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LEGAL NOTICE
This report was prepared as an account of j
Government sponsored work. Neither the
United States, nor the Commission, nor any

personacting on behalf of the Commission: |

4. 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

to the use of, or for damages resulting from
the use of any tnformation, apparatus,
method, or process disclosed in this report.

As used in the above, “person acting on

behalf of the Commission” includes any em-
' ployee or contractor of the Commission, or
employee of such contractor, to the extent

; that such employee or contractor of the
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. Comsmission, or employee of such contractor

prepares, disseminates, or provides access

ts, any information pursuant to his employ-

ment or contract with the Commission, or
t hie employment 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 Marshail Islands, carried out in
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 offallout 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 gammaradiation,
contamination of the skin sufficient to result in
beta burns, and slight internal absorptionof radio-
active materials through inhalation and ingestion.
Another 18 Rongelap people away on a nearby
island (Ailingnae), where less fallout occurred, re-

ceived only an external gammadose 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. Lastly, 157

Marshallese on Uuirik Island, about 200 miles fur-

ther east, received about an estimated 14 rads of
whole-bedy radiation. T*.e fallout was not visible

on this island and noskin effects developed.
The exposed people were evacuated from these

islands by plane and ship about two davs after the
accident and taken to Kwajalein Naval Base about
130 miles to the south, where they received exten-

sive examinations tor the following three months.

In view of the generally negative findings on the
American servicemen, they were later returned to

their duty stations. The Utink people were also
allowed to return to their home isiand, where

  

radioactive contamination was slight enough to

allow safe habitauion. Because Rongelap Atodlwas
considered to 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 contaminationsitu-
ation, Rongelap Island was corsidered safe fo-
habitation. A new village was constructed, and the
Rongelap people were moved there by Navy ship.
The annua! medical surveys have since been car-

ried out on Rongeiap 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 initia! survey of the Curik people on Kwa-
jalein in 1954, a repeat survey was carried out in

March 1957. In addition. during the past survey,

500+ 200

& UTR

Q o

Figure |. Mapof Fallout Area MAIURO S

(Miorch 1, 1954), Marshail Islands. Q
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Tabie |

Summary of Marshallese Populauons Examined Since 1954
 

 

Group No. in group Serves

Compassion PoruLanons

1954 April Mayuro 115 (adults and children) 700-817

1947 Rongelap 100 “ ” 301 ~-900

1958 Rongelap 170 “ 901-970

1964 Roneelap 170 (age >10 only) 801-1058

Exposep PortuLaTrwons

Rongelap (175 r} 67 (includes 3 m uéere: annual exams) 1-86

Ailingnae (70 r) 19 (includes | at eérre: annual exams) 1-86

American senicemen 28 (examined 1954 anly} 1-428

Utirik (141) 157 (examined every 3 to 4 years) 2101-2257

Unexeosen CuiLoesn (<< 10 years as oF 1964)

Rongelap & Aiingnae 45 (expused parent) 87-136
Roneciap 75 (unexposed parents) 801-1058
Curik 20 texposed parens) 2238-2278

 

as in the previous surveys, a visit was made to

Kwajalein and Majuro Atolls for examination of a
number of Rongelap people, now residing at these
atolls, and also groups of children who represent
part of the control group used for the growth and
developmentstudies of the exposed children.

Table | lists the various populations that have
been examined since 1954.

The accumulation of data from these survevsis

becoming increasingly voluminous. Since condi-

uions have not been favorable for performance of

extensive statistical analyses or use of electronic

computing procedures to store and manipulate the

data, the annual survey reports published by this

Laboratory are madr as complete as possible. This
report, therefore, includes a considerable amount

of raw data. much ofit in appendices. so that

others may have an opportunity to make further
calcutations if desired.

Summary of Past Findings

Reports have been published on the findings of
surveys made at the following times after expo-

sure: initial examination, 6 months, i vear,: 2

vears,' J vears, + vears.” 5 and 6 vears. 7 vears”

and 8 vears.” The following is a brief summaryof

the findings previously 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 aiso expen-
enced itching and burning of the skin, and a few

complained of lachryvmation and burningof the
eves. Following this, the peopie remained asymp-

tomauc until about 2 weeks after the accident,

when cutaneous lesions and toss of hair developed,
due largely to beta irradiation of the skin. It was

apparent when the people were first examined. a
few davs after exposure, that the lymphocvtes

were considerabiy depressed and that significant

doses of radiation had probably been received. In
addition to the whole-bodydose of radiation and

the beta irradiation of the skin, radiochemical an-

Alvses ot the urine showed that measurable

amounts of rachoactive material had also been ab-

sorbed internally. The effects of the radiation can

best be summarized under three headings accord-

ing to the mode of exposure’ penetrating irradia-
uon, skin irradiation, and internal! irradiation.

PENETRATING RADIATION

Oneofthe earliest Andings indicative of signifi-
cant exposure in these peaple was lowering of
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levels of leukocytes and platelets 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 possible to distinguish
slight platelet depression in the group as a whole.
The smaller group on Ailingnae and Rongerik
showed peripherai blood levels between those of
the high and low exposure groups. The chrono-
logicai records of blood findings in the Rongelap

and Ailingnae groups are presented in Figures 20,
27, and 32 and in Appendices 1 and 2, and in the
Uurik 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 << 5 vears ofage the lymphocytes dropped

to 25% 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 thefol-
lowing year, mean counts approachedthelevels
of the comparison population and have generaily

remained slightly below.

Neutrophil levels fuctuated 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

5 and 6 weeks post exposure with levels reaching
about half that of the comparison population in

the adults and slightly lower in the children <5

vears of age. This degree of neutropenia was insuffi-
cient lo result in ans apparent mcreased infectious

processes. and indeed 11 was noted that neutro-
philic leukocytosis was possible in people showing

casual infecnions at this time. Neutrophil levels re-
covered more rapidiy than lymphocvte levets and

reached car control levels by ane year, Subse-

quent annual surveys have revealed that recovery

does not appear to be complete, particularly in

vounger and older age groups.

Platelet counts showed less huctuation than other

bloed counts and fairiy consistentiv showed in-

creasing depression, reaching leveis of about 30%

that of the compartson population by the 4th
week. A spurt of recovery to about 75% of com-

parison ievels occurred during the following few

war lh. SVMF aL Ff eee 4 8)

mee N

 

weeks, which was followed by slower recovery but

with mean levels never reaching higher than 90 to
95% that of the comparison population during the

8 years post exposure.
Erythropoetuc depression has not been a con-

sistent finding as with the leukocytes and thrombo-
cytes. Slight depression of red blood counts, hema-
tocrits, and hemoglobin has been noted at times.

No gross abnormalities of bone marrow sinears 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 Rongenk groups was not so pro-

nounced as in the Rongelap group. However, a
slight lag in complete recovery in the Ailingnae
peripheral blood count has also been noted.
The persistent depression of peripheral blood

elements in the exposed people makes it appear
likely that thereis slight residual bone marrow
damage.
A general anemic tendency has been evident in

both exposed and unexposed Marshallese. Price-
Jones curves, on the average, showed slight
microcytic tendency. Serum iron levels have gen-

eraily 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 uncxposed people.

Except for radiation-induced lesions of the skin,

patchy epilation, and early gastrointestinal symp-

toms, ci:icai examinations have revealed no disease

processes or symptoms which could be related
directly to radiation effects. No prophylactic or

specific therapy of radiation effects was ever con-

sidered necessary or grven. Epidemics of chicken
pox and measles that occurred showed no greater
incidence or severity in the exposed than in the
unexposed Marshallese peopie.

Duringthe first months post exposure abouthalf

of the exposed group exhibited (oss of weight of sev-
eral pounds. This may possibly have been related

to their radiation exposure, although itis difficult
to rule out effects possibly due to change of
environment.

At 3 years post exposure the :mmune response to pn-
mary and secondarytetanus antitoxin was tested

and found noi to be significantly different in the

exposed compared to the unexposed populations.
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Five persons in the exposed population died of
disease: (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 disease complicating
diabetes; (3) a 35-year-old man who died of acute
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 whodied
of a cancer of the ovary at 5 years after exposure;
and (5) a 78-year-old womanwhodied oftraumauc

vertebral fractures at 8 years after exposure. There
was no apparentrelationship 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 a merta(:ty rate of 7.6 per
1000 population per annum, compared with 8.3
for the Marshall Islands as a whole.

Growth and development studs on the children

(height, weight, anthropometric measure ments,
radiographicstudies for bone age) have revealed
that slight retardation in growth anc 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.
Onlyslight immaturity was noted in the exposed
female children. It was also noted that children bom
of exposed parents were slightly retarded and that
they had slightly lower levels of neutrophils, lym-
phocytes, and platelets, compared with maie 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
saturr was associated with the exposure ofthe parents.
tt was difficult to evaluate the effects on fertility.

However. a review of the birth rate of the exposed
group over the past 8 vears seems to indicate no

noticeable effect of their exposure on fertility. The
35 births represent a rate of 535 per 1000 popuia-
tion per annum compared with 37.3 for the Mar-
shall Islands (1957). The 25 births over a 5-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

numberof people involved, the data are not read-
uy amenable to statistical analysis.

ployment with such contracicc.

A cardwecascular survey of the adults (1959)

showed no outstanding differences between the
exposed and unexposed groups. The people ap-
peared to have less hypertension on the whole
than # noted in people in the continental United
States.
An erthrtits survey (1959)' showed no great dif-

ferences between the exposed and the unexposed
people, and about the same incxdence as is seen in
American populations.

Ophthalmological surveys showed no remarkable
differences between the exposed and unexposed
groups except possibly a slightly greater number
of cases of pterygia, pinguecuiac, and corneal scars

in the exposed group. It is not known whether ths
finding is of any significance in relation to their

radiation 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 surceys’ showed no significant differences
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 or not this
finding is related to radiation effec:s. The poor
oral hygiene generally observed in the Marshallese

had its usual results, namely, high caries rate in

teenage children, severe peridonta! lesions in
adults (heavy calculus and foss of alveolar bone),

and edeniulous 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-
allv associated with agrme were measured or esti-

mated on a 0 to 44 scale (skin looseness. elasticity,

and senile changes: ereying of the har and bald-
ing: accommodation, visual acuity, and arcus

seniiis: heamng; cardiovascular changes including

blood pressure and degrees of penpheral and ret-

inal artenoscleross: neuromuscular function: and

hand streneth). Comparison of these measure-
ments in exposed and unexposed individuals 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 shortening cflects of radiation have
not been apparent. As noted, the mortality rate

was about the same in the exposed as in the un-

exposed peopie.
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The one case of cancer that developed in the ex-
posed group occurred at 5 years after exposure,
too soon, it is believed, to bear any particular rela-
tion to radiation exposure. Leukemsa surveys in-
cluding physical findings, studies of white cell
counts and types, alkaline phosphatase staining,
and basophil-counts of 4000 white celis showed no
evidence of leukemia or leukemic tendency. One
child in the irradiated group has hadslightly ele-
vated basophils but no other positive findings. The
cardrovascular and arthritis surveys, as well as the

general results of the physical examinations, have
not shown any apparent increased incidence of
degenerative diseases in the exposed people. No

radiation-induced cataracts have been obeerved in
any of the exposed people.

Genetic effects have not been specifically studied
because of the smail numberof peopie involved.
No apparentradiation-induced genetic changes

have been dete::ted on routine physical examina-
ton 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 theslight retardation
of growth noted in the male children of exposed
parents.

BETA IRRADIATION OF THE SKIN

It was impossible 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 people had these
burns, and a smaller number developed spotty

epilation of the scalp. Most of the lesions were

superficial: thev exhibited pigmentation and dry,
scaly desquamation, and were associated with

little pain. Rapid healing and repigmentation fol-
lowed. Somelesions were deeper, showed wet des-

quamation, and were more painful. A few burns
became secondarily infected and had to be treated

with antibioucs. Repigmentation of the lesions
gradually took place in inost instances, and the

skin appeared normal within a few weeks. How-

ever, in about 15°c of the peopie, deeper lesions,
particularty noted on the dorsum ofthe feet. con-
unued to show lack of repigmentation with vary-

ing degrees of scarring and atrophyof the skin. By
6 years the onlyresidual effects of beta radiation

of the skin were seen in 10 cases which showed
varying degrees of pigment aberrations, scarring,

5

and atrophyat 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 aistopat.ological studies have been

made,'''” and the changes found have been con-
sistent with radiation damage. At no time have
changes been observed cither groasly or micro-
scopically indicative of malignant or premalignant
change. Spotty epilation on the heads was short
lived, regrowth of hair occurring about 3 months
after exposure and complete regrowth of normal
hair by 6 months. No further evidenceof epilation
has been seen.
An interesting observation noted duringthe first

few months after exposure was the development of
bluish-brown pigmentation of the semilunar areas
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 phenomenonhas not been explained.

INTERNAL IRRADLATION

Radiochemical analyses of numerous urine sam-

ples of the exposed population showed internal ab-
sorption of radioactive materials, probably

brought about largely through eating and dnnk-

ing contaminated food and water and to a lesser

extent through inhalation. During the first few
days when the bodylevels were at their highest,

the maximum permissible concentrauions were ap-

proachedorslightly exceeded only in the case of

strontuuum-89 and the isotopes of iodine. The con-
centrations were believed to be too low to result in

anyserious effects. Bodvlevels fell rapidly, so that
by 2 and 3 years post exposure. they were far
below the accepted maximum permussible level;
by 6 months activity in the urine was barely

detectable

In 1958 analvses of bone samples on one of the
men who died sho ved 3.7 stronuuum-90 units/g

calcium. Beginning in 1957, gamma spectroscopy

by use of a low-level counting chamber was added

to the techniques of radiochemical analysis. The

return of the Rongelapese to their home island
(which atter careful survey was considered safe for

habitation, despite a persisting low levei of radio-

active contamination) was reflected in a rise in

their body burdens and increased urinary excre-

uon of certain radionuclides. During the years

 

 



 

since the orginal contaminating event, additional
weaponstests 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 tiving in a “closed “environment. and
therefore may not be rapidly approaching equi-
librium with the environmentalfission products,
as might be expected under other circumstances.

Body burdens of gamma-emitungfission prod-
ucts (such as Cs'" and Zn"') were measured ina

whole-body counter and checked by radiochemi-
cal analysis of urine specimens. The leveis 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 Isiand and theleveis of radioactive 1s0-
topes in the food on the tsland indicated that some
increase in Cs'", Zn"*, and Sr" body burdens was

ta be expected when the peopie returned there in

1957. The Cs'' body burden in 1958 was about

0.68 pC: 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 pC. The
mean body burden of Zn"” estmated from whole-

body counting data was, in 1958, after the return
to Rongelap, 0.36 pC. 8 times as high as in 1957,

and 0.44 uC in 1959. In 1961 the mean Cs'" bodv

burden in adult males was 14+ 7 muC,kg, which is
not significantly different from che 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 to 17% of the
mean value measured in £959. With a larger de-

tector and a jonger counting time than pres ously

empioved, it was possible to identify and quantify

Co*" for the hrst ume in these people: the mean
level of Co”" was about 11% of the Zn"' level. A
smal! amountof residual activity was still present

after the subtraction of K‘" and the above radio-
nuclides from the totai spectrum. The meanlevel
of urinary excretion of Sr*" was 7.2 pC/} or 14%

higher than measured in the '959 medical sur-
vey. In 1962 the mean urinary Sr” level was | 14

pC. g Ca, giving an esumated bodyburden of 12.0°
muC. Analvsis of bones from the deceased Ron-

gelap woman (1962) gave an estimated bodv

burden of 11.4 mpC. These leveis represent about
a sixfold increase in Sr“ over the 1958 levels.

Little of the body burden of the exposed group

is apparentiv due to their initial exposure, since at

present there is little difference between thelevels
of the exposed and unexposed populationsliving

on Rongelap Island. The body burdensare of
small significance in terms of radiation hazard.

OTHER STUDIES

Studies of genetically wnhertted characteristics. Blood

grouping studies in the Marshallese showed a rela-

tively high B gene frequency, a high N genefre-

quencv, an extremely high R' gene frequency, and
toral absence cf Kell and Diego factors.'" These

characterisucs differ from those of Polynesians and
suggest relavionship with Southeast Asians and

Indonesians. Haptogiodin studies showed 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 types showed the popula-
tion to be relatively homogencous. Transserrins in

all sera were tvpe GC, the common European

type. B-Amino-:so-butyric acid urinarylevels showed

the Marshallese to be the highest excreters of this
acid of any populauon thus far reported. Levets 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. Hemoglobin types were considered
normal (all had wpe AA}. Sickiing tests showed no

sickling tendencyin anyof the people. Glucose-b-
phosphate dehyarogenase of the red ceils appeared to

be normal in the Marshallese Studies of Gm

phenotrpes showed the Marshallese to have 100%

Gm * and nearly 109% Gm. There was a

complete absence of Gm‘ and a high trequencs

of Gm-like (Gm) Considerable cautiun must be

exercised in evaluating the results of these studies

on geneucally inherited characteristics because of

the small number of samples tested. The data do

seen. to Indicate reiative homogeneityof the pop-
ulation and closest kinship with people of South-

east Asia. These data also maybe useful as a buve

line should genetic changes appear tn later ge n-

erations, possibly related to radiation exposure.
Results of other laboratorystudies included the

following: Serum proten levels were generally on the

high side of normal, electrophoretic patterns
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showed the increase in proteins was largely due
to an increase in the gammaglobulin fraction. The
reason for this is not apparent. Numerous chronic
infections may be an explanation.
Sodium feveis in the urine and food indicated

about the same consumption of NaClas in Amert-
cans. The generally lower incidence of hyperten-

sion in the Marshallese might be related to the
fact that the former native diet was probably
lowerin salt content than the present, more west-
ernized diet. It will be interesting to see whether
the incidence of hypertension wil] later increase.

Serum cholesteral levels (1957, 1959} were some-

what lowerin the exposed population thanin the
comparison or Utirik populations, but were in the
low normal range. No abnormally low readings
were noted.

Serum creatiame levels (1957) were in the normal

range with no abnormal levels noved.

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 mycloproliferative and liver dis-
cases were not seen.

Serum protein bound todine levels (1957, 1959, 1962)

were generally slightly elevated. Evidence for thy-

roid dysfunction was not apparentin the people.
Glucosurta and elevated blood sugar were found in 8

people (1 exposed and 7 unexposed). An increased
incidence of diabetes is prevalent in the Mar-
shallese people.

A survey for intestinal parasites (1958) showed

75% of the people to be infected with vartous
types.'' For the three major pathogens found, the
over-all infection rates were, for Entamoeba histo-

fytica, 18.2%; for hookworm, 5.5%; and for Trichur

inichtura, 34.3%

Evsnophtlia >3% has consistently been noted

in about half the people. The fact that half the
cases with eosinophilia showed no helminthic in-
fections at all suggests that otter factors besides
parasitic infections must be responsible. The co-

sinophilia may be related to chrunic fungus and
other infections, particularly of the skin.

Complementfixation studtes for paraiafluenza 1, 2,
and 3, 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 peer'e of the Mar-
shall Islands. The antibody titers appeared to be
somewhat lower in the exposed people.

 

Table 9

immunoeilectrophoretic analysis showed neither a

paraproteinemia nor a typical picture of antibody-
deficiency-syndrome,but a high frequencyofin-
creases of some of the immunogiobulins was noted.

Blood volume studies with Cr’'-labeled sodium
chromate showeda significant reduction in red
cell mass and/or plasma volume in 15 of 23

Marshallese.

DIFFICULTIES 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-
tish-speaking Marshallese to assist the medical
team in most instances.

2. The lack of vital statistics or demographic
data on the Marshallese imposed a serious diffi-
culty in interpretation and evaluation of the medi-
cal data. Records of births, deaths, etc., have been
made bythe 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 statis-

tics are therefore inadequate. Trust Territory
officials are now attempting to assemble such data.

3. There is uncertainty on the part of some of

the Marshallese 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

Duringthefirst 2 years, two separate groups of
Marshallese people were used for comparison,

each of comparabie size to the exposed Rongelap

group and matched for age and sex. However, this
population was found to be unstable, with a large
attrition rate over the 2 vears, which made it un-

satisfactory At the time of the 3-year survey, it

was found that during the preceding 12 months

the Rongelap population at Majuro Atoll had
doubled because of the influx of relatives who had

come back from otherisiands to live with them.

These people had been away from Rongelap Atoll
at the ume of the accidental exposure. This group

matched reasonably well for age and sex and was
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Cunk Pediaunc Population



 

Figure 2) Medical survey team for 1963 |upper pictures and 196+ (lower
picture}. Many members of the team are Macronesians of the Trust Tern-
tory who work with the AEC medical specialists in carming out the survey
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Figure § Trust Terntoryship bringing team and medical equipment at anchor off Uunik Island.

 

Table

Locanon of Rongelap People, | 964

 

 

 

Exposed Unexposed

Adults Children Children of exposed parens Adult Children Total

Mayuro 3 l zs) 7 ? 21

Kwajalein 4 b il 37 40 103

Rongelap 4 20 243 72 49 204

En.aetok 0 0 0 3 i

Other atolls 2 1 0 13 il 27

Total 48 28 43 $2 108 359

 

of comparablesize. Since the return of the peaple

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

Organization

1963 SURVEY (9 YEARS POST EXPOSURE)

Examinations were conducted on the following

Rongelap people: 70 exposed, 33 children of ex-
posed parents. and 196 unexposed (adults and

children of the comparison punulation). The ma-
jority of these peaple were examined on Rongelap
Atoll, but about 100 of them were examined at
Ebeve ( Kwajalein Atoll) and a few at Majuro
Atoli. In addition, Unrik Atoll was visited and 84
exposed people were examined there. The survey

team consisted of LO physicians and technicians

from the United States and 6 from the Trust Ter-
ritoryof the Pacific Islands (see Figure 2}. A Trust
Territory ship, the M.\ Rogue, was used to trans-
port the medical teamto the Islands ( Figure 3).
The team lived ashore rather than on board ship
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at Rongelap Village and also at Utirik Village
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 only every 3 to 4

vears in view of the small exposure they sustained
from the fallout. Examinations were carried out as
in 1963 at Rongelap, Ebeye, and Majuro, the ma-

jority being done at Rongelap. Table 2 shows the
distribution of Rongelap people on the various

atolls. Examinations were conducted on 70 of the

exposed 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 Rogue
and M, V Ran Aam both aided in transporting the
team and equipment to and from RongelapAtoil.
The team lived at Rongelap Village for the exami-
nanions on that island.

 -_

Figure 4 Marshallese man carrving a sack of copra.

Copra i the main product in the economyof the Islands.

Procedures

PHYSICAL EXAMINATIONS

Since both the 1953 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 emphasis on
the interval history during the past year. During
the 1964 survey Mr. Byron Bender, anthropol-
ogist from the Trust Territory, accompanied the
medical team and carried out exhaustive studies
on the genealogical background of the Rongelap.
people. 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 Rangelap 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.

In [963 an opathalmologist 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 laboratorytests.“ The family history did not

yield sausfactory information, since the incidence

of familial diseases including cancer was generally

unknown by the people. The history yielded some

information on changes in weaght, historyof ellness,

and, in the case of women, menstrual, obstetric,

and nursing history. In the physical examination

particular emphasis was piaced on examination of
the skin, node-bearing areas, head and neck.

chest, breast, abdomen, and external genitalia.
Pelvic examinations were carried out on ail mature

females. and vaginal and cervical smears for

Papanicolaou examinauons were obtained.** Rec-

“Dr £ Schackow and HL Atkins of Brookhaven National
Laboratory interpected the x-ras Ries.
**We wish to thane Dr Genevieve Bader of Memoria! Sloan

Kettering Cancer Center, New York. NY . for interpretation of
the Papanicolaou umeary.

 

!

 

Figure 3

 

 
gureo Aged



 
ie.

both chil-

th years.

ents were

der to de-

tof the Mar-

: extensive

Iso carried

h and de-

Fuheir wrists

id out com-

= including

{

os CXaMina-

sation of the

as. and cer-

tory did not

ve incidence

as generally

seided some

‘of illness,

i, obstetric,

kamjnation

mination of

and neck.

4 genitalia.

yall mature

smears for

id.** Rec-

waven “alional

lemonai Sloan
aerpretaion of

guret Aged Roneelap women being carried in for examination

Figure 7.

  

  Slit-lamp examinanon of eyes for lens opacities

 
Figure 8) Broapess of the skin

 
 

 



 Figure 9. Typical Marshallese living conditions at Utirik.

tal examinations were carried out on all persons
> 40 vears of age. This included in the case of
men palpation of the prostate gland. Radiographs
of the chest and other parts of the body were ob-

tained as indicated. Hematological data were

obtained and were available for evaluation.

In detection of possible leukemia (or preclinical
evidence of incipient leukemia; the lymph nodes
and spicen were carefully examined; hematological
data were analyzed. including rouune hemograms

and percent basophils in 4000 white cell count;

and alkaline phosphatase smears of the white
blood cells where done were available for review.

LABORATORY PROCEDURES

Hematological studies included white cejl counts

with differentials, red blood counts, hematocrits,
hemoglobins, platelet counts, serum proteins,
blood smears for alkaline phosphatase, and baso-
phil count studies. Techniques for these procedures
have been described in previous reports.' ’ Bone
Marrow 4so'rations for differential 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 broughtto
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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 numberof bloods were cultured suc-
cessfully. However, the final chromosomespreads
in many cases were not completely satisfactory.

andthe study was repeated during the 1964 sur-

vey. Ac this time successful 2- and 3-day blood
cultures were obtained on 64 exposed people and
Tl unexposed. Excellent growth and chromosome
spreads were obtained, and the slides are now
being evaluated.*

Sera were collected both years on most indi-
viduals, and the foilowing examinations were
carried out in U.S. laboratories’ protein-bound
1odines on 9 exposed and 8 unexposed people and
a few blood sugar determinations; ** serum folic acd
levels on 52 exposed and 85 unexposed people.***

During the 1963 survey 38 urine samples were
collected, and during the 1964 survey 27 samples,

for radiochemical analyses.” Most of these were
J4+-hour sampies, though several pooled samples

were obtained. Most were from peopie living on
Rongelap lsland, but some were obtained at Ebeye.

*Assuting in these studies are Dr Shields Warren and Dr.
Hermann Lisco at the New Engiand Deaconess Hospital. Miss
Agnes Stroud at Argonne Nationai Laboratory. :nd Miss Parnaa
Crummsine at tne Women's Medical College. Philadelphia. We
are grateful to Drs Michael Bender and Carolyn Gooch of Oak
Ridge, WM. Court-Brown of Edinburgh, Scotiand, and Kurt

Hinwiom of New York Universuty jor advice.
"*Dr L.V Hankes and the Clinical Chemistry Groupin the

Medical Departrnent 0f Brookhaven National Laboratory were
responsible for these anaivses

***Or Thomas Lynch, Hackensack Hospital. Hackensack, N. J.
did the folic acid determinations
Dr Edward Hardy and others at the AEC Heaith and Salety

Laboratory, New York, N.Y . carmed out these anaiyses.
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Findings

INTERVAL MEDICAL HISTORY

ilinesses

The outstanding medical event during the past

2 years on Rongelap was a poliomyelitis (type I}
epidemic, which occurred early in 1963. The epi-
demic apparently was carried from atoilto atoll
by the crew ofa 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 years of age. Eleven were
children of exposed and 12 of unexposed parents.
Mild residualfacial or lirub paralysis was present
in 8 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 ural
Sabine vaccine by medical personnel of the Public
Health Service, Trust Territory, and Navy. Fortu-
nately Utirik Atoll was spared the epidemic.

Otherthanthe poliomyelitis epidemic, the inter-
va! medical history, both on Rongelap during the

past 2 years and on Utink for the past 4 years, did
not reveal any epidemics or unusual diseases. Up-
per respiratory infections, gastroenteritis, and
fungus and otherinfections of the skin predomi-
nated in the sickness inventory of the health aide.
Only a few cases of fish poisoning and sickness
from eating improperly prepared arrowroot were

reported.

Deaths

Four deaths had occurred in the expoced group
during 1962 and early 1963: (1) No. 30, female,

60 vears of age. Died, July 1962, with a stated

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 anda
gynecological checkup had been recommended
but death occurred before this was carried out. No
autopsy was obtained. (2) No. 46, male, 84 vears
of age. Died July 1962. Had history ofarterioscle-
rouc heart disease, a stroke a numberof years ago,

and senility. No autopsy was obtained. (3) No. 26,

male, 21 years of age. Died in December 1962, two
months after a fall from a coconut tree. Death was

13

preceded bv disorientation and amnesia with con-
vulsive seizures and finally coma. Autopsy stowed
meningeal damage grossly and histologically
Brain damage was thelikely cause of deatn. Other
findings were few, but of interest was notation of
giant and multinucleated cells in the meninges
area,* (4) No. 52, female, 35 years of age. Died,

February 1963, with laryngeal paralvsis during
the poliomyelitis epidemic. Death appeared to be

from poliomy -litis with bulbar involvement. No
autopsy was obtained.
There was one death ofa child ofan 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 mainutrition 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 woman,estimated to
be around 107 years of age: death was reported as
due io “old age.” Unfortunately, no autopsy was
obtained. She had been known to be quite feeble
and had cataracts and a considerable degree of

arteriosclerosis.

A 34-year-old man in the comparison popuia-

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). Table 3 lists the deaths with probable causes
in the two groups. The annual mortality rate per

1000 for the exposed groupis thus about 12.9 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 madeit difficult to get ac-
curate demographic data on the Uurik people.It
appeared, however, that during the past 4 vears
since they were last examined, about 5 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 infections.

Births

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

"Dr. Hans Cotter of Brookhaven National Laboratoryre-

ported on che histopathology.

 

 

 



 

 

Fable 3

Mortalitv
 

Exposed Unexpenrd
 

Year No. & sx Probable cause

 

Probable cause
 

1996 25 44M Hypertensive heart disease

1997) 38 «76M. Coronary heart dpcase. diabetes

1958 4] $5M Acute varicella

1959 62 66OF Ovarian cancer

962 3 nF Cancer of cervix*

[962 46 %YtM Arterionclerotic heart disease

1968200 2b 21M Brain damage following fal! from tree

1962 46 73 F Fractured vertebrae

1964 52 455 F Pohomyelitis, bulbar

N65 057 lO? F “Old age?)

1958 857 65M Cerebral thromboum?)

1999 854 i5F Infection urmarv tract, diabetes

1960 935 36M Pneumonia secondary to influenza

1960 927) «65M Preumons secondary to influenza

1960 «861 OB F Diabetes, cancer cervix{ >)

1962 9535) 48M Scatus asthmaticus

1962 848 #41F Neurasyphilis(?)

1965 BBB 34M Asthmai?)

 

*Not confirmed by autopsy or hiopsy.
 

The birth rate for the past year was calculated
as ip the previous surveys from the number of

births per woman of childbearing age (15 tw 45
years). There vere 2.) such women in the exposed
¥group and 39 in the unexposed group. (Not in-
cluded in ether group were 4 unexposed women

whose spouses were exposed niales.) For the J-vecar

period in the exposed group 8 babies were born.
giving an average ol 0.17 births per wumanper

year, in the unexposed group 10 babtes were bom,

giving a shghily lower birth rate per woman 1U 135

per vear). The births wereall full-term normal de-

liveries, except one case as noted below.

Areview of the enure menstrual and obstetrical

history of the women cexamined in l4b4: in the

exposed and control groups iw gwenin Table 4. In

20 exposed women there had been a total of 4d
pregnancies, LY women delivering [15 living

children tor an average of 4.8 babies per woman

tor the 24 women i the group. The same lecun-

dit. was noted in the control women, 32 of the $9

women hasing been pregnant 203 ames and de-

Tiweringe PSY living babies. averaging ¢.6 children

peromother The tistones of the age of onset of

Menstruation and development of menarche were

not too reliable, but the ages of onset for these

events “opear to be about the samein the exposed
and the control women

Table 5 lists the births and feral deaths by vear

since 1934 of Rongelap people. Since it was un-
certain whether the dist of births on Utrik Atoll

le

obtained during the 1963 survey was complete,it
was not possible to calculate an accurate birth rate

tor that group. However, the birth rate secmed tu

be about the same as nuted i. other Marshall

Island pepulauons.

Congenital Anomalies

A full-term suilbirth with congenital anomalies

cectromelus) was born to exposed parents in 1462.
‘This anomalyis not vers uncommon, and in view

of the statistical evaluation the question of radia-

tion implication must be lett open, Que 24-vear-

vid exposed woman, Nu #4) was operated un tor

retopie pregnancy in L902 A case of congenital

heart detect had beer nered in a chiid born ofex-

posed parents several vears ago. This child died! at

4 months of age. Specttic genetic studies have not

been conducted on this relatively small population,

and only routine examination of new births has

been done. No unusual incidence of detecis has

been noted in the newborn Seme ot the detects

noted ro both exposed and unexposed chridren

inchide patent ductus arteriosus, congenital de-

formuty of the hip. and congenital hs popiasia of

the middle phalanx of the oth hnger

Miscorriages and Stillbirths

Except lor tne one ectopic pregnancy, no mis-

carriages were reported during the past 2-s.ear
period, One neonatal death (at 1 mouth of age)

due to intant diarrhea occurred in a twin born to
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Menstrual and Obeertrical Himory, Aduia, 1964

Table 4

 

  

 

Exposed Unexposed

Subject Age Age No. Subject Age Ag No.
No. atmen. atmeno. No. preg. live births No. ames, ameno No preg. live births

t 40 12 12 826 7 6 5
12 i 3 + 829 4 7 6

13 48 0 0 852 13 6 6
14 9 9 835 12 7 7
18 1 13 12 a4) t4 7 7

24 2 2 2 843 13 6 6

28 38 10 10 B44 13 12 il

H 35° i4 10 B51 54 10 10

43 4 4 a52 40 0 0
45 13 lt 9 858 49 3 5
49 3 6 3 859 50 9 6
51 17 2 0 865 is 10 9
58 bt 12 10 a7 1a 9 9

59 41 2 1 893 15 13 ul

ob 45 0 0 394 45 o 0

ol tz 2 - 895 17 - -

63 4 LS :0 896 13 3 3

Gt 12 10 9 898 45 4 4

bb 13 0 0 908 54 15 14

67 13 0 0 916 14 14 8

70 14 2 2 97) 14 11 1

it to I 1 928 17 l t

78 13 3 4 929 45 0 0

81 id I ! 932 14 3 3

944 13 0 0

936 3 3

938 14 6 4

941 33 tl 10

9a? {3 Q 9

945 13 ! 1

951 14 7 7

956 12 - -

457 + 2 1

965 i5 0 0
970 47 0 0

982 14 3 2
GOT 34 4 1

1001 13 7 6

1042 17 6 4

1043 t4 - -

1050 18 1 1

1052 13 3 3

Av. 13.4 48.6 37 48 13.8 48.5 5.4 46

Total subs. (14) (7) 124) (24) (28) (13) (39) (Wy
 

"Hysterectomy. not included in survey

 

 



 

Table 5

Births and Fetal Deaths* by Ycar

 

Child

Year Women aged 15-45 Total pregnancies Live buths M F
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“Includes sullbirths and neonatal deaths “Inciudes only children conceived after March |, 1954.

“Includes nonexposed fernales mated to exposed mates. “Includes data only through March 1964.
 

 

Table 6

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

 

 

 

 

 

1955"*- 1958 1959-1963

Exposed" UCexposed Exposed’

(22 females; (31 femates) ( 3O femaies)

Incidence ‘> Incidence Incidence ™

Women giving berth co living children 12 44 19 61 17 36 1 Bd

Womens with miscarriages’ but no live births 5 23 L 3 t 7 I 3

Women with no recorded pregnancies 5 23 1 Jo I 37 4 39
Women with one or more miscarnages' 9 41 3 Ib 5 17 2 6

Women with two or more miscarriages’ 3 14 2 6 0 0 1 3
Total meacarmages 13 41 8 i 5 15 4 li

“Includes miscarnages occurnng after March 1, 1954. “Includes sullbirths and neonatal deaths.
“Includes nonexposed females mated tu exposed males.
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Table 7?

Physical Findings in Rongelap and Uunk Adult Populauons

 

 

Re C U R C
 

No. exainined 45 75 52 47 65

Adenopathy i 3 10

Anenua, anemic tendency 4 2 3 6

Arterioacierosis, peripheral, mild 14 1 6 12
Arterieclerosis, peripheral,

modesate to severe 12 10 3 6 5

Asthma 2

Auncular fibrillation with
myocardial damage t r ot

Bradycardia te
Bronchitis 4 3 4

Cardiac enlargement 3 3 1

Cardiac murmur + 4
Cervical eronon, bleeding Bol1464 #4 «5
Cervical lacerations 4 5 5 3
Cervical and vaginal atrophy 2 2
Congenital defects

a) disiocation of hip i 1

b) prominent head of ulna 2 4 2 64

c} bilateral shortening of
Sth finger 2 3 2 3

d) polydactylism 1 1
¢) shortened left thumb I
{} flexion deformity. fingers t 1

@) small 4th toe . i

Cvst, Bartholin l
Cyst, ovarian l

Cystocele 2 2

Diabetes mellitus 7 7
Dupuvtren's contracture t
Epididymius 1

Furunculoas 1
Gynecomastia I 1 !

Hallux vaigus 1 I

Hemorrhoids 2 oi t

Hypertension ( > 140/90) 3.92 6 4 6
inguinal hernia
Intestinal parasites 3
Kyphoas, scolioms 4
Leiomyoma, uterus 2

Leprosy, arrested j »
Leukoptakia 1 2
Liver, palpable 2 #7 ¢ 2 ~«3

Myocardial damage or
insuficsency (EKG)

Obenty
Oueoanhnts
Paralyus

Parotid enlargement
Perirectal abecess
Pharvngitis 2 8
Pleural thickening or adhesions 1
Pregnancies

Prostauc hypertrophy 5
Proteinuna

Pyorrhea
Rheumatic heart disease

Senility

Svphilis(>) arrested
Thyroid enlargement
Tinea circinata or versicolor 1 5

Tonsilar hypertrophy, tonalitis I

Tumor, benign 5 8 1 3 4

Ulcer, leg I

Urethral caruncle 1 t I

Cterus enlargement. fibroids; 7)
Utemas retrover.ion I

Vancocele l

Varicose veins l I

Vitiligo I
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“R = Roneelap exposed. including Aulingnae: C = Rongelap unexposed: U = Uunk exposed.

"Suspect.
 

exposed parents in 1962. A stillbirth (full term)
with congenital ancmalies which was born to ex-

posed parents is described above. Tables 5 and 6
showthe incidence of miscarriages and births in
the exposed anc comparison populations on a

yearly basis and for the two 5-vear periods.

The data on miscarriages and stilibirths in the

Lurk population were not reliable.

PHYSICAL EXAMINATIONS

The majorfindings 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 showanvsignificant difference
in the abnormalities recorded between the exposed
and the comparison populations. The exposed

group did showa higher incidence of severe arte-

riosclerosis, which may be a reflection ofth~ greater
percentage of older people in this group. There

was a slightly increased occurrence of cervical ero-

sion and laceration in the exposed women. The ex-
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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 ofprostatic

hypertrophy was found amongthe exposed males.

This will be given particularattention in the next
survey. The unexposed population slightly ¢x-
ceeded the exposed in incidence of inflammatory
diseases such as adenopathy, bronchitis, and phar-
yngitis. There are no obvious reasons for this dif-
ference. No malignant lesions were detected in

either the exposed or unexposed groups. Papani-
colaou examinations on vagina! secretions revealed

several that were suspicious of malignancy. These
women will be checked careiuily on the next survey.

Anthrepemertric Studies

During the 1963 and 1964 physical examina-
tions, anthropometric measurements were ob-

tained on Rongelap adults examined (> 19 years

of age). These measurements 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 Unnvcrary of Calitormia Medacal Center, San Francaap.

 

formation on body proportions and estimates of
fat and muscle of various ethnic groups. His analv-
sis of the Marshallese data compared with many
individuals in other racial groups revealed that
the young Marshallese adult male (age group 20
to 39) appeared outstanding in regard to muscle
development. Table & shows a comparison ofthe
anthropometric data on males of the Rongelap
group andother groups. In contrast to the men,
the data indicated that the women were either
physically immature or had lost a considerable

amountof lean tissue. These data as summarized
by Dr. Behnke are presented in Appendix 9.

Pediatric Examinations

Children Examined 1963. During the 1963
survey, a total of 212 children were examined: 35

children exposed on Rongelap, 32 children ex-
posed on Utirik, 33 children born after the fall-
out to exposed parents, and 120 controls.

In the Rongeijap “exposed” group, two children
examined in 1962 were not available in 1963.
Three other children were transferred to the adult
study (Table 9). The previous medical survey of
children op Utirik had been donein 1959. Of the
 

Table &

Anthropometric Data on Various Male Groups
 

 

Factoc, F. Sum of 11 A, sum of 11

Group Number Age. vears Height.dm Weight.ke VHA" circumferences’ circumferences, F

Rongelap (5) 19 20-59 16,25 607 2936 581 197.9

Rongelap (2) 27 41-b8 fob 66.0 3.07) 603 196.4

Turks 9t3 19-32 16.93 b4.6 2.986 39) 198.3

Creeks 1084 18-30 17.05 47 0 3.035 603° 198.8

Italians 1358 19-44 17 OF 70 3 3.106 63 1974

Obregon students 100 18-22 18.03 783 3.220 b27 1947

Lankenau it 20-40 L771 7373 3.171 616 19-4..5

Navy 31 20-50 17.82 7B.S 3 228 626 193.9

Aur Force trainees 3000 1B- $4 1741 68.3 3 O45 3934 1948

Aur Force flvers 4000 18-45 17 56 744 3 lb 24? 197 2

Philadeiphia YMCA 2 39-82 17 00 72 3.163 bl5 194.3

Balumoure indigents 20 47-43 16.47 609 2.497 7 1975

Berkeles . 1) 454 145 lb.61 34.8 27 541 193.6

Berkelev (23 444 (3.4 i711 nl | 2.893 361 1939

Reference man 17 w 700 5078 OO 1949
 

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

 

“The IL circumferences are girth of the shoulders. chest, abdomen ‘average of waist. crmphalion perimeters). buttocks.

thigh; biceps, forearm, wrist, knee, calf, and ankle Note the smai: variation in the A values.
* Lower abdorninal (omphalion) circumferences oniv were mv asured.

“Forearm and knee circumferences calculated.
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Table 9

Exposed Rongelap Children Examined in 1963
 

 

 

 

Table 10

Lunk Pediainc Population
Samples Examined in 1959 and 1963
 

 

 

 

 

 

Total number examined in 1962 530 Total number examined in 1959 oO
Not seen in 1963 (Nos. 44, 84) } 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 Exposed, not examined in (963 t4

Exposed. graduated to adult study 7

Table t1 Exposed, not examined in 1959 but

’ examuned in 1963 5

Control Pediatric Population, 1963 Total number examined in 1963 32

Total number examined in 1962 96 Table 12

Not seen in 1963 4

Graduated to adult study 2 Children Born After Fallout to Expused Parencs
Not seen in 1962, seen in 1963 3

Totai 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} 2 Died since 1962 1

New controls added ( Rongelap) m4 New babies added in 1962 2
Total number controls examined in 1963 120 Total number examined in 1965 35

Table 13

Summary of Phvsical Findings in Children, 1963 and 1964
 

Control
 Exposed

Rongelap

1963 1964

Unk

1963

Born before
1 Jan 1955

Born after
1 Jan 1955

Nonexpoard, born
of exposed parens.

1964

  

1963 1964 1963 1964 1963
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potentially available 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 1a wiere to the
fallout radiation, two of these 12 were re-exam-
ined in 1963. More than one-fourth of the exposed
pediatric sample on Utirik was lost to follow-up
between the two examinations,
The fucttations between examinations in the

numbers of control children and of offspring of ex-
posed parents are shown in Tables |! and 12. The
29 children added to the control group were ran-
domly selected from the Ebeye school population

to provide an additional group comparable in ages
to those Rongelap children who were exp sed
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 uncertainties
regarding actual chronological 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 purposes.

Children Examined 1964. During the 1964
survey, 22 exposed children, 41 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
1938 through 1964 results from temporary move-

ment of subjects to 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.

Results of Physical Examinations. The inci-

dence ofabnormal physical findings in the exposed
and control groups of children is summarized in

Table 13 In general the heaith 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 the height increments for the
period were consistent with the previous group
trends.

During the epidemic on these atolls, 24 children
in the study developed poliomyelitis. Residual
weakness of muscle groups was evident in |1 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

Historyof Poliomyelitis Among Children
of Study Population, Rongelap and Ebeve
 

Subyects with postive history but no residual involvement
at time ofexamunation”:

Nos. 102. 105, 113, 120, 126, 127, 930, (012,

1025, 1031, 1040, 1504

Subjects with positive history and with residual involve-
ment at time of examination:

Nos. 96, 98, 103, 106, 110, 870, 901, 903,

1030, 1037
 

*One subject, No. 84, who had a history of polsomyclitia
was mot 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 s
thoughtto result from variation between pediatric
examiners. Liver enlargement exceeded 2 cm
below the right costal margin in only two children,
and in the remainderthe liver was palpable at the
costal margin only. In all but one additional cate-

gory in Table 135, variation was considered to be
within limits expected in sequential examinations
of any pediatric age population.

Thyroid Nodules. Of particular interest was
the development of thyroid nodules in three girls
9 and 10 years after exposure: two were [3 and
one was |4 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) exposed;

17 of the 29 were girls, with 6 girls in the 10 to 15-
year 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 thyroid nodules were

noted in this group :oniy one diffuse thyroid en-
largement has been detected in an unexposed
adult) A smail 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 thyroidectomy.*
Grossly the glands had a “bobblestone’’ appear-
ance with muluple hard nodules and were at first

  
"Captain CA Broaddus i MC) USN. arthe US. Naval

Hospital in Guam performed the surgery
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  nhhe
Figure 10. Gross picture of sectioned thvroid gland from
14-year-old Marshallese girl (No. 69) showing nodules.

Figure 11. Microscopic section (10x ) of thyroid gland

trom same case asin Figure 10. These changes are char-
acteristic of all three cases. Note che multiple, discrete

nodules with wide vanationin size and growth pattern.
Some nodules consist of microfollicular tissue and others

of coliord cysts. while sull others show hvperplasa with

papuilary infoiding of the epithelium.
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EosinopHits, MONOCYTES, AND Basopuits. The between the exposed and unexposed groups. Fig-
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thought to be malignant. Sections of the tissues
were reviewed by a numberof pathologists,all

of whom agreed that the nodules were not malig-
nant and resembied in many respects adenomatoid

goiters seen with iodine deficiency, with its charac-
teristic regenerative rather than neoplastic prolif-
eration. However. in the Marshall Islands, where
fish and sea food are mainstays of the diet, iodine

deficiencyis 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 radiauion induced is discussed in the
Summarizing Discussion. The two girls who had
complete thyroidectomies developed signs of hypo-
parathyroidism which responded to treatment.
Parathyroid function returned in No. 17, but No.

21 sull requires therapy including thyroid extract.

In the third case (No. 69) oniy a partial thyroid-

ectomy was done, and she requires no therapy.

Note: During the | !th-year survey now in pro-
gress (March 1965) 3 new cases of thyroid nodules

in the exposed group have been detected. Two

*Secuons of nasuc were newewed and reported on by Drs. S.
Warren, New Engiand Deaconess Hospual: GH. Klink, Armed
Forces Insotute of Pathotogy. C J. Saahl, U.S. Naval Hospatal a
Guam. H 4. Jotnson, Brookhaven Navionai La'-oratory, and
8. Landsav, Univernry of Califorma Medical School.
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Figure 17.

were in boys 12 and [7 years of age and one in an
adult woman 41 years 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.

Greuth end Development Studies. Analysis of
the statural data 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 amonggirls and between giris
born to exposed and girls born to nonexposed
parents.* Amongthe 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 boys

born to exposed parents and those with non-

exposed parents was also evident in 1963 (Fig-

ure 15). This difference has been attnbuted to the
fact that the boys in the group with exposed paren
were, on the average, 4 months younger than the
bovs in the group with nonexposed parents.

Nostatistically 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

*Dr. K.M. Gnéith of the M.D. Anderson Hospetal did the
sausucal analyers.
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Figure 18. Brothers. Marked retardation in statural
growth is shown by the older (shorter) brother (No. 3. on

the nght} 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 shaws no evidence of hyperthyroidism or

skeletal disease clinically, other than markedly delayed

caseous Maturanon.

(7-year and 8-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 leveis.
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 this par-
ticular group of children are shownin 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 |1 through 16.

Opithaimelegical 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-

 

Table 15

Skeletal Age Development in Children Born Between July 1952 and February 1953
 

Skeletal age (5S.A.) values at succemive examunatioos, years
 

 

Age at
Subject No Sex exposure, months CAS =4 yr C.A.=6 yr C.A.=8 yr C.A.=9 yr C.A.= 10 yr

2 M 16 3% 4% 6 7 8%
3 M 17 a4 2% 3 3 3
5 M 16 3h 3'4 34 3% NE*
6 M 16 3 34 6¥ BY 9

65 F 15 2" 34 6 64 8
33 F 20 3 64 9% 10 NE

4 M 12 34 NE 9% 16 li

955 F c NE NE 10 io 10%

962 F c NE NE TM 7% j'4
380 F c NE 6% B4 NE NE
996 F Cc NE NE 84 10 10%
B14 M Cc 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 critena
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. Thisis in keep-
ing with the observation that the onsetofdiabetes in
the Marshallese occurs largely in older individuals.
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The incidence of pinguecula and pterygium is
high in the Marshall Islands. and also slightiv
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 material at the time of the accident.

Theincidence of abnormalities of the crystalline

lens 1s greater in the Marshall Islanders than in
similar age groups in the United States. Further-
more, the incidence of such abnormalities was

 

Table 16

Ophthalmological Survey, 1964
 

 

Children

Exposed of exposed Controls

No. ™ No. a No. te

Number examined 68 45 190

Anpocona I 1.40 { 0.52

Antenor staphyloma i 1.40

Arcus senilis 25 36.70 37 19.46

Argyll Roberson pupil 1 1.40
Cha!azron 2 1.05

Charoiditis old, healed with scars) j 4.20 3 157

Conpunctivitis 1 1.40
Corneal pigment 2 2.80

Corneal scar 3 4.20 2 1.05

Driisen 1 1.40

Duane’s syndrome l 0.52

Lens: Polychromatic sheen 18 26.30 41 21.57

Opacines & cataract: presenile l 1.40 3 1.37

senile 12 17 60 25 10.64

Aphalaa 2 2.80 1 G 52

Leprosy, eve signs of 1 1 40 I 0.52
Macular degeneration 1 1.40 2 105

Molluscum contagiosum 1 0.32

Melanomaofiris 2 1.05

Melanomaofconjunctiva 1 140

Nvstagmus 2 105

Pinguecula 11 16 20 17 8.44
Ptervgium 20 29 40 3B 19 98

Proproas ! 052

Phthons bulbi 1 052

Positive Rhomberg 1 140 1 9 32

Reunal arteriosclerosis 4 6.00 9 4 68

Reunal scars 2 2.80 > 260

Reunal hemorrhage 1 1.40
Strabumus: Internal t 032

External 3 7 2 165

Seventh nerve weakness 1 2.2 052

Vitreous opacities w
o

—
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somewhat greater in the expused group in 1964
than in the unexposed comparison popuiation.
These abnormalities consist of polychromatic
sheen, lenticular opacities of all degrees, and cata-
racts. The polychromatic sheen was noted as the
earliest lens change and varied from a few fine
granules in the earlier cases to large granular
plaques in the more advanced cases. These plaques
were situated on the pusterior lens capsule in the
zene of specular reflection. The ecarltest cases
showed yeilowish granules which tn some cases

appeared 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 shecn seen follow-
ing irradiation has unique and specific charac-
teristics is still a debatable question. Some inves-
ligators contend that umilar appearing changes

can be detected in patients with retinitis pig-

mentosa and the early stages of cataracts which
might be a complication of endogenous ocular ur

systemic disease ur intoxication, Such polychro-

matic sheens were seenin 21's of the unirradiated

Roneclap group and 26.5" of the exposed group.
This difference is thought to be tou small to umpli-

vate irradiation expasure with any degree of cer-
tainty, particularly in view of the slightly greater
number of older peupie in the expused group. The
incidence of lenticular opacities was also slightly

greater in the exposed eruup (19%) than in the un

exposed group (12°).
Only one child (an &-year-old female) com-

plained of defective meht viston. This was thought
to be due to vitamin A dehcienes, since there were

no pathological changes in the fundus ofeither eve.

Several vears ago E2 children were encountered

who had ereat dithculty in seeing at naught. Vhes

childres, responded promptly with vitamin A

treatment and dietam changes.

Only two cases were noted with corneal pigmen-

lation, previoush seen in three cases (14621) This

pigmentation was characterized by a fine, dark.

linear streak ol prement tying clase to or on Bow-

man’s membrane inthe hornvental axis between

the limbus and pupillary edge [tts believed that

these changes may have been induced from beta

radiation contaminating maretns of the evelids at

the ame of the accident.

There were several findings which mavybe re-

sidual to the poltomveditis epidemic of 1965: twa

tt

 
Table 17

Resicual “Beta Burns”
 
Suibgect
No Age Sex Data
 

2 (2 M_ Roughenag aad pegment vanairon
an from of neck. Several pigqrmecnied

macules ACr .* Perianal deprgmen-
tavern.

3 LE M Mantied pigmentation both auillac.
Pigmented area behund ieft car.

tt @@ MM Pigment changes ieft ACF. dorsum

fewe right tor: pigmented orvi axils

17 13.0 FF Scanning and pementatnun iett ACF

a i7 M Piqgarnerd patch back of neck.

ny 14 M Pigmented max ules icft asuilla. from

of neck and chen. Depagmenecd spots
shah pene.

24060 3) OF Shige prqrment vanation on front of
eeck: several pagmented macuies
dorvem bets fas.

4 55 F Slight roughe:.ing aad pigmerntaian

back af sect. Mules on from of arck.

9 45 F Slight reughening and pegmeentation

back of neck; pagent vanatuons and

dight hvperpgmentation domnum

nit foot.

49 3% F Numerous pemedued macules buth
ades of neck and 3 few on arms and

ACF.

54 i M Mottled piementatwn and depe-
mentation on front of neck.

99 #4 F Mottled pegmentation and depie-
mentaion on back of neck.

63 46 Fo Slaghe rugometsand pugmented ndges

on back ot seck.

tt 40 Fo Mode back of neck. sight pagment

vanateon and a few. macvles [fount of

neck.

43 Ul F Piement vananon and rovuehenine

front of acck.

fF 4 FO Depremented scars dorsum left foot

4 r Fo Sheht premented areca donum neht

frst tor

“# Fo Numerous pedunculated modes an

ades and front of neck

™ 44 Mo Pigmented and depremenied scar

postenor surlace left car

*ACF =antecbstal bum.
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cases with 7th nerve weakness involving the lids;
two cases of anisocoria (unequal pupils); and an
increased incidence of strabssmus.

Residval “Bete Burns”

Persisting residual effects of “beta burns” were
found to be present in 19 people, 6 children and
13 aduits. These are outlined in Table 17. The
skin changes consisted of hyperkeratosis, and

varying degrees of atrophy, scarnng, and pigment
aberrations (see Figures 19 and 20). These changes

were slight in most of the people. The devclop-
ment of lentigo-like and papular pigmented
nevus-like jesions in arcas of previous ' beta burns”
was first observed several ycars ago. and these
lesions appear to have been increasing slightly

Figure 22. Secunn ofskin from “beu burn” ares on back uf

neck of 56-year-cid woman (No. 34) at 10 years after ex-

posure (100>¢). Note atrophy of epederma with aarrow-
ing of stratum granulosum and finger-like projections of
rete pegs. Slight atrophy of the sweat gland duca o aieo

present. .

unce that time (see Figure 21). Histological study
of a biopsy of one of these lesions 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 tigsue breakdown in the
affected areas as wen in chron radiation derma-
titis nor evidence of malignant change. Only one
case showed a few spewabalopecia ofthe occipital
area of the scalp as a residuum ofepilation. Figure
22 shows histological residual changes in a lesion
at 10 years after exposure.*

Hematelegienl

Summary tables of hematological data are pre-

sented in the tables and graphs in the text, and
raw data on the individuals are presented in the

appendices. The more heavily exposed Rongelap

*Dr. Dewd A. Wand af che Uneveraty ofCalifarese Medical
Cenecr, Sen Fremcero. ded the hemoloyncal merrpreiasoms
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Table 2!

Protein Bound lodine. 1965 and 1464

 

Subyect No. PBL y &
 

z

  

Mases 415 s1
Roneelap expused*
Ailngnae ¢xpused
Cunk exposed
Roneciap unexpused

Females 4.15 vr

Roneciap cxpused
Auungnae ¢xpused

Ctirik expused
Roneeiap unexpoerd

Males «14007

Remaelap cxpomed
Avbngnar exposed

Conk exapeerd

Renegclap unexpued
Fermabrsa -15-40 07

Reameeiap cxpuard

Mulingnar cxpuard
Uiink expeed

Ramneriap unciponed

Mairs  4vr

Raneciap expend
Aalingnae ¢<prerd

Cink expuerd
Rangelap unexpoeed

Females -40er.

Runeelap ¢upuerd

Aulingnac cxpuacd

Cunk expused

Rumeciap unetpee
Malet < Sor
Ofexpomed paren

Of unexpeacd paren

Female © Oar

OW expuecd parenes

OF uncsposed pares

Males 42°53 vr

Roneclap cipoerd’

AUlingnae cups ecd

Conk ipod

Ronegciap unespaar

Femates 413 oT

Roneclap ¢<puaed’

Auhnenar cxposcd

Cank exprsed

Runeciap unespac

progress, includin
uon of aberrane
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Table 18

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

 

 

 

Plate. WBC Newt. Lymph. Mono.

(x10) (xt0°) (x10 ') (xl) {xI0+)

Males 9-15 s+

Rongelap exposed" 287 06 (9) $.4722.18 (9) 3.921.351 (9) 3.25~0.59 (9) 0.44 (9)

Ailingnae exposed 194 (th 6.64 (bt) 2.79 (l} 3.19 qd) 0.06 (1)

Utink exposed 419 9312} 9.20> 2.8B( 12) 4571-83011) 3.891.57(C11) 0.24(11)

Rongelap unexposed 286 78(14) 8.37 = 2.90; t4) 4.07 1.96( 14} 3.27 1.2114) 0.30( 14)

Females 9-15 vr

P.ongeiap exposed’ SOs 78 (8) $.5072.49 (8) 4.42+3.09 (8) 3.312-0.80 (8) 0.24 (8)

Aulingnae exposed 225 (2) 7.15 (2) 3.69 (2) 297 (2) 0.22 (2)
Cink exposed 402= Lisi t4) 9.01 = 2.66( 15) 4.81 = 2.04(15) 3.33 =0.94( 15} 0.29¢15)

Roneelap unexposed 3732 99( 17) 8.822-2.29(17) 4.12 1.64( 16) 3.862-0.77¢ 16) 0.26( 16)

Males > 15-40 vr

Rongelap exposed 198 FIL) 6.582 1.49011) 3.27 20.74( 11) 2.82 ~-0.89( 11) O.19(11)

Adingnae cxposed _ — — — _

Ctink expored 32s 78(10) 6.55~ 1.47010) 3.420. 76(10) 2.55 =0.85¢ 10) 0.27(10)

Rongeiap unexposed 24> 66(21) TITS LA LT) 4.07 + 1.86( 21) 2.96 £0.90( 21) 0,286(21)

Females > 15-40 yr

Rongeiap exposed 2O7 = 12754) 8.02+2.18(14) 4.552 1.55( 14) 2.86=0.84( 14) 0.29( 14}

Ailingnae exposed 207 {4) 7 Ob (4) 5.45 {4) 2.05 (4) 0.25 (4)

Uurik exposed 410% 97( 16) 7 172=1.39¢ 16) 3.96 1.45(16) 2.67 +0.66( 16) 0.21(16)

Rongelap uneposed 24> 66( 23) 7657-1 47(¢293) 4.23 1.34(23) 2.83 +0.78(23) 0.22( 23)

Males ~+H) sr

Rongelap ¢xposed “las 87 (8) 6.337124 (8) 2.88+0.59 (8) 2.99> 1.04 (8) O.15 (8)

Ailingnae exposed 345 (4) 6.58 (4) 3.23 (4) 2.46 (4) O27 (4)

Lunk exposed $44 73019) 6 881 8519) 3.49 1.09/19) 2.80 +091¢(19) 0.22(19)

Rongelap unexposed 294 o6( 23) 6.03 = 1.40( 23) 3.17 0.99/23) 1.85 +0.67( 23) 0.20¢ 23)

Females >40.r

Rongelap exposed 2587 98 (7) 3822060 (7) 2.86 20.58 +7) 2 56+063 (7) 0.18 (7)

Ailingnae cxpused 249 47 15) 7 201.60 15) 3832-0.57 1.5) 2.37~1.20 (5) 0.35 (5)

Curik expused 402 4016) 7 OB1 JOC 16) 347 et 1h15 307 =:0.92/ 15) 0.22(15)

Roneelap unc.posed HBr 4419) 721419) $67 =) 20119) 2.98 +0.94( 19) 0.26(19)

Males <9 vr -

Of exposed parents M4 95015) 10.60 = 3.497 16) 44925191 tO) 5 15 3.04( 16) 0.39; 16)

Of unexposed parents P9119 PY) 10912 874 29) 44021 B2(0.29) 3.2921 BT, 29) 0.40( 29}

Females < Gar

OF exposed parents S862 87118) 12.201 92118) 4 767192(18) hO7 +5000 18) 055(18)

OOF unexposed parents $3—10bt 27) 10.15 22.30/ 227) SRST 25122) 9.312 1.60( 22) 0 $6( 22)

Eosin. Baso RBC Serum

(m1 4 tx id } Het,” 1x1 Hebd .g protem. g

Males 4-'3 st

Ronectap exposed* O79 19) O74 9p Let429445097 138505 9) 772505 (9)
Aulingnae exposed O60 115 OO «13 SoU ly we ida l24 (ld 7.5 (1)

Curik exposed 0.50011) 0 38(t1; S79F2 112) 442 [F367 21 sO 7} S12) 7.620.43¢12)

Roneelap unex posed O69¢14) Gatel4y BFL ahs) 434 z SG 14y LHD AOTC) 7820 4(12)
Females 9-13 vr

Roneeiap exposed’ 048 (8) 046 193 393522.0 1B) 44924 18) 1359-09 (B) 80~6.4 (8)

Aulingnae exposed O28 (2) OO (21) 440 (2) 435 (2) 150 t2) 8.0 {2}

Cink exposed 0535015) 0 400151 3BO-21(15) $27 = 9915} 1401 0¢15) 79204014)

Roneciap uncx posed 0.48616) 0.35/16)  3B.3227/17) 4242 40°17) 1S 724.6017) 7905/17)
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Table 18 icoat'd}

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

 

Eoun. Bas. RBC Serum

ixla'y (x10-) Het... % (x lO'y Hab., ¢ protein, g

Males > 15-40 vr
Rongelap exposed O.2B(1E) O=.25¢1h) 45.522.4(8T) 458+ 47( 11) lor b.gc dy 7 620.5710)

Ailingnae exposed - _ _ _ _ ~
Utink exposed 0.26410) O0.48(10)  44622.5(10) 46028010) lo220.7(101 7.6=0.4(10)
Ronegelap unexposed O40¢21> OSO(2E) ATA QE) 4THC2T et =O05,21) BOTOAC LT

Females > 15-40 vr

Rongelap exposed 0.524 14) 0.23, 14) $7924.8414) 409=641 14) Ps b.8c da) 7.8220.5( 14)

Ailingnae expused OL (4b 0.52 (4) 7.4 (4) 406 (4) 12.9 t+) Vi (4)

Utirik ¢xpused Ossclo) OiF(lo) J7 lei bl lo) WS~4h 16) L422 1.4¢16) 7.620416)

Rongelap unexposed OA (23) OSC 247 S$BSTLBCI9) 421 2 F925) ltt t.0¢ 25) 79~0.0( 25)

Males -40 vr

Roneclap exposed O.41 (8) 0.08 (8) 48.3254 (8) 410558 (By 14.5705 (8) 7.6204 (7)
Anlingnae exposed 0.55 (4) 0.06 (4) 44.0 (4) 464 (4) 13.8 (4) 7b (4)

Utirik exposed O19) O2AI9) Al Se 22(19) 428 soc 19) 14.8*+0.9¢19) 7820.46 19}

Rongelap unexpused O. Sb, 25) O57 (25) 421d¢ 25) 429% 47( 25) 14.7 =0.3( 23} 792705425)

Females -40 vr

Roneciap exposed Ol! 7) O09 (7) $172.5 (07) Sort (7) t8.42d.4 (7) 7820.2 (6)

Aulingnae exposed 062 (3) O25 (5) 80-26 (5) +WSr4l (5) L$Y21.1 (3) 8470.4 (3)

Curik exposed UF2015) GO 25015) WBOrV16) HST 2Blo) 1S 8-081 16) 8.1=06; Ib}

Roneelap unctposed O27 89) O47 C19) $8.41 7419) s93 = 20019) 13.7 =0.9( 19} 8.02-0.5(.19)

Males < “vr

Of expesed parents O5u( lor 0 19; to} 36.525 6( lo} 458 ~b4( 16) IFh L.telo) 7320.4 (6)

Of unexposed parents O75.29) O58") FTI 49} 4 S029) 125 10729) 7.420.2 (3)
Females « ‘vr

Ofexposed parents O74: 18) O25 18) fo BIB) 424% $2718) T2B=t C18) 77 tS)

Of unexposed parents Mokle221 ONE TL) FoeeM2 AMG TI 22) VSOOIL 7920.3 (5)
 

‘Includes 2 chiidren exposed in utero

“Standard deviation and numberof people in group.

Includes ? child exposed im utero
  

Table 19

Mean Levels of Rongelap Peripheral Blood Elements by Age and Sex. | Sn4
 

 

Plate. WBC Neut Lymph.
1x10 3 i 10 x IO} (M105

Males 10-t3 sr

Ronegelap exposed* Tyr 4y 4s ROIi=210 +4) S4b ort lt pas PTHBTELT 44)

\linenae exposed +H cla 735 4,17 1h) !87 wha

Roneeiap uncposed $B9 = 158132 ee WTITI 417 =1 2215)

Feinaies (0-13 yr

Rongelap exposed {9B -— 110 th) T335TT Wop SVKoy S$ 44-106 (9)

\ulinenac exposed 434 th) 11 08 ido tay oda 4.87 ili

Rongelap unexposed sQ7 = LUTH) UBT — Pe TBE 47472 35018) +00 -—0.94; 18)

Males ~(5-+H)ar

Runeelap exposed 287 => TRilte BlIJa~ sOCLs $901 44.08) 442-1 08¢11)

\alinenae exposed — - — _—

Rongelap uncposed 17 = LOG 24) YH=F 40) 24) S1278) $45 E1350 25)
 

ee oe ieseae

  

Females > 15-40 vr

Rongelap exposed |
Ailingnae exposed ‘
Rongelap unexposs

Males >40 sr
Roneelap exposed
Ailingnae exposed

Rongclap unexpus

Females >+0 vr

Rongelap exposed

Ailingnae exposed

Roneelap unexpoe

Males < '0 vr
Of exposed paren

CO unexpoerd pare

Females < 10 vr

Of expused paren
Of unexposed past

  

Males 1015.7

Rongeiap expuned

Arlinenae ¢x posed

Rongeiap une<pat

Females [0-19 ver

Rongelap exposed
\ilingnae exposed

Roneelap unexpa

Males +15-40%r

Rongelap exposed

Aingnae exposed

Roneclap unexpa

Females >> 15-¥) vt

Rongelap cx puser
Stiingnae ¢x pose

Roneciap uncip

Males -H) er

Rongelap expos

\ihngnae cx pose

Roneciap unex pe

Females «Hise

Rongelap ec. pene

Aulingnae ¢x pose

Rongclap unctp

Males <104r

CW exposed pares

Of unexposed pa

Females < IQ 45

OF exposed pare

Of unexposed pe

 

“Includes 2 chil

"Standard devia
_



Ljclt)

pa

E21)

H act)
(4)

416)

0.235)

 

 

HS
RB

Serum

pb. @ protein, g

7.6=0.3¢ 10)

7.6=0.4( 10)
B.0=0.4(21)

7.B>=0.5( 14)
a7 (4)
7.670.4( 16)
79*0.6( 23)

7620.4 (7)

7.6 (4)

7.8+0.4(19)

7.9705(23)

7820.2 (6)
B.4+0.4 (3)
8.1 =0.6( 16)

8.0+0.3(19)

7.I+O.4 (6)

7.$40.2 (5)

77 (3)
7940.5 (3)

ee

Lymph.

‘ ix10 4
ee

STB-LIT (94

87 (14

4.171 22615)

3341.06 (6)
487 cb}

4 00 =0.941.18)

$4221 O8C 11)

3452 1.15/23)
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Table §9 (cont'd)

Mean Levels of Rongelap Peripheral Blood Elemenu by Age and Sex, 1964

Females > 15-40 vr

Plate.

(x10°)

WBC

(x 10+)

Neut.

(x10?)

4.322-2.13(14)

Lymph.

(x0?)

3.31 +0.96(14)

 

 

 

 

 

Rongelap exposed 3722 735(15) 8.25= 1.90(15)

Ajilingnae exposed 3B2~ 95 (5) 6.80~ 1.60 (5) 3.04 = 1.1& €5) 3.19%0.77 (5)

Rongelap unexposed S82 F10( 29) 9.16 2.00( 29) 5.29 1.87(29) BALL29)

Males >40 vr

Rongelap exposed 3312126 (8) 7.832 2.00 (8) 3.602- 1.20 (8) 3.4621.22 (8)
Ailingnae exposed J23 (4) 6.59 (4) 3.03 (4) 3.03 (4)

Rongelap unexpused H8t1l4( 1.) 7.75 §.30(19) 3.93 + 1.1419} 3.06 +0.78¢ 19)

Females >40 yr
Rongelap exposed 46> 159 (6) 8.062.20 (6) 3.7422.02 (6) 35321.18 (6)
Ailingnae exposed 41148 (5) 8.062.00 (5) 4.322091 (5) 2.801.15 (5)

Rongelap unexposed 60> 99(20) B8.2941.9 (20) 4.01 1.41620) 3.60 = 1.45( 20)

Males < 10 yr

Of exposed parents 488107(31) 10.33 =2.20( 21} $.762-2.22{21) 4.65 = 1.38( 21)

Of unexposed parents 470134(55) 11.342.80( 33) 5.03 = 1.98(33) 5.2421.77(33)
Females < 10 vr

Ofexposed parents 3523 119( 20) 10.96+ 1.90( 20) 4.46 1.30(20) 5.38 1.31( 20)

Ofunexposed parents 46B = 133( 24) 10.67 + 2.80(24) 4.28 2.10(24) 5.47 + E.50( 24)

Mono. Eoun. Baao.
(xtO') (x10) (xO) Het. *% Hgb..z

Males 10-15 vr

Rongelap exposed: 0.19 (9) 0.68 (9) 0.76 (9) 49.476.1 (9) 12.5270.4 (9)
Aulingnae exposed 0.45 (1) 0.98 (1) 0.80 (1) 37.0 (1) 12. (1)

Rongelap unexposed 0.31( 15) 0.661 15) 0.26( 15) 3742 ET ES) 12.5270.8¢15)
Females 10-15 vr

Rongelap exposed O10 (6) 0.55 (6) 0.48 (6) 39 522.4 (6) 13.320.3 (6)

Aulingnae cxposed O44 (1) 0.89 (1) 1.10 (1) 400 (1) 14.0 tt)

Rongelap unexposed O21 88) 0.88( 18) 0.38(18) 38 32.5018) 12.40.87 1B)

Males > 155-40 vr

Rongeiap exposed 0.25011) 0.43 (11) 0 46( 11) $3 825.5(11) 14.72 LOC TE}

Ailingnae exposed — — - ~ -
Rongelap unexposed 0.26 ( 235) 37 (23) 0.50(23) 46 12 3.1(24) 15.21 1¢ 74)

Females > (5-40.71

Rongelap exposed O24 14) OTC 14) 0 35014) WOLI 14) 13.1%0.7(14)

Aalingnac exposed 020 (3) 0353 (35) 0 46 (3) J8O~6O!1 (3) 12.5225 (3)

Rongelap unexposed 0.22(29) 0 49(29) 0.30/29) 7.345 9) 12.41 .b( 29)

Maies »40 vr

Rongelap exposed 0.26 18) 0.48 (81 0 39 (8) 430227 (8) 13519 (B)
Aulingnac exposed Ord c4) 0.39 (4) OW 143 450 tH 143 (4)

Roneelap unexposed O20 Fay 047(19) 0.48119) thot bftd 1407210019)

Females >+).r

Roneelap exposed 004 16) 065 (6) Nas ib) 37 $239 16) 1271416)

Adingnae exposed OL! (33 0.76 (3) 082 (34 Bog 21.8 (5) 127207 (3)

Rongelap unexposed 0.23, 20) 0.40( 20) 0.63( 20; SM o=1 0120) 1300.620)

Males <{06r

Ofexposed parents 0.23( 25} 0.73(21) 0.63( 21) 36.62 2.5(21) I2bebr(2h)

Of unexposed parents 0.28( 33) 0.66(35) 0.38( 33) 37.3 2.4(33) 12.10.9(33)

Females < |0 vr

Of exposed parents 0.32120) 0.76( 20) 0.38620) 349%37(20) 11.524 4(20)

Of unexposed parents O23 24) 0.62( 24) © 7024) 36.8 = 2 4( 24) 12121 0724)

“Includes 2 children exposed /n udero
“Standard deviation and number of people in group.

Table 23

Radiochemical Urine Analvas for Sr“ and Ca‘, 1963
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group whoreceived 175 rads are designated as
“Rongelap exposed,” the Rongelap people who
received a smaller exposure of69 rads as “Ailingnae
exposed,"’ and the larger unexposed comparison
population of Rongelap as unexposed." Because
of the small numberof people in the Ailingnae
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 unexposed, in addition to the

comparisons of mean levels for entire groups,
comparisons are also made of age and sex groups.
Ages 9 to 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 summaries
of the mean blood counts of the exposed popula-
tions and of the various comparison populations

since exposure in March 1954. In Appendices 4
and 5 arelisted the individual blood counts for
1963 and 1964. In Appendix 6 basophil counts
are presented.

Rongelep 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 ether 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 ofthe difference was due to lower neutrophil
levels in the exposed group (see Figure 2.').
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Figure 23. Mean neutrophil and white blucd counts of
exposed Rongelap peopie from ume of exposure through
10 vears post exposure Stars represent mean values of

companson pupulation.

44

Nevtrormits. The neutrophil levels inc-eased
slightly at the time of the 9 and 10-vear surveys in
both exposed and comparison populations. Ac9
years the neutrophillevels were about 5% lower in
the exposed than in the comparison group,butat
10 years they were about 20% lower. Neutrophil
levels are shown in Figures 23 through 29. The
neutrophil deficit was greater in the exposed

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).

Lymenocytes. Lymphocyte levels were slightly
higher in the exposed and unexposed groups dur-
ing the 9 and 10-yea_ surveys. [n contrast to the
8-year survey results, the lymphocyte meanlevels

showed little difference between the exposed and
unexposed groups during the 9 and 1-year sur-
veys; however, some individual lymphocyte couns
were lowerin the exposed group. Lymphocytelev-
els are shownin Figures 24, 25, and 30 through 34.
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Figure 24 Cumulative percent distribution curves for
neutrophils, ivmphocvtes. and platelets, 1963.
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Figure 25. Cumulative percent distribution curves

for neutrophils. lymphocvtes, and platelets. 1964.
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4
Eosinopnits, Monocytes, AND Basoruits. The

levels of these ceils were not remarkably different
between the exposed and unexposed groups and
were similar to the levels in past surveys.

Pratetets. The platelet levels in the 9 and
10-year surveys both revealed greater deficit in
exposed males than in exposed 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.

EaytTHroporetic Evements. As in the past sur-
veys no significant differences were noted in the
red blood counts, hemoglobins, or hematocrits
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Figure 26. Neutrophil counts of exposed Rongelap maies
plotted against age. Solid line represents mean level of
unexposed male population, 1963.
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Figure 27. Neutrophil counts of exposed Rongelap [e-

males plotted against age. Sulid line represents mean

level of unexposed fernale population, 1963.
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between the exposed and unexposed groups. Fig-
ures 40 through 49 demonstrate this point.

STATISTICAL ANALYSIS OF RonceLap BLoop
Data Oven Past Four Yeaas. These analyses
are in progress, and the following represents a
preliminary report by Mr. Keith Thompson of
Brookhaven National Laboratory.
“Afactorial analysis of variance of unweighted

meene-waameadefor cach of four blood compo-
nenw:platelets, 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
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Figure 28. Neutrophil counts of exposed Rongelap males
plotted against age Solid line represents mean level of

unexposed male popuiation, 1964.
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Figure 29. Neutrophil counts of exposed Rongelap fe-
maies plotted against age Solid line represents mean
level of unexposed female population, 1964.
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Figure 30. Mean lymphocyte counts of exposed Ronge-
lap people 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
levei of unexposed male population, 1963.
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Figure 32. Lymphocyte counts of exposed Rongelapfe-
males plotted against age. Solid line represents mean

 computed to obtain information aboutthe effect
of radiation over time in relation to sex, exposure,
and age.
“A generally similar pattern was observed in

these analyses for all four components. The van-
ation among years was always highly significant,
largely because of an increased countin all four
componentsin 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
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Figure 33. Lymphocyte couns of exposed Rongelap
males plotted against age. Solid lune represents mean level
of unexposed male populauon, 1964.
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counts of all four components with increasing age
at the time of radiation. There was no evidence

at the 5% level of any sex di‘erence for any of the
blood components except platelets, for which the

male count was significantly lower (1% level) than
the female count.
There was no evidence at the 1% level that

any of the two- or three-factor interactions (years,
sex, exposed versus Nonexposed, age groups) were
significant. For lymphocytes there was evidence
at the 5% level of an interaction between exposure
and sex, and for neutrophils there was evidence
at the 5% level of an interaction between exposure
and year, The four-factor interaction was treated

as ¢rror, an assumption which appeared justified
upon examination of the variances. Since these
data are being further analyzed, no interpretation
as to biological significance of the above interac-
tions is justified at present.”
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Figure 35. Mean platelet values of exposed Rongelap
people from ume of exposure through 10 years post ¢x-

posure. Stars represent mean values of unexposed com-

parison populauun.
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Figure 36. Platelet counts of exposed Rongelap males
plotted against age. Solid line represents mean level of

unexposed maie population, 1963.
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Figure 37. Platelet counts of exposed Rongelap females
plotted against age. Solid line represents mean level of
unexposed female population, 1963.
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Figure 38, Platelet counts of exposed Rongelap males
plotted against age. Solid line represents meanlevel of

unexposed male population, 1964.
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Figure 39. Platelet counts of exposed Rongelap females
plotted against age. Solid line represents nean level of
unexposed female population, 1964.
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Figure 40. Hematocrit values of exposed males plotted
against age. Solid line represents mean level of unexposed
maie population, 1963.
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Figure 41. Hematocrit values of exposed females plotted
against age. Solid line represents: mean jevel of unexposed
female population, 1963.
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Figure 42. Hematocrit values of exposed males plotted
against age. Solid line represents mean level of unexposed
male population, 1964.
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Figure 43. Hematocrit values of exposed females plotted
against age. Solid line represenc mean level of unexposed
female population, | 964.
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Figure 44. Hemogiobin values ofexposed males plotted
against age. Solid linc represents mean level of unexposed
male population, 1963.
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Figure 45. Hemoglobin values ofexposed females plotted
against age. Solid line represents mean level of unexposed

female popul.tion, 1963.

individuals, too numerous to name, for valuable

Ai  

H
E
M
O
G
L
O
B
I
N

{g
ro

ms
)

Figure 46. Hemogiod
against age. Solid line

male populauon, |96¢

H
E
M
O
G
L
O
B
I
N

{g
ra
ms
)

Re T
* .

a

*

o
8

J
t

Cc 2 %

Figure 47 Hemoglob
against age. Solid tine

female populauon, 19

Ailingnoe Popa

Ailingnae populat
these two vearssh
those of the higher

year platelet coun:

considerably high:

reason for this isn

this group of peop
and 19 and Apper

Utirik Populatic
who had been uxp
uoMn (an estimates

radiation) had leul

cyte counts of abo

unexposed compas

(Table 18 and Ap

uon and Health

Bond,Chairman .



:
w
e
r
t
e
e

ee
e
e
e
n

|

 

FEMALES 1964 7]
j ”

4
| —

4
4

s —

4
 

ra)

exposed females plotred
mean level ofunexposed

  
  

 

 

 

H
E
M
O
G
L
O
E
E
N

|q
re

ma
)

3 1 1 L 1 Ba i

19 2 wo 40 sO a 7

AGE (years)

fi =

a *

Figure #6. Hemogiobin values of exposed males plotted
againet age. Solid line represen mean level of unexposed
male population, 1964.

 

FEMALES (964

t |

H
E
M
O
G
L
O
B
I
N

Ig
ra
ma
)

n +

a es

*

e

.

g
l
a
i
g
a

Vt. 1 : be bol lk eee
w 40 so 6 70

4GE (years)

Figure 47 Hemogiobin values of exposed females plotted
against age. Solid line represents mean level of unexposed
female populanon, 1964.

Ailingnae Population. The 16 people in the
Ailingnae population that were examined during
these two years showed blood counts similar to

those of the higher dose Rongeiap 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 samelevels 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 maies plotted agains
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
popuiauon, 1963.

was of interest that the platelet counts for all age

groups averaged considerably higher in the Ctirik

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.
Children 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 [8 and 19 and Ap
pendices 4 and 5. During the 7th and &th-year
surveys these children had shownslightly lower
levels of leukocytes and plateiets compared with
children of unexposed parents. This differenceis
not apparent at this time.
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Figure 31. Bunucicated normobias
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PRIVACY ACT MATERIAL REMOVED

Sene Merrow Examinations

The differential counts of bone marrow aspira-
tions on 6 individuals, + exposed and 2 unexposed,
are listed in Appendix 18. The differential couna
showed that in 3 of 4 exposed persona there was an
alteration in the mycloid-ervthroid ratio mani-

fested by an increased number of red cell precur-

sors. In addition to hyperplasia, abnormalities of
chromatin material with double nucici and in-

creased numbers of mitotic figures were seen in

the normoblastic series (Figures 50 and 51). One
of the exposed (No. 63) and one of the unexposed
(No. 948) showed increased iymphocytosis of 33%

and 27% respectively. This was reflected in the
peripheral blood counts in which the vocal number

of leukocytes was normal but the lymphocytes

were increased to 51% and 56%. Thesignificance of
this finding remains obscure, but repeat bone mar-

39

row examinations will be carried out in both these

cases during the 1965 survey.

Red Cell Mees and Plaeme Volume Studies

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 siands 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 [5 of 23 subjecu, both

Marshallese and Caucauan, showed a significant
reduction in red cell mass and/or plasma volume.

In order to establish the relationship of blood
volume to lean body masa tritiated water was

administered orally to cach of 21 Marshallese

subjects during the 1963 survey. In addition, de-
terminations were made of red ceil mas and blood
volume by using Cr*'-labeled sodium chromate.

 

Table 20

Total Blood and Red Cell Volume Data
(WT. = gros weaght; TBW= total body water; FAT= fat as < grom weight;

LBM = lean body mam: RON :red cell volume; BV = blood volume)
 

 

 

Subyect RCV/LBM, BV/LBM,

No. WT lke TBW. | TBW.’. FAT.“% LBM. ke RCV,| BY. | mi/kg ml/kg

al 34.54 48,1 63.8 44 52.1. 1.402 3.260 26.9 62.6

Ry 4hbb 25.0 5.5.0 26.4 ‘1 0.849 2.558 74.9 a2

Hib Jyh.$b $305 b).7 f44 48.3 1.428 3.320 4.6 68.7

HB bh yt U7 O22 1.6 37.1 2.108 4.053 469 710

HH bb.dt big 47.0 M7 43.6 Lid 3.196 26.4 733

875 tl. ih 45.2 94 Jo 39.1 1670 3.651 28.3 61.4
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4u35 bl 81 41.0 65.3 9.3 56.| 1.760 $.825 ‘$14 68.2

B45 34 90 10 213 2B.5 40.0 1070 2.488 26.38 62.2

Hh bits bb 90.4 0.0 4.5 1.091 3.0931 24.5 68.1

aH vere) my 70.5 9 1. 0.927 +905 41 623

ay +h 0 2h J 35.7 22.6 15.8 1.274 2.963 $5.6 82.8

4a 40.00 22U 34.1 249 3O.t 0.886 2.731 44 774

the 47 72 eit 47.1 4b 7.8 BAO 7150 22.8 56 9

454 nd) OO 42.2 92.8 6.7 HO 1 1Gl 2.877 26.2 63 4
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1007 Tl So 41. 3.9 21.0 5.4 | 620 4.1535 287 747

1044 4181 26.4 b2.J 14.3 $6.2 | .066 2.664 2494 74.5

1504 bb. 43.3 4.0 11.2 59.3 1.343 3.240 3h 64.8

63.18 39.8 619 14.0 4 1.310 2.675 24.1 49.2

AY 33.5 1.303 5.102 28.3 68.2
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Figure 52.

Afte: 4 hours, urine samples were collected and
lyophilized, and tritium in the water portion was
counted in a Nuclear-Chicago liquid scintillation
counter, From these values of total body water,

fat was estimated by the formula % fat = 100

-(% TBW/0.72). The % FBW 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 fat (kg).

The data are shown in Table 20. According to
Sin (personal communication) the values for total
body water, fat, or lean body mass are not differ-

ent from averages fur Caucasian subjects in the

San Francisco area. Fieure 52 shows the values of

blood volume (itters) and red cell volume(liters)

plotted against total body water. Regression lines

drawn tor Caucasians by Moore’ and Sim (un-

published) disclose that with the exception of onc

case the values of Marshallese fall far below those

described by the authors. The average red cell

volume for Marshallese is 28.3 ml per kg LBMas
compared to J5 ml, kg (Stn, unpublished).

Whether these findings represent a genetic dif-
ference or are the result ufenvironment and or

dict cannot be stated at present. [tis hoped that
studies will be continued in 1965 with examina-

pRIVACY ACT MATERIAL REMOVED

 

Table 21

Protein Bound [odine, 1963 and | 964
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tions of blood volume and total body water in

Caucasians living in this area for one vear or more.

Other Laboratory Studies

Chromosome Studies. Microscopic examina-
tion of smears from peripheral biood cultures is in

progress, includir.
tion of aberrati:
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copic examina-

od cultures is in

progress, including chromosome counts, enumera-

tion of aberrations, and karyotype analysis by

paste-ups of photographs. 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.

Diebetic Survey. Based on biood sugar deter-
minations as part of the routine urine analyses and
fasting blood sugar determinations,it was found
that 6 peopie had a diabetic tendency. Thefol-
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
tairly high in the Marshallese. I: is, however, of
the type that develops in older people since no
cases have been seen in younger people.

Serelegicel Stwdies. Prorein Bounp loping
Deteaminations. Protein boundiodine levels
were determined in several groups of peapie 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 for
at least a year. The results are presented in Table
21. Again the Marshallese values are higher than
the Caucasian values. Though the numberofsam-
ples involved is too smail for any positive state-
ment to be made, the lower levels of the Marshal-
lese living on Ebeye may have some meaning,
since their environmentis quite different from that
of the Rongelapresidents (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 teated. Fifteen per-
cent were below 4 myg/mi and 16% in the border-
line range of 4 to 7 myug/ml. The unexposed com-
parison population had slightly lower values than
the exposed population. The generally low level
of these Isiand 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-
parentclinical effects. The individual vaiues for
folic acid are presented in Appendix 17.
Tue Ac System. The following statemens

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 Clinecal Research, Inmiute for Cancer
Research, Philadeiphua, Pa.

 

 

 

 

Table 72

Serum Tests

Antisera reactors

C deB. New York

Population Location Total No. % Pos. Total No. % Pos.

Micronesian Rongelap Atoll 187 98 181 38

U S. White Maryland 120 59 120 37

U.S. Negro Georma 149 68 149 9
Greek Greece 203 72 203 38

Quechua Indian Peru 102 70 102 36
Stoux Indian South Dakow 143 91 143 78
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of the reacting antigen was under genetic control.
Individuals with a dominant gene designated 4¢*
it single or double dose (genotypes 4¢*/Ag*,
Ag*/Ag) were reactors [phenotype Ag(a + )| and

those homozygousfor 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 £-lipoproteins.'’ A serum from a second
patient ( -), the New York antiserum, was also

found to react with a low density 8-lipoprotein.

Preliminary family studies indicated that reactors
were homozygous cr heterozygous for a second
gene, while nonreactors were homozygous for the

alternate recessive allele. [mmunologic, genetic,
and population studies showed that the lipoproteins
selected by the two antisera were antigenically

distinct and controlled by different genes. '”

Sera collected from the inhabitants 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 isa

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 baiance of the polymorphisms.
“Because of the lower frequency of New York

antiserum -eactors, the Rongelap population was
useful for family studies. From these studies it was
tentatively concluded that reactors with the New

York antiserum were cither homozygous or heter-

uzygous for a dormant gene. and nonreactors were

homazygous for its alternate allele.”

Rediechemical Analyses of the Urine. Deter-

minations of body burdens of gamma emitting

isotopes {princtpally Cs'' and Zn*’) by whoie-
body gamma spectroscopy were not done during

the past two surveys. Data in (961, by that tech-
nique, indicated that the body burdens of Cs' °

were not signihcands diferent from those of two

years before. and Zn” levels had dropped by a
factor of about tO. It was decided, therefore, to

defer whole-body counts until the 1965 survey.

Results of radiochemical urine analyses for Cs'"

and Sr™ on 38 urine samples for 1963 and 27 sam-
pies for |1¥64 are presented in Tables 23 and 24.
The data are divided into the following groups:

exposed and unexposed of ages <l5 and >15

years, living on Rongelap, Ebeve, and Uurik.

Sr" urine levels for 1963 and 1964 have not in-

creased over the 1962 levels. In 1962, the mean

Sr*" values from the individual adult 24-hr sam-

ples were 12.45 pC/'I or 14 pC,g Ca. From these
values, on the basis of previous calculations,” ‘
the body burden was estimated as 12.0 myC for

aduits and 28.4 myC for children. On the same

basis, the estimates for 1963 body burden levels
of Srare LE.3 myC (adults) and 21.8 mypC

(children); and for 1964, 10.7 mgC (adults) and

23.4 myC (children). As shown in Table 23, the

levels of both Cs'** and Sr"" are lower for the

people living on the uncontaminated island Ebeye
at Kwajalein Acoll.
Thus the return of the Rongelap people to their

home island was refiected in annual increases to

1962 in estimated body burdens of Sr" based on

urinary excretion values. The annual estimates in

mpC for adults were as follows: 2.0 in 1958; 6.0 in

1959; 6.9 in 1961; 12.0 in 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
Ser™ (200 mpC) 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 myeC
will not be reached.
No bone samples were obtained from autopsy

maternal during 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 unne analyses.

In view of the paucity of the previous data on
Cs'* urinary levels, it is di.acult to interpret the

present levels in terms of body burden. However,

the levels are generally less than the mean [958

Cs'" urinary level of about 4 nC,'l. Thisis in ac-

cord with the finding by gamma spectrograph

determinations that the whole-body burdens of

Cs' in 1901 had not increased.

Analvses of three coconut crabs for Sr?’ and

Cs'* are shown in Table 25. Thoughthe 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 people of Rongelap. [tis interesting that
the Cs'"’ levels are also quite high in these crahe.
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Table 23

Radiochemical Urine Analysis for Sr" and Ca!" , 1963
 

 

Group Subject No. Age Sex Sample vol..ml Se",pC/l Ca,g/) Se", pCig Ca Ca'?’, nC/

RowceLaP

Unexposed. age <15 818 12 M 790 19.3 0.072 268 6.73
820 14 M 1180 6.4 020 320 3.32

B14 11 M 1490 12.0 168 71 7.60

913 12 M 590 17.1 188 91 1.52

912 10 0M 1630 i14 AL? 96 2.68

815 13 M 550 49 O12 408 4.69

911 10 FF 1050 53 046 137 1.34

955 10 F 465 4.1 022 186 3.14

B16 13. F 1050 6.3 035 180 2.12

821 lt F 705 12.5 172 73 4.69

Mean 950 10.0 0.085 183 3.31

Exposed. age <2 15 19 12 M 1160 4.8 0.031 155 1.841

23 is M 987 5.6 046 122 2.24

6 13 F 987 9.6 U3] 310 6.11

42 12 F 1060 17.5 O76 230 2.84

17 12 ~«6O#*F 340 33.6 O76 442 3.08

8 uF 1150 16.8 074 227 1.10

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 «OF 795 11.8 072 164 2.41

Mean . 1037 9.1 0.070 128 2.21

Exposed, age> 15 40 3 M 700 14.6 0.167 88 7.33

7 45 M 875 9.1 218 42 1.73

41] 53 M 1500 2.0 040 530 0.57

17 35 eM 1400 6.3 177 36 1.67

14 4 6*F 990 6.9 038 182 0.48

66 38. O*#éF 650 a3 137 65 2.58

39 24 F 530 4.0 O15 267 4.45

18 OF 725 7.2 7K 42 7.96

bl 17 F 1025 15.3 104 147 2.68

Mean 933 8.3 O.118 102 3.27

Poot A 2060 45 0.051 38 1.58

B 1820 3.5 74 49 1.62

c 1990 47 065 73 1.49

Mean 1956 4.2 0.062 70 1.56

Estve

Pooted 1400 5.9 0.073 75 0.65

Uriuax (Exrosep)

Age 15 2256 4 F 625 B35 0a 57 0.95
2251 12 F 350 1 031 32 0.15

Mean 487 5.2 0090 55 0.55

Age >15 2168 28 #M 730 2.6 0.363 7 1.26

2137 24M 800 3.2 178 15 0.70

Mean 765 2.9 0.271 Mi 0.38

Scusmany

Rongelap, all <15 11.8 0.074 207 3.14

Rongelap. all >15 8.3 114 107 3.08
Ebeve 5.9 073 75 0.65

Utirik, all <015 5.2 .090 55 0.55

Cumnk, all >15 29 27) 3 0.98
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Table 24

Radiochemical Urine Anatysis for Sr*™* and Ca'?’, 1964

 

 

Group Subject No, Age Sex Sample vol..mi Se*,pC/] Ca,g/l Se*,pC/gCa CeC/I

Ronoziar

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
es 14 =F 490 21.1 O71 a7 12.0

Mean 885 12.8 0.046 261 8.06

Unexposed, age > 15 822 17 M 7880 9.0 O.114 79 2.97

865 31 =F 3260 6.7 077 87 2.96

896 24)~—COWF 2180 74 040 185 3.62

Mean 2773 7.7 0.077 117 3.18

Exposed, age > 15 15 7) OF 1100 6.6 0.028 236 2.94
4 54 M 1940 3.5 .035 100 2.34
40 399 M 2000 95 20 41 4.59
7 4 M 1890 itl 206 54 4.33

16 499 M 1880 4.6 068 67 3.55

3O 4 M 2100 6.0 A? 49 3.14

i4 3) OF 1580 8.7 032 271 4.52
18 3t OF 560 14.5 181 80 6.40

a % M 1s4O 3.6 083 43 2.95

+9 4 =#€6F 1000 7.2 -200 3 3.60

Mean 1569 7.5 0.119 98 3.84

Pooled A 8920 3.7 0.080 46 0.96
B 2050 9.3 107 87 2.94

Mean 3480 6.5 0.093 66 1.95

Earvt

Unexposed, age <15 909 14 «OF 770 4.4 0.130 Ke 0.t5

Exposed, age < 15 32 13 M 1160 9.0 0.083 108 1.49
23 14 M 285 16.3 189 86 3.34

Mean 722 12.6 0.136 98 2.41

Unexposed, age > 15 895 4 €6O*F 1180 35 0.030 it? 0.08
843 35 =F 2000 8.6 130 66 2.80

893 46~«CO*FF 3680 5.3 052 102 1.25

Mean 2287 5.8 0.071 95 1.37

Exposed, age > 15 28 78 «OF 1200 24 0.092 26 1.17
39 25 =F 740 76 .078 97 1.86

Mean 970 3.0 0.085 61 LSI

Summary

Rongelap, all <15 1257 16.0 0.085 219 6
Rongelap, all >15 1846 75 GL 102 3.69
Ebeye, all <5 738 99 AM 76 1.99
Ebeye, all >15 1760 5.5 077 81 1.45
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Table 25

Analysia ofCoconut Crabs for Se** and Ca'?”
 

  

 

 

Per kg Total

Crab No. Tame Se*,pC Cal, pC Cag Se", pC Ca,pC Cag Set, pC/g Ca

t Liver 4,400 2,679 6.88 999 608 1.56 639

Exoskelcton 172,02 94,074 198.39 68,285 37,299 78.53 369
Muncie (edible) 5,757 4,994 6.57 1,708 1,482 1.95 876
Remaining sft pare (5,631 4,470 6.56 516 410 0.60 858

Total crab 70,708 39,292 81.71 71,508 39,739 82.64 365

2 Liver 4,428 2,287 5.60 571 25 0.75 764

Exoskeletan 123,318 95,724 197.75 45,2867 35,154 72.62 623

Muacle (edible) 3,980 5,757 5.50 937 1,355 1.30 723

Remaining soft pare 5,711 3,414 6.92 497 297 0.60 825

Total crab 57,766 45,318 91.94 47,292 37,101 75.27 628

3 Laver 8,650 5,431 10.21 335 §02 0.48 847

Exoskeieton 146,956 143,758 187,90 30,817 30,146 39.40 782

Muscle (exible) 6,010 12,716 7.74 978 2,068 1.26 716

Remaining soft pars 4,316 6,475 6,23 2il 316 0.30 G92

Total crab 64,347 66,234 83.09 32,341 33,033 41.44 780

Summarizing 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
illness and disease 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 [0-year surveys
and can be readily seen in the accumuiative detn-

bution curves (Figures 23 and 35).

Bone marrow examinations oia few individual
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 noindication that these findings have
impaired the genera) health 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
somewhathigher death rate in the exposed group
is partly offset by the higher proportion of older
people, those >65 years 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
so. Evaluation ofeffects ofexposure on longevity
in this group must await furure 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-
titauve basis various cntena of aging (skin elastic-
ity, skin looseness, hand strength, blood pressure,

artericeclerosis, 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 ofcomparable age.”

PERTILITY, MISCARRIAGES, STULLEUITHS,
AND GENETIC EFFECTS

Effects on fertility were not apparent as judged
by comparison of birth rates for the exposed and
unexposed populations. During the first 4 years
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 because
of the small number ofwomen invoi--ed.

Nospecific genetic studies have been carried
out, but differences in incidences of abnormalities
in children of exposed compared with those of un-
exposed women have not been observed. The gen-
erally negative results of large-scale genetic studies
on the offspring ofexposed Japanese" indicated that
detailed studieson the Marshallesewould not be fruitéul.

GROWTH AND DEVELOPMENT STUDIES

Comparison ofexposed with unexposed children
of the same ages indicated slight retardation effects
in the exposed males. The boys exposed at ages !
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 stadstically signifi-
cant. The exposed girls showed no significant dif-
ferences compared with unexposed giris.

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 to 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 smail to cause
any direct effect on bone growth, and the esti-
mated dose to the bones from internally absorbed
isotopes probably can also 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 shownan in-
direct effect on subsequent growth ofshielded legs,
but this appears to be based largely on a radiation-
induced lowered food consumption.*”It is of inter-
est that 25 of 31 exposed children were noted to
lose several pounds of weight duringthe first 6 to 8
weeks following exposure. However, the influence
of change in environment in producing this effect
cannot be ruled out.

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 radioactive
iodine. However, the evidenceis 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 developmentof thyroid
nodules 5 to EI 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 I'”
therapy. On the basis of a calculated dose of = 150
rads' to the adult thyroids from isotopes ofiodine,
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 Thompson of Brookhaven National Laboratory
carned out the x°test.
**Mr. Ralph james and Dr. John Gofman, Lawrence Radia-
von Laboratory, Livermore, California, re-examined the carty
data and recalculated the thyroed doses.
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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
whole-body gammaexposure (including the pi-
tuitary gland) may be of somesignificance.
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, § cases among
256 patients treated with I'": developed thyroid
nodules. All 8 cases were females: the ages at the
time of treatmentin 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 years 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
ofovarian malignancy at 5 years post exposure
and the other at 60 years ofage of probable cancer
ofthe cervix at 8 years post exposure. The diagnos
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

either the exposed or unexposed Rongelapese. Pe-
mpheral 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

earlier cases of cancer in older exposed women
raise the question whether an increased frequency
of cancer maybe 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 materia! for con-
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firmation of the diagnosis. Atomic Bomb Casualty
Commission studies have conclusively demon-
strated an increased incidence of leukemia in Jap-
anese exposed to the atom bomb radiation.***° An
increased incidence has also been noted in patients
whohad received radiation therapy for ankylosing
spondylitis."' There are many reports of the late
developmentof neoplasia, particularly cancer of
the thyroid giand, following radiation exposure of
infants and children.**-* Increased instances of
cancer of the thyrotd 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 ABSORBED ISOTOPES

Radiochemica! urine analyses and whole-body
gammaspectrometric 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 return
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 equilibnum
with the environment at a value of about 14.7
mC/kg body weight or about 300 times the mean

of the medical team measured at the same time.
Zn°**, which hadrisen to about 9.9 muC in 1959,

fell by 1967 to 1.5 mpC/kg body weight, or about

100 times that measured 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 mupCin children, about 5 and 10%of

the maximum permissible 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 Island. The possible relation
of internal abeorption of radioiodines initially in
the fallout to the recent development of thyrosd
nodules has been referred 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 oflens opacities which might be atunb-
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 Rongeiap males were
superior in muscular 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 levcis
higher in the Marshallese than generally found
elsewhere. No explanation is apparent. Folic acid
levels were found to be somewhat low in the
Rongciap population and probably reflected low
dietary folic acid. Serum studies for the Ag system
reveal that the Rongelapese conipared with other

world populations have a high frequency of C.deB.
antiserum reactors and a low frequency of New
York antiserum reactors.
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APPENDIX 3

Utiril Group Mean Blood Counts at Various Tises After Bxposure

wac Neutrophils Lymphocytes Platelets Hematocrit, RaC

qn1073)— (073) (103) (x10) % (2107)

Male wale Pemale Male Male Female Male Male Female
Postexposure day <3 -5 «<5 >5 <3 pS <10 10 all ages “15° 15 all ages <1$ *>135 all sages

4 9.4 8.2 4.7 4.2 4.9 3.2

14 10.0 6.6 4.1 3.2 45.1 2.9

19 3.9 2.1 35.6

29 10.1 9.7 4.9 5.8 4.8 3.2 Rh 25.6 31.7 9.9 ‘S$... 3.4

3-ye survey 9.6 6.9 4.0 3.4 %.7 2.9 32.6 26.9 370.0 35.6 41.0 35.9

Qnayer survey eee 7.0 w-- 3.9 == 3.0 onan 36.58 %.9 37.9 bok 31.7 4.42 4.39 4.12

  

* includes all males >9,  
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APPENDIX 4

Individual Hematological Findings, 1963

 

 

 

 

Subject Plate. WBC Neut. Lyaph., Momo. Sosin. Baso,. Hct.» RBC Hgb.s Serum

No.  (xl073) (22073) (x1073) (xt073) (21073) (x07) C10“) sc) g proteia, ¢

Exposed

2 oa 8.03 5.06 2.41 0.46 O.% £1.60 37 koe 13.2 8.0
3 25 9.71 n.66 3.20 0.48 1.16 1.4% x9 3r0 13.6 8.8

5 bho u.909 6.07 4.28 695 90.3% 2.38 sp 36 13.6 7.8
19 251 6.03 2.49 2b) 0.30 0.82 0.0 bl 508 1306 7.3
23 joe 7.12 2.7% 3.38 0.07 14+1.00 0.0 3% hag 12.8 Ts
32 222 7.29 3.43 3.06 0.07 0.66 0.70 9 &13 14.0 6.8
a 869507 6.97 2.72 3.6 028 0.28 0.0 bl ee a) 7.6
83" 253 1.90 «645.12 3.45 0.95 2.3% 0.0 al haz 14.8 7.8
85¢ 257 7.2 2.62 3.43 0.66 0.38 0.0 oO 456 1b. 7.6

Mean 86-07 8.47 3.92 3.25 o.bk 0 Pp 0% 1 keg+ ° . . . 13.8 7.7| #2.18 1. 10.9 42.0 #45 40.5 20.5

Ailingnae Exposed Males, Age %15

6 19 6.& 2.79 3.19 06.06 0.60 0.0 % 3TT 12.4 7.5
man (194 6.64 2.7 3.19 6.06 0.60 0.0 %.0 3TT 12.4 7.5

Rongelap Exposed Females, Age 9-15

17 427 14.70 12.20 2.06 0.15 0.29 9.0 b3 461 15.2 8.3
a 37 7.15 2.72 3.00 0.21 1.14 0.70 he SOT 14.8 Toa
33 355 8.25 2.97 &.21 0.068 O.92 0.80 9 4S7 «13.2 8.8
a2 a8 8.3. «3.66 «hme O25 iT. 9 hops.8 8.0
65 ee 7.92 3. 3.41 0.32 0.58 0.80 5) 4O3 12.4 7.5
& 203 7.05 2.61 3. 0.22 0.35 0.70 9 432 13.6 7.8
T2 203 7.27 3.27 3.42 O.be O.OF 0.70 9 456 14.0 8.5
86" 27 7.33 4.25 2.35 0.29 «600.882 8.0 39 baB 13.6 7.5

ween §=6300 8.50 kao 3.31 0.2% O48 890. 6+78 ° : . . 39-5 beg 23.9 8.0

AilingnseExposed Females, Age 9-15

8 203 7.05 3.3 3.03 0.21 0.42 0.0 ho &15 14.4 8.0
a8 288 7.25 3.99 2.90 0.22 0.15 0.0 4a 456 15.6 8.0

mean 8225 7.15 3.69 2.97 0.22 0.28 0 41.0 435 15.0 8.0

*Exposed in utero,

**Standard deviation,
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Rongelap Exposed Males, Age >15-40

13.2 8, 9 18 7-25 3-2 3.77 O.48 0.07 0.0 kT 38 16.0 8.0
. 26 a8 10 #3 5.91 2.6 2.58 0.08 +0.30 0.40 6 bho 1523 8.0
13.6 7.8 2 86108 hgh 2.82 2.06 0.25sCéO 50 5317.9 8.0
13.6 7.3 2a 03 7.62 3.3% 430 0.0 0.146 860.0 3. 16 «1As
12.8 Ts 3 =e 5.00 2.35 2.05 0.15 O.b8 0.0 ag 8615.2 7.5
14.0 6.8 3) 20 6.47 3.3% 2.66 0.13 0.52 0.0 aS bh6— 16.0 7
14.0 7.6 Oo 802 7.96 AM 30630 «(20.1460 «600.08 (0.0 aj 3e 14.8 7.1
14.8 7.8 AT 2 5.45 2.83 2.13 0.16 0.33 0.0 ah 35 16.9 TT

1h. 7.6 73 183 $.17 2.95 1.7% 0.2 016 0.530 50 8 017.8 T.1
TS 13% 9.73 TT 3.99 O29 #+#0.589 #121.00 5 h16—s«15.2 7.6

13.8 Tr 2 6.1 3.5% 2.55 O.% O.82F 0.70 6 s8T 16.4 8.0
. 7.7

0.5 206 ween 6196 6.58 3.27 2.82 0.19 0.288 0.25 25.5 458 16.1° . . 7 . « * 7.6211 $1.49 20.7% 40.89 22.6 th7 (£203 20.3

12.4 7.5 Rongelap Exposed Females,Age>15=40

12.4 7.5 12605 7-80 4.76 2.65 0.87 0.0 06.0 25 ao 8g. 7.1
1s 250 7.70 &.87 2.85 0.23 0.15 0.0 3 373 :13.2 8.4
15 AS 7.66 3.99 3.16 0.3% £06.15 06.0 My) &15 013.2 7.7
mw 26 4.868 2.78 1.81 0.2 0.10 06.0 % bol 13.2 7.3
22 208 7.14 4.21 1.93 0.07 0.93 0.0 9 426k 7.7

15.2 8.3 a 260 5.78 2.25 2.3539 0.35 0.52 0.60 © TT 914.8 7.8
14.8 Te p 133 7-eO) 0604.37) 2.15.2PiCiLT OO ci 400) 1..8 7.5
13.2 8.8 3 6.9 3.20 2.75 0.13 0.2% 0.60 % 3m 2h 7.8
14.8 8.0 61 373 8.87 3.6% 4.70 0.0 Oke 0.90 43 485s 8.5
12.4 7.5 6 193 8.87 5.41 2.8 0. ae 0.18 0.0 33 331 0.9 Tel
6 7.8 66 219 8.39 3.69 3.78 0.9 0.3 0.0 se kl9 013.6 7.3

14.0 8.5 Th 48365 9.0 5.93 2.32 0.37 40.65 0.0 hl h566 15.2 8.0 {
13.6 7.5 Te 6B5 1h.30007.4R 5 Oo h2 469 sah 8.8

TS 268 7.97 4.78 2.39 0.32 0.58 0.0 45 hs& 1k, 8.5

13.9 8.90 meen (297
+ 0.9 20.4 +122 318 a, 7 0-29 0.52 0.25 37.9 0913.2 7.8

° °- “8-8 téu 21.8 20.5

AilingmaeExposed Females, Age >15~40
1b. 8.0
15.6 8.0 51 2h1 6.55 4.00 2.299 0.13 0.0 1.30 ko 390 15.2 7.3

53 os 7.53 3.56 3.77 0.145 0.15 0.0 al ah5 1h.& 8.8
15.0 8.0 jo a3 8.82 7.23 1.06 0.2% 0.26 0.0 30 kao 9.4 T.4

f un 8.5% 7.0 1.07 0.85 0.3% 0.0 35 WS 12k 7.3

mean 227 7.96 5.45 2.05 0.25 0.19 0.32 F7.3 6 12.9 7.7

fenasee —" lllline



 

 

T
e
a
t
e
e
e

 

Plate. wec Neut. Lyapd. Mono, Rosin, Basco, RBC Hgb. *

(x2077) Gen0)— Gan077) Gn079) cat0)_ (079) (1074) (xio"4) sg

Rougelap Exposed Males, Age> 0

mh a 8.08 2.73 52 0.08 0.0 0.0 47 SOT 16.4
T 3 5.86 2.70 2.81 90.0 t.29 0.60 8 32 ik.
3s «103 5. 2.k0 2.78 6.05 0.11 0.90 hj 4Q3 15.2
55 206 5.% 2.57 2.41 6326 O22 0.0 by =a. 0.9
G& 23 4.75 2.00 2.08 6.29 0.83 0.0 83 kool
a) 139 7.08 3.54 2.87 0.21 0.42 0.0 és 16.9
8 8.00 3.60 3.68 0.08 0.64 0.0 a2 bos 1a.

Se xT 6.29 3.52 2.08 071 of 0.0 9 hoes 14.0

mee 214 6.3300 2.88 2.99 skis° . . * . s100—Os 127 11. tog toe +5 + +os

Ailingnae Exposed Males, Age >40

16 203 4.76 1.98 2.53 0.0 0.29 860.0 hh 5h} 14.4
2 356 9.10 5.55 2.46 0.55 0.3% 0.18 he k19 15.2
hl sok 4.70 1.97 2.07 0.19 O.b7 0.0 hh 453 16.0
50 3248 6.9% 3.47 2.78 0. 35 0.20 0.07 né 661 17.4

aeen |=—(245 6.3% 3.23 2.46 0.27 0.35 0.06 hh, GQ 15.8

Roagelap Exposed Females, Age >40

13 Oh 5.37 2.% 2.h2 0.21 0.8 0.0 3T yo 12.4
* 226 6.2 3.35 2.40 0.25 0.32 402.0 ¥ %2 13.2
ST 286 5.69 3.76 1.82 ob 00 0.0 37 338 «=6..8
SS 115 6.71 2.82 3.5% 0.20 O.18 0.0 9 eo 8624.8
60 2 6.% 2.48 3.2% 80.25 0.32 0.6% en 3 00COi«dL2wT
63-135 4.66 2.1% 2.00 0.23 O<.288~ 0.0 43 b59ts«C21.0
76 219 5.62 3.09 2.47 0.90 0.06 0.0 39 Pl 13.4

men «6238 5.82 2.86 2.5 0.18 om 0 B.1198 20.60 2038 20.63 ° m6 13.3
- 714

Ailingnae Exposed Females, Age >40

1 206 8.20 hk? 3.26 0.08 O.41 0.0 ho koe 1b. 8.3
2 204 6.40 2.9% 2.43 0.2% 0.70 0.6% 35 ] 15.2 9.2
43 268 5.3% 17 0.6% 0.21 0.27 0.53 ho 428 13.6 8.4
45 330 Tu 3.98 1.85 0.21 1.07 0.0 % 3 13.6 8.0
59.235 8.96 3.67 3.67 0.99 0.63 0.0 3T %S =62.8 7.9

meen 29 7-20 3.83 2.37 0.35 0.62 0.23 3.0 43 13.
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gab 296 5.95 1.& 3.33 0.30 0.8 1.20 bb 16.0
961 253 7.3 2.% 3.72 0.07 0. 0.70 5 14.8
oh 203 5.63 2.87 1.80 0.23 0.68 0.00060 13.2
969 a3 7.83 3.99 3.29 0.23 07 0.0 ko 12.8
973 hls 8.53 hik3 3.07 0.17 O.7T 0.90 bb 14.0
TS 3 7.05 5.01 1.69 0.4 or 0.0 bh 15.2
100T 302 a] 2.8 3. 0.13 0.2 0,0 a0 14.0
whl 9.25 5.86 2.75 0.18 0.37 0,0 h2 lab

acen |= 7-75 3-93 3.06 0.20 0.87 0.68 41.6 1h.0
gis 71.30 *1.18 +£0.76 #2.6 to

U Females e >40

Ohh 485 8.93 5.00 3.22 0.62 0.09 0,0 hh 14.0
851 205 8.10 1.62 5.67 0.26 0.65 0,0 % 12.1
852 ba 10.20 4B 4.90 0.20 0.71 1.00 35 11.2
6s 468 8.00 3.8 4.00 0.32 0.32 0,380 8 11.8
899 525 7.73 2.95 hh 0,0 O.4T 0.0 ho 13.6

893 38 10.50 5.78 a) 0.0 0.42 1,10 3T 12.1
ag hos 7.68 4.80 2.13 0.15 0.71 a,80 lobe 14.0
898 23 6.48 3.2% 2.33 0.19 0.58 1.30 kL 12.1
908 173 6.13 2.45 3.7 0,0 0.37 2,0 hl 12.8
928 435 6.65 3.26 2.53 0.27 0.47 1.30 35 12.1
929 439 6.35 3.18 2.79 0.25 0.13 0.0 a}, 14.8
9% 275 8.93 3.8% 4.55 0,09 0.3% 0.90 37 13.2
Ohl 235 6.50 4.3% 1.69 0.26 0.20 0,0 ao 13.2
ga2 we & 2.89 3.30 0.27 0.20 0,70 &O 12.8
956 3 ; 4.59 2.18 0.38 0.3% 0,0 % 11.8
957 390 -60 3.78 4.3 o.% O.LT 0.0 39 13.2
970 450 11.40 3.66 7.79 0.12 0.12 1.20 237 12.1
982 3 8.40 5.29 2.8 0.08 0.25 0.80 43 14.0
991 323 13.05 & 2 3.13 0.52 1. o4 1.30 a7 16.0
10k2s 370 7.25 3..7 2.55 0.3% 0, 4b 1.40 ko 13.6

man |= 8.29 4.On 3-60 0,23 .kO (0.63 6 13.0
299 $1.9 ti.8L 41,85 1.0 ro

aeaeee .
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is
Subject Plate. we Neut. Lyapa. ono, Rosin, Basco. Net., Hgb.s Subject P

mo.  (m20™))—cxt0™) —cato™> (0) c0™) cn) (0) 5 he, ¢
. ee|

Unexpoord

eca, bd 8. 3.26 85 O.0p 0.62 0.0 &6 13.2 &10
Soa | 10. 5.23 bo 08 0.3 0.0 ko 13.6 066
803 2 11.95 8.37 2.9 0. 0. 1200 #8 12.5 908
Sor & 8 5.4 5.7 0.27 2.17 0.6 % 12.4 goe

805 0 9o 3. 3.% 0.27 1.48a 5.0 35 ane 903

90h &35 11.00 5.28 4. 0a O.bs 0.0 ao 13.2 983
905 0 14.53 10.60 3.99 0.15 0.bh 1.40 37 10.6 930
952 610 16.40 6.40 7.71 0.49 1.80 0.0 37 12.4 95
lcce aE 1h.45 7.95 4.05 0.89 2.02 0.14 8635 11.8 979
1004 12.83 3-13 7.3 0.86 0.13 0.0 7 12.4 995
1oo6sS533 16.99 8. 6.33 0.68 1.08 0.0 37 11.8 1011
wo 4 8.05 3.70 3. 0.40 0.40 0.0006 = 12.4 m2
1010 a3 11.90 3.28 7.7% 0.12 0. 35 1.20 8637 12.1 dg
1023 9.90 6.73 3.07 0.10 0-0 0.0 - 10.3 1080
ik 2S 8.60 h.& 3.10 0.09 0.6 0.90 86k 11.5 10e2
1s Gag 12.80 4.99 5.3 0.28 2.18 1.30 % 12.4 1085

pT. ns) 8.50 4.68 3.35 0.0 0.68 0.70 fF 11.5 1026
1086s 11.15 3.68 6.02 0.11 1. 0.0 h 11.8 1029
ley 8 9.15 4.30 4.39 0.09 0. 37 0.0 9 11.5 1971
190300=S «490 9.65 5.2 3.3 0.39 0.48 1.00 % 12.4 103%
1037_—_—« 6A 8.03 2.33 &.73 oO. 0.72 0.0 7 12.4 Obs
103 §8=6©0 210.70 4.07 6.10 0.32 0.12 1.10 35 10.6 1051
1039 kg} 14.10 6.91 a) 08 0.42 0.0 hh 12.4 1057. «6
1okots«SO 9.538 5.17 3.5% 0.29 0.58 0.0 37 12.1
1006 SO 10.45 3.97 5.85 0.c 0.63 9.0 - 11.2 meen
1087 A 17.70 8.32 8.32 0.53 0.35 1.80 35 10.6 +
10bg ss 11.15 3.12 7.3% 0.5% 0.11 0.0 9 12.8
1053 gO 8.25 3.47 &.Oh 0.17 0.50 0,80 3 12.4
105k 225 13.80 4.97 8.00 O.h1 0.41 0.0 39 1.6
1058 550 8.20 2.4% 4.76 0.49 0.8} 0.0 37 sie
1503 ko 12.25 3.80 8.33 0.12 0c 0.90 ho 13.6
isch 6 11.95 &a2 6.69 0.60 0.a 0.0 37 12.8

oan =(470 LL.3 5.03 5.2 0.28 0.66 0.57.
214% $2.80 21.98 21.77 +24 +03
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fp

» Hgb. . Subject Piate. wc KNeut. Lynph. Roan. Besia, Base. ict. t agd. .

g wo, (1079) ct0™— ca079),— (077) (m0) aet0™) (x0) sg 5

Gnexposed

13.2 eo a6] S.a0 h.87 2.92 0.8% 0.08 eo 8 12.8
13.6 O66 203 6.29 2.48 3.35 0.06 0.37 0.0 3T 12.1

12.4 go te 9.90 2.97 5.25 0.0 1. 0.0 » 10.9

12.8 906 bS5 7-83 2.58 oh 0.08 0.55 0.80 35 1.8
13.2 | 423 10.65 3-3 4.37 0.43 0.43 1.10 «6 12.8
10.6 930 651 8.60 3. ‘2 0.09 0.43 0.0 % 12.2
12.4 9 308 11.60 . 5. 0.23 1 0.0 ¥% 12.4
1.8 oT9 306 9.70 6.66 &.17 0.0 0.87 0.0 &O 13.6
12.4 995 350 8.30 2.7% aa8 0.33 0.8 1.70 3% 12.4
11.8 mi 383 11.45 sm 5.0% oR 0.92 1.10 zB 12.4
12.4 ima «a6 7.20 2.23 a. Sa 0. 0.29 0.0 35 12.4
12.1 1019s 3773 11.10 3.66 6.2 0.12 1.00 1.10 > 11.2
10.3 logos 18.85 8.76 5.40 0.0 0.7% 1.9 37 12.1
1.5 lose 6S 8.2 2.87 5.17 0.09 0.09 0,0 3T 12.8
12.4 1025 «30-4635 13.73 3.29 9.7 0. 0.27 2,70 © 13.6
11.5 1006 «STS 11.15 3.68 6.02 0. 1.3 0.0 » 11.8
11.8 loep =a 8.75 2.3% 5.95 0.18 0.26 0.0 37 10.9
11.5 1072 525 10.90 3.60 6.32 Oo. 0.55 2.200 # 12.4
12.4 10% 410 9.40 3.57 4.8 0.3% 0.3% 0.90 9 13.6
12.4 lohh 635 11.03 3.86 6.28 0. 33 0.55 0.0 2 9.7
10.6 1051 Ah 11.2 4.03 6.50 0. >% 0.22 116 13.2
12.4 1057 6% 12.60 3.78 7.9% 0.38 0.50 0.0 % 10.6
12.1
11.2 mean 4658 10.67 4.28 5.87 0.23 0.62 0.7 3%.8 12.1
10.6 +133 *2.80 #2.10 +1.50 t2.% 41.0
l2. -

12.5
18.4
us.6
13.6

; 12.8

{
* 12.1
¥ +0.9
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ledividual Basophil Determinations, 1963 and 1964
 

% Base./4000 cell count
 

% Basco,/4000 ceil covnt
 

Subject

No,
 

 

Subject — — Sebject
Ne. 1963 1904 No, 1963 1904

1 0.45 0.40 63 0.30 0.90
2 0.65 0.73 & 0.40 0.48

3 1.0 1.60 65 0.45 0.23
s 0. 52 0.75 6 0.30 0. 52
5 0.3 0.55 GF wane 0.23

6 0.3 0.30 @ 0.35 08
T 0.80 0.30 & 0.3% 0.23
8 0.55 0.62 7 0.25 0.18
9 O.k2 cone 71 0.25 08
10 0.65 0.98 72 0.98 02
i 0.23 9.50 T3 0. T2 oO. 3s

12 0.3% 0.50 th 0.8 0.25
13 0.6 eo. 52 TS 0.18 eo. 35

1a 0.72 0.55 6 0.25 0.28
15 0.30 0.42 1 0.32 0.20
16 0.25 0.30 5] 0.20 0.23
17 0.35 0.30 sa) 0.35 0.
18 0.60 0.45 80 0.25 0.28
19 0.50 0.52 81 0.42 0.20
20 0. 55 0.58 82 0.3% 0.30
a 0.45 0.50 83 0.15 0.23
22 9.30 -—-- 8h ---- 0.38
23 0.30 0.25 85 0.13 o---
aa 0.48 0.38 86 0.42 enn
2T 0.52 08 87 0.48 0.85
2B 0. ke 0.30 88 0,48 0.25
2 0.30 0.3% 89 0.30 0.38
32 0.52 0.60 90 0.40 0.3
33 0.85 0.38 ju 0.28 0.30
Kas 0.48 0.50 92 0.20 0.25
35 *--- 0.30 93 0.40 0.15
% 0.25 0.23 oh. 0.18 0.23
37 0.45 0.370 95 0.25 anne
9 0. 50 0. bo 96 see 0. a8

ho 0.55 0.50 IT ---- 0.52
hl 0.50 0.50 98 0.45 0. 35
ha 0.60 1.05 100 awen 0.35

3 0.62 0.45 101 0.45 0.50
aS 0.52 0.70 102 0.8 0.8
aT 0.40 0.85 103 O.42 9.25
48 0.55 0.48 104 0.48 0.3%
hg 0.50 0.45 105 0.42 0.3%
50 0.35 0.30 106 0.3 0.42
51 0.45 0.8 108 0.35 0.45
53 0.3% 0.50 109 0.25 0.55
> 0.25 0.50 110 0.25 0.48
55 0.530 0.45 1 0.42 0.50
5% ---~ ---- 112 0.50 0.38
oT 0.25 ---- 133 0.55 0.50
3B 0.20 0.30 5 0.25 0.48
9 0.20 0.25 16 0.35 0.28
60 0.8 0.20 7 0. 35 0.40
61 0.48 0.35 118 0.42 0.40
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& Base./4000 cell count% Basco./4000 coll count
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% Base./4000 cell count
 

 

Sudject Sudject
Ne. 1963 1964 No. 1963 1904

3 0.25 0.3% STT woe 0.20#8 S&S §€ = 8m5 a. a oom 0.

716 0.35 0.30 960 eons c.#
SAT. 0.28 sone 96 0.35 0. 30
918 0.48 0.45 90a sone 0.30
gig 0.52 0.40 992. ace 0.35
= 0.3% 0.3” 993 0.40 0.35
oan 0.25 0.35 995 0.8 0.25
983 0.28 0.35 996 0.30 0.23
925 0.80 0.25 998 0.42 0.30
9a6 0.25 0.28 1003, 0.30 0.3%
a7 0.32 — 1002 0.38 0.35
a8 0.23 0.3% 1004 0.48 0.30
989 0.35 0.30 1006 0.25 0.30
930 0.25 0.23 100T 0.32 0.23
om 0.30 0.32 1008 ---- 0.50
932 0.18 0.3 1009 0.30 0.28
oy 0.42 07” 1010 0. #8 08
935 0.30 ---- 1012 o--- 0.35
9% 0.30 0.30 m2 0.38 0.23
937 o--- 0.35 1013 soe> 0.28
938 0.32 0.25 2014 0.28 0.30
93 eee 0.23 1015 0.40 “———

ged 0.40 0.23 1017 0.38 ----
ghe 0.38 0.30 108 = 0.30
oak 0.32 0.25 1029 woes 0.4O
94S ---- 0.25 1080 0.20 0.25
gaé 0.30 0.8 1021 0.28 was
GAT 0.38 0. 32 1022 0.40 0. 32
gaa 0.38 0.8 102% 0.85 0.25
950 0.28 0.40 1025 0.28 0.3%
951 0.40 0.30 1026 0.35 0.30
952 0.25 0.4o 1027 0.42 0.30
95h woes 0.28 1028 0.25 0.18
955 0. 35 0.28 1029 0.38 0.28
956 0.30 0.35 1030 0.35 0.25
95T 0.25 0.25 1072 0.35 0.30
958 0.52 -se7 1033 0.40 0. 32
99 0.40 0.32 1034 0.30 0.28
960 0.30 0.25 1035 0.35 9.38
941 0.45 0.3% 10% Oo. 30 0.8

962 0.35 0.28 1037 0.38 244

964 0.50 O42 108 0.23 0.23
965 0.23 0.50 1039 wee 0.30

966 77 oe 1040 0.28 Os 35
67 0.30 soc 1041 0.25 0.25
65 0. 32 0.30 1042 0.40 0.25
FPO 0.30 c.% 1043 0.23 0.28
gn 0.25 0.25 1LObd 9.23 0.30
9T2 0.3 ooee 1045 0.28 re
973 ie 0.25 1046 0.32 0.30
975 wre 0.32 1047 0.38 0.30

88

due Deu I L
 

 

 

 
 



 

 

77 

1964

% Baso./4000 cell count
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-., past eet on Pemecum ve]
_, 7 S1sRRT Twntas CiiTuerTs Gant & LIDGE at Gao . sm

Obemity. Oi. Fimticn left 1ST 190/100 Mecular AtLId cystocele.
' Mencpwase 298 40. oincy, son. tion amd Lents.
a Grav. 12, pare. cular opacties.

F 12.

Pteryeiue aed 2 om. cyst on
s URI, congh. ‘Tree. amp. distal} 143 198/80 leaticular muck over D5;

Mild polic '64. phalem left opacities bilst. removed
Nn inden finger. Arcen 4, eurgically.

S- pOaryglay
T Arcos le, Eiist. | Slightly

1s 110/Te amll neck enlarged prostatd.
ua nodes.

9 Em. of
trichasonas. 1%. 116/To Strebisuns.

yen

20 Pteryeiu

ip 110/60 left eye.
en

Burn ecere rt.

uw Slight pain end 15/90 Pupil bilat. shoulder end
stiffness in Rypertensive Preryeive left chest, healing

<n Joints. uz 170/100 ‘63 eye. }+ retiml Uleer rt. ankle

arteriosclLercsis: (trented ). Beei-
dual burn:

12 Wenurche age 1}.
Pare. 5, grav... 12T '63 140/70 *62 Choroiditia Preguast, oc Devi

26 F LF June 1962. rt. eye. pelvic 1963. back '63.

Mevopsuse age Struck in left R,B: 20/70, ald
1a sO(1). Pare. 0, [eye 7-8 yoars 6 118/60 chorioretinitis,

qrer. 0. Poor ago, uleeration. ercus , lent icuer
6ar vision. opacity. LB, 20/00,

staphyloms Sxtem

god: tis.

ty War y6h "Rete burn”
Pare. 9, arav. 9. l27 90/60: i) scars rt. elbow,

yp F lactating 12/63 left #wye. lett axilla and
tc present. left neck.

16
12k 108/68 Arcus 2. Rt. Prostata l+.

a> 4 pteryelum.

Menarche age 12. Pingueculea ct, | Rectocele,
18 IP 153. Peon. pterygium left. | *ystocele.

13, emer. 12. 108 100/68 Throat inflamed. | heeled cervical
ir Lactating 10/63 lacerations.

tO present.

+

22

Cough. 201 '62 35,60 '62
a? 98 '63 Ba/50 163

i
ah Menarche age 12. i Mottied 4epig.

Pare. 2, qrev.2. 30 104/68 Small nodes front of neck.
zuF Itching of shin. 100 "63 right neck Biopey scar

rt. ACP.

27 Lat 106/60

Chest pain. Ly 63 Pulse 52/min.
MN Bredycardis

28 Menopause agesc. oY 198/68 pulse B, Arcos 4+.
Pere. 10, grey. ll) ‘61 reqular Peerygium bilet.| Liver palpable
20. UNC. 160/90 '63 Senile cata- ane finger
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Individual Adslt Physical Findings 79

oop
Ghamts 4

Niscmaeoss, Cras Lab AR, Grins, Pee..

WHRLOC ICAL, THES, FIC. we mr pat I-tey, ets. monteTw

9. '6$ Chewt F-fay: Cnrdias
-» eartic arteriapclerceie’$4,

a,mo 4 313 [Pep.: Bagetive for mliguest calls; Syperteneiae.
jeerbed inflemeeticn with inflam Chesity.
tary atyRia.

ional ay 133 [Gaest I-May ong. ‘63. ewe aerroe when for genera)
weedy.

Inforued wpper lobe left
ear. Tenor left wuttonk 6,100 AL aS Prowestic hypertrophy.
"6% neh edemopetig.

7,00 AT 185 1963 emeniantics.
fo 196h emmmimtian.

Uipam left shoulder ‘63. 1,301 4% YS fre iz.o 6,

Cardiclyeia slide flocculetics

Bemberg + 6,y0 | WO ftewt: reactive, titer 2. Arrested buss.
‘Reiter protein complet artertosciarceis
Timatian test: reactive. Rec. Eakn test.

6,500 a1 5 lpm &B '63 1963 emmpdenticn.
Bemstalogy only 1964.

Pep. Magetive for milignest ceils;
Atrophic vagina, 75° kypbo- 5,500 3 626 [inflamstion; ecm: squamces atypis
sis, rigtt ecoliosis. Tor noted; T trichamass waginelis Kypaoscelicsis. Bralunte for
left labia 1963. infestation; high estrogenic level possible ca. of bows) st ferd.

for age and eenstrml -

Prominent ulear styloid 7,200 | 355 PaT 6.3 °63. fep.: Begative for
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APPEDIX 9

APTEROPOMETRICSTUDYOFADULTMARSEALLESE
Albert R. Bebnke, Jr., KD.

Unifying Principle Underlying Anthropozetric Measurenents.

F, « factor derives tron ‘V/w/no”’ is proportional to the sm of 11 circus

ferencementtheoun of the 11 circumferences divided ty F is a biclogic

constant, approximately 195 (19h to 197) for widely differing groupe of males.

Tf? the neem value for each sencurement is divided ty F, then the quotient

(Meen/PF or 4) cam be used for comparison of measurements. ‘The ¢ valuse are

the rear seascresents converted to « common basis for comparison of relative

body aise.

Analysis of Data,

   

Group 18 10 Group 11 F «10 Reference xmas

Age 30.3 yr. age 31.8 yr. 20 to & yr.
Weight 52.4 kg. 51.2 kg. 56.8 ke.
Beight 15.10 dn ls.7 dm. 16.35 a

ret . 2.79T F e 2.793 Fu 2,832

Circunference cm d Values em 4 Values em sé nes
( cu/?) (cu/F) (cn/P)

Shoulder 94.08 33.63 Ga.h5 33.82 97.16 3.390

Biceps bh 10.17 2.53 10.22 2.90 9.50
Forears 23.95 8.56 23.1h 8.29 24.28 «AL ST
Wrist 14.76 55.288 14.65 5.25 15.31 5.40

Chest 81.79 29.2% 81.02 29.00 83.17 29.39
Waist (Abd.1) (70.99)(25. 37) (T2. 30) (25.89) (66. 33)(23. 42)
And. avg. 79.52 2B.&3 78.65 28.17 72.33 25.53
Battocks 90.95 32.50 . 90.18 32.39 94.60 33.45

Thigh _.. 53.52 19.14 51.87 18.59 56.2% 19.85

Enee OT 12.50 35.52 12.T2 35.16 l2 kl

calf 30.33 10.34 3.65 LL 3.37 «12.13
Ankle 19. 7.00 20.01 7.16 20.7 7.32

553 197.3 550 196.9 560 197.8
 

*Individual deta on separate tanle. ** Factor (F)1/,,9.7 W(weight), h(beigt
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MRASURIBGEETE FOR COMPARISGH WITH
U.8. DEPT, OF AGATCULTURE DATA

 

 

 

 

 

Average d values U.8.D.4. Age Group (35-399r. ) U.8D.& Age Group Loyr
Groupe 1 & 11 Fn, ee ¥ = 6253

h(16.0% dm, 63.3 in.) iFes kg
Pa 2.960 a 13.82 ]

P 2.252

a Valuss ca a Valnes x 2 Values

Chest 2.12 68.93 30.08 oT. Te 30.09
Waitet(abd.1) 25.63 Th.35 25.29 57.TT 25.65
Dustocks 32. 9.5% 33.% TL. 2.92
Thigh 18.& 57.00 19.25 Se) 18.50
Calf 11.09 33.22 11.2 27.40 12.17
Knee 12.61 35.30 u.93 29.03 12.89
Forearm ob. 42 a.89 Beh ee we
Wrist 5.27 15.26 5.16 weeee  mawee
ankle 7.0 23.60 6.96 eee te

Suan 150.5 151.8

INDIVIDUAL DATA

Young Women (<4O yr.) & = 2) divided into two groups

Group 1 N= 10 Body weight = 0? xh’! x .255 = sem 1) ca/100

Ho. Age Beight Weight Veight Sum Circus. h is height
decin. (os. Cale. # om in én

1s 35 15.13 57.7 56.1 STh

is % 15.49 49.3 4g.5 5h

a 23 14.92 40.9 41.8

1001 30 14.92 5.8 59.7 59h

1050 30 15.07 62.7 53.0

1502 25 15.49 56.4 $3.9 557

71 -) 14.42 56.6 55.7 8

wag 25 15.37

=

50.4 hg.6 537

51 35 14.90 45.0 ho. 2 523

832 26 1b.07 45.9 ho. 2 52b

Mean 30.3 15.10 $52.4 §2.2 553

[**! SLAAM!' RZ SHH 1228
Bz

gig

 



Group 11 HW = 10

Mo. age mae

ox 30 wa

one % 16.07

3 35 Ww.

865 mn Lief

867 % 15.03-

895 » 15.18

896 a 12.59

932 29 1h.68

9% 2 14.73

9a5 9 14.62

Mean 3.8 14.71

 

 

Weight Weight Sas Circus.
Ope. Cale. ca

43.6 43.5 sat

61.8 3.5 576

56.4 ST.» SOT

ba. 42.5 50h

SRT 55.8 . 573

5 5e.6 565

45.5 43.5 53%

a7.3 46.8 529

| hk 620

ko.0 80.5 493

51.2 50.8 550

Grevide? 49

* es 6L

e " Th

25 15.49

18 15.37

26 15.43

75-5 Ts.2 739 «(12 circum. Abd(1) & 2

6 h Th.6 Ta2 " * « 2

82.0 81.2 TT3 . “ . .

Calc. Weight (kg) = (Sum 12 circum/112.9)* xh’! x .255

12 Cirewmferences = 10 circum. + Abd (1) and Abd (2)

(1 . ”

-

x.

*y

= 10 circum. + Abd (avg. }

APPENDIX 13

Pediatric Aathropemetric Data (Height and

Weight)
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x .263 « Weight (kg)

The equation, D” x Beight?*? x.111 « Weight (kg) gives a good
approximation alec of veight. With this equation, calculated veights
are lower. For the Romgelap group, the correct power of height Lies '
between. 0.7 and 1.0

S
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@

Qreup i Melg & Growp 111 _= 10 Av, Age 56.

Denber Sm 1) Circe. Weight Beeber Sm ll Circe. Weight

mE Calc. *# cu Coe.

a5 ) 7.6. Ty
86h 6e2 nl.» 80 = 22.7

oer ore T-2  gr3 83 8.7
cee 339 %.2 oe7 Sag 50.0

966 600. 67.6 853 625 70.

oo 617 1.1 2. Shp 51.1
a3 58 63.2 65.1 g20 599 sh5

10 600 63.2 65.2 a76 679 ar.
2T Se &.1 * 65.

2 BB $3 $2 sowwweiacccT
73 620 1.6 71.9 av. be 73

Se7 S71 57.7 9.4 0.2 51.3
88 551 Sk.0 53.6 Sh. 55.7
830 604 68.6 67.4 51.6 5h.6
833 591 61.5 65.4 &9.0 66.9
836 Soh 57.3 57.5 TT.T TT.§
a 56.8 55.9

10 85.5 87.8
612 . 603 61.4 63.5
660 . . 559(b,15. 36) (55.6)ee 55.6
657 * * 58 56.8 57.1

 

Assumed stature 15.50 dm, weight calc
Stature left blamk in protocel Cale
Weight based on assumed (EZ) = 15.36



 

131

Interpretation of Date.

The 4 vales for Groep 1 reflect goed mrscular development ond lesoeees

based om a comparisom vith the d valuse of a Reference (Hilitary ima)* aad

other groups.

The 4d values for Group 1¥ reflect lose of lean tiseus end fattening

that accompanies the aging process.

The 2 valuse of Group Ll are someveat petsling. Tais group éces act

beve the muscular development, for exemple, of the older age Group 111,

deapite the increased wright of this group. The number of iniividuls is

each group except Group 1, is small, however. There should be et least

30 mem in each group. Severtheless, there is no question about the exeeliest

moeculer developmemt of Group 1. ‘The relatively amall ankles compared vith

Refervace Man* may be a physical charecteristic of the males of this rece.

men ee meepseeeeeeee

Beight 17.40 decimeters (68.5 inches ).

Sam of 11 Circumferences = 600 PF © 3.076

Sm 11 Circun./P = 194.9

d Valoes for Reference Man

Shoulder (36.00), Biceps (10.32), Porearm (8.72), Wrist (5.62),

Chest (29.84), Abdomen Avg. (25.49), Buttocks (30. 3%),

Thigh (17.80), Knee (11.90), Calf (11.64), ankle (7.31)

 =

a
o
e

a
e
e
a
e
e
e

ee
,

2
e
e



c
t
s

132

b
e

Conclusions.

1. The wes in the Group 20 to 2) years, especially, reflect excellent

physical development. ‘he 4 value for biceps girth is 10.65 compared vith

10.32 for « reference military (young) ann* (A difference greater then

0.20 is highly significant}.

2. By comtrast, the vonen (ages 24 to 39) vith the exception of the

arm wensuremeats are either physically inmeture, cor they have lost «

cousiderebie ancunt of lean tissne,

The striking imesturity is reflected in the girths cf hipe and thigh.

The d values for these measurements are gach lower than the comparable d

values for « reference wmas an! for the meen values for a group of Americas

vonen usagured about 1937 - 1939 vy the Dept. of agriculture im comection

with garwent patterns. ‘The relatively eamll sire of the calf moeculature

is noteworthy. ‘The 4d values for arm sise compare favorably with thoee of

1, weference woman and with those of the USDA (35-39 yr) group.



APPEHOII 10

Nausea and Vomiting in Marshallese Pollowing Exposure to Pallout,

March 1, 1934
 

 

 

Neusea

Subject Voudi ting »
No, Age (1954) Sex Onset Duration Onset

2 2 " 3/1 (1200) t

3 1 M 3/2 3 days 3/2 and 3/3
& 3a M 3/2 1 day
5 2 M 3/2 1 day 3/3
9 22 M 3/2 ? 3/2

16 24 M 3/1 (1600) 1 dey
ll 530 M 3/2 ?

14 25 F 3/2 (1200) 2 hours

15 7 ¥ 3/2 ?

19 3 M 3/2 ?

20 7 MN 3/2 1 day?
21 3 F 3/1 or 3/2 ? 3/1 of 3/2
22 1? F 3/2 (0700) 5 hours

24 15 F 3/2 (0700) t

27 26 u 3/1 or 3/2 t
32 2 4 3/2 t 3/2

33 1 F 3/2 3 days
36 45 F 3/2 (12005 12 hours

36 7 x 3/2 2 days 3/2
37 20 a 3/2 1 dey
39 15 r 3/1? i-2 days

40 29 M 3/1 (1200) 2 days

42 3 r 3/2 2 days 3/2
43 66 F 3/2 1 day
49 15 F 3/1 or 3/2 1 day
54 1 M 3/1 or 3/2 7
58 59 F 3/2 (0300) & hours

61 § F 3/2 (1200) 4 hours

62 57 F 3/2 (0600) 6 hours

63 36 F 3/2 (0800) 4& hours

64 30 F 3/2 1 hour
65 t F 3/1 or 3/2 1 day
66 29 F 3/2 (1800) 12 hours

67 14 F 3/2 (1200) 1 hour

68 45 4 3/2 (0800} 4 hours

69 4 F 3/1 2 days
71 28 F 3/2 (1000) 5 hours
72 6 F 3/1 or 3/2 ?
74 16 F 3/2 ?

75 12 P 3/2 1 dey
77 26 M 3/1 or 3/2 1 dey
78 37 F 3/2 (0800) 4 hours

80 46 M 3/1 (1800) 1 day

8? 50 M 3/2 1 day
 

MOTE: Total of 44 ceases (69%) of 64 people receivingi75 r reported nausea in the
No nsusea was reported in che 18 Ailingnse

people (receiving 69 r) or in the 157 Utirik people (receiving 14 r).
first 2 deye after exposure,
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APPENDIX 11

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

1957 through 1964
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u 71 20 85 26 91 29 ~=100 —- ld 37 108 360s ag k3 38 ab

ul Th 23 -- -- _ _~ -~ _ - -- ~_ — e-  nee .
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u 79 25 ag 30 96 3h 104 9 108 Lo - - 118 A) --- --

M a, 25 90 29 95 26 86100 37—s «lol, Eth 108 38s ua 40-147 41
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uw 9 46 195 Lo lla 43 118 50 122 53 125 57 130 62 ith 69

u 1300431 Cw«iS $6 19 57 133 6 61360 «6606OTL otkg Bg
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APTENOIX 13

Pediatric Anthropometric Date (Height and Weight) on Childres Born to Exposed Passats,

 

  

195 through 1964
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Birth Ht. Wt, Ht.» Wtes Htae Wt.» Ht.» Whoa Ht., Wt, Nt.» Wee, Mtoe Wt, Hts Weep

No, fex date con lb a 1b ao ib a ib oa ib a ib on ib a ib

s7° Ff 76 #1 ~ 2, -~ ~ 97 » 1s lB 11200 we 115 a 118 48
ae* 70 2.0~—C oh 26 69 31 os %*% 106 8% lo oS 115 118 2
fy* fl 21 -- a, 87 28 95 ee 100 3 105 is mw =O
go* 7 22 86 28 oh 32. s«101 36 os 115 5 i209 UF] 5h
gi* y 65 ~% go 29 9 % jlo 9 «(OO LS 16 «66 a las 56
a UF 71 22 61 2% 86 26 a 3 mM 16 86 1 5 17 Wg
3 8 50 8 Th 21 06 27 | 3¢ 100 8% 1609 no «6 ab
om oF 6 6 — — & 6 -— = 86 W 100 35 6 * 10T 0
3 «OF 69 1 83 25 91 26 on R105 3 1098 Loose --
ef a ¢ 2 3 8 8% °9 9 3 eee KD
97 OtU«édWW _ % 78 23 — _ 6 jl _- -« --- -- 115 hi
98 Oo 71 20 ~ ~ 8 is 910 56 5 3 on 7
looCdF 1 22 é 25 as 33 96 35 -_ = con we 1
101 F q 4 eo 7 - — im 3 we 3B
102 M 75 us a, a, 5 8 yp 60} 105 33 il 3T
lo F 70 16 - - —- % % » 3 106 %
loki és 17 _ - «6 2% - = R05 2
105 OF 65 ib _ _ 5 ge fg 9 F} WI
106 0—C—«C*F eo 6 3% 103 35
1 F —- "~-— “os lot oelos OF —- w& 7. = 3 ws >

uio oo a 2 2 n 36
low So 8 26 96 30
1l2.—soF o 8 eT aT 93 30
13 —- ww --- o@AtC* 5)
115s ~ 21 6 81 33

meree

*pata for 1956 on the figset five children are sa follows; No, 87, 1¢ 1b; No, 83, 58 am, 13 lb;

No, 69, 13 1b; Mo, 90, 62 cm, 11 1b; No, 81, 73 om, 22 ib.
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Q
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W
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APPENDIX 13

PRIVACY ACT MATERIAL REMOVED

Pediateic Anthropometric Data (Height and Weight) on Rongelap axposed Childrea,
1954 through 1964
 

  

 

1954 (Mar.) 1954 (Septl 1955 1946 1957

No. & Age at Birth Hte, Wtey Htey Wtey Htey Wtog Htes Wte, Htoy Wtes
sex exposure date a lb om lb on 1b oz ib ca 1b

83M In utero ~ _ 66 ls Th 20 ay 28 90 31
ae -— = = = 6 =— = = = B
asm 7 6 — _ _ 7 & 17 a6 ~ 8s 27
so F * ” _ _ _ — 58 16 _ _ a3 25

sR Ly _ 23 - —_ £0 28 90 36 98 39
os F Ly2a -— 21 _ 23 79 A s§ 27 as 26
Sm ly4e _ 20 80 25 &s 27 86 2 33 31

3m ly Se _ 22 33 25 a, 26 90 31 Bs 31
2m ly4an _ 22 _- 26 8s 2 90 31 95 3
om ly 4a _— a, _ — a1 27 90 30 95 32
Pp ly aan _ 23 _ 25 a, 26 gl 30 9 35
JF lyv7a _ 22 _ 25 88 28 95 32 99 33
42 3y —_ 25 _ 27 Fe 2s oT 31 100 36
2alF jy al 2 — _ 91 32 968 35 101 39
17 P Jy 4a 90 31 _- 32 98 35 lee 38 109 4l
236 Jy Se 38 95 37 160 4o 105 Li? ho Lg
32M Jyée _ 29 _- 2 5 32 100 36 105 38
amm 4 y _ 32 9 32 —_ _ 107 ko Lhe 4o
oo F Zy7ae 95 33 100 34 190 37 105 42 13 lyk
9m Sy2e 99 33 lok 32. s«105 37 Log 39 3 42
46°F Sy Sam — Fey 6 us 117 La 121 us 126 52
72 F 7 ¥ 108 bids 3 4O liz ba 6 4g 121 53
IS EF 7 ¥ 106 a5 aa 37 133 4i 6 4a 123 47
20m Oy 9m ilo 43 lu 43 9125 ug lis 57 125 9
Jom 7 y¥ 4a né 50 86120 51 119 57 12h ro 123 Gy
ol F Sy Lay &6 120 7o 130 T9 139 9 145 5

a7 Mm 8 y Sm 120 55 123 5h lay 56 139 6k 133 68
SIF By 2a ne 43 — ua ag 50 4 55 130 56
S3*F 8 y 2a lia 4a 122 ub 126 kg 130 51 133 %
76m 107 7 128 63 130 ah 135 65 138 73 143 79
75 F lly 6m 135 9 138 é2 5 91 45 100 Lb 108
26m Wy 4m ly lay 150 110 155 138 163 140
24 F lay Se 96 ly2 100 Ss ya 100 145 103
35M l3¥ 5a 138 98 147 Si 155 105 155 lll 156 hy
o7 F l3y7e@ 151 5 152 117 152 108 152 116 1Su 123
39 F lgySae lig lay ug loz 150 103 150 1og 151 109
70 F iS ¥ W42 96 —_ lay _ 148 — _—_ 150 6

74F lS yom - — 1520 3hsi SSS
22 F l5y¥9ae 15. 120 15 120 00««1Sk 116 15h Lo
49 F iS yile 150 12) (1502s SSCS
73M 1B 170 16 170 158 170 156
12 F 19 y Ww? 096i
wm 1S y 155 128 165 132

PRIVACY ACT MATERIAL REMOVED



 

1958 1959 1960 1962 1962 1963 1964
  

 

Htoe Wee Htses Wtee Ht., Wtas Ht.» Was Ht.» Wes Htee Wtee Htap Weer

a lb ca lb fe ib ca lb a ib a lb on 1b

98 34 105 39 113 LS 117 us 123 55 127 58 131 64
Wh 33 99 35 105 #8 lio ib _ — woe -- ib 58

96 30 101 33 108 37 113 uo - _ 121 48 --- --
gl 28 97 30 lok a3 108 % 12 41 116 ub was _.

107 L5 13 47 118 5 lah 57 127 62 «1 73 140 82
3 31 98 33 103 38 109 uo lib Ly 119 --~ eee --
96 55 9 36 162 Lo 105 by 111 48 14 51
9 37 loe Lo 107 bi 109 56 Lo 51 11s 65 nus 68
103 Lo io uz 116 Lé 120 52 125 5% 128 61 133.s«65
100 38 106 kl 1l2 Lib 16 sO 120 3 124 99 128 61
105 39 11 La 118 us 122 52 125 7 132 63 140 75
107 39 116 bl 121 SO 127 55 132 60 141 T2 147 Bl
108 Lo 13

—

2 118)? 123 50 127 54 132 58 139——«CS
110 bb 5 Lg 121 54 127 76 140 79 145 87
17 4s lz2 3 128 60 133 a 139 jo 145 81 152 100
119 oe 123 60 129 68 134 75 138 Tse 8T 14“T—sOT
13 43 us =e 121 Sh 125 6 124 5832 6s 137) 7]
117 u7 122 52 127 58 131 by _ —_ -- -. --
120 50 12 he 130 62 138 &9 lads Tr 8190 90 155 101
119 Ls 1233 51 128 60 132 3 137 66 1a1 76 1kg Bs

133 61 139 69 15 82 15. 92 1s, % 15% 103 155 104
ge 63 13g 75 Ws 93 1300s 1m us 16 126 1ST 137
130 58 136 65 Ly 75 152 86 155 9 ~©=6oLST 13 198 #12
132 Gy 135 67 140 & 4s 87 155 lin, 8=s-s«i8 1259 118
ink 76 1359 80 16 SE wo 897 16 5s 1a e- ---
1592 13202 isk =-152 13 154 ly ul --- er
140 7 ms 79 152 98 160 #119) «60165 ~=S3}0._~=Sté=iO 13ST wwe wee
135 &% 145 83 152 92 154 107 155 lS --- e-- wee wee
Laz 67 ug aa 153 30 1S, Se 154 Ss 15k 98 155 102
153 oT we 86113 166 127 138 --- -- aes ---
ish 103 a9 9 150 Oy
173 153 17515 175165 175168
_ 103 1Ls 96 14g 100
— 123 163 ze — 17
156 121 158 ls 10127
155 6 155 155 lob
,a3

 

te
e

m
a
i
m
M
o
e
s
o
a
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F
C
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No,
eeee

601
Fo?
603
BOL,
605
806
807
608

£10

650
§31

870

Subject

APPENDIX 14

Supplementary Anthropometric Data on Rongelap Control Children
 

 

Lower Upper

Sitting extremity extremity

ht., in, length, in. length, in,

16 12,& 10,2

i} ll 11.5

18 ly 11

17 15.5 12
20 l# 4.5

19.5 16 15
19 17 13,2

19 15 12

19 i, 12
20.5 19 4
19.6 49 li

20 18.5 Wy.2

19.5 18.5 4.5
2] 21.7 16.7

23.5 25 19
25.2 26.5 19
24.5 26.5 19
2k 26 19

eT 25.2 20.7

25 29.5 21.5

26 26 20.5

25.5 40 22

30 3s 25
27.7 33 2h,
31 RS 25.5

30 57 25
5205 37 28
26 3h, 2f.5
33 57 26.5
30.5 36 26
22.5 25 ls

19 WyeS 12
26 50.5 22,2

18 Use5 12.5

29.5 3T 27
26.5 31 23.5

53.5 37 26
19¢5 17 12.5
33 37eF 29.5
28.5 3305 ah
25 27 20

27.2 26.5 21.5

32 _ ay

 

eee+ ~
 

 

1937

Ara

span, Biacromial

in, width, in,

26 6.5

33 T
27 6.5
29 7
33 8
3] §

32.5 a

30 70S
et 6.5

33.5 8
31.5 Tel
35 6.5
34.5 8.0

36 9
42.5 10

Ly 905
L3 10.5
L3 10
U7. 16.5

Tt) 12
46 10.5
5) 11.7

5 S|
55 13

59 Wy
57 pV
G4 15.5
58.5 Wy5
65 16

60 Wed
43.2 9
29e2 725

50 li
29 7
61.5 15.5

oh 12
63.5 13.5
31 8

é? 15

5.2 12.5

7 10
48.5 ll

_ uw
eeeeee

amen

Intercristal

width ’ in,

S
p
a
w
o
s
w
v
a
-
,

w
i

w
e

10.5

ll

eeeee we

Head

CLEC oy

in,

17,0

1665
is
18
18

19.5
18.7
18
1765

19
19
19
19
19
19
1907
20
21
19.7
19.5
20.7
20.5
20.2

20
21
2)
22.5
20.7
21.5
22
19.5
is
20
17.5
20.5
20
21
18
22
20
20
20.5
20.5

 

 

Cheat Buttocks

cise , Left calf circey

ja, circ., in, in.

17 7.0 17
17 6.5 18

1705 7 18
18 8 19

1907 6.5 19
19 TT 19
18.7 We7 18.5

18.5 725 ly
19 6.7 17

49 y.2 19

19.5 Te? 19.5
21 705 1965
1925 a 19.5

22 8 2i

22 9 22

21.7 9 22.5

22.2 9 2.5
22 9 23.5

2.5 10 4.5

2325 905 24,25
eS 10.5 26.5
25 10.5 33

26.5 12 29.7

25.5 il 26

50.5 11.2 26

26 10 30
35 13.5 a

3u, 12.5 32

33.5 ly %
40 12.5 32.5

2, 9 22
ls 7 17.5
2.7 lo 2

1s 7 7
26.5 1 29

aye2 lo 2%

30 13.5 Ba
18.5 7 19.5

5305 15.5 5605
2525 10.5 2]02
23.5 9 29
a5 10 2%

2 12.5 33
 



 

gs
i

CF
l

Sub ject

No.

601
€02

603
£05
606
607
608
609

610
#11
#12

813

#u,
#15

els

617
€18

819

  

eee ee

19538
eeereeee

 

Head Head Head Cheat

circ., width, length, Sitting Circa, Left calf Biacromial Bieiliac Buttocks

ca ca fe] ht,, ao ca cir¢., cu dia, @ dia., circ.s

45e7 13.5 15.2 47.0 4505 18.2 17k 13.3 6

45.2 12.6 1504 4706 4505 18.2 17.3 14.1 4723
hO.5 13 16.8 _ Ls 19 14.2 13.7 _
47.5 13.6 15h he7 rs) 21 20.7 17.6 56.5
49.8 13.4 17.1 535.3 Lg 20.2 14.5 1509 49.5
L702 13,1 16.3 4906 49 1905 18.5 15.3 Ls
hé.?2 12.7 16 535.2 50.3 20 19.7 15.2 L9e7

Lbe5 12 1b07 50 50.5 18.5 1907 15.” 47
4707 12.6 1607 5609 L9ob 20 21,2 1b 51.5
LSels 12.7 17.2 53.5 51.4 21.2 19.8 15.6 5.0
46.4 12,2 17.4 53.7 62.5 21.5 20.4 % 52.3

47.5 13.6 16.1 53.8 52.1 2027 20.9 15.7 92.2
L8o7 1, bk 58.3 55.7 22.1, 23.9 16.6 Te?
49.3 1327 1605 62.5 57 22.9 23.2 18.3 58
50.2 13.6 1705 66.6 57 ay. 2,8 1965 62.5
50.3 1, 1703 67 57 23.5 25.2 18.7 60.8
51.2 13.9 1A 65.6 56 23.3 a,.6 1s 60.5
51.h 14.9 1701 72.2 6508 27.8 27.3 20.1, 66.4
48.3 uy, 16k 66.7 60.7 2.2 27.1 18.7 63.3

52.5 4.6 18.0 72.5 63.6 ZT 26.8 23.1 69.9

52 13.4 17.7 76. W0e2 5027 > 30 25.4 76.8

53el 13.6 18 a, - 31.6 > 350 25.3 —_
4, Wb 1#.8 a2 65.8 53.9 > 30 aise -
52. 14.3 16.2 81.7 77 51.2 > 30 71.7
55.9 14.5 1923 a,.8 66.4 36.3 - 27.2 _

50.5 Wy.3 17el 62.9 9.2 23.9 25.2 18.7 Dl

50. of 16.3 70 65 2% 273 21.1 672

L6 B 15-5 7 Lbk 19 19.3 14.5 14.5
53.2 14.7 1707 76.6 1506 31.4 > 30 25.3 TH,
51 14.6 16.9 Ted 62.9 26.5 26.5 20.8 6.1
16.8 12.3 16,8 53.9 50 20.2 2 16.2 PP)
% 15.2 18.9 85 a, 54.6 - 26.6 %
51.3 13.8 17.9 1508 6727 26.3 26.5 21.0 4
50.3 13.2 1765 6763 9 a3 24.9 19-5 )
52 Wy.2 18 71.4 64.5 25.5 2702 20.8 66.5
51.6 135.8 17.2 7506 _ 31.4 _ _ ~
3 11.8 14.8 ~ 42.5 6.7 % 12 -
41.7 12.1 13.8 ~ Pa 17 13.6 12.9 -_
40.6 11.3 14.0 _ 39.4 18,2 13.7 12.4 _
36.5 10.5 12.4 -- 36 13.5 -- 10.5 _

39 — - - 3745 - _ —
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1958 (cont,)

me ee aeeee

 

 

 

Head Head Head Chest

Subject circes width, length, Sitting cire.,s Left calf Biscromial Si-iliec Buttocks

No, co om cm ht., aa circ., dia., am dia., on ci¢c,,

905 ha “— 7“ -= Lo — -— — ee

909 1.5 13.4 17.1 61.1 51 22 21.5 18,0 -—
9 Lg 3.8 16,3 56.2 3.5 22.5 22.1 17,0 1,

9l2 L953 13.2 17.5 59.7 52.3 21,3 20.7 17.9 3
913 4906 13.4 1743 62.8 52 22.3 25.2 19,2 aT.6
919 4a 12.5 16.7 67.1 55.3 22.6 26.4 20.2 9
g21 499 12.8 17.8 56.7 55.8 22.6 21.6 17.0 55.8
923 47.8 13.1 16.7 18.5 47.0 17k 18,2 14.0 _
92k, La.8 13.2 16.8 50.7 Ls 19 17.6 WyeS —
925 51.0 13.5 17.8 63.1 55 21.6 25 2 56.5
926 LGek 12.5 17.6 65.2 5 21.6 23.3 7 57.5
930 h7.2 13.3 16.2 50 Le 19 18.7 o _
931 46.7 13.7 16.5 51.5 51.5 21.2 20.6 15.5 50.5
937 48h 13 16.6 55.3 52. 5 21, 5 21.2 46.4 56.7

939 51.4 14.2 17.7 7h.9 67.5 31 50 21,7 Th
gto 48.6 13.4 16.7 65.5 61 25.2 2% 20 62
Wb 49.7 135.0 17.2 63.1 Sh 22.5 25-7 lsd, 57
950 5.7 14.9 18.2 80.6 _ 31.5 >30 206 85.5
952 47 12.8 15.9 51.3 u7 19.2 18.5 4.5 47
955 48.5 13.1 16.8 62.2 52.7 23.2 2269 18.5 5
999 51.2 ly. 17.9 69.1 61.3 26.6 27-9 20.4 és
560 50.3 13 17.8 63.5 56.6 a,.2 23.4 18.7 60
962 51.9 13.3 17.9 el, 5h.5 21.6 21.9 ls 57.5
965 52.7 13,1 18.0 1602 on 29.1 25.2 ~ 19
967 52.5 U4 17.8 1907 76 32-7 > 30 23.5 -
971 51.1 13.9 18,0 7809 69.6 30 > 30 22.) 75.5
972 48.9 12.4 17.7 53.3 52 19 20.8 15.8 . —

7716 51.5 Uj.1 17.4 71.9 65 27elt 26 21.8 70.5
977 51.7 4.1 17.3 76 60.5 27.5 29.5 23.68 8.9
978 50.) 13.5 16.7 6.1 56.5 a We7 18,0 60
979 7 12.4 16.6 18.3 45 17.8 18.0 14.3 46.5
980 50.7(hair) 13.9 17.1 58.1, 51 22.3 21 is 57
961 45.8 12.7 16 52.9 49 21 20.4 14.3 51.5
9&5 49.5 13.8 16.8 56.5 52 20.2 22.1 16.5 53.5

986 46.8(hair) 12.9 16.2 54.5 18.5 20.2 20.1 15.2 ug
988 45.5 12.8 15.0 52.5 Ls 21 21 15.1 50.5
989 52.3 Yy.3 18 72 66.9 27.6 29.4 20.6 6.7

990 h7.2 12.9 16.2 48.8 kT 18,0 19 13.9 47.5

993 52.2 W.5 17.6 71.2 49 4.6 2.5 19.8 6&3
995 43.6 _ —_ _ h2.5 -_ _ = ~
996 47.4 13.0 16,2 55.8 49.2 20.4 21.7 16.8 52
997 48.7 13,2 16.3 61.2 55 23.2 24,3 17.3 55.5
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1959

 

Head Head Head Chest
Subject Circe, width, length, Sitting circ., Left calf ,Biacromial Bi-illac Buttocks

No, ro] on co ht., @ oa cirtc., édia., & diag, ow clece, cm

801 L6.6 13.9 15.5 50. 47.5 19.0 . 1s U,.8 kT
802 b6.3 Y 15.7 sock 49.1 19.8 . 19.6 1§.7 hSe5
805 48.6 13.5 17.1 Shel LOols 19.6 20.5 4.9 19 oly
805 48.3 13.6 15.5 58.5 4.2 21.4 21.2 18.0 55.5

807 7-7 13.3 16.5 52.5 -_- 1967 20 16.3 _
808 L6.8 12.8 16.2 56.6 50.4 2026 21.4 1702 55
£09 47.2 12.2 17.2 a8 KS) 19.5 19h 16.4 4702
810 46.2 12.6 16.9 58.3 50 20.1 21.4 146.5 $2.5
411 49.6 14.0 17.5 55.5 5007 20.4 20.6 16.8 52
#12 49-5 12.3 17.4 58.€ 53 22 22.2 17.6 a
813 us 13.5 16.4 56.7 52.7 20.6 22.3 1? 51.7
#1, 49 wy 16.5 61.4 5 22.3 235.9 1s 5%
815 49.2 13.7 16.7 68.6 56.7 23.9 25 18.1 5S
616 51.3 13.8 17.6 68.2 59.4 25.5 25.6 21.5 a,
618 51.2 13.9 18 68.5 5605 23.6 2.7 19-4 61.5
819 51.5 ,.8 17el h.6 66.5 28.b, 26.5 21.9 66
620 48.5 ly, 16 69 63 25-5 27-9 19.8 9
82) 53 Wy 19.1 73-7 4.6 Bh 26 22.2 7
aoe 52.€ 14.7 18,2 h.3 66.5 28.9 30.1 23.7 66
825 52ok, 13.4 18.6 63.1 716.5 32.9 >30 26.5 63.8
825 53.0 13.8 18.2 83.0 _ 32.8 = 2% «&
82] 53.5 4.2 18.5 43.1 _ 4.0 > 30 > 40 ~
831 56.2 15 19.1 85.1 19 33.6 _ 25.0 “6
863 50.6 14.2 17-1 65.4 67.2 a,.1 25.8 19.1 60.5
866 7k 13.3 16.3 52.8 51 19.8 20 15.2 51.0
6&9 51.3 Uy.& 1702 72.3 6667 27.6 26.2 22 45 26

870 ° 13 15.7 52.5 4s.h, 19.7 19.4 15.7 47.8
7h 51.6 14.6 17.6 Thek 68.6 26.2 50 22.5 hh

891 50.5 13 17.3 70.1 59.5 7 25.1, 19.8 64.6
eg2 $2.2 W,.2 14,1 T3305 bo2 27 27.7 2 &
896 52.2 15.8 173 T1307 _ 32.1 31 25.0 4.5
900 45.7 12.4, 16,0 _ b6.2 1Jo3 14.4 15 of med

902 lyae5 12.2 15.7 _ Ly.3 18 16.6 «+42 L6.9
903 42.7 12.1 1.6 — 43.1 16.0 14.5 12.0 —_

90h, 45.8 12.7 15.5 _ 45.6 17.5 16.2 1.2 li,



 

o
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1959 (cont,)

 

Head Head Head Chest

Subject cirCey width, length, Sitting Cites Left calf Siacromial Bi-iiiac Buttocks
No, a on ca ht., ca ca circ., cu dias, om dis., @ Circe, a

905 L4y.8 12.4 15.7 — i.8 16.3 15.7 15.35 2.5

906 2 13 15.8 —_ 40.5 39.5 16 . 39.5
9ll 49.5 14,0 16.7 61 53.7 23 23.7 18.0 56.0
gle 9-8 14.2 17.7 63.5 51.2 21.2 23.1 17.8 55
913 50.5 14.6 17.5 65.6 Steely 23.0 ayy 20,2 Dol
921 49.8 12.9 17.9 59.3 55-7 22 22.6 14.0 5.5
923 4903 13.3 17.0 L9e5 18.8 19.2 19 15.5 49.7
925 51.7 13.6 17.8 65.4 57 22.7 25 1925 59-0
9350 L8.2 13.3 16.5 5.8 4B.9 20.4, WGe7 6 49.5
939 51.7 4.3 17.6 78 72.5 5204 50.3 23.5 15.5
9hLo 46.7 13.5 16,8 68.2 62 25.6 a,.1 20.4 63.8

952 uy. 12.7 16.6 53.3 46.3 19.4 19.3 15.4 ul
954 47 12.4 16.5 — U6 14,2 w.2 ° —~

955 49.4 13,45 16,4 63.4 55.5 a, 23 18.8 5.5
99 51.6 1,23 17 71.6 65.5 26.5 28.@ 21.7 &
960 50.4 13.2 1728 66 57 2.7 25.3 19.5 61
962 51.9 13.4, 14.1 62.5 h.9 22.5 22. 18.0 58.8
967 52.8 1.4 18.0 83.5 82.5 34.2 >30 23.7 83.5
971 51.6 ly 16 62.3 mh} 31.1 >30 23 3
972 Look 12.6 17.9 55.3 52.6 1925 21 16.5 51.2
976 52 14.2 17.5 75.5 71.8 30.1 2926 22.4 7605
977 53.1 W.5 17.6 81.5 _ 30.9 30 a,1 41,2
976 51 13.9 17.1 68.) 57.8 26.2 25.2 19 65
979 47 12.7 17.2 50 47 19.6 19.5 15.3 Ls
3960 51 Wy 1764 60.2 52.5 23.8 21.5 18.8 57.2
941 146.3 12.7 16.0 58 50.5 21.3 21 16.2 51.5
988 46.5 12.9 15.6 She 5 49.5 21.3 21.4 v x?
992 45.3 12.9 15.5 ~ 45 16.2 17 13.5
993 52.7 Wy.6 17.5 T96 61.5 % 27.7 21 &
995 Re) 12.7 17.5 — 49.3 1B. 16. u,.6 16.5

996 47.8 13.0 16.4 57.4 50.2 21.1 27.7 17.8 52.7

998 52.5 13.7 Mf. 7 65 26.5 27.3 Boul jo
1002 47 Wy 45.5 55 3 19 @1.2 15-9 49.9
1003 hh.2 12.5 15.5 -_ Ub.5 _ _ _ ~
lool, 45.3 12.4 15.8 _ 43 _- 16.2 13,0 _
1006 42.68 12,2 Wye5 — 41.5 _— 15.0 11.8 -

1009 38.2 10.8 12.6 _ 38.7 _ 3 11.7 -
1010 37 98 12.6 - 55.8 _ _~ ~ _-



 

L¥
l

 

1961

 

Head Head Head Cheat

Subject cdrcey width, length, Sitting Circes Left calf Biacronial Bi-iliac Buttocks
No, cn cm on ht., cm a circ.) on dia,, ou dia., ciec., om

601 4705 4.2 15.7 5.7 4905 20.3 20.2 1.3 50.0
802 7b 15.5 16 54 52 22 22.1 1705 52
803 50.2 13.9 17k 9 52.7 21.7 21.7 14.8 53.5

807 48.3 13.6 16.7 55.2 50,8 20.6 22 W i
80E 47.8 13.1 16.6 62.4 52.6 "22.5 23.2 17.5 56.5
£09 L8.5 12.7 17.2 60 51.5 20.5 21 18.1 50.5

811 50.2 13,2 17.7 62,1 5.5 22.5 20.6 17.7 55.5
#12 50. 12.7 17.9 Ghe2 Bel, 23.0 @.7 18.2 57.0
#13 i) 14.1 16.7 62 55.3 22.7 a,.1 17.9 57
61, 50 pI 7 6.6 60 a,.4 26.5 19.3 62.5

815 50 13.9 14.9 71 62 25.6 27.5 20 66.5
£16 52 13.9 17.8 Th &, 27.8 &7. 3 7305
817 52.3 4.3 17.5 7565 72.8 29.2 29 22.6 76.5
816 51.5 Wy 14.1 71.2 & 25.9 26.7 20.7 68.0
819 52.3 15 1702 79 70.3 51 30 23.5 TT
820 49.3 4.3 16.4 The3 68 28,2 30 21.3 71.5
621 55 14.3 19.2 61 _- 53 31 ok 83.5
622 Si, We? 18.7 T3 he5 32.5 ~~ 27.2 90.5

#23 53.5 3.7 19 87.3 81.5 Byoly _ 29 87.5

863 51.5 1.4 17.3 69.4, 61.5 26.3 27.8 20.3 66
866 4.6 13.6 16.1; 66.2 52.2 21.1 22 17 5,4

869 52.3 1.5 17.5 78.5 73.5 50.5 ul a,.8 Tie5

#70 47.9 Wy 16.1 57.5 71.5 21 22.5 17-5 51.5
687 52.5 wy 18 a4.5 T165 32 _ 25.5 60.5
891 51.2 15.4 1767 75.4, _ 2 2 2. Th
age 53.3 4.5 16,6 61,3 72.6 30.3 31.0 23.5 76-7

901 47.5 13.4 16.5 55 Lg 20.5 19.9 16.2 51.6

902 7 13 146.4, 51.5 49.2 21.1 18.6 15.0 51.0
9035 457 12.7 pT.) _ _ -_ -_- _ ~
90h, 48.7 13.4 14.5 Shok 50.5 20.4 20.4 16.0 pt)
905 47.3 13.2 16,5 52.5 kg 19.3 18,3 15.2 45.5
906 45.5 13.5 14.6 50 14.6 18.5 19 15.3 14.5
909 51.8 13.6 18.0 69.7 57.1 25.5 23.8 20.0 67.8
911 51 14.2 171 68.2 60.5 6.7 2.1 19.0 63.2

912 50.5 13.5 17.4 68.5 55.5 23.4 ai,ts 19.7 59.0

915 50.7 13.7 17-7 70 57 24.5 26.8 21.5 65.0
919 48.8 12.5 17 Tl 60.5 a. 27.3 al 67.8
921 49.4 13.2 17.8 65.2 99 25.6 23.7 18.6 9.5
923 50.4 15.6 17.6 57.2 50.5 20.5 21.3 49 53.5



 

 

 

 

1961 (cont,)

Head Head Head Chest
Subject circ. width, length, Sitting circe, Left calf Siacromial Bindliac Buttocks

No. on o ~~ htes cu = clrc., a dia,, @ dis., am circ.»

925 §1.7(natr) 13.8 17.6 68.4 599.5 a.2 27.5 19.8 &}.2

ge6 50.6 12.2 17.7 70.6 54.0 a,.2 25.2 19.7 6

931 50 13.9 17.2 60.3 5502 23.3 23.5 17.5 55.5
937 §0.0(braid)15.5 17.9 65.6 58.2 2.5 25.3 18,2 6.0

. £9 52.8 . 18.2 63.5 T7.8 53.7 - &7 85.0
9h0 9k 13.7 17.0 70 66.7 27.9 27.2 21.7 70
AW 51.3 13.3 17.6 70.4 59.5 25 25.9 20.7 65.8

952 6 13,1 16.7 58.2 51.0 21 21.6 17,0 i
95h 48.5 13.1 16.7 55.4 FF 18.9 19.1 16.3
955 49.5 13.5 17.2 66.8 60.5 27 25.5 20.5 2
999 53 14.5 17.8 77.7 _ 32.2 33 a, 5

960 51.3 13.5 16.0 71.2 63.5 27.7 25.7 21,1 66
962 52 13.5 18.5 6u.5 56.5 23.5 a,.8 18.3 62

965 52(braida) 13 18.1 78.5 -~ 350 _ 26.5 61.5

967 53-5 WS 18h 4.9 88.3 35 _— a5 os

971 52.2 14.2 14.1 & 79 51.5 - 25.3 Ss]
912 50.2 13,1 1709 61.2 55 20.7 22.5 7 55.3

9TT 53.5 W.2 177 62 _ 51.5 _ 27 47.0

978 51.5(hair) 13.8 Web 7307 63.1 27.8 26.2 20,6 70

919 468.5 Lb 16.4 55.1 50 20.5 21.1 18.5 $0.5

960 51.7 14.2 1757 63.2 56 25.1 23.6 19.6 6

961 7k 12.9 16.3 62.8 52.1 22.9 2.4 17.7 $5.7

98 48.5 13.2 16.5 61.6 23.5 21.3 23.3 1s 55

987 48.3 12.8 17 58 53.2 21.5 20.8 16.6 3

gaa 46.5 3 15.7 60 55.5 23 23.1 17.6 57

992 47.6 15.5 e 52 50 19 20.3 15.5 Ls

993 (hair) Wye7 17.8 6) 72.5 29.9 51 23. a

995 50.5 14.2 18,2 % 51 21 20.6 25.6 52.5

996 i) 13.3 16.7 61,2 %5.2 23 25.1 18.9 3.5

998 oy wh 18.4 83.8 - 29.7 29.6 26.3 nr

1002 47.8 ly 15.7 56.2 53 20.2 23.2 16.8 pe

1004 46.8 13.3 17.1 §1 48.5 19.2 19.6 15.6 7-5

1006 6.9 13.2 16.2 50. 46.5 18.5 19.0 15,0 Lh

1009 46.8 13.5 16.5 -- Lg 20.5 ls 15 3

1010 47 -~ ~- -- -- - _- _ _

1012 47.6 12.5 LPols oh 50 20.5 19.9 16.8 50.5

1oly 48.5 LB 17.2 57.2 50 19 20.6 16.6 ug

1017 45.4 12.3 16 _ L6 17.9 _ - -

1025 b6.2 12.9 16.6 -_ _ _ _ _ ~
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1962

 

Head Head Head Che st

Subject CLECes width, length, Sitting circe, Left calf Bieccomial Bieilisc Buttocks
No, a cm cm ht., ca cm circ., dia., aa diag, on circ., om

601 48.2 Uy.4 15.8 55.4 51.3 20.1, 21.1 14.7 51.0
802 47.8 13.5 16.4 57h 5.4 22.5 22.5 18.5 53.0
805 50.4 wy 17.5 60 53.4 21.5 22.8 17. 52
605 L9.8 14 % 62.5 57.2 23.6 a5 20.1 ~
807 48.6 13.7 16.5 56.6 52 22 22.6 17.8 51.3
808 La 13.2 16.4 63.8 55.0 22.8 23.2 17.6 57.8

#10 49.3 12.9 17.2 63 5.7 22 23.7 18.3 b]
681i 50.7 153.2 17.4 63.5 56 23 23,8 14.2 57.9

813 49.2 1h 16.7 62.7 57 ols 23.4 25.1 16.5 7
sly 50.4 4.3 16.7 64.4 60.5 2° 26.6 19.4 61.3
815 50.2 Wy 16.9 71 63.2 26.2 27.5 20.9 &
#16 §2.2 Wy 17.9 75.1 -_- 27.8 &9 23.6 heS
61a 52 W.2 14,2 71.5 66 %.2 27.5 21.4 66.5
619 52.9 15 17.5 7929 71.5 41.5 31 2.6 76.8
820 50 Wy.3 146.6 76.4 71 29.1 — 21.7 76.5

821 55.4 Wed 19.3 rs) ~— 52.9 aL ry 79.5

623 53.5 13.6 18.6 86.5 61.5 35 — 28.5 a7.5

863 51.8 W.5 174 67.6 65.6 26.8 29.1 21.3 68.5
866 4.9 13.4 16.4 61.5 5, 21.6 22.7 17.2 %
870 ak 13.5 16.4 60.9 52.7 21.3 23.6 18.0 51.9
4 bh U4.5 18.5 80.5 7303 31.1 _ ab Th?
goo 46.1 13.5 16.2 5525 51 21.5 20.7 17.7 535.6
902 47.8(braidD3.2 16.3 55.2 48.9 21.4 20.3 4.8 $1.5
903 L6.5 13 16.1 55.2 53.2 2065 20 16.5 52
aL 49.2 13.7 17 55 52.5 21 20.2 i 51.5
905 uA.2 13.4 16.8 53.5 49.5 20.1 20.6 4.0 47.4

906 46.2 13.6 Uk $2.5 49.1 19.6 19 2 Le.3
911 51.7 (oraid hy.) 17.1 67.8 61.5 27.2 26.7 a0 &
912 50.7 13.5 17.2 69.8 56 23.3 25.5 19.6 60
913 51 13.9 177 &.6 50 25 27.0 22.0 65.0
921 5.7 13.2 18.0 65 60.3 4.2 25,2 19.5 62.3
925 50.6 13.6 175 58.4 51.5 20.4 22.4 1765 53.9
925 52ly 13.7 18.0 70 63.5 25.5 27.2 21.3 67.5
930 49.5 13.7 16.8 62,2 53.9 22.0 23.0 16,3 *,



 

 

1962 (cont,)

 

  

Head Head Head Chest

Subject circes width, length, Sitting clrees weft calf Biacromial Bieiliac Buttocks
No, co cm cm ht., cm oa Circ.s cm dia., cm die., om cire., cm

939 53.6 4.6 186.4 87 81.3 55.5 —_ e 86

952 48.2 13,1 16.5 58.2 53.6 21.8 22.6 20.5. 70.0

955 50.2 13.4 1} 69.2 63.2 271.6 26.6 20.5 70.0

959 53.1, W425 17.6 78.4 -_ 35.6 - 26.5 a6
940 51.7 13.4 16.1 74.8 65 26.9 26.7 21.8 7a
962 52.46 13.6 146.3 67 58.5 23.5 25.1 19.5 65.0
971 52.5 ua 16,2 65.5 78.5 32.2 -_ 25.5 aT

992 4a.3 13.7 16.6 55.7 50.2 19.2 21 14.2 51

995 50.6 13 18.4 57.7 5.2 21.1 21 wu 53.0
996 46,2 13.3 16.6 62.2 57.5 23.68 25.5 19.0 60.0
996 ad, Ww 18.6 81.3 _ 30.3 30.5 27.0 83,0
100, 49.6 13.2 17.3 50.2 5 20 20.3 14.8 50
1006 Ls 13.2 16.6 S52 48.3 19 20.2 % 7
1009 L9e7 13.5 14,8 50.2 51.5 21.3 19.1 14.2 50.3

1012 kek 12.5 17.1 55.7 50.2 20 21.4 17.5 51.8
1015 7.2 12.6 16.6 _ 46.5 18.5 17.8 13.7 47
1017 46.2 12.3 15.9 52 6.8 16.6 19.1 15.4 45.7
1018 u7.2 12.5 16.5 — Ls 17.5 18.£ qu, bd,

1022 5 12.7 15.2 _ ua 19.1 14.6 Uyot Ls
1025 Lf.1 1.25 17.5 - 47 17.3 _ _- -
1026 b.2 12.5 14.9 _— 43.5 1? 1723 he 5 L3

1027 46.2 _ _ _ _— _ _ _ —_
1028 43.3 1068 15.1 - h2.4 - - - _
1029 43.3 _ _ —- -_ — - —_ _
1030 Lé 12.0 16.5 _ Lb.5 18.2 146.6 13.0 jk
1031 45.68 12.7 15.7 -- —_ _ - — _

1033 53.8 W.7 18.3 6907 66.5 25.7 26,8 23.0 73.0

1034 8.5 12.9 7 53.5 50 19.1 20 16 50

1035 51.0 13.9 15.8 7.5 ~ 26.9 31.2 23.2 78.0
1036 52.2 23 17.8 67.7 62 25 25.5 20.4, 635.0
1037 40.8 12.0 13.3 -- 38.5 - - -_ _
1038 L2 ll. ,.6 -_—_ 42.2 — -_ = _—

1040 41.7 11.5 14.0 _ -_ 43 - -* _

eteeen=reeeSe 
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APPENDIX 15

Supplementary Anthropometric Data on Children Born to Axposed Parents

 

 

 
 
 

1957

Lower Upper Arn Head Chest Buttocke

Subject Sitting extremity extremity span, Biacromial Intercristal circ., circ., Left calf circ

No, ht.» in, length, in, length, in, in, width, in, width, in, in, in, circ., in, in.

87 18 14.5 12 2965 7.5 5 18,5 18.5 7
88 16.3 15 12 27 7.5 9 17.7 18 7.5 17.5
89 17 14 ll 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 13
95 17 14 ll 25 6 5.5 17.2 16.5 7 17
100 18,5 12.7 10.5 27 7 6 17.5 19 7.2 18.5

1958

Head Head Head Chest

Subject circa, width, length, Sitting circ.y Left calf Biacromial Bi-iliac Buttocks
No, ca cu oa ht., @ ca circ., cH dia., cm dis., cm circ.» om

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
B9 48,5 12.9 17,0 47,3 46.5 18.5 18.5 14.1 44.6
90 48.5 13,3 16.6 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 el
93 46,3 13,1 15.5 44.8 44.5 17.5 16 13.5 --
95 45.9 12.7 15.5 -- 4r 5 20.1 17.6 14.7 --

96 36,0 2 -- -- -- -~ “= -- -~
97 40.2 12,0 13.2 -- 42.2 16.5 16 13 --
100 46 13.5 15 -- 4&.5 18.2 17 14,3 --

 



+S
l

 

 

 

    

   

1959

Head Head Head Chest

Subject circ., width, length, Sitting circ.e, Left calf Biacromial Bi-iliac Buttocks
No, ca a a ht.» cm cm citC.s ca dia., om die., on Circe, ca

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 Ag 13.4 17.2 52.0 -- 21.4 20 16,2 o-
91 49.5 13.4 17,0 56.3 54,0 21,4 21.6 16.8 50.3
92 46,7 12.7 16.3 50.0 -- 19.5 19,4 15.3 --
93 4a 13.6 16.2 51.9 48.9 19,4 19,2 15.0 48.0
94 46.7 12.2 46.7 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 48,3
96 44.8 13.1 14.8 “+ 46.6 19,7 16.0 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 a7

100 47.8 14,2 15.7 32 2.) 21.2 19.6 16,3 52.8

102 42.1 12.9 13.4 -- “a8 -- 17.0 13.7 --
103 43.2 12.2 15,0 -- 41.5 -- 14,5 12.8 --
104 41,5 11.3 13.8 -- 39 -- 13.8 13 =e
105 40.5 11,3 14 -- 41 -- 15.0 12.1 --

1961

B7 49.5 13,5 16,7 59.4 51.5 20.7 22.5 15.9 53.9
88 49,5 14.0 17,2 57 55,5 22.8 23,0 17.5 54.5
9 51,0 13.7 17.8 55,5 50.5 21 20.6 17,3 33.0

90 $0.5 13.8 17,64 60 55.5 23.6 23,7 1é,4 54,5

ol 50.8 14.2 17,5 60,7 57 23.6 24,2 es 55,5
92 aa,5 13.3 16,9 57.3 53.3 21.6 22 16.8 54.9
93 50 14.2 16.9 56,3 52 21.3 21.5 17 33.0
a4 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 83
97 46,3 13.3 15,4 54 50 21,1 21.3 Lo 53.5
98 47.7 13.5 15.5 -- 48.8 20,4 19 14,7 30.5
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Subject circ. width,

NO, ca con

length,

ca

Sitting

ht.e cm

clheca,
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Left calf Be-iliac
cire., ca dia., a
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APPENDIX 16

Supplementary Anthropometric Data on Rongelap Exposed Children
 

 

September 1954

  

Lower Ara Upper Cheat

Sub ject Sitting extremity span, Biacromial extrenity Circe, Left calf
No, ht., in. length, in, in, width, ia, length, in, in, cice,, in.

2 18.2 9 2725 6.2 21.2 19.5 Tea
3 20.2 12.2 30,2 7.2 23 20 7,7
5 20 12 32.5 6.0 25.5 19.5 8.0

15 22.5 23 Lh 7.0 37 21 8.0
17 21 21 57.5 7.5 50.5 20.7 8.0
49 22 19.5 39.5 7.0 52,5 21.0 6.5
20 2h 20 bh Te5 36.5 23.1 905
al 1907 15.7 3he5 72 27.2 21,5 Te5
22 31 30.2 63.2 10 53.2 32.7 13

23 17-5 2] 37.5 7 30.5 22 905
al, 30.5 26.2 57 1 Lé 51.7 12.3
26 30 27 58 9 Lg jl 13
32 22 15 57.2 &.7 50.5 19.7 6.2
33 21 21 42 505 57.5 20 8
5 29.2 29.2 62.7 11.2 51.5 29.5 11.5
3 25 2565 47 8 #9 2 10

he 21 4.7 55-5 5.2 30.2 19.2 765
L7 26.2 23.2 8.2 6.5 We ; 23 9.5
61 Zed 3.2 50.5 s 42.5 27.5 1.5
65 17 7 50.5 5.5 25 146.5 a
67 32.5 26.2 62.5 11.5 51 32.5 12.5
6&9 21.5 18.5 Lo 6.5 34.5 20.5 9
Te 23.2 22.2 59 8 51 21.5 8.5
75 23.5 3167 57-7 11.2 46.5 26.7 ll
76 26.7 25.2 53-7 Je2 bh.5 25.5 10.5

ay 13 13 25 4e§ 20.5 17 7

Ailingnae

8 25 15 30 55 2,25 19.5 705
Ly 21 ls 39 5.5 34.5 20.5 8.5
Le 25 20.5 47 705 3905 2 9.0
53 25 23 45.5 72 38.2 a2 9.5
70 29.7 2767 58.5 9-7 1902 32.5 11.5
8] 2.2 23 47.2 9 58.2 2007 9

*Pxposed in utero,

Lg
l



 

1955

 

Lower Arn Upper Cheat

Subject Sitting extrenity span, Biacromial extremity cicces Left calf

No, ht., in. length, in. in, width, in, length, in. ia, citc., in,

2 21 1767 5 7-7 12.5 19.5 ToT
5 20.7 15.7 32 8.5 15.5 21 705
5 19.0 17.5 51.5 70 12.5 1965 7-0

15 26 26.5 45 Ge2 18.0 21.06 8.0
17 22 21 37 8.5 16 20.2 7142
19 22 22 36 905 14.5 22 8.0
20 25 25.5 hd 10 16.5 22.5 9
ai 22 19 35 8.5 B 20.5 6.5
2a 30 3507 61.5 13 26.7 33 12.7
23 21.5 20 39 20.7 % 23.5 Je2
a, 32 55-5 &.8 Be 23.5 29.5 10.2
2% 321 — 62 3 2665 51.5 12.7
32 22 19.5 bef 8 uy 20 s
53 22 18 52 7 13.2 18.7 a
55 353 55 61.5 13.7 a.5 51 12
56 2.5 26.5 7.2 ll 1942 ahsoly _
39 30 36 60 12,2 a, 31 lez
he 22 19 32 ToT 12 19 7
47 _ 27.7 50 look 20.7 a5 905
5h 19 18 31 7-7 12 20 7.7
rs 40 31 52 11.5 20.5 27 1.7
65 19.5 16 26 72 12 19 Te2
67 34 au 56 pT 23 31 lo
6&9 23 22.5 39 8.5 18 20.5 8.7
72 26 22.2 Lh.5 9.5 18 21.5 4.5
75 31 32 55 12 23 27 10.5
76 26.5 29.5 55.5 1005 23 %.5 10.5

83* 16 12.2 23 6.5 905 is 5.2
al,* 19.5 17.5 52.5 7 15.5 20 8
85" - 12.5 26.5 5.7 9.5 17.5 6.5
86* 12,2 10 20 5.2 a 15.5 6.5

Ailingnae

& 20.5 17 30 8 12 20 7.25
8 14 16 31 605 12 14.5 725

4s 2k, 26.7 16.2 10 18.2 21.5 8.2
53 25.5 26 us 10 19 27 9e2
70 52 33 56 13.5 23 33 ll
81 26 27 L7 10.5 is 23 8.5

*Exposed in utero,
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1956

Sl reEEAaneeeeeoe

 

ee

Lovcr Arn Upper Chest

Sub ject Sitting extcemity Spal, Biacromial extremity circ, Left calf
No, ht., in, length, in, in, width, in, length, in, in, circ.,in.

2 21.5 14,0 33 8.5 10.5 20,0 _
3 _ 17 a 9.5 wy 21 £.5
h 21 _ 33.5 8.5 1365 80 6.0
15 25-5 26 47 9 16.5 a 9-5
17 23.5 a4, 43.5 10.2 18 21 8.5
19 25.5 2h Lo.5 905 16.5 21 8.5
20 25.5 26 h7 10 20 3 95
21 23 -_ 56.5 8 15.5 2005 s
2? 51 56.5 62 14.5 2765 33 1225

23 25 21 39.5 9.5 16.5 22 9.5
2k 51 54.5 61 ly 27 31 12
26 31 36.5 6L ly 26.5 52 14.5
32 2h 21 36 8 14.5 20.5 4.5
33 22.5 18 37 - 14.5 20 8
55 31 36 64, 6 27 31 13
36 29 27.5 4g 1265 21 2% lu
39 32 34.5 62.5 13 27.5 32 l2
42 22.5 21 35.5 8.5 15.5 1s 8
UT 27 2 5005 9.5 22 2.5 10
54 ~ 17 ah 8 13.5 21 9
6] _ 42 56 13 a 27.5 13
65 20.5 16 31 & 12.5 19.5 Tel

67 _ 35.5 61 15 26 32 12
& 21a 2), Le 10.5 lg 21.5 9.5

72 — al, Lh.5 9 16.5 22 9

75 31 32 58 10 26 30 11.5
76 28 31 57 lo 25.5 25.5 10.5

85 21 47 30 7e5 yo] 205 a5
ay -- 16 31 8 12 ig 725

Ailingnae
6 22 1705 3h 9 ly 20 8
8 _ 19 a4 8 13.5 21 8

Lh 23.5 22.5 h2.5 - ls 22.5 9

61 - 26.5 50 1o 21 a3 905

*Expesed in utero,

65
1



 

Subject Sitting

Lower

extrenity

No, ht.» in, length, in. length, in.
 

 

2 22

5 21

5 20
15 2.7
17 23.5

1y 2,
20 26.2

21 22.5

22 352

23 23.5
2h, 29.2

26 53.2
32 22.2

33 21.5
35 32,2
356 26

39 31.5

ugoe
61 31

8&7 32
69 2.2
72 26.5

75 31.7
76 20.7

63* 21.2
al, ——o

85° 19

6é* 18.7

6 21.5
ul 22

2

La ah.
53 27
70 2925
sl 26

 

21.2

20

20.5
29

2k,
26
30.2

23
36.2
2.5
36

39
23
22.5

36.5
50

37
22

31.5
21,2

37.5
26
26

35-2

19
14.5

1705

 

*Exunoaed in utero.

1957

>
 

 

Upper Arn Head

extrealty span, Biacromial Intercristal Circe,

in, width, in, width, in, ia,

15.7 37 75 6.5 20.5
15 264.5 8.5 5e7 19

15 55.5 9 T 19
21.2 Lg li 705 19.2
1s 43.5 10.2 6.7 1927
19 43.5 9.5 6.0 19.2

20 50 l2 8.0 20.5

17 38.5 10.5 4.0 419
27 61 3 9 19.7
16 2 11.5 8.5 20.5
26.5 9 ly 9 21
30 67-5 Wy.5 10 21.7

16.5 hi lo 6 319
17 34.5 4.5 7 4g
26 63.5 15.5 9 21
22 50.5 11.5 6.5 1997
28 62 Th 9.2 21
16 37.5 9-5 7 1925
23 53 12.5 — 21

16.5 36 8.2 7 19.5
26 56 ly 9.5 21
wh 33 ToT 6 18
2765 60 uy 10 22.5
20 Ls 9 8 lg
21 47 ll 7 20.2
25.5 56 13.5 8.5 21.2
26 56.5 le 8.5 20

Ww 3, 9 6.5 19
14.5 54.5 8.5 6.5 19

wy 55 705 6.5 1s
12.5 31 705 5.7 18.2

AiLingnae

15 23 9.5 6 19.2

15 35 7 6.5 19.5
19.7 L3 10.5 705 19.5
21.2 i) 11.5 8 20
22.5 52 10.5 7 19.2
25 57 , 1065 21.5
22.5 50 11.5 8 20

 

Chest Buttoche

citc., Left calf cire.,
in. circ., ia, ita,

20.5 6.5 20.5
20 8.0
20.5 6.0 20
22 9.0 2.2
22 6.5 23.2
22 6.5 m.7
22 lo )
21.5 9 82.5

2765 i —
23 10 23.7
30 12 3
35.5 uy %
21 4.7 mn
20 9 So

52.5 12.5 5a
25.5 10.5 a
2 h.§ —_—

20 s a]
2.5 lo a6
2 9 21.7

29 13.5 35
20 7 #0
52.5 pF 3h
21,5 9.5 23.5
22.5 9.5 25
31 12 35

87 h 28.5

19 8.5 20
20.5 gs 80

19.5 705 19.5

19.2 s ~

2025 8 2)
19,4 8 21

23.5 9.5 2325

23.5 9.2 85
a, 10 2.5
32 12 8
a 9.5 2

+
l



 

 

Head Head Head Chest
Subject circe, width, length, Sitting circe, Left calf Biacromial Bielliac Buttocks
No, on ca cm ht.» am on circ., on dia, aa dia.) ca Circe, om

2 52.1, 14.0 16.2 59.2 oh. 5 22.5 21.8 i720 55.0

3 19.2 12.7 17ek 56.5 54.0 21.7 80.8 15.9 52.9
5 us a 14,6 53.9 53.3 21.8 20.6 14.5 51.5

15 49.5 13.2 17.1 69 58 25 25.5 19.5 62,5
1? 51 15.6 17.5 4l,.7 57 23.2 4.3 18.3 59.5
19 49.1 uy 16.5 66.9 56 23.0 0.5 18.6 59.35

20 52.5 15.1 17.0 10.9 64 2.5 2767 ae 26.5
21 49e5 13.5 17 61 55.8 22.7 2.2 1s 5
22 50.5 13.3 17h T9.7 _ 2725 » 50 25.8 ~~
23 51.5 15.8 14.1 65.8 61 27.5 25 1h é2
a, Preg. 52 13.7 17.1 78.8 ~~ 50.3 » 30 7 ~
26 5.4 web 19,1 90.3 85.9 36 >30 26.46 —

52 a,@ 13.2 14.9 62.9 56.5 23.3 a. 17.6 %
3 49.1 13 17.5 60.6 51.5 23 22.9 17.3 55

36 50. lips 16.5 The 65.8 29.6 26.9 21.8 7a

ke 50.2 . 1,.1 16.5 61.1 51.5 21.5 22.2 7b 5
47 5.2 li, 4 19.90 7.3 66 27.5 29 21.7 70.3

5 50.7 13.64 17.5 61,3 58 a, 23.8 17.6 58.7
61 53.5 4.2 18 a,,2 _ eT 3002 21.5 “
65 46.7 12.9 15.6 52.5 52 1907 19.3 15.5 3
&7 55 14.2 18.0 a. — 32 ~ 30 27.2 —

6&9 49.4 13 17.3 65 57 25 24.9 19.1 6
72 51.5 Wy.2 17.5 72.7 61 25.6 8706 2 ra
75 53.7 U4 ly. 5 81.3 ~ 99.9 »50 = —

76 50.6 Wed 17.1 T9ol 75 jl > 30 a %

83* 49.6 12.9 17.6 61, .6 50.7 22.8 21.8 15.9 yg
al,* 4g.2 ly 16.2 53.3 51.5 2 21.5 lok 51.5
65° L5e7 12.7 15.6 53.1 50.8 20.2 20.3 4.9 52

Ailingnee
6 Lg Wy 16.4, 57 43 22 21.7 % 55.7

8 50.7 15.4 1767 56.9 51.5 21.2 21.8 4.9 7

bi ug Uy 03 16,0 63.6 56 23.5 2.6 18.6 Hl

ie §2.1 Wel 17.8 64.9 6027 a5 26.6 fo. 67.5

53 49.3 13.2 1607 T5eh 62.7 27.5 28.5 21 67.5

10 53.8 (hair) 14.3 18, 81.6 —_ 30 <30 26 -
él 50.5 14.7 16.0 Taol 63 26.3 2765 a2 67.5

 

*Bxposed in utero,

19
1

m
p



  

1959

 

 

Head Head Head Chest

Subject cites: width, length, Sitting circ,, Left calf Biacronmial Bi-iliac Buttocks

No, cn cm cm hts ca Ca cirC., to) dia., i] dia.,s aa cire., cm

2 52.7 5 18.45 60.3 5.5 22.6 22.8 15.0 6

3 L9e3 12.9 i7ob 57 56 22.6 22.3 16.9 56
5 48.3 13.2 16.7 5.6 5u.5 22.0 21.6 17.0 Bek

15 49.6 13.2 17.1 72.4 60 26.1 26.5 21.3 68
17 51.1 13.7 1707 6.1 58.1 23.5 25.7 19.6 62.5
19 4906 Uy.1 14.8 67.43 58.5 230k 2507 20 6o
20 52.6 15.3 17.1 71 64.5 26.1 29 20.8 66.5

23 51.9 1367 18.1 68.1 61.7 27.7 26.2 20.5 65
ay 51.5 13.7 17.2 76 _ 29-4 > 30 250k _
26 55.3 14.5 19.4 90.8 87 sol _ 26 9205
32 49.1 13.5 16.9 64.2 56 23.7 25.2 12.2 57
3 49.8 13.2 17.7 63.8 52.6 2.1 21 14.1 56
36 50.8 1.7 14.4, 7565 68. 30 29.1 22.2 71
2 50.5 W.2 17 63.9 52.7 22 23-1 161 4.6
LT 5.2 Wy.5 18.6 7505 66 2767 30.5 22.4, 70
Sh §1.1 13.9 17.8 63.1 59.4 2.2 24.6 19.3 Nk
61 54.3 14.5 18 ay _ 36.4 > 30 _ 3
65 4702 13.2 16.1 55.8 50.5 20.1 20.8 17.5 52

6&9 50 3 17k 67.2 57 25.6 25.5 20.3 60.5
72 52.2 4.3 17.9 16.9 65 27.9 27.8 22 68.7
75 -- 14.3 17.2 41 —_ 26 31 25.2 _
76 51.5 Ws 17.2 83.5 76.1 33 > 30 25.8 The?

a3« 50 3 17.9 599.5 53.1 23.6 22.3 1? 3.5
ays 46.3 13.9 16.3 55 53 «2 21.3 21.6 16.5 §1.5
ase Lb 13 15.9 56 51 20.6 22 17.8 52
a6 Lek 13.5 16.2 heS 49.4 20.1 22 14.6 Lak

Ailingnae

6 49.3 Wel 16.6 59.3 55 22.4 23 17 56.2
8 51.6 13.7 1709 62.3 55.5 22.1 22.8 18.6 55.4

his 4903 Wey 16.3 66.5 56.5 a,.2 26.3 19,3 61.5
ka §2.1 lyel 17.8 72.2 61.62 25.6 28.3 21.5 69.5
53 49.7 13.5 16.9 79.2 68.4 2907 29.0 22.8 h
81 51.3 U,.8 15.9 76.2 ~ 26,0 2929 22.9 7h.0

“Exposed in utero,
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Head Head Head Chest

Subject circes width, length, Sitting circ., Left calf Biscromial Bieillac Buttochs
No, ca cn ca ht., cm a circ, cm dia.» aa dia.» om circ,, aa

2 5306 Wels 18.8 63 Woh a.5 bs. 5 19.0 60.0
5 50.3 15.2 17.6 60.3 60,8 25.0 23.5 19.0 rf
5 eS 136k 17.0 9.1 57.5 23.7 22.9 Toh 57oy

17 51.3 13.8 16.0 71.35 62.6 25.9 2705 20.1 66.5

19 50.7 14.2 17.0 71.5 65.5 25els 27.2 21.2 67.0
20 5, 15.5 18 7h 70.3 29 30eh @2.5 75

23 55.3 i, Sel, 72.4 & 30 26.1 7

26 56.1 4 1925 91.8 88.5 37-2 _ 30 97
52 L965 13.4 17.0 67.6 60 25.5 a7 19.2 61
53 50.3 13.2 1709 68.6 57 25.8 25.2 19.5 62.7
56 52 15 16.8 60.8 Th.2 32 0.6 5.5 75
2 51 Wael 17.2 6s 56 3.5 25 19.5 60.2
7 b.2 Lieb 19.5 g > 80 52 —_ a,.3 4,.7
oh 51.6 ly 16 68.7 62.5 25.68 26.5 2 ad,

61 5h Ub 18.4 65.5 ~- 59 _ ~- 100
65 48.5 1362 16.4 60.9 5, 21.2 a2 17.8
69 50.5 13,2 1767 72.5 60.5 26.1 27oh 22 6769
72 5365 Ue 5 16,2 82.4, _ 52 31 26.7 6

5 §1.1 13.2 16,2 65.3 56 25.5 4.1 18 »
a,* Lgek 14.5 16.8 60.7 56.2 22.5 23.7 is 57
85* 47. 13.2 15.8 61.3 3.7 22 23.7 19.3 5
66° Lg 15.5 1665 56.5 51.5 21.3 23.5 17.5 53

Ailingnee
6 50. 14.3 16.4 44.5 57.9 4.5 i,8 14.1 61.4

8 52.5 Wal 18,1 6&7 56.5 ae 25.8 19.8 61.5

uy 50.6 14.5 16.3 70.1 63 25.8 26.3 20.6 67
ue 52.8 23 18.2 78 oo 29 51 4.3 7905
55 50 13.5 17 61.5 - 50.5 30. 23.8 16
#1 53 15.2 16.3 82,8 _ 30.5 30 25.1 $5.4,

*Exposed in utero,



 

 

 

Head Head Head

Sub ject circ., width, Jength,

No, om ca a

2 53.8 Wy6 19,0
3 50.2 13.2 17.68
15 51.5 13465 17-5
17 52.4 13.8 17.6

19 $0.6 4.3 171
20 5he3 15.7 18.0
23 52.7 13.8 1865
52 50.1 13.4 1Jel
33 50.7 13.3 18.9
36 52.7 15 16.9
ke 51.5 Wy-5 17el
5 52.3 bed 18.1
61 54.5 Uypoh 1a

65 48.6 13.2 16.5
69 51 1368 1727
72 54.5 14.5 18.0

63° Sle 1365 18.3
8 49.3 B 16.6

6 50.5 Wyk l6ey
8 52.9 ly 18.3

48 53.4 14.2 18
53 50.1; 12.4 16.9
8l 52.4 15 1665

er

*Exposed in utero,

1962

 

Chest
Sitting cire,, Left calf Biacromial Bi-iliac Buttocks
ht., om oa Circe, cm dia, a= dis., om Circe,

66.0 9.5 24.8 26.2 19.1 61.5
61.6 61.1 2,2 a.5 19-8 62
60.2 — 50.0 29.1 25.1 T1900

T3501 63.4 26.5 26.5 21.4 68.4
72.2 63,1 a,.7 26 21.6 67.0
7902 76.5 a1 ~ a,.7 79
Tl.l 67 30 2923 22.8 725

67.7 e3 Fd 27.7 20.0 62
69.4 _— ~ 27.5 20.6 -_—

81.5 79.2 3405 - 25 63.5
66.2 56 23.5 25.6 19.4 60.7

. 66.6 62.6 26.3 27od 21 6

Sh. _ 39.3 _ _ 99.2
60 55.5 21.6 2325 1Ge2 58.0

7307 2 29 2867 2505 Te
60.7 _ 55.2 31 26 80.0

6763 56,8 7 25.6 18,8 61.5
59.5 53 4.6 aa!) 1706 55-1

Ailingnes
65.1 59.8 ay.3 25-7 49 61.5
68.2 58.3 a9 26.5 18.4, 63.9
71505 _ 29 31 a 60
82.5 -- 30.7 30 6 75
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Head Head Head Chest

Subject circ.es width, length, Sitting circ.e, Left calf Blacromial Bi-iliac Buttocks
No, cn oa cn ht.» cm on circ., dia,, am die, om circ., @

2 53.7 14.7 18.9 65.3 62,0 25.5 26.2 20.7 63.0
3 51.6 13.4 18.0 62.8 70.3 26.7 26,2 21.5 70.3
5 49.5 13.6 17.4 60.3 59.0 23.6 24.0 18.8 599.3

15 52.0 13.7 17.7 81.8 wees 31.4 7.4 26.0 83.8
17 §2.8 13.9 18,4 73.7 ---- 26.0 29.8 20.3 73.0
19 51.5 14.3 17.4 T11.0 66.0 27.0 29.7 22.4 72.0

20 55.1 15.8 18.0 19.2 TT-5 31.1 soe woes 61.0
21 52.3 the 17.7 72.0 63.0 27.2 30.0 3.8 74.5
23 53.2 14.0 18.4 73.5 69.2 31.4 29.0 24.0 Th.0
32 50.0 13.5 17.2 68.7 63 27.2 28.0 20.4 65.3

33 51.7 13.3 18.2 Th. 5 50.9 28.2 26.4 21.2 68.5
36 53.0 15.2 17.2 67.3 79.0 5 aa-- 27.2 85.0
ke 51.8 14.5 17.1 70.3 57.0 2.8 25.4 21.4 64.0

47 57.0 15.0 19.6 69.1 79.8 3.5 see 26.8 89.0
54 52.7 14.2 18.4 69.1 69.5 28.1 29.0 21.86 70.5
65 49.7 13.5 16.6 65.0 56.5 22.9 23.6 20.0 62.5
69 51.8 13.2 18.0 76.4 ---- 3.3 woes 24.5 76.0
72 54.6 14.5 18,0 63.8 ---- yO w--- 26.0 85.0

63* 51.7 13.4 18.3 87.5 59.5 26.7 26.2 19.1 62.5
85* 47.5 13.3 15.7 61.0 57.5 23.0 25.3 20.4 58.0
86* 49,3 13.7 16.8 a 53.6 23.0 a.5 18.2 56.3

Ailingnas

6 50.9 14. 17.1 67.2 61.3 25.0 26.1 19.2 65.0
8 53.0 14.0 18.6 70.0 58.5 25.5 26.1 20.8 66.9
48 53.5 14.3 18.1 71.5 e--- 30.0 ---- 25.5 83.2
53 50.0 13.5 17.0 61.0 woe 30.8 25.0 79.030.0

 

*Exposed in utero,



APPENDIX 17

Serum Folic Acid Levels, 1963

(normak = 7 to 20 mug/al; borderline = 4 to 7 aug/nl) 
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APPENDIX 18

Sone Marrow Differential Counts
 

 

 

Subject No,

4 63 68 73 948 1007

SiGPa séBE 14.2% 15.0% 19.8% 16.8% 22.2%

SEC Pe 0.2 0.8 --- = 0.4 0.2

SEC PME 0.6 1.3 2.6 2.8 2.2 0.4

RAND NEUT 10.6 6.4 6.6 10.0 5.8 10.6

BAND BASO --- --- =? --- e-- ---

BAND EOS 0.6 0.2 --- 0.6 0.4 0.2

MET4 NEUT 16.2 6.4 11.8 13.2 9.8 18.8

META BASO --- --- <-- --- <= a

META EOS --- --- 0.4 _— -<- ---

MYEL. NEUT 10.0 4.6 9.8 7.2 5.2 7.0

MYEL. BASO 7? --- 0.4 --- --- _—

MYEL. EOS 2.0 0.2 1.0 0.8 0.2 0.4

MYELOBLAST --- --- 0.8 --- a 0.6

LYMPHOCYTE 18.0 33.0 14.8 21.2 27.0 16.4

LYMPHOBLAST 0.8 0.2 wee 0.2 0.2 ~--

MONOCYTE --- 0.2 0.6 0.2 0.6 0.8

MONOBLAST a-- --- _. _-- --- ---

NORMOBLAST ORTHC 18.0 23, 24.2 21.0 21.6 17.0

NORMOBLAST BASO

=

8.2 6.8 5.4 2.0 3.0 2.8

ERYTHROBLAST 0.4 1.2 1.8 0.2 1.0 0.6

MEGALOBLAST 1.6 7-7 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 77 1.6 0.4 1.0 0.2
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