs.5
909 51.8 13.6 18,0 69.7 57.1 25.5 23.8 20.0 67.2
911 51 .2 17.1 68,2 60.5 6.7 26.1 19.0 63.2
912 50.5 13.5 17.8 68.8 55.5 23.4 a4 19.7 9.0
913 50.7 13.7 17.7 70 5 4.5 6.2 a.5 65.0
919 Ls.8 12,5 17 7 60.5 a. 7.3 21 67.8
921 L9.8 13.2 17.8 65.2 9 25.6 2.7 14,6 9.5
923 50.4 13,6 17.8 57.2 50.5 20.5 21.3 16.9 3.5



1961 (cont,)
Head Head Head Chest
Sub ject cire., width, length, Sitting circey Left calf Biacromial Bl-ilisc Buttocks
No. o o - htys o [ circ.y dis,, o» die., om circ,y m
925 51-7("\‘1’) 15.8 1706 68.5 Re5 a‘.z 7.% 19.8 o2
m ”'6 12,2 17.7 1006 55-0 I.., 23.3 l:." 2
931 50 13.9 17.2 60,3 5502 23.3 2.5 17.5 5.5
7 50.0{brai4)15.3 17.0 65.6 58.2 a.s 25.3 18,2 6.0
. 939 52.8 . 18,2 83.5 T1.8 33.7 - 4] 85.0
9li0 L9.4 13.7 17.0 70 66.7 277.9 7.2 1.7 T0
9bs 51.3 13.3 17.6 70,k 59 25 25.9 20,7 5.8
950 55 15.2 18,3 €1.9 -— 33.5 -— 26,8 [ ]
952 L8 13,1 16.7 58,2 51,0 21 21.6 17,0
95l L8.5 13.1 16.7 55.4 Ls 18,9 19.1 16.3 g
955 L9.5 13.3 17.2 68.8 60.8 7 2s.5 20,5
99 53 U.5 17.% 7.7 -— 32.2 n R 2.5
960 51.3 13.3 18.0 171.2 63.5 7.7 25.7 2.1 66
962 52 13.5 18.5 84.5 56.5 23.5 2.8 168.9 &2
965 52(braids) 13 18.1 78.5 - 30 - 26,5 81.5
“7 5’-5 lh-S uoh uh9 u" ,’ - “0, [ -}
m 52,2 W.2 18,1 86 79 31.5 - 25.3 87
972 50.2 13.1 17.9 61.2 55 20.7 2.5 17 53.3
m 55-’ V.2 17.7 82 - 31.9% - 7 .100
978 51.5(hair) 13.8 17.4 73.7 63.1 7.8 26.2 20,8 70
979 Lus.3 13 16.L 55.1 50 20.5 21.1 18.% %0.5
960 51.7 1.2 17.7 63.2 56 25.1 23.6 19.6 a
981 L7.4 12,9 16.3 62,8 52.1 2.9 2.l 17,7 5.7
986 La.5 13,2 16,5 61.6 3.3 21.3 8.3 18 5s
987 La.3 12.8 17 58 53.2 21.% 20.8 16,6 3
988 k6.5 13 15.7 60 535 a 3.l 17.6 n
992 47.6 13.5 o 52 50 19 20,3 15.5 Ls
993 ﬁ;(hlir) W7 17.8 81 12.% 29.9 1 a3, [ ]
995 50,5 13,2 18,2 96 51 21 20.6 15.6 52.5
996 Lo 13.3 16.7 61.2 55.2 23 25.1 18.9 9.5
998 sl A 18.4 83.8 - 29.7 29.6 263 ”
1002 L7.8 10} 15.7 58.2 53 20.2 3.2 16,8 El.a
1004 Le.8 13.3 17.1 51 La.5 19.2 19.6 15.8 5
1006 L6.9 13,2 16.2 50, L6.5 18.5 19.0 15,0 [F N
1009 Ls.8 13.5 16.5 - L9 20.5 18 15 %0
1010 47 -— -— - - — - - ol
1012 L1.6 12.5 17.h4 5l 50 20.5 19.9 16,8 50.5
101, L8.5 13 17.2 57.2 50 19 80.6 16.6 49
1017 LS.k 12,3 16 — N 17.9 -— - -
1025 ub.2 12.0 16.6 - -— - -— - -—
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1963

Head Head Head Chest
Sub ject circa,y width, length, Sitting circey Left calf Biaccomial Bi-iliac Buttocks

No, (-] cm cn ht.y o [ circ.y = dia,, om din., m clrc,y om
801 Ls.2 .3 15.8 55.4 51.3 20,4 21.1 16.7 51.0
802 L7.8 13,5 16.4 57.h4 Sh.ly 2.5 2.5 18,5 53.0
803 50.4 1 17.5 60 53.L 21,5 22,8 11.1. 52
805 9.8 14 16 62.8 57.2 3.6 a,.s 20,1 -
807 L8.6 13.7 16.5 86.6 52 21 2.6 17.8 51.3
so8 Ls 13.2 16,8 63.8 55.0 22.8 2.2 17.6 57.8
809 Le.8 12,6 17.5 62 53 20,8 2.5 17.6 5.2
810 49.3 12,9 17.2 63 s4.7 2 23.7 18.3 %
o 50.7 13,2 17,6 63.5 %6 23 20,8 18.2 51.9
813 k9.2 1 16.7 62.7 574 a.b 2%.1 18.5 n
'm SOJA m" 16&7 a‘-l‘ 60¢5 a‘-! “.. "0“ 6‘.’
815 50.2 1A 16.9 71 63.2 26,2 .5 20.9 66
€16 52.2 U 17.9 75.1 -— .8 9 3.6 .S
8le 52 W.2 18,2 7.5 66 2.2 2.5 21 68.5
819 52.9 15 17.5 79.9 71.5 3.5 35 .6 78.8
820 50 .3 1.6 76.4 n 9.1 -— 21.7 76.5%
821 55.4 1.1 19.3 0 - 32.9 3 2% 79.5
822 5.2 15 19.7 83 76.5 32.9 - 2.7 5.0
823 53.5 1.6 18,6 8.5 81.5 3.5 -— 98,5 .3
843 51.8 1.5 17.4 671.6 65.6 26.8 9.1 2.3 68.5
866 L8.9 13.6 16,8 61.5 LN 21.8 ®.7 17.8 %
870 La.l 15 5 16.4 60.9 52.7 21.3 3.6 15,0 5.9
892 s h.5 18.5 80.5 73.3 31.1 -— b h.7
900 Ls.1 13.5 16.2 55.5 51 21.5 2.7 17.7 5346
902 L7.8(bratd}3.2 16.3 55.2 Le.9 2l.L 20,3 15.2 51.5
903 L6.5 13 16.1 53.2 53.2 2065 20 16.5 38
xy L9.2 15.7 17 55 52,5 a 20.2 v 5.5
905 Ls.2 13.4 16.8 53.5 49.3 20.1 20.6 16.0 47.4
906 L6,2 13,6 TR 52,9 49.1 19.6 19 16.2 Ls.3
911 51,7 (bratd .1 17.1 67.8 61,5 27.2 26.7 20 [N
912 50.7 13.5 17.2 69.8 $6 2.3 25.5 19.6 60
913 51 13.9 17.7 6.6 %0 25 7.0 22.0 65.0
921 50,7 13,2 18.0 65 60,3 a.2 25,2 19.% 62,3
923 50.6 13.6 17.5 58.4 51.5 20.4 2.4 17.% 3.9
925 52.4 13.7 18.0 70 63.5 25.5 7.2 21.3 67.%
930 k9.5 13.7 16.8 62,2 53.9 22,0 23.0 16,3 %



1962 (cont,)

Head Head Head Chest
Subject clrc, width, length, Sitting cleces eft calf Biacromial Bi-iliac But tocks
No, -] =" cm ht., cm ca citc,y cm dia,, m dis,, o circ,, o
939 53.6 1.6 18.4 87 81,3 35.8 - 2.1 n6
o0 50 13.5 17.1 72.8 69.6 2 30,3 2.8 73.0
952 Ls.2 13.1 16.5 58.2 53.6 21.8 22.6 20,9 70.0
955 50,2 13.4 17 69,2 é3.2 1.6 26.6 2.5 70.0
959 3.4 W5 17.6 78.4 - 35.8 -— 6.5 86
960 51,7 13.4 18.1 7.8 65 28.9 28.7 21.8 12
962 52. 13,6 14,3 61 58.5 23.5 25.1 19.5 63.0
971 52,5 TR 18,2 85.5 78.5 32.2 -_ 25.5 a7
992 Ln.3 13.7 16,6 55.7 50.2 19.2 21 16,2 51
993 5.2 .8 17.8 82,3 - 31.8 31 2% 7y
995 50. 13 18,4 57.7 5.2 21.1 21 18 53.0
996 Ls.2 13.3 16.6 62.2 57.5 25.8 25.5 19.0 60.0
998 P 1 U 18.6 81.3 -— 30.3 30,5 7.0 83.0
1004 L9.6 13.2 17.3 50,2 %0 20 20.3 16.8 %0
1006 Le 13.2 16.6 52 Ls.3 19 20,2 15 L7
1009 L9.7 13.% 16,8 50,2 51.5 21,3 19,1 18.2 50.3
1012 Leuly 12.5 17.1 55.7 50,2 20 21.4 17.5 51.8
1015 L7.2 12.6 16.6 - Lé.5 18,5 17.8 13.7 L7
1017 L6.1 12.3 15.9 52 L6.8 18,6 19.1 15.8 45.7
1018 L71.1 12.5 1.5 - us 17.5 18.¢ Y '
1022 L5 12.7 15.2 — Ls 19.1 18.8 el L8
1025 Ls.1 1..5 17.5 - L7 17.3 - - -
10% UA.? 12.5 11&.9 - “505 11 110’ nh’ U
1027 Lé.2 - — — - - - - -—
l&a h}-’ 1005 15.1 - ‘02-‘4 - -— -— -
1029 L3.3 - - - - - - - -
1030 Lé 12.0 16.5 - L6.5 18.2 16,6 13.0 W34
1031 Ls.8 12.7 15.7 -- - - - - -—
1033 53.8 .7 18,3 69.7 66.5 28,7 6,8 23.0 73.0
1034 La.5 12.9 17 53.5 50 19.1 20 16 50
1035 51.0 13.9 15.8 7.5 - 28,9 31.2 3.2 78.0
1036 52,2 1.3 17.8 67.7 62 25 25.3 20.4 63.0
1037 Lo.e 12,0 13.3 - 3845 - - - -
1038 L2 1l.L 1.6 -- La.2 - - -- -
1040 L1.7 11.5 .0 -— - L3 - -~ -

1nsa
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APPENDIX 13

Supplementary Anthropometric Data on Children Born to Bxposed Parents

1957
Lower Upper Arm Head  Chest Buttocke
Subject Sitting extremity extremity span, Biacromial Intercristal circ.y circ,y Left calf circ.,
No, ht., in. length, in, length, ia, in, width, in, width, in, in, in. cire., in, in,
87 18 14.5 12 295 7.5 5 18,5 18.5 7 17
88 16.3 15 12 27 7.5 9 17.7 18 7.5 17.5
89 17 14 11 27,5 6.5 5.5 16 18 7 17.7
90 18 15 12.2 30 8 5.5 18.5 19 7.5 17,5
91 20 16.5 13,0 31.5 7.5 6.0 19.0 20 7.5 8
92 17.5 13.5 11 27 6.5 6.0 17,2 18,5 7.2 19,7
93 - 9 8 20 5 4 14,7 12.5 4.5 11,5
94 15 12.5 10 24,5 5.5 4,5 16 14,7 5.2 15
95 17 14 11 25 6 5.5 17.2 16.5 7 17
o 100 18,5 12.7 10,5 27 7 6 17.5 19 7.2 18.5
(#5]
1958
Head Head Head Chest )
Subject ciic.y width, length, Sitting circ,y Left calf Biacromial Bi-iliac Buttocks

No, cn [ a ht.y & cm circ.y am dis.) om dis., cm clrc.y m

87 47.5 13 16.2 -- 47.1 18,1 16 13.7 47

88 47.0 13.5 16.1 47.9 49,8 20.5 19.0 15.0 48,2

89 48,5 12.9 17.0 47,13 46,5 18.5 18,5 14.1 44,6

90 48.5 13.3 16,4 50.7 49 20,5 19.8 15.2 48
991 49.3 13.5 16,6 52.2 51.3 20.0 20.5 15.3 48,2

92 46 12.5 16 -- 48,3 19,0 18 14.5 .-

93 46,3 13.1 15.5 44.8 44.5 17.5 16 13.5 -

95 45,9 12.7 15.5 -- 4% ,5 20,1 17.6 14,7 --

96 36,0 - - - - -- - -- -

97 40.2 12,0 13.2 - 42,2 16.5 16 13 -

100 46 13.5 15 -- 48,5 18.2 17 14,3 -




141

1959
Head Head Head Chest
Subject circ., width, length, Sitting circ., Left calf Biscromial Bi-iliac But tocks
No, cm o m ht., cm [ citc.y m dia,, m dis.;, om circ,y m
88 48,4 13.4 16,7 50.9 52.0 21,3 20,0 16,0 50.3
89 49,6 13.3 17.6 49,4 48,4 19,4 19.8 15.7 46,4
90 49 13.4 17.2 52.0 - 21.4 20 16,2 -
91 49.5 13.6 17.0 . 56,3 54,0 21.4 21,6 16,8 50.8
92 46,7 12.7 16,3 50.0 - 19.5 19.4 15.3 .-
93 48 13.6 16,2 51.9 48.9 19,4 19,2 15.0 48.0
94 46,7 12.2 16,7 49,2 47.5 19,2 18,8 ° 14,3 49.3
95 47 12,8 15.8 51.1 48,2 20,2 18,8 16.4 48,5
96 44.8 13.1 14.8 - 46,6 19.7 18,0 13.6 47.0
97 44,5 12.5 14.7 - 46 18,4 16.6 13.2 44
98 45.2 12.7 15.4 -—- 44,5 18,7 17.4 14,2 47
100 47.8 14,2 15,7 52 f2.1 21.2 19.6 16,3 52.8
102 42,1 12.9 13.4 - “4,8 - 17.0 13.7 --
103 43,2 12,2 15,0 - 41.5 - 14,5 12.8 --
104 1,5 11.3 13.8 - 39 .- 13.8 13 -
105 40.5 11,3 14 - 41 - 15.0 12.1 -
1961
87 49,5 13.5 16,7 59,.6 51.5 20.7 22.35 15.9 53.0
88 49,5 14,0 17,2 57 55.5 22.8 23.0 17.5 54.5
RO 51,0 13.7 17.8 55.5 50.5 21 20,6 17.3 53.0
90 50.5 13.8 17.6 60 55.5 23.6 23,7 1£,4 54.5
91 50.8 14,2 17.5 60,7 57 23.6 24,2 18,5 55.5
92 48,5 13.3 16.9 57.3 53.3 21,6 22 16.8 54.0
93 50 14,2 16.9 56,3 52 21.3 21,5 17 53.0
94 48.3 12.2 16.9 53.5 51 21,3 19.9 16,3 53.5
95 47 .4 13,0 16.5 5K, 8 51.4 21.1 18,5 17.0 55.0
96 48 14 15.8 52.3 54 23 20,6 16.2 hk
97 46,3 13.3 15.4 53 50 21.1 21.3 1o 53.5

98 47,7 13,5 15,5 -- 48,8 20,4 19 14,7 3o.5
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APPENDIX 16

Supplementary Anthropometric Dsta on Rongelap Bxposed Children

September 19354

Lower A Upper Chest
Sub ject Sitting extremity span, Biacromial extremity ciecay Left calf
No. ht., in. length, in, in, width, ia, length, in, in, ciec,y in,
2 18.2 9 27.5% 6.2 21,2 19.5 Te2
3 20.2 12,2 30.2 7.2 4] 20 7.7
5 20 12 31,5 6.0 25,5 19.5 8,0
15 22.% 23 4 7.0 37 21 8.0
17 21 21 37.5 7.5 30.5 20.7 8,0
19 2 19,5 39.% 1.0 32,5 21.0 8.5
20 2l 20 bl 1 3645 3.1 9.5
21 19.7 15.7 34.5 7.2 27.2 21,5 Te%
s 31 30,2 63.2 10 3.2 32.7 13
23 17.5 21 37.5 1 30.5 22 95
2 30.5 26.2 57 n Lé 3L.7 12,3
26 30 27 58 9 L9 3 1
32 22 15 37.2 6.7 30.% 19,7 8.2
33 21 21 L2 545 57.5 20 8
3y 29,2 29.2 62.7 11.2 51.5 29.5 115
3 23 25.5 L7 8 ¥ 2, 10
39 31.7 21.7 62 8.5 Be5 32.5 2
L2 21 U7 35.5 5.2 30.2 19.2 7.5
L7 26.3 23.2 L8.2 8.5 39.1 - 23 9.5
61 7.2 3.2 50.5 [ ] "2.5 27.5 11.9
65 17 7 30.5 55 25 18,5 [ ]
67 32,5 28,2 62,5 11.5 51 32.5 18,5
69 21.5 18,5 Lo 6.5 3.5 20.% 9
712 23,2 2.2 39 8 31 21.5 8.5
% 23.5 31.7 57.7 11.2 L8.5 26,7 1l
76 26,7 25.2 937 9.2 L5 25.5 10,5
L3 13 13 25 4.5 0.5 17 7
Ailingnae

8 25 15 30 55 2.5 19.5 Te5
Ly 21 18 39 5.5 3L.5 20.% 8.5
Ls 25 20.5 L7 7.5 395 ® 9.0
53 25 23 45.5 Te2 j8.2 ] 9.5
70 29.7 27.7 58.5 9.7 L9.2 32.5 .5
8l 2.2 23 1.2 9 - 38.2 2047 9

*Rxposed in utero,

LSt



19353

Lower Am Upper Chest —

*Exposed in utero,

Subject Sitting extremity span, Biacromial extrenity cicca,y Left cslf &
No, ht,, in, length, in. in, width, in, length, in, in, circey in,
2 21 17.7 3, 1.7 12.5 19.5 1.7
3 20.7 15.7 32 8.5 13.5 21 745
5 19.0 17.5 31.5 T.0 12.5 195 7.0
15 26 26.5 L5 9.2 18.0 21.0 8.0
17 22 21 37 8.5 16 20,2 7.2
19 22 2 38 9.5 U5 *» 8.0

20 25 25.5 L 10 16.5 22.5 9
3l 22 19 35 8.5 13 20.5 6.5
22 30 35.7 61.5 13 26,7 33 12,7
23 21.5 20 39 20,7 16 23.5 9.2
2, 32 35.5 0.8 13 23.5 29.5 10.2
2% 3 = 62 n 26,5 31,5 12.7
32 22 19.5 8 8 U 20 s
33 22 18 32 7 13.2 18.7 8
35 33 35 61.5 13.7 a5 51 12
36 2.5 26.5 47.2 11 19,2 A -
39 30 36 60 12,2 2 )| 1.z
L2 22 19 J2 7.7 12 19 7
L7 - 7.7 50 lo.L 20.7 4.5 9.5
sl 19 18 31 7.7 12 2 7.7
61 30 31 52 11.% 20.5 27 1.7
65 19.5 16 28 7.2 1n 19 7.2
67 3L 3 56 u 23 n 10
69 23 22.5 39 8.5 18 20.5 8.7
12 26 22.2 LL.s 9.5 18 21.5 8.5
75 3 32 55 12 23 « 10.5
76 26.5 29,5 55.5 10,5 23 6.5 10,5
83* 16 12.2 23 6.5 95 18 5.2
a,* 19.5 1745 32.5 7 13.5 2 8
[ - 12,5 26,5 5.7 9.5 17.% 6.5
a6 12,2 10 20 5.2 8 15.5 6.5

Allingnas

6 20.5 17 30 8 12 20 7.2%
8 18 18 31 645 12 14,9 1.5
L8 2 26.7 L6.2 10 18,2 21.5 8.2
53 25.5 28 Ls 10 19 L1} 9.2
70 32 33 56 13.5 23 33 n
81 26 7 L7 10,5 18 23 8.5

91



1936

Loy °r Arm Upper Chest
Sub ject Sitting extremity span, Biacromial extremity circ,, Left calf

No, ht,, in, length, in, in, width, in, length, in, in, edrc., in,

2 21.5 .0 33 8.5 10.5 20,0 -—

3 - 17 3b 95 u 21 €.5

L 31 - 33.5 8.5 13.5 f0 8.0
17 23,5 2, L3.5 10.2 18 21 8.5
19 25.5 2 Lo.5 9.5 16.5 21 8.5
20 25.5 26 L7 10 20 3 95
21 23 -— 36.5 8 15.5 2045 8
2 3} 38,5 62 U5 27.5 » 12.5
23 25 2l 39.5 9.5 16.5 2 9.5
24 31 3.5 61 u 27 n 12
26 31 36.5 & u 28,5 32 1.5
32 2 21 38 8 18.5 20.5 8.5
33 22.5 18 37 - U.5 20 8
35 31 36 & 16 7 31 13
36 29 27.5 L9 12,5 21 % n
39 32 345 62.5 13 7.5 32 12
L2 22.5 21 35.5 8.5 19.5 15 8
L7 27 ) 5005 9.5 2 4.5 7]
34 -— 17 34 8 13.5 3 9
61 - 32 %6 13 2, 27.5 13
65 2065 16 31 8 12,5 19.5 Te7
67 - 35.5 61 15 26 32 12
&6 21,4 2 Le 10.5 18 21,5 9e5
72 — 2l bhy.s 9 18,5 L 9
75 31 32 58 10 26 30 11.5
76 28 31 57 10 25,5 25,5 10,5
a3 21 17 30 Te5 12 20,5 &5
85 - 16 31 [ 12 19 7.5

Ailingnae

6 22 17.5 3 9 u 20 8

8 — 19 3 8 13.5 21 8
LL 23.5 2.5 L2.5 — 18 2.5 9
hs 26.5 29 ha 10.5 — e 95
53 27.5 27+5 51 9.8 2 a3 9.5
81 — 26.5 50 10 el 23 9.5

*Exposed in utero,

651



1957

Lower Upper Atm Head
Subject Sitting extremity extremity span, Biacromial Intercristal cigcey
No, ht.y in, length, in, length, in, in, width, in, width, in, in,
2 2 21.2 15.7 37 7.5 6.5 20.5
3 21 20 15 26.5 8.5 S5¢7 19
5 20 20.5 15 35.5 9 17 19
15 2.7 29 21,2 L9 1 75 19.2
17 23,5 2, 18 L3.5 10.2 6.7 19.7
19 o 26 19 L3.5 9.5 8.0 19,2
20 26.2 30.2 20 50 12 8.0 20,5
21 22,5 23 17 38.5 10.5 8,0 19
22 32 36.2 7 61 L) 9 19.7
23 23,5 A5 18 L2 11.5 8.5 0.5
2 29.2 36 26,5 % U 9 21
26 33.2 39 30 67¢5 M5 10 2.7
32 2.2 23 1¢.5 L1 10 6 19
33 21.5 2.5 17 38.5 8.5 7 19
35 32.2 36.5 28 63.5 15.5 9 21
36 28 30 22 50.5 11,5 8.5 1997
39 31.% 37 28 62 U 9.2 21
L2 22 4 16 37.5 9.5 7 1945
!;l 27 31,5 23 3 12,5 — 21
] 21,2 16,5 38 8.2 7 19,5
61 31 3 26 58 U, 9.5 21
65 20.5 19 u 33 7.7 6 1s
67 32 37.5 7.5 60 p1h 10 =®.5
é9 .2 26 20 Ls 9 [ ] 19
72 26.5 28 21 L7 11 7 20,2
15 31.7 3 25.5 58 13.5 8,5 1.2
76 2e.7 35.2 26 58.5 12 8.5 20
834 21.2 19 U b 9 65 19
o -— 18,5 4.5 34.5 8.5 6.5 19
85+ 19 19 U 35 75 6.5 18
LS 12,7 1745 12,5 31 75 5.7 18,2
Ailingnae
6 21.5 20,5 15 23 9.5 6 19.2
Lo s 1 B 10 73 195
2 a‘. 19.7 b . b
hu‘ﬂ i.z 30 ? 21.2 L9 1.5 8 20
53 27 32 22.5 L4 10.5 7 19.2
70 29.5 36 25 57 U 10.5 1.5
sl 26 30 22.5 50 11.5 8 20

*BExnosed in utero.

Chest Buttocks
citc.y Left calf cire,,
im, circey in, in,
20,5 8.9 20.5

20 { N

20,5 8.0 20
x* 9.0 o.2
2 8.5 3.2
=2 8.5 m.7
.2 10 2
21.5 9 8.5
275 1 -
a3 10 2.7
30 12 »
33.5 U 3
21 87 n
20 9 20
32.5 12,5 32
25.% 10.% o
29 11.5 -
20 s 0
A5 10 2%
2 9 21.7
29 13.5 35
20 7 20
32,8 12 3k
21,% 9.3 3.5
uo, 905 5
31 12 35
27 n 0.5
19 8.5 20
20,5 8 20
19.5 Te5 19.5
19.2 [ ] -
20.5 8 21
195 8 21
23.5 9.5 235
23.% 9.2 25
A4 10 a5
32 12 L} ]

r- " 9.5 26



Head Head Head Chest
Sub ject circ,, width, length, Sitting circ.y, Left calf Biacromial Bi-illnc Buttocks

No, on -} - ] ht,, c» o clrcer om dia.y o dia,, c» cicec,, om

2 5.4 U0 18,2 59.2 sh.5 R.5 21.8 17,0 55.0

3 L9.2 12.7 17.4 5643 sh.o0 21,7 20,8 15.9 52.9

5 Ls 13 16,8 53.9 533 a.8 20.6 16,3 51.5
15 k9.5 13,2 17.1 69 58 25 25.5 19.5 62,5
17 51 13.6 17.5 &.7 57 23.2 .3 18.3 59.5
19 9.1 U 16.5 66.9 58 2.0 a5 18,8 9.3
20 52.5 15.1 17.0 70.9 & 26.5 27.7 ] 26,5
21 49.5 13.5 17 61 55.8 2.7 a,.2 bV | »
2 50.5 13.3 17.4 9.7 -— 7.3 > 30 a.8 -
23 51.5 13.8 18,1 65.8 61 7.5 a8 :tb [
2, Preg. §2 13,7 17.1 78.8 -— 30.3 >30 7 -—
26 5.5 Ul 19,1 90.3 85.9 36 >30 28,4 -_
32 a,8 13,2 18,9 62,9 56.5 23,3 4.2 17.6 %
33 49.1 13 17.5 60.6 5.5 23 .9 17.3 9
36 50:2 Uiy 16,5 el 65.8 29.6 26.9 21.8 72
39 53 U 17.9 82,8 -— 32.1 >350 21 -—
L2 50.2 .1 16.5 61.1 51,8 21.5 2.2 17.4 %5
L7 .2 L 19,0 Th.3 66 273 29 21.7 70.3
o, 50.7 4 17.5 61,3 58 a, 3.8 17.8 58.7
61 5’- 5 ]14.2 18 uha - "401 5002 .lo’ “
65 L6.7 12.9 15.6 R.5 52 19.7 19.3 13.5 3
67 55 U.2 18,0 .l -— 32 > 30 .2 -
© Lol 13 17.3 65 5T 25 2.9 19.1 60
72 51.5 .1 17.5 72.7 é1 25.6 2746 31 Q
75 53.7 Wl 17.5 81.3 - 9.9 >30 % -—
76 50.6 ST 17.1 794 75 n >30 a T
a3+ L9.6 12,9 17.6 k.6 50.7 22.8 21,2 15,9 ")
- Ls.2 U 16,2 53.3 5.5 2l 81.5 1644 51.5
a5 L5.7 12.7 15.6 53.1 50.8 20.2 20.3 16.9 1
8s* L1.5 13 16,3 52 49.7 20 2.2 15.8 -

Allingnee

6 L9 U, 16,4 7 Shie3d 2 2.7 1% 5.7

8 0.7 13.4 17.7 58.9 N5 21.2 21.8 16.9 n
hh h9 lhol 16,0 65.6 “ 23.5 &06 ”J‘
l" 9.1 n‘-l 11-‘ “-9 “01 ” “o IO- “o,
53 k9.3 .2 18,7 75.4 62.7 273 28.5 2 61.5
70 53,8 (hair)ll,.3 18,1 81.6 - 30 <30 2 -
.33 50.5 U.7 16.0 72.1 63 26.3 275 23 671.5

*Bxposed in utero,

191

e



1959

lead Head Head Chest
Subject circ., width, length, Sitting circ., Left calf Biacromial Bi-iliac Buttocks

No, o ca o ht,, oa -] circ,, on dia,, o» dia,y = cire., om

2 52,7 .2 18,4 60,3 sL.5 2.6 2.8 18.0 b

3 493 12.9 17.4 5744 56 22,6 22,3 8.9 56

5 L&.3 13,2 16,7 Sh.6 5 22,0 21.6 17.0 3.,
15 L9.6 13.2 17.1 72.3 60 26.1 26,5 2.3 &8
17 51.1 13.7 17.7 66.1 58.1 23.5 25.7 19.8 62,5
19 L9.6 U.1 15,8 67.3 58.5 3.4 257 20 60
20 52,6 15.3 17.1 n 6.5 26,1 2 20.8 66,5
21 50 13.6 16.9 i3 R 23.6 25.3 18,8 61
23 51.9 13.7 18.1 68,1 61.7 27.7 2.2 20.5 65
2 51.5 13.7 17.2 76 — 29.4 >30 25l -—
26 553 .5 19.4 90.8 87 N4 — - 92.5
32 49.1 13.3 16.9 6.2 56 23.7 25.2 18,2 5T
33 49.8 13.2 17.7 63.8 82,6 2.1 21 18.1 56
36 50.8 1.7 18.4 7549 68.0 30 29.1 2.2 n
!‘2 .”-5 nlca 17 65'9 5207 2 2’0 1.01 9‘-'
L7 sl.2 .5 18,8 755 é6 7.7 30.5 2.4 T0
ol 51.1 13.9 17.8 63.1 Pels 2.2 .6 19.3 %l
61 5.3 1.5 18 o - 36.4 >30 - 9
65 L7.2 13,2 16.1 55.8 50.5 20,1 20.8 17.5 52
&9 50 13 17.4 67.2 57 25.6 25.5 20,3 60.5
72 52,2 1.3 17.9 7649 65 27.9 7.8 2 68.7
7% - 1.3 17,2 81 - 28 31 25.2 -
76 51.5 L5 17.2 8.5 76.1 33 >30 25.8 .2
83« 50 13 17.9 9.5 53.1 23,6 22.3 17 3.5
&> L8.3 13,9 16,3 55 53.2 21.} 21.4 16.5 51.5
as5* L6 13 15.9 56 51 20.9 2 17.8 52
a6 Ls.4 13.5 16,2 .5 Lok 20.1 2® 16.6 Loy

Ailingnae

6 L9.3 Ul 16.6 59.3 55 2.4 23 17 56,2

8 51.6 13.7 17.9 62,3 53.5 22,1 2.8 18.6 55.4
L 49.3 Uy 16,3 66.5 5645 .2 26.3 19,3 61.5
Ls 52.1 Ul 17.8 72.2 61,2 25.6 28.) 21.5 6.5
53 k9.7 13.5 16.9 79.2 é8.4 297 29.0 22.8 T
8l 51,3 1.8 15.9 76.2 -— 28,0 29.9 2.9 .0

*Bxposed in utero,

1Tas
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Head
Sub ject circey
No, [- ]
2 5’.6
3 5043
s L9.5
15 505
17 51.3
19 5047
20 S
21 51
2) 53.3
26 56,1
32 L9.5
33 50.3
36 52
L2 51
k7 562
sl 51.6
61 54
65 L8.5
69 50.5
72 535
83 51,1
e L.l
85* L7.1
86* L9
6 50.L
8 52,5
Ly 50.6
Ls 52.8
53 50
81 53

*Bxposed in utero,

Head

width,

[= )

Waly
13,2
13.4
13.3
13.8
.2
15.5
13.7
i

1.6
13.4
13,2
15

Uials
Wby
i

nhl‘
13,2
13,2
Ue$

13.2
.5
13.2
15.5

1961

Head Chest
length, Sitting circ.y Left calf Biacromial Bl-illac Buttochks
= ht.y cm [ ] clrc.y om dia,y om dis.) m cite,, o
18.8 63 Bk a.5 Es.s 19.0 60.0
1106 “', “06 25'0 a’os ‘9-0 “
17.0 '59.1 571.5 23.7 22.9 174 5T
17.4 78.4 - 28.3 02 a 7
18,0 71.% 62.6 25.9 1.5 20,1 66.5
17.0 71.5 63.5 25.hs 7.2 21,2 67.0
18 h 70.3 9 30els 2.5 1}
17.2 68,3 62 25.2 264 20.8 67
18.4 72,4 66 30 28,1 n
19.5 91.8 8s.5 37.2 -— 30 "
17.0 67,6 60 25.5 a7 19.2 [ 3
17.9 68,6 57 25.8 25.2 19.5 6.7
16.8 80,0 .2 32 30.8 5.5 5
17.2 68 56 3.5 . ) 19.8 0.2
19.5 o >80 L1 -— .3 .7
18 68,7 62,5 25.8 2.5 4 a6
15.10 ‘5.5 - ,9 — - 100
1644 60.9 sl 21.2 22 17.8 ”
17.7 72.5 60.5 e8,1 27.h ®” 67.9
18,2 2.4 -— 32 3 26.7 [ ]
18,2 65.3 56 25.% .1 18 D
16.8 60,7 58,2 22.5 25.7 T} 57
15.8 61,3 3.7 ] 23, 19.3 sl
1645 58.5 51.5 2l.} 2.5 17.% 53
Allingnee
l—bcb alus 5709 &', .t 18.1 6&"
18,1 67 %6.5 a,.e 2s.6 19.8 61,%
16.3 70.1 63 25.8 28,3 20.6 &7
18,1 18 -— 29 31 a3 79.%
17 81,5 - 50.5 j0. 3.0 76
16,3 8.8 -— 30.5 30 25.1 8854

€91



1962

Head Head Head Chest

Sub ject circ.y width, length, Sitting circ.y Left calf Biacromial Bi-iliac Buttocks

No, o o - ht.; o o circ,, om dis,y dis., om circ.y cm
2 53.8 1,6 19.0 66.0 593 2.8 6.2 19.1 61.5
3 5042 13.2 17.8 61.6 - 61.1 .2 2.5 19.8 62
15 51.5 15.5 17.5 80.2 - 30.0 29.1 2501 79..
17 52,4 13.8 17.8 73.1 63y 26,3 28.5 21.4 68.4
19 80.6 U3 17.1 72,2 63.1 2.7 28 21.6 67.0
20 She3 15.7 18.0 79.2 76.5 31 — .7 79
23 52,7 13.8 18,5 71.1 67 30 2.3 22.8 72.5
32 50.1 13.4 17.1 677 593 26 27.7 20.0 62
33 50.7 13.3 18,0 6944 -— —_ 27.5 20.6 -—
36 52,7 15 16.9 81.5 79.2 3.5 — 25 8.5
L2 51,5 U5 17.1 68,2 56 23.5% 25.6 19.4 60.7
s, 52,3 1YY 18.1 . 6646 62.8 26.3 1.4 21 &
61 5.5 Uy 18 .l -_ 39.3 - - 99.2
65 La.6 13.2 16.5 60 55.5 2.8 23.5 19.2 58.0
69 51 1348 17.7 73.17 64.6 29 28,7 25.4 (]
12 5.5 1.5 18,0 80,7 - 33.2 31 26 80.0
8 51k 13.5 18,3 67.3 58,8 14 25.6 18,8 61.5
8 49.3 13 16,6 9.5 5 4.0 - T 17.6 55.1

Adlingnes

[ 5045 u‘o“ 16.9 65-1 %.. a‘.’ 25.1 19 61.5
s 52.9 U 18,3 68,2 58.3 4.9 26,5 18.4 63.9
L8 53.5L 1.2 18 7549 - 29 3 2 80
53 50,1, 12.4 16.9 82.% - 30.Y j0 ) 75
81 52.4 15 16.5 83 - 30.1 - * 83.5

S

*Exposed in utero.



1963

Buttocks
cicc.y m

Bi-ilisc
dia., o

Biacromial

dia,, om

Left calf
circ,, om

Head Head Chest
width, length, Sitting circey
ca [= ht., c» (=]

Head
circay
- ]

Sub ject
No,

033800050350005500

SERIONGELS S5 EIES

~AMOME 1 VDOF VNFIVDONO

aamxmamaamaaaxamas

220“87.000~ .k -06

CELARE AR R {6 I8S

e

516110012112 25851930

CERAERANAN RAZ SR8

1onoN acomun,
EESET REREER |

oMo
(] .

geR

~o 38702057 533110“8

$ESS2EREP0E 58 8Q5ES

NO2 I IOLIN WNAOIWVOO
@ = I~ O e
SO NGNS NS N S AgEES

PO~ 0N 32502525

..............
I‘33~‘ﬁ3k W2 m™m 35“5“ g lag 3
o pod gl d o ol ol e el e ottt

SVNODMINAMN O Q@ QDY
P B B S BT I
RASUNARNNRR ARARASRA

nwom

JRR

19.1
20,
18.2

N N

0920

SEIE

28 so

2868

Allingnae

*Bxposed in utero,
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APPRMDIX 17

Serum Polic Acid Levels, 1963

(normal = 7 to 20 mug/ml; borderline = 4 to 7 maug/ml)

Sub ject

Sub ject

Sub ject

No,

ang/ml

nug/ul

EMONVEQIN0QQNQQQREQORONOQACORNNNNONGRQQMNT
L ST 2&536ﬂ5ﬁhnmk7£53M6kaSmmemﬂ&ﬁlmszH

Y EEEERI L L E P O FE TR REFE R AR L 4

1001
1005

8

8
2

1041

1035

..........

MRERE S5 8358088858541 20080845582 35858835

mw77$mmn939w2n8a59au2ﬂmunm03635218&Ssu 484883

Amento LR RHNARNRAANPARRITI LY IRARRRAZTBBIRE
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APPENDIX 18

Bone Marrow Differeatial Counts

Subject No,

4 %) o8 73 948 1007
SIG P 9.8% 14.22 15.0% 19.852 16.8% 22.2%
SEC M 0.2 0.8 .=- .- 0.4 0.2
SEC PE 0.6 1.8 2.6 2.8 2.2 0.4
BAND NEUT 10.6 6.4 6.6 10.0 5.8 10.6
BAND BASO --- --- .- _—- .e- —--
BAND BOS 0.6 0.2 .- 0.6 0.4 0.2
META NEUT 16.2 6.4 11.8 13.2 9.8 18.8
META BASO --- --- .- ——- .- .ee
META EOS --- --- 0.4 .- ——- o
MYEL. NEUT 10.0 4.6 9.8 7.2 5.2 7.0
MYEL. BASO --- .- 0.4 .-- —— ——-
MYEL. EOS 2.0 0.2 1.0 0.8 0.2 0.4
MYELOBLAST --- --- 0.8 --- - 0.6
LYMPROCYTE 18.0 1.0 14.8 21.2 27.0 16.4
LYN.PHOBLAST 0.8 0.2 .- 0.2 0.2 -———
MONOCYTE .- 0.2 0.6 0.2 0.6 0.8
MONOBLAST .-- --- e - —e- .-
NORMOBLAST ORTHC 18.0 23.2 24.2 21.0 21,6 17.0
NORMOBLAST BAso 8.2 5.8 5.4 2.0 5.0 2.8
ERYTHROBLAST 0.4 1.2 1.8 0.2 1.0 0.6
ﬁzmmnusr 1.6 - 1.4 - 0.8 0.6
PLASMA CELL 2.4 0.8 1.8 0.4 2.0 1.2
R. E. CELL 0.6 h 1.6 0.4 1.0 0.2
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