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MEDICAL SURVEY OF RONGELAP PEOPLE
FIVE AND SIX YEARS AFTER EXPOSURE TO FALLOUT

Introduction

The results of medical surveys of the people of
Rongelap in the Marshall Islands, carried out in
March 1959 and in March 1960 at 5 and 6 years
after the accident, are presented in this report.
These people had been accidentally exposed to
fallout radiation following a detonation of a high
yield thermonuclear device during experiments at
Bikini in the Pacific Proving Grounds in March
1954. An unpredicted shift in winds caused a
deposition of significant amounts of fallout 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 r of whole-body gamma radiation,
contamination of the skin sufficient to result in
beta burns, and slight internal absorption of radio-
active materials through inhalation and ingestion.
Another 18 Rongelap peopie away on a nearby
isiand {Ailingnae), where less fallout occurred, re-
ceived only an external gamma dose of about 69 r.
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
Utink Island, about 200 miles further east, received
about an estimated 14 r of whole-body radiation.
The fallout was not visible on this island and no
skin effects developed.

The exposed people were evacuated from these
islands by plane and ship about two days after the
accident and taken to Kwajalein Naval Base
about 150 miles to the south, where they received
extensive examinations for the following three
months. [n view of the generally negative findings
on the American servicemen, they were later re-
turned to their duty stations. The Utirik people
were also allowed to return to their home island,
where radioactive contamination was considered
10 be of a slight enough extent to allow safe habita-

tion. Because Rongelap Atoll was considered to be
too highly contaminated, a temporary village was
constructed for the Rongelap people on Majuro
Auoll several hundred miles to the south, where
they lived for the following 3"z years and were ex-
amined at yearly intervals by a special medical
team. In July 1957, after careful evaluation of the
radioactive contamination situation, Rongelap
Island was considered safe for habitation. A new
village was constructed, and the Rongelap people
were moved there by Navy ship. The annual med-
ical surveys have since been carried out on Ronge-
lap [sland.

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
comparison population for the studies. Following
the initial survey of the Utirik people on Kwa-
jalein in 1954, a repeat survey was carried out in
March 1957. In addition, during the past survey,
as in the previous surveys, a visit was made to
Majuro Atoll to examine a group of children who
represent part of the control group used for the
growth and development studies of the exposed
children.
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The accumulation of data from these surveys is
becoming increasingly voluminous. Since condi-
tions have not been favorable for performance of
extensive statistical analyses or use of ejectronic
computing procedures to store and manipulate the
data, the annual survey reports published by this
Laboratory are made as compilete as possible. This
report, therefore, includes a considerable amount
of raw data, much of it in appendices, so that
others may have an opportunity to make further
calculations if desired.

This report also contains a brief addendum on
the vegetation of Rongelap Island.

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,’ | vear,' 2
vears,' 3 vears,” and 4 years.” The followingisa
brief summary of the findings previously reported.
Durin Qe ﬁm "4 to 48 hr afker, ¢xposure,

hy Fong ‘ap pasple ¢ ienced’
few vomited and had
diarrhea.. H’anv also cxpenmed nchmg and
burmn(g:%?hc skin, and a few X ; doflach-
rymati nd burning of the ¢}

the people remained asvmwﬁt il

weeks after the accident, when cutaneous lesto

and loss of Mair de%cd due largely to beta i ir-

radiation of the skift. It was apparent when the
people were first mmmcd a few days after expo-
sure. thatghe lympliiicytes were considerably de-
pressed and that A@icant doses of radistion had
probably been received. In addition to the whole-
body dose of radiation and the beta irradiation of
the skin, radiochemical analyses of the urine
showed that measurable amounts of radioactive
material had also been absorbed internally. The
effects of the radiation can best he summarized
under three headings according to the mode of ex-
posure: penetrating irradiation, skin irradiation,
and internal irradiation,

PENETRATING IRRADIATION

The changes in the peripheral blood of the more
heavily exposed Rongelap people who received
175 r will be reviewed in the section on hemato-
logical examinations (see Figures 33, 35, and 38,
and Appendices 1 and 2). The changes in the

. p:rmap ppulgtion anjwh _ramained so, witl

Ailingnae and Utirik groups were similar but less
marked. Certain unexplained fluctuations have
occurred from year to vear in the peripheral blood
levels of the compartson populations as well as of

the exposed groups. Depression of the peripheral

blood elements as represented by mean popula-
tion levels occurred as follows.

Lymphocvtes fell promptly and by the third day
were about 55% of the control values in adults.
and slightly lower in children. There was only
slight recovery after six months. At 2 years, al-
though further recovery was evident, the mear
values of these cells were still found to be below
the comparison population Icvcls (75 to 80%). At
3 vears the mean lympha ts were slightly
below those of the comparison popuiation. At4
years the mean level appeared to be about the
same as that of the comparison population, bu:
many counts remained lower.

Neutrophil levels fluctuated considerably dur
ing the first few weeks but fell gradually to a low
of about 50% of comparison population levels by
the 6th week aftes. . @xposure. Slow recovery en
- were still slightly belov
els. mr by 1 year post ex

ibly exception of thod@®f children <1

fold, which generally havé'been lower thai

ose of the unexposed chlr('iﬂ:n of comparabl

v - ‘3 =y

| to about 30 af the unexpose:

. 4th week. By 6 months they ha

0% dthc cBRirals; af ! vear the mea

plaiéiet count iwea stitf belo t of the contrc

population but higher than at the 6-month surve:

Although further increases were apparent at th

2-, 3-. and 4-year examinations, the levels wer
still below those of the comparison population.

Changes in hematocrit were not remarkable i
any of the groups.

Clinical examinations revealed no disease pro«
esses or symptoms which could be attributed
radiation effects, aside from skin lesions, loss:
hair, and early symptoms. Epidemics of chicke
pox and measles occurred. The diseases encoum
tered were no more severe or frequent in the irrad
ated group than in the unexposed group, eve
during the period of greatest depression of peripl
eral blood elements. Three persons in the expose
population died of discase: (1) a 46-year-old ma
with a hypertensive heart disease which had bee



present at the time of exposure, who died 2 years
after the accident; (2) a 78-year-old man who
died, 3 years after exposure, of coronary heart dis-
ease complicating diabetes; and (3) a 36-year-old
man who died of acute varicella, 4 years after ex-
posure, who had received only 69 r, having been
on Ailingnae at the ume ot the tallout. There was
no apparent relationship between any of these
deaths and radiation exposufe, and mortality in
the exposed group did not appear to be greguer
than in the unexposed population.

It was difficult to evaluate the effects on femhiy

However, a number of apparently normal babies

3

radiation of the skin were seen in 12 cases which
showed varying degrees of pigment aberrations,
scarring, and atrophy at the site of the former
burns. Numerous histopathological studies have
been made,' > and the changes found have been
consistent with radiation damage. At no tume have
changes been ohserved either grossly or microscop-
ically indicative of malignant or premalignant
changg. Spotty ¢pilkagdon on the heads was short
lived, regrowth of #r occurring about 3 months
after exposure and complete regrowth of normal

hair by six months. No further evidence of epila-

were born during the 4-year period, and there hag®¥ &

been no discernible fall in ﬁgth
higher number of miscarriages ogc Uin theex-
posed women than in the gnexposeq group; this
will be further evaluated in the present peport No
opacities of the lens or other eye clianges have
becn found tha[ could be related to radiation.

to show a slight dcgree of i
and development in the exgi
ever, the small number of ¢} G
a later finding that exact a?

dren were in doubt, has resulted ina rb-cvaluauon
of these data based on more reliable age deter-
minations.

BETA IRRADIATION %IHE SKIN

rate estimate of
4 burns of the

[t was impossible to get al
the radiation dose to the skis. -
skin and epilation appearcd il
exposure, largely on parta of i
by clothing, About 90% of tiy
burns, and a smaller numi
epilation of the scalp. M
superficial; they exhibited
scaly desquamation, and
little pain. Rapid healin
followed. Some lesions we
desquamaton, and we
burns became secondarily 3
treated with antibiotics. Répigmentatiog, g
lesions gradually ook place in most instandg
the skin appeared normal within a few wee
However, in about 13% of the people, “
lesions, particularly noted on the dorsumig
feet, continued to show lack dFrepg
with varving degrees of scarring ar
the skin. At 4 years the only residual etfects of beta

not covcrcd

A slightly

-areas of the hi

tion has been seen.
An interesting observation was the appearance
of a bluish-brown pigrhentation of the semilunar

of the people, | &ginning about 3 weeks after expo-"
sure. By 6 months, this pigmentation had largely
grown out with the nail and had disappeared jiy-
most cases. The cause of this phcnomenon ha_m:i
beenfuplained. . -

INTERNAL IRRADIATION

Radiochemical analyses of numerous urine
samples of the exposed population showed internal
absorption of radioactive materials, probably
brought about largely through eating and drink-
ing contaminated food and water and to a lesser
extent through inhalation. During the first few
days when the body levels were at their highest,
the maxfhugy stble concentrations were aps,

proached %‘, i (mcccdcd only in the case;?f

strontlu §

: "z \iﬂ 10 be 100 low to result &

any serious ef m level fell rapidly, so that
2.and 3 ylirs post exposure,
ecepitd maximum pe

N

K as consndcrcd
, desgite a per %pel of
tamgastion) was reflegted in a rise
and mcreaséd urinary ex-

{ urine samajcs,

: gdvardens of cesium- 137 by'Riéiors ¢
upto i(ﬂ‘ﬂ‘d ¥ strontium-90 by a factor of {0fto
20; and some increase also in zinc-63, since the re-

ernails and toenails in dboul%‘éﬁ

Beginning in
L ' -



turn of the people to Rongelap. The body levels of
the unexposed people who returned to the island
also increased, becoming indistinguishable from
those of the originally exposed group. However,
the levels remain well below the maximum per-
missible limits. Analyses of bone samples on one of
the men who died showed 3.7 strontium-90 units /g
calcium.

OTHER STUDIES

Other studies have been carried out on the
Rungelap people which are not directly related 10
radiation effects. An intensive intestinal parasite
survey showed that the people were infected with
many types ol protozoa and helminths. This find-
ing did not entirely account for the generally high
incidence of cosinophilia. Other rindings that need
further explanation are the general anemic tend-
encies, the high plasma protein levels with in-
creased gamma globulin, and the higher than
normai levels of serum protein-bound iodine and
vitamin B ,. Another investigation is concerned
with genetic studies and determination of the
anthropological background of the Marshallese
from geneuically determined traits. Among the
traits studied were blood groups and hemoglobin
and haptoglobin types. The results shed some light
on the origin of these people and the homogeniety
of the population. Their blood groups resemble
most closely those of the people from Southeast
Asia and Indonesia, and the population appears
to be relatively homogeneous.

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.

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

2. The lack of vital statistics or demoygraphic
data on the Marshallese imposed a serious dith-
culty in interpretavion and evaluation of the medi-
cal data. Records of births. deaths, ete.. have been
made by the healdth aides or magisirates ot the vib-
lages and supposedly forwarded to the district ad-
munstrator, however, such records have been in-

complete or Jost in most instances, and vital statis-
tics are therefore inadequate. Trust Territory
utticials 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-
cuities in interpreting some of the studies to be
outlined.

COMPARISON POPULATIONS

During the first 2 years, two separate groups of
Marshallese people were used for comparison,
each of comparable 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 other islands to live with them.
These people had been away from Rongelap
Atoll at the time of the accidental exposure. This
group matched reasonably well for age and sex
and was of comparable size. Since the return of
the people to Rongelap, however, this group has
about doubled in size.

Since the people are of the same stock genet-
cally, they are uniquely appropriate to serve as a
comparison population and have, therefore, been
used since 1957.

1959 Survey

BACKGROUND MATERIAL
Organization

For the 1959 survey, 5 years after the accident,
the medical team consisted of seven physicians,
one dentist, two scientitic specialists, and nine
technicians from various institutions and labo-
ratories in the United States. Several Marshallese
practitioners and interpreters assisted in carrying
out the examinations.

A group of Hve scientsts from the University of
Washington, headed by Dr. E.E. Held, accom-
panied the group 1o collect soil, marine, and plant
saruples tor radiochemicat analysis. These studies
are not included in this report.

Prior 1o the main survey on Rongelap, several
inembers of the team visited Majuro to examine



Figure 3. Group of Rongelap children.
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15 children who are part of the control series for
the growth and development studies. Several
Rongelap people of the exposed group and the
comparison population group who were living in
Majuro were also examined. .

The Navy kindly furnished a ship, the LST
USS Duval County. The team met at Eniwetok
where the ship had putin to onload the 21-ton
steet room which had been stored there and also
the medical equipment and supplies. The medical
team was berthed and fed aboard the ship for the
expedition. The ship was beached at Rongelap
and Utirik for easy accessibility to the villages.

Attitudes of Rongelap People

When the team arrived at Rongelap, the mag-
istrate of the village indicated that there was some
confusipn and uncertainty in the minds of some of
the people as to the necessity and significance of
repeated medical examinations. He thought it
wise o cali a meeting of the village people in the
council house so that they could ask questions to
help clarify the situation. For the past 5 years dur-
ing which the annual examinations have been go-
ing on there had been no problem in maintaining
excellent rapport with the people, and, indeed, the
relations of the team members with the Ronge-
lapese were always cordial and friendly. It was
recognized that there was slightly increasing re-
sistance to blood sampling procedures. Also there
was some discontent that, because of the high Sr*
content, they were forbidden to eat coconut crabs,
which they consider a delicacy (Figure 4). Since
the return of the people 1o Rongelap, copra pro-
duction had not increased to the extent that the
Trust Territory officials had hoped. Consequently,
since copra production is the prime source of in-
come, there was some concern over the slowness
with which the people were getting back on their
feet economically. It had become necessary to ex-
tend food subsistence beyond the time originally
planned. Fishing was not being carried on as
actively as it should have been.

At the village meeting the main questions cen-
tered around the necessity for the continued medi-
cal examinations in view of statements on the part
of the medical team in the past that the people
were generally in good health. It was difficult 1o
explain to them that, though they appeared 1o be
in good health and 10 have recovered from the
acute etfects of radianon, very hode was known
aboul the possible late ettects of radiation, and

continued examinations were essential in order to
detect and treat any untoward effects, should they
anse. The coconut crab problem was brought up
again, and the reasons for prohibiting their con-
sumption caretully explained through the inter-
preter. To correct a misconception that several
cases of fish poisoning during the past year had
been due to cating radioactive fish, it was ex-
plained that fish poisoning had been going on in
these islands for years and was not connected with
radioactivity. After much discussion, it seemed
that the people were satisfied with answers to the
questions, and preparations for the examinations
proceeded. Thercafter complete cooperation and
the usual friendly relations prevailed throughout
the stay on the island.

During the examinations a United Nations team
visited Rongelap. A meeting with the people was
held in the church (Figure 5), and many aspects of
the Rongelap situation were discussed. The report
of the UN group was favorable toward the special
medical assistance being rendered the people.

Upon completion of the 1959 survey, a meeting
was held for the pcople, and they were advised
that they were found to be generally in good
health with no serious effects of their radiation ex-
posure apparent, but that continued examinations
would be necessary in order to insure continued
good health. They were also advised to try to im-
prove their oral hygiene and observe sanitary rules
to control the flies on the island.

Before the team left the island, a party was held
for the Rongelapese. The Navy kindly furnished
a meal, and smal! gifts were exchanged as tokens
of appreciation of mutal cooperation.

Figure 4. Coconut crab (robber crab, Birgus latro), con-
sidered a delicacy by the Marshailese. (Photo courtesy
American Museum of Naturai History, New York, N.Y )
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Figure 5. United Nations visiting group meeting with Rongelap residents in village church, 1959

PROCEDURES

Location of Examinations

LST Tank Deck. Whole-body gamma spectros-
copy was carried out with the 21-ton steel room
placed in the after part of the tank deck, with the
air conditioned electronics room and the shower
facility close by. The people to be examined en-
tered the ship via the forward ramp directly onto
the tank deck, proceeded to the shower facility
where they disrobed, took a complete soap and
water shower, and donned disposable paper cover-
alls and slippers, and then proceeded to the 21-ton
steel room, where a 10-min gamma spectroscopy
count was obtained. Phonograph music was piped
into the steel room during the procedure. The
people, except very young children, showed no
evidence of fear or claustrophobia and appeared
10 enjoy the procedure. Further description of the
gamma spectrographic methods will be presented
later.

The diagnostic x-ray machine was also set up in
the tank deck.

Rongelap Village. Asin 1958, the dispensary,
schoolhouse, and council house were used for the
examinations (Figure 6). Hematological and other
laboratory procedures and ophthalmological ex-
aminations were carried out in the dispensary
(Figure 7). Medical histories were taken and
physical examinations were made in the schoot-
house. The council house provided areas for an
administrative center, for collection of urine sam-
ples, and for laboratory use by the University of
Washington group.

History and Physical Examinations

Histories were taken by a Marshallese practi-
tioner with particular emphasis on the interval
history during the past year. A special survey was
conducted by the pediatrician to ascertain more
accurately the birth dates or the Rongelapese, par-
ticularly the children.

Complete physical examinations were carried
out including examinations of the children for
growth and development (anthropometric meas-
urements, and x-ray examinations of the left wrist
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Figure 7 Hematology Liboratory, Rongelap Island
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and hand for bone development studies): studies
of aging criteria; special examinations of the skin
with color photographv of selected lesions: oph-
thalmological studies including slit-lamp observa-
tions, visual acuity, and accommuodation; audio-
metric examinations; cardiovascular survey: and
x-ray examinations as deemed necessary.

[n 1959, 96 exposed people. including their
children, and 166 unexposed people were exam-
ined on Rongelap.

Cardiovascular Survey. In view of the possible
association of late effects of radiation with cardio-
vascular disease, the following cardiovascular sur-
vey was carried out.

L. Clinical histories recorded present and past
health and illnesses, especially cadiac and pul-
monary symptoms.

2. Physical examinations included the usual obser-
vations in the cardiovascular system in regard to
the rhythm and rate of the heart; the nature of the
heart sounds and murmurs, if present; the size and
shape of the heart by clinical indications; changes
in the arterial walls as observed by inspection of
the retinal arteries and by palpation of the radial,
brachial, and dorsalis pedis arteries; and the ap-
pearance of the veins.

3. Instrumental procedures: Systolic and diastolic
hlood pressures were obtained with the cuff-type
aeronoid sphygmomanometer. Oscillometry read-
ings were obtained from both legs at calf level by
the Collins type of oscillometer. The highest of the
readings obtained at different pressure levels was
used as a single reading for each subject. Electro-
cardiograms were taken on people 20 years of age
and over (84 unexposed and 38 exposed indi-
viduals). The electrocardiograms were taken by a
Sanborn Direct Writing apparatus which had
been specially shock mounted for field use.* In al-
most all subjects the electrocardiograms were
taken with 12 leads, to include three standard bi-
polar limb leads. three augmented unipolar limb
leads, and six unipolar or V chest leads in accord
with the standard 12-lead procedure recommended
by the American Heart Association. The tech-
nical quality of the electrocardiogram was in most
instances relatively good, but there were two
handicaps. The electric power for the instruments
was obtained from a generator on the LST by run-
ning a cable ashore to outlets in the various build-

*We are most grateful to the Medical Equipment Research
Department. U.S. Army, Fort Totten, N.Y. for use of this instru-
ment on a permanent loan basis.

ings used for the medical examinations. Inductior
currents often caused interference, and groundin:
of the instruments at times was difficult. Ther
were also technical variations because of variabls
line voltage and amperage. X-ray films of the chew:
were taken on sclected subjects when indicated
The number taken was kept to a minimum t
avoid additional radiation of the exposed people
even though the dose invoived was extremels
small. The iims were used chiefly for the study ol
the lungs and, to some extent. for measurement o
heart size and shape. Chest films were obtained on
11 subjects in the unexposed group and 7 in the
exposed group.

It should be pointed out that there was no
standardized basal or adjusted level of physical
activity, such as resting for one hour before takinu
the tests. The patients were seen in the course ol
the usual examination, as might occur in the out-
patient department of a hospital.

Arthritis Survey. During the course of other
studies on the Rongelap population, it was pos-
sible to obtain information on the prevalence of
arthritis and allied phenomena. Since little is
known of the prevalence of these diseases in trop-
ical populations, any such data would be a con-
tribution to the “geographic pathology” of the
arthritides’ besides being of interest in connection
with the possible adverse influence of radiation ex-
posure on degenerative diseases.

X-rays of the hands and wrists were graded for
osteoarthritis on a scale of 1+ 10 ++ by the
method of Kellgren and Laurence” as modified by
Blumberg et al.” The same x-rays were used to
detect any cases of rheumatoid arthritis, other
arthritides, or bony abnormalities.* A small ali-
quot of serum (0.3 to 0.5 ml) was used to deter-
mine the presence of “rheumatoid factor™ by the
bentonite flocculation test of Bozicevich et al.™ In
this test, a titer of '42 or greater is considered posi-
tive, '4s doubtful, and any titer below 'is nega-
tive.* A joint examtnation on each of the Ronge-
lapese was performed by the medical examiners.
and any individual with significant joint tindings
was re-examined by one of the physicians experi-
enced in the diagnosis of joint disease. Treatment
of the joint disease was undertaken where indi-
cated.

*We are indebted to the following personnel of the National
[nstitutes of Health: Drs. R.L. Black, §. ]. Bumim, and E.G 1.
Bvwaters for reviewing the x-ravs; and r. K. Bloch for perform-
ing the bentonite flocculation test.
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Dentol Survey. Intra-oral examinations were
conducted as part of the physical examination. All
patients were examined with mouth mirror and
explorer. Illumination was by standard operating
light. Salivary pH was taken hy use of pHvdrion
on all uplsjarts why were not eating candy or any
other ﬁn(hm@nﬁﬁa samples were from
these pafents a¥ife ume pH detemi‘nauuu were

made. Inﬂ‘a oralr frams. goynsdable
Dental éxaminations were «%& on the fol--

lowing ‘groups: 30 chﬂdre’zmuro, all the
adults andchildren at Ron‘cfap \d:n.wcn in the

physical exafignation gk}gp a%némbcrof
children at Utirik.

Studies of Aging Criteria

Although the exposed group has shown no out-
ward evidence visible by gross observation of any
acceleggicd aging cffect of radiation, it was
thought desirable to have available measurable
criteria of possible age changes for use during nor-
mal physical examination. Therefore the over-all
objective of this study was to establish fexp 1o

_evaluate any possible radiation-induced sefies-

IS (prcv-mcd iv'ra Iater section on
results) collected during the 1959 survev (5 vears
after exposure) showed no apparent differences
between the cxposed and unexposed groups.
Therefore the data from the two groups have been
pooled with the objectives of presenting the meth-
odology. indicating the trend of changes with age
of the various aging criteria chosen. and attempting
to determine a biological age score for individuals
and different age groups.

This study was hampered by the small number
of people mvolved and the lack of vital statistics on
the Marshallese people. Another difficulty has
been the uncertainty of exact ages in some cases.
particularly in older people.

ata on aging criteria were recorded onlv on
adults 20 vears of age and over. Of the 126 aduhs,
42 werc in the originally exposed group and 84 in
the larger comparison population. Table | shows
the age and sex distribution. The ages were reason-
ablv well distributed except for a smaller number
of older people (>>60 years of age).

The age criteria chosen were based on changes
gencrally believed ta be associated with physiologi-
cal senescence and represent only a small number
of the possible ones. They were selected with a

Table |

Age Ihstribation in Rongelap Adult Population. 1959,
Used in \qlng Studs

E x|ms<=d L nexposed

Age.vr M F M F Toral
20-24 )} 5 1 6 12
25-29 2 1 12 6 21
30-34 3 2 3 ] 13
35-39 ! 4 4 4 i3
40-44 4 2 [ 3 15
45-49 1 0 2 3 [
50-54 | 0 5 5 1
55 59 2 i 3 ! 7
H-64 0 6 5 3 14
65-69 0 0 2 3 5
70-74 1 2 0 0 ]
75-79 0 1 0 0 1
>80 2 t 2 0 5
126

view toward ease of assessment during routine
physical examination under field conditions, time
limitations, and language barrier. Therefore, un-
fortunately, tests of vigor and functional capacity
were necessanily limited.*

Of the 15 criteria selected. 9 were measured
directly and 6 were estimated on a 0 through 4+
scale. Five tests involved the integument: (1) skin
looseness, (2) skin elasticity (retraction time), (3}
senile changes in the skin, (4) greying of the hair,
and (5) baldness. Four tests involved the special
sense organs: (| ) accommodation, (2) visual acuity,
(3) arcus senilis. and (4) hearing. The cardio-
vascular system was tested by (1) systolic and(2)
diastolic blood pressure recordings, (3) peripheral
arteriosclerosis, -and (4) retinal arteriosclerosis.
There was one test of neuromuscular function.
Vigor was measured by hand strength measure-
ments. The test methods are described below.

Integument. A special skin caliper was de-
signed for measuring skin looseness and efasticity
(Figure 8). The legs of the caliper can be opened
to anv desired degree up to 5 cm on scale 4 by ad-
justing screw B. The spring tension when the cali-
per is closed on a fold of skin results in a pressure
of about 500 g. The inner and outer surfaces of the
legs are calibrated in millimeter markings (C ).

*Several tesis. such as pulse and hlond pressure response to a
two-step test and vinal capacitv, were tnied but not used because
they proved unsatisfactory



Figure 8. Skin calipers used in measuring looseness
and elasticity of the skin.

1. Skin looseness.* Preliminary investigation re-
vealed that the skin fold at the junction of the chin
and neck was the most satisfactory for the meas-
urement of skin looseness and also seemed to give
the best correlation with age. The measurement
was carried out by grasping the skin with the
thumb and forefinger, pulling it gently outward,
and applying the caliper opened 1o 4 cm so that
each leg was firmly against the skin lateral to the
fingers. The caliper was then allowed to close by
its own spring tension, and the height of the fold
of skin impinged was measured in mm on scale C.
The elongated ends of the legs impinge on a 1-cm®
surface of skin and exert a pressure of 500 g. There
is little variation in spring tension in the last 2 cm
closing range of the caliper. The height of the fold
represented the degree of skin looseness. The pres-
ence of excess fat in the skin probably caused the
readings to err on the low side, but this was not
thought to result in serious error.

2. Skin retraction time.* The back of the hand was
found most suitable for measuring the elasticity of
the skin. The hand and forearm were placed at
rest on a table. The caliper was opened to 2cm
{on the crossarm scale) and allowed to close on a

*The reliability of the skin lovseness and skin retraction ime
measurements was tested by having two examiners take data on
20 hospital pauents of various ages with the skin calipers. The
mean values with their standard deviations were: for skin loose-
ness in mm, 20.85 20.71 and 20.90 220.70; for skin retraction
time 1n seconds, 5822813 and 58.75 2:8.18. No significant
ditference was found between the means of the two examiners,
who had previously ascertained that their rtechniques for using
the calipers were alike.

fold of skin several centimeters proximal to the
knuckles near the middle of the hand, with the
long axis of the fold diagonal (45°) to the longi-
tudinal axis of the hand to avoid natural folds of
skin. The caliper was allowed to remain closed for
exactly b0 sec and then removed, and the wime for
the skin fold to retract back to the normal skin
contour was measured in seconds. The exact end
point was sometimes difficult to measure n older
people; if the fold had not retracted completely in
90 sec, this time measurement was used.

3. The exposed skin of the hands and face was ob-
served for the presence ol senile changes such as kera-
toses, nevi, pigmentation, etc. The degree of such
change was estimated on a 0 to 4+ scale: the pres-
ence of only an occasional abnormality was scored
as ! +, increasing abnormalities raised the score.

4. The degree of greying of the hair was expressed
on a 0 to 4 + scale as follows: 0, no greying; 1+,
slight “salt and pepper.” 2 4+, moderate “salt and
pepper;” 3+, nearly complete greying; and 4+,
complete greying.

5. The degree of baldness was expressed on a 0 to
4+ scale as follows: 0, no apparent balding; 1 +,
slight receding of the hair at the temples; 2+,
marked receding of the hair at the temples with
some thinning; 3 +, marked thinning and bald-
ness; and 4+, baldness complete to a “*monk'’s
cap” type.

Special Senses. 1. 4ccommodation® was meas-
ured in diopters by use of the Prince refracting
rule. The average reading of the two eyes was used.

2. Visual acuity* was measured by Snellen’s test.
It was found that use of the square root of the
average visual acuity (denominator) of the two
eyes made the scale more compressed and more
linear. Thus the best vision, 20/10, was repre-
sented as 3.2 (the square root of 10) and the worst,
20/200, as 14.1 (the square root of 200), and in-
termediate readings were similarly recorded.

3. Arcus semilis was estimated on a 0 to 4+ scale.
Only slight limbic clouding was scored as | 4, and
increasing clouding raised the score.

4. Hearing® was tested in a tent in a quiet loca-
tion with a rugged screening-type audiometer.**

*The tests were carried out under standardized cunditions, but,
in view of the necessity of using an interpreter under hield con-
ditions, It was not feasible to repeat them with a ditferent exam-
wer. The data are thought to be sufficiently reproducible to be of
relative value, although not so accurate perhaps as those ob-
tamed under more desirable conditions.

**The authors are grateful 10 the Armed Services Medical Pro-
curemnent Agency, Fort Fotten, N.Y | for loan of the audiometer

BEST AVAILABLE COPY
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fmparment of hearing was averaged for the two
cars as tollows: the decibel loss tor cach of seven
frequendies (200, 300, TOGO, 2000, 3000, $000, and
7000) 1 cach ear was averaged 1o give a mean
frequency loss in decibels for the two ears.

Cardiovascular Changes. | Systolic and dias-
toliv blovd pressures were obtained with the stand-
ard acronord culf-type sphygmomanometer. Two
readings were obtained, and the average value
was used. There was no basic or adjusted level of
physical activity such as resting for a standard
period prior to the readings. Pressures were taken
on the left arm with the subject supine during the
course of the physical examinadion.

2 The degrees of peripheral arterwscleroses and
retinad artertoselerosn were scored on a4 to 44 scale.
The former was estimated by palpation of the
peripheral arteries, the later by viewing the retina
with an ophthalmoscope.

Neuromuscular Function. Neurumuscular func-
tion was measured by having the subject depress
the key of a hangtally type of blood celt counter
4s many tumes as possible in the period of one min-
ute. The total number ot depressions represented
the score.

Hand Strength. Hand strength was measured
by a Smedley hand dynamometer.* The spring
wension of the hand grip was measured in kilo-
grams. The maxithum squeeze strength in the
doaunant hand in three tries was recorded.

Handling of Date.  Because of sex differences,
some of the above criteria were evaluated sepa-
rately for the two sexes; these were baldness, neuro-
muscular function, and hand sirength.

In order that the esumated and measured data
could be compared and combined, both types of
data were converted to a percentage scale. The
estimated values 0, 14,2+ .3+, and 4+ were pre-
sented also as 0, 25, 50, 75, and 100%, respectively.
[n the case of the measured data, the values associ-
ated with least aging were taken as zero percent
(sometimes the highest reading, as with hand
strength; sometimes the lowest, as with hearing
loss), and those indicating most aging as |0%.

The data were examined on both an individual
hasis and a population basis. A mean age score
was obtained tor each individual by averaging all
his percent test vatues. In studying population
trends. means were calvufated for cach cniterion
by J-vear age groups (1o most cases) including

*CH Stocltng CGomspans . Clocago. 11

combined exposed and unexposed populations,
these were plotted, and a curve was drawn accord-
ing to the best it by eye. A curve was obtained in
the same way of the 3-vear group means of the
individual mean age scores. The combining of
sCOres Into 3-year age groups was done to reduce
possible errors due to the uncertainty of the exact
age of some individuals.

Laboratory Procedures

Hematologicol Examinations. T'wo complete
routine blood counts were done, about a week
apart, and a third was done on persons showing
abnormalities. Whue blood counts, red blood
counts, and Price-jones curves (for determination
ot red cetl size distribution) were obtained with
the electronic Coulter, which proved very satisfac-
tory and tme-saving tor this type of fietd examina-
ton. Differential counts were performed in the
usual manner after staining with Wright's fuid.
Platelet counts were done by phase microscopy,
and hemoglobin was deternmuned by the cyan-
hemoglobin technique with the Lumitron colorim-
eter. Serum proteins were determined with the
Hitachi refractometer. Blood and serum samples
for the studies described below were collected in
the field, kept under refrigeration. and shipped by
atr to the various taboratories in the United States
tor analysis.

Urine Analyses. Routine urine analyses were
carried out on all people receiving physical exam-
inations. These included determinations of pro-
tein and hyperglucosuria by reagent paper strips.*
In all cases showing positive tindings, the urine
was centrifuged and the sediment examined mic-
roscopically. In the four cases showing positive
urine sugar tests, fasting blood specimens were ob-
tained and analyzed for blood sugar at the Naval
Dispensary on Kwajalein.

Serum Cholesterol.  Serum cholesterol was
determined in blood samples drawn from exposed
and unexposed Rongelap people, and also in
about 70 blood samples trom people at Utirik
tstand and 63 from people at Majuro Atoll. These
analyses were done at the Nauonal Institutes of
Health by BDr. J.H. Bragdon and Mr. J.C.. Lauter.

Complement Fixation Tests. Scrum sampies ob-
tained from 163 expused and unexposed Rongelap
people were frozen and sent ta the Natonal Insti-
tutes of Health tor various exaninations. Com-

*Chneon, s Catopany Lo Bkt Tndang
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plement fixation tests were carried out by Mr. H.
Turner and Dr. R. J. Heubner for the following
diseases: para-influenza |, 2, and 3; respiratory
syncitial; psittacosis group; and Q tever. The
modified Bengtson method was used.'' -

Sodium and Potassivm Levels. Determinations
of sodium and potassium urinary excretion and
dietary levels were carried out by Dr. LK. Dahl
of Brookhaven National Labaratory. This study
was made to see whether there was any correla-
tion between salt consumption by the Rongelapese
and blood pressure levels. Both spot and 24-hr
urine collections on about 200 people were tested
for sodium and potassium levels by lame photom-
etry. Several sample meals from the Rongelap
people were also analyzed.

Thyroid Metabolism. Since the largest dose to
any part of the body had been received by the thy-
roid glands in the Marshallese, studies of the
metabolic state of the thyroid gland have been of
interest. These studies have been made by Dr. J.E.
Rall at the National Institutes of Health. Samples
from the previous years' surveys had showa sur-
prisingly high protein-bound iodine levels. In
order to determine whezher this was a true finding
or due to contamination of glassware, 14 samples
were again collected, with very carefully cleaned
glassware used. In addition to protein-bound
1odine, butanol-extractable iodine and thyroxin
binding proteins were determined. Several urine
samples were analyzed for total 1odine content.

Serum Vitamin B,,.  Determinations of serum
vitamin B, concentrations done during the pre-
vious year’s survey gave values higher than nor-
mal in the majority of the Marshallese people.
‘Therefore, 15 samples from the 1959 survey (7
from persons tested the year before) were analyzed
by Dr. D.W. Watkin of the National Cancer lo-
stitute, National Institutes of Health,

Studies of Genetically Inherited Characteristics

Studies of genetically inherited characteristics of
blood components and urine were continued on
samples brought back to laboratories in the
United States. Such studies, although not directly
related to radiation effects, are of interest in under-
standing the anthropological background of the
people and in establishing a base line of genetic
characteristics for detection of possible genetic ef-
tects of radiation in future generations. These
studies included the following: blood groups ABO,
MN, Rh-Hr, and Dutly, Kell, and Diego by Dr.
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Leon N. Sussman, Beth Israel Hospital, New
York, N.Y ; and haptoglobins by Dr. B.S. Blum-
berg and Zora Gentile of the National Institutes
of Health. Blood samples were obtained from 176
individuails representung 70% of the inhabitants of
Rongelap for the above studies. Aliquots of urine
samples from 65 exposed and 119 unexposed
people collected for routine analysis were used for
determination of -amino-se-butyric acid. Eight-
een urine samples from Utirik were also analyzed.

Blood Groupings. To complement studies be-
gun in 1958, blood grouping studies were carried
out on 57 of the blood samples mentioned above.
[n addition, t4 blood samples were collected at
Utirik, and 65 at Majuro for this purpose. Dr.
Sussman tested these for ABOQ, MN, Rh-Hr, and
Dutly, Kell, and Diego factors.

Haptoglobin and Transferrin., Further analvses
for haptoglobin by the method of Smithies were
carried out on these samples at the National In-
stitutes of Health. Transferrins were determined
by the discontinuous butfer starch gel method of
Poulik'* on 66 Rongelapese sera, and on an addi-
tional 40 sera by the borate buffer, horizontal
method.'* No transferrin types other than CC
were seen.

Hemoglobin Types. Further starch gel clectro-
phoretic studies of hemoglobin types were also
made on these samples by Dr. R.L. Engle, jr., and
Dr. G. Castillo of the Cornell University Medical
Clenter, New York, N.Y.

Glucose-6-phosphate Dehydrogenase Activity of
Red Cells. Variousstudies have indicated thatade-
ficiency of the enzyme of red cells is ransmitted by
a sex-linked gene. [ndividuals with this deficiency
can develop a hemolytic anemia after the inges-
tion of certain drugs {e.g., primaquine or fava
beans'® ).

In the present study the blood samples were col-
lected in ACD solution, refrigerated (4°C), and
sent by air to Seattle, Washington, where the tests
were done by Dr. Arno G. Motulsky, Department
of Medicine, University of Washington. All tests
were performed within one week of collection.
Tests were done on 151 individuals: 75 males, 75
females, and one not classified.

B-Amino-iso-butyric Acid (BAIB) Excretion. 1)il-
ferential excretion of B-amino-tse-butyric acid
(BALB) is under genetic control, and family data
indicate that a single major gene pair is respon-
sible for most of the variations.' " High excretors
are homozygous for a single recessive gene, and
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low excretors either heterozygous or homozygous
for the dominant allele. Striking differences in the
incidence of high excretors in various populations
have been demonstrated, and it appears that this
genetic polymorphism may be of considerable
value in anthropo-genetic investigations.*' -

As a part of the study of the genetic relation-
ships and origins of various Pacific peoples, this re-
port extends observations on BAIB excretion 10
the Micronesians inhabiting the Marshall Islands.
The fact that some of the Micronesians were ex-
posed to considerable radiation in 1954 is of
special interest here, since it is known that radia-
tion exposure can, temporarily at least, increase
BAIB excretion,’' and studies on the Marshallese
population may elucidate possible long-term ef-
fects.

Urine samples from 65 exposed and 119 unex-
posed people (75.7% of the population of the vil-
lage) were collected in plastic bottles containing
thymol preservative. The sexes were equally repre-
sented, and the ages-varied from 3 to > 70 years.
In sore cases several members of the same family
were included, and some kinships suitable for
genetic analysis were available. Eighteen samples
collected on Utink were also studied. Urines were
kept at 4°C and shipped in refrigeraied containers
to Seattle for analysis. These studies were carried
out by one of us (B.S. Blumberg) and Dr. SA.
Gartler of the Department of Medicine, School of
Medicine, University of Washington. Studies were
completed 2 to 3 weeks after collection of the spec-
imens. Determinations of BAIB were carried out
by high voltage electrophoresis on paper,** and
creatinine was determined by the alkaline picrate
method.

Radionuclide Body Burden Evaluation

The methods used in the radionuciide body
burden evaluation are described later in a sepa-
rate section.

1960 Survey

BACKGROUND MATERIAL

The 1960 survey was reduced in size and scope
and limited to a very brief examination of the ex-
posed people only. Several factors brought about
this change. The people had recovered to the ex-
tent that certain special examinations previously

carried out every year need be done only once
every two to three years. In addition, as pointed
out before, the Trust Territory othicials were con-
cerned about the slowness of economic recovery of
the Rongelapese and felt that the numerous visit-
ing scientific teams, particularly those with large
ships and crews, were partly responsible for the
unrest of the people and therefore requested that
the size of the surveys be kept to a mimimum. It
was decided to defer the gamma spectrographic
analysis until 1961. The Trust Territory othcials
agreed to greater participation of their medical
personnel in future surveys and to the use of one
of their cargo ships (Figure 9), which routinely
made the rounds of the isiands for gathering cop-
ra, for carrying out the survey at Rongelap. Ac-
cordingly, for the 1960 survey the team consisted
of only one physician and one technician from
Brookhaven National Laboratory, and the re-
mainder of the medical group, arranged by the
Trust Territory, included its Director of Public
Health, iwo Marshallese medical otficers, and two
Micronesian laboratory technicians. The Director
of Dental Services and one of his dental officers
also accompanied the team to carry out treatment
of the people. The District Administrator of the
Marshall Islands accompanied the tcam in order
to consult with the people on their agricultural
program.*

As in the previous year, several of the exposed
people now living at Kwajalein and Majuro Atolls
were examined at these atolls prior to the Ronge-
lap visit.

PROCEDURES

As in previous surveys, examinations were
carried out in the dispensary and the schoolhouse
in Rongelap village. Interval medical histories and
complete physical examinations were carried out

*Again in 1960, when the team arrived at Rongelap, the mag-
istrate requesied a meeting with the people. The line of questions
and discyusion was about the same as thav reported for the pre-
viaus year. R toward the 11008 was expressed by
only one or two of the peopie. Objections were again raised
against the ban on eating coconut crabs, which selectivety con-
centrate Sr™ (o such an extent that their consumpuion had o be
prohibited (Figure 4). The peopie were assured that these crabs
were being repeatedly examined and that, when it was safe to
cai them, immediate nonficauon would be given. Fish poisoning
apparentty had been less of a problein during the past year since
valy ane case bad been noted, and the subject was not brought
up again. Folluwing this meeting. vooperation by the people in
the exanmunativns was almost complese
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Figure 9. Trust Territory ship used for 1960 survey, anchored in the lagoon off Rongelap village.
Table 2
Percent Distribution of Population by Age Groups
Rongelap control Rongelap exposed Marshall Islands uUSs.
Age, yr (206 people, 1959) (102 people, 1959) {1948-50) (1940)
<15 43.6% 19.0% 33.8% 25.1'%
15-24 12 12.7 18.9 18.2
25-44 238 20.6 259 30.1
45-64 15.0 10.8 155 19.8
>65 1.4 6.9 59 6.8
ledian age, yr 19.0 16,2 236 29.0

n the exposed population only. The histories were
tken by one of the Marshallese doctors. Com-
iete physical examinations were done, but special
xaminations, such as slit-lamp studies of the lens
and anthropometric measurements on the chil-
dren (except for height and weight), were not
made. One hematological examination was car-
ned out on the exposed population which in-
cluded WBC by electronic counting technique
{ Coulter), differential smears, smears for alkaline
phosphatase staining, and basophil counts. About
thirty 24-hr urine samples were collected from
exposed and unexposed people for radiochemical
analysis to determine body burdens of Ss*.

Results and Discussion

The results of the 5- and 6-year post-exposure
surveys will generally be reported together.

INTERVAL MEDICAL HISTORY

The census of Rongelap as of 1959 was 308
people, of whom 82 had been exposed, 20 were
children born of the exposed, and 206 were unex-
posed. A census was not taken in 1960, but the
number of people appeared to be about the same.
Table 2 shows the percentage distribution in the
population for the Rongelap exposed and unex-
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posed groups, compared with that for the Mar-
shail Islands as a whole 1n 1948-50 and for the
United States in 194). The table also shows the
median ages. The lower median age of the Mar-
shallese would seem to support the impression that
their life span is shorter than that in the conunen-
tal United States.

Durning the interval between the surveys of 1958
and 1954 the people of Rongelap suffered no
major epidemics. There were the usuai bouts of
upper respiratory intections. A few cases of chicken
poxa developed in April 1958, two of great severity,
one of which resubted in the death of a 36-year-old
man ( z31) trom the exposed group. During the
vear Navy evacuation planes removed these two
cases to Kwajalein Hospital (150 miles away) for
treatinent, and also the following cases: perforated
appendix. threatened abortion, retained placenta,
complicated delivery, pyelonephrius, and acute
diarrhea. Three of these patients were in the ex-
posed group. Four cases of fish poisoning occurred
during the year with the usual symptoms of nau-
sea, vomting., diarchea, tever, double vision, and
nngling sensations in the limbs. Cancer of the
ovary was found in a 61-year’old woman in the
cxposed group. and the diagnosis was confirmed
by biopsy.

During the interval between the 1959 and 1960
surveys the medical history of the people on Ron-
getap Island was generally uneventful. However,
an epidemic of influenza occurred in the Marshall
Islands 1n the spring of 1960, and, though Ronge-
lap Atoll was spared, the epidemic reached serious
proportions on Kwajalein Atoll. About 20 of the
unexposed Rongelap control population had pre-
viously moved to Kwajalein Atoll for employment
by the Navy, and among this group 1) cases of
intluenza devetoped, two of which became com-
plicated by pneumonia resulting in death - one in
a 33-year-old man ( 2 933) and the other in a 64-
year-old man ( 927). Both these men had com-
plicating diseases prior to influenza; one had suf-
fered a cerebral hemorrhage with hemiplegia sev-
eral months earlier, and the other a urinary tract
infection. The 61-year-old woman with cancer of
the ovary, discovered in 1958, died in May 1959.
Unfortunately, no autopsies were obtained on
these people. This brings the deaths to four for
the exposed population. One other death occurred
in the unexposed congrol gogulation on Rongelap,
that of a Y ( #854) who died of

Women aged Foal Live e rminating in
Year 1445 preguancies births M w
Exposed
1954« 1% 1 0 4]
1459 20 (3} 5 +
956 2 [ + ¥
1957 21 5 2 2
[RLAYH 22 14 8 +
1959 2 5 5 2
Total 37 24 12
Unexposed I
19950 8 8 b ) ;
1957 [Re3 8 s 2 BEWA
1954 1 4 3 2 : 1w
1959 17 6 5 ! ! 17
toral 2b 20 10 1ty b

*Inciudes chiddeen dying duning hiest few howrs alter burth

**Includes ouly chldren conceved atter Marehc 1 1994
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Rongelap. During that vear the health aide was
visited frequently for upper respiratory infections
{nearly everyone had at least one cold during the
year). Gastruenteritis was also a frequent com-
plaint.

REVIEW OF DATA ON MORTALITY
AND PREGNANCY TERMINATION
OVER THE PAST SIX YEARS

Mortality

The four deaths that have occurred in the ex-
posed Rongelap people during the past 6 years
give an annual rate of 8.1 per 1000 population.
The Marshall Islands annual rate is reported as
6.8 per 1000. The unexposed Rongelap popula-
tion has had four deaths also, which gives a rate of
8.3 per 1000. These figures do not include fetal
and infant mortality. The people of Utirik Island,
who received about 14 r of radiation in the 1954
accident, have shown a death rate of about 1010 11
per 1000 population. Their population has varied
between 160 and 213 people since the event.

Pregnancy Terminations -

During 1958 six miscarriages and stillbirths
were recorded in the exposed group, but none was
reported in this group for 1959. Only one was re-
ported for each of these years in the unexposed
women. Pregnancy terminations in the exposed

Table ¢4

Summary of Pregnancy Termination Daia,
Rongelap Exposed (1954-1959)
and Rungelap Unexposed {1956-1959)

o G

0
Exposed  Unexpused

nen giving birth to living

mildren 4 66

vWumen with miscarriages® but

no live births 18 i
Women with no recorded

pregnancies 18 22
Women with 1 or more

miscarriages 11 28
Wormen with 2 or more

miscarriages 14 il
Pregnancies terminating in

miscarriages 35 23

*Includes children dying hrst few hours atier birth.
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group are compared with those in the unexposed
group in Tables 3 and 4. Since any radiation-in-
duced genetic imperfections that might result in
nonviable otfspring might be present in the germ
plasm of the father as well as the mother, two un-
exposed women mated to exposed men are in-
cluded in the exposed group. Four children born
in 1954 were excluded from the list because they
had been conceived betore the accident,

Table 3 and Figure 10 show the yearly inci-
dence of live births and miscarriages and the sex
of babies born of women of chiid-bearing age in
the exposed and unexposed groups. Under the
category of miscarriages are included stilibirths
and babies dying a few hours after birth. It was
unfortunate that in most cases it was not possible
for physicians to inspect the products of miscar-
riage. Figure 10, a plot of the percentage incidence
of miscarriage in the two groups, indicates that it
is somewhat greater in the exposed group. The
data on pregnancy terminations, summarized in
Table 4, also show an increased incidence of mis-
carriage in the exposed group.

The birth rate in the Marshall Islands in 1957
was 37.3 per 1000 population. The 24 live births
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Figure 10. Incidence of miscarriages and stillbirths in
expused Rongelap women. Stillbirths include babies
living only a few hours alter birth. Data on unexposed
wornen are incomplete prior 10 1456,
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over a 6-year period in the exposed population
represent 48 per 1000, and the 20 births over a
4-year period for the unexposed population repre-
sent a rate of 62 per 1000. The four in utero irradi-
ated children did not show any abnormalities nor
have they shown any impairment of growth and
development.

PHYSICAL EXAMINATIONS

At the times of the 1959 and 1960 surveys of the
Marshallese, the people appeared to be generally
in a state of good health and nutrition. There was
no indication of vitamin deficiencies such as had

been observed in 1957 in the children, when aboy,
10 had night blindness associated with vitamin A
deficiency.” The improvement may be due in pary
to the argicultural program on the island resulting
in the availability of papava and squash. The
usual number of skin infections and fungus dis-
cases was noted, as was the usual incidence of
impetigo in the children.

PEDIATRIC EXAMINATIONS

The numbers of children seen during the 1958,
1959, and 1960 surveys are summarized in Tabhle
5. In the limited 1960 survey, only the body meas-

Table 5

Numbers of Children Examined in 1958, 1959, and 1960

In 1958 but In 1959 but In 1939 but
In 1960 In 1959 In 1958 not in {959 not in 1958 not in 1960
Exposed 35 34 39 5(5)* 0 .
Nonexposed with exposed parents 10 20 13 0 7 10
Nonexposed, Rongelap 51 82 88 16 (3) 10 34 (2)
Nonexposed, Majuro 0 15 20 6(2) 1 15
Utirtk 0 60 0 0 60 60

*Numbers in parentheses are numbers of children not examined who had become adults or near-adults since the pre-
ceding survey.

Table 6

Summary of Physical Findings on Children, 1959

Exposed Nonexposed with Nonexposed Nonexposed
Rongelap (34)* exposed parents (20)  Rongelap (82) Majuro (15)
Chronic impetigo (active) 10 7 25 0
Molluscum contagiosum 0 \ 6 0
Tinea versicolor 2 0 0 2
Chronic otitis media 0 0 4 0
Palpable liver
Under 3 cm 4 1 15 2
Over 3 cm 5 2 11 2
Cervical nodes 14 6 36 8
Axillary nodes 8 2 13 3
Rheumatic heart disease, inactive 1 0 0 0
Vitiligo 1 0 0 1
Cheilosis 0 0 0 1
Asthma 0 0 ! 0
Loss of hearing, unilateral 0 0 1 0
Elevated blood pressure** 0/20 0/36
Obesity in girls > 10 years of age** 1/4 0/7 0/8

*Number examined.
**Utirik group showed no elevated blood pressure in 58 children examined, and an incidence of obesity in girls >10
years of age of 7/16.




urements were determined in children. Compari-
sons have been made between the numbers exam-
ined each year. Excluding those who were shifted
into the adult study, the total over-all attrition
rate between 1958 and 1959 was 10%. Of the 18
children not seen in 1958 but examined in 1999,
14 were babies born in the interval between the
lwo examinations.

The age distribution of children examined in

1959 was as follows:
Age, yr

<4 4109 210 Total

Exposed i9 15 34
Nonexposed with

exposed parents 20 ’ 20
Nonexposed, Rongelap 30 26 26 82
Nonexposed, Majuro 6 9 15
Utirik 1 2 ? 60

The occurrence of various medical conditions is
summarized in Table 6. There seemed to be no
concentration of clinical abnormalities in the ex-
posed groups. Since the incidence of many of these
conditions could have been related to the ages of
the children at the time ofcxami;lation, two of the
most frequent findings, active chronic impetigo
and palpable liver over 3 cm in size, were tabu-
lated separately for several different age groups
{Tables 7 and 8). The ages were based on the best
avatlable birth date estimations. A tendency for
these findings to occur more frequently in the
younger children was noted. The incidences, how-
ever, did not appear to be related to exposure to
radiation.

During the physical examinations, the following
congenital anomalies were recorded:

1 {Subject #805)
1 (Subject 1 896)
1 (Subject #2265)
| (Subject #2269)

Patent ductus arteriosus (repaired)
Deformity of the hip

Pectus excavatum

Bihd uvula

In addition, the incidence of congenital hypo-
plasia of the middle phalanx of the fifth finger was
determined from inspection of the roentgenograms
of the left hand. The incidence in relation to var-
ious exposure categories was as follows:

Incidence
Exposed, Rongelap 2/33
Nonexposed with exposed parents 0/4
Nonexposed, Rungeiap 5,53
Nonexposed, Majuro 0/14

Utirik (low exposure) 5/51
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Hypoplasia of the middle phalanx has been re-
ported as occurring in the normal population in
incidences ranging from 0.5% to 5.2%. The anom-
aly was found to have considerably greater fre-
quency (25%) in Japanese children.s” The over-all
incidence in the Marshallese children was 0.77%.

Pediatric dispensary work was carried out pre-
ceding and following the regular examinations. In

. all, 36 children were treated. The presenting com-

plaints are shown in Table 9.

Table 7

Incidence of Chronic Impetigo (Active)

<4 1-9 210 Total

7019 3,13 10/34

Exposed
Nonexposed with
exposed parents 7720 7/20

Nonexposed, Rongeiap

13730 726 5/26 25,82
Nonexposed, Majuro > O

2 2
)b 9 0/15

Table 8

Incidence of Palpabie Liver (Over 3 cr)

Age, vr

<4 +-9 210 Tutal

Exposed 5/19 0/15  5/34
Nonexposed with
exposed parents 2/20 2/20
Nonexposed, Rongelap 6/30  5/26 0/26 11,82
Nonexposed, Majuro I b 1/9 2715
Table 9

Pediatric Dispensary Visits During 1959 Survey

Presenting complaint Number of patienis

Cough 1
Back or limb pain

Skin sores

Onitis

Diarrhea
Anorexia
Headache
Worms

Loss of hearing
Laceration
Abdominal pain

e N W W U
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Growth and Development Studies

In evaluating the growth and development data
on these children, serious inconsistencies in birth
date information have been uncovered. Official
written birth records did not exist for most of the
children. The parents actually had no realistic
perspective of time. No local or regional events,
tragic or otherwise, were remembered to serve as
reference points. The births of some children had
been registered at Majuro, but even among these

Table 10

Skeletal Ages in 6-Year-Old Children

Age at
Subject exposure, Chronological Skeletal age*
No. Sex mo agein 1959, yr  in 1959, yr
2 M 16 6 Y2 1 %2
3 M 17 6 %2 21%.
5 M 16 6 %2 3 %2
6 M 16 6 %2 5 %2
65 F 15 6 %2 3 %2
33 F 20 6 %2 7 %2
54 M 12 6 Y2 i
955 - F ** 6'%2 t
962 F ** 6 %2 ¥
980 F i 6 %2 61%:2
996 F > 6 A2 }
814 M i 6'%2 5 %o
*Greulich-Pyle standards.
**Control.
tNo film.

Table 11

Height and Weight of 6-Year-Old Children

Skeletal age peers
Subject Height, Weight, Height, Weight,

No. cm b cm b

2 108.3 41.5 99.3 320

3 102.2 39.5 95.3 325

5 98.8 36.0 104.8 36.1

6 106.3 41.0 109.0 41.0
65 98.4 33.0 — —

33 115.8 43.8 118.2 474
54 1125 47.5 — —
955 1175 7.5 — —
962 108.3 42.3 — —
980 112.8 43.8 — —
996 108.0 35.0 — —
814 111.7 43.0 — —

a few instances showed conflict between the re-
corded date and the available circumstantial evi-
dence.

Since almost all analyses of growth data depend
basically on the use of chronological ages, the
painstaking task of improving the validity of the
age data was undertaken. This amounted toa
virtual reconstruction of the biological history of
the childhood population of the island. Interviews
were held with the parents, relatives, and village
elders. Cross-examinations were conducted to ob-
tain all relevant information. In spite of these ef-
forts, a significant lack of accurate information re-
mained in many cases. Further attempts to check
birth dates are necessary before classification of
the children into age groups can be done with
reasonable validity.

An earlier analysis of the skeletal ages of the
Marshallese children had indicated possible re-
tardation in development among the exposed
group.” Since such comparisons required reference
to accurate chronological ages, further detailed
analyses of this type were deferred. It was noted,
however, that in the 6-year chronological age
group three boys and one girl out of five boys and
two girls exposed to radiation were markedly re-
tarded in skeletal maturation (Table 10). The
birth dates of these particular children seemed
firmly established. The boys showing most retarda-
tion ( #2,3,and 5) were 16 to 17 months old and
the girl (#65) 15 months old at the time of expo-

Table 12

Comparison of Stature (1958, 1959, and 1960)
of Children With Retarded Osseous Development
With That of Their Next Younger Sibs

Stature, cm

Sex Born 1958 1959 1960
Subject  (#3) M 10/20/52 95.7 988 1022
Sib  (#8) M 9/ 7/5 955 1009 108.0
Subject (#2) M 10/23/52 103.0 1083 1156
Sib (#91) M 1/ 3/55 89.8 97.1 104.1
Subject (#3) M 9/11/52 98,5 102.2 106.7
Sib (#83) M 6/ 8/54 97.6 986 113.0
Subject ( #65) F 12/ 4/52 93.0 984 1029
Sib (1£86) F 10/17/54 90.6 97.0 103.5
Subject (26) M 10/14/52 100.4 1063 1118
Sib (784) M 5/31/54 942 986 1048
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Table 13

Comparison of Anthropometric Data 11999) on Children With Retarded
Osseous Development With Those of Their Next Younger Sibs

Subject  Agein Weight,  Stature, Sitting Head Biacromuai Bi-tiac Caif
No. 1959, yr Ib cm height, cm circumference, cm width, cm width, cm diccumference, cm
5 6% (2)* 36 (2)  988(l) 546(1) 8.3 () 216(1) 17.04¢1) 22.01(2)
85 (1) 33 () 1009(2)  36.0(2) 6.0 (1) 220(2) 17.8(2) 208 (1)
2 6%2(2) 41.5(2) 1L83(H  60.3(2) 52.7(2) 228 (2) 18.0(2) 22.6(2)
91 M2 (1) 345() 971 363 () 495 (1) 216 (1) 1.8 (1) 204D
3 6%2(2) 39.5¢2) 1022(1) 574D 9.3 (1) 223¢) 1691 226(1)
83 %2 (1) 383(1) W4T (2)  395(2) 50.0 (2) 22.3(-) 17.0(2) 23.6 (2)
65 6%:(2) 33.0(2)  984(2) 53812 $7.2¢1) 208 (1) 175(2) 20t (-
86 (1) 298(1)  97.0(1)  545¢(1) 18.4(2) 22.0(2) 16.6 (1) 2001 (-)
6 6%2(2) 41.0(2) 1063 (2) 59.3(2) 19.3(2) 23.0 () 17.0(2) 22.4(2)
B4 %01 (1) 355(D) 98.6(1) 55.0(h 8.3 (1) 216 (1) I6.5¢1) 2031

*Numbers in parentheses refer to ranking of cach em. (1) indicating the younger child or the smaller measurement

of the pair and (2) the older child or the larger value.

sure to radiation. One boy { 7 6) showed less re-
tardation. One boy and one girl, also about the
same age, were exposed to radiation but did not
show any retardation in bone development.

The height and weight of the one exposed girl
with retarded osseous maturation were consider-
ably below those of chronological age peers (Table
11). However, measurements on the one exposed
girl with normal bone development ( #33) were
not infertor to those of control chronological age
peers. She was slightly smaller than her control
skeletal age peers. For the boys, unfortunately,
there were insuflicient control chronological age
peers for calculation of means. Comparison with
skelatal age peers indicated that two of the boys
with skeletal retardation were taller and one
shorter than the controls (Table t1).

Comparison of the physical sizes of the children
with retarded skeletal maturation with the physi-
cal sizes of their sibs brought out another signifi-
cant finding. Three (subjects #3, 5, and 65) of the
five children with skeletal age retardation were
shorter in stature in 1960 than their next younger
sibs ("Fable 12; see also Figure 11}. Increment data
indicated that these three children failed to show
satisfactory statural gain during the past two
years, even though in 1958, at the age of =5%
years, all three had been taller than their younger
sibs. The difference in age between sib pairs

Figure 1. Brothers. Lelt, z3, age 6;
night, z85, age 4 (1960).
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Table 14
Physical Findings ( Excluding Ophthalmological) in Marshallese Adults 1959 and 1960
Exposed (43 examined) Control (84 examined)
Subject Nos. e Subject Nos. %
Acne 833, 865, 882 3b
Arteriosclerosis, peripheral, mild 11,52 +.7 850, 831, 852, 854, 855, 858, 28.6
859, 871, 873, 878, 884,
886, 894, 898, 899, 908,
910,917, Y56, 957, 969,
. 970, 973, 982
Arteriosclerosis, pen#!ﬂ,
S
Asthma g .
Auricular tibrill atien wit
Blindness -

Bronchutis, chronic ™7
Carcinoma, ovarfa ;
Cardiac enlargenammt
Clyst, perineal =
Collod goter
Deafness
Diabetes mellitus -
Emphysema +
Ganglion, left wrist~
Hallux valgus .
Heberden's nodes«”™ -
Hemiplegia, partidf =
Hemorrhods, mitd F-T

Hyperiension (> lw ,.; . BS

Hypotension
Impetigo
[nguinal hernia
Kyphoscoliosis. ..
Leprosy
fupoma, chest
Myocardial d.

Osteoarthritis ~ =

Y33, 935, 964

Outis media, chronic 49 2.4 832,973 2.4
Prolapse of vaginal wall 45,59, 63 70
Prostatic hy pertrophy 29, 46, B2 7.0 856, 862, 8b4, 868, 873, 899, 15.5
910, 915, 920, 933, 944,
953, Y64
Proteinuria 22,30,71, 79 9.3 853, 862, 895, 993 +.8
Rheumatod arthrias (?) 858, 878 24
Semdity 55, 56 4.7
Shortened lefi thumb, congenital 37 2t
Yonstlar bvpertaphy .1, 77 T4 864, 807,914,928, 944, 944 7.1
fraumane arthros RrE 1.2
{ richomeonas ol argiaey act " 21
Lot ledt car i henignn uHe 12
oo valva chenign 1 2
U pper tespicatony milecion EEEH N ] Tn Q735 875 08, 985 08 97 5ot
LY
N arhose Ve [ 2t #il 12




ranged from 20 to 26 months, with an average of
22.4 months.

To determine whether or not some pattern in
physique characterized these children with re-
tarded osseous development, several physical
measurements {from the 1959 study) on them and
on their sibs were compared (Table 13). These
anthropometric data suggested two trends. First,
the weight rankings corresponded to chronological
age rankings and not to statural rankings. Second,
the lack of synchrony in rankings of several meas-
urements was noticeable in those children who
were shorter than their younger sibs. This con-
trasted with the uniform ranking of all measure-
ments in those whose statural ranking corre-
sponded with the chronological age ranking.

It might be speculated from these limited obser-
vations that these children were exposed to radia-
uon at a partucularly vulnerable age and that the
resulting retardation in osseous development led
to failure in statural growth. On the other hand,
1t is not possible to exclude completely the pos-
sibility that some process unrelated to radiation
damage was responsible for the retardation in
skeletal development.

ADULT ABNORMALITIES

Table 14 is a compilation of the various physical
abnormalities noted in the adult group during the
1939 and 1960 surveys. No abnormalities are in-
cluded for 1960 in the unexposed group because
this group was not examined in the 1960 survey.
This table does not show any significant differ-
ences between the abnormalities noted in the ex-
posed and in the unexposed populations. Results
of special examinations are discussed below.

CARDIOVASCULAR SURVEY

The cardiovascular findings may be found in
the table of physical abnormalities (Table t4).
The incidence of various electrocardiographic ab-
normalities is shown in Table 15. The population
was divided into a younger group, aged 20
through 49, and an older group, aged >50. In the
exposed population, the younger group of 24
people showed no major abnormalities, but of the
14 older people 29% showed one or more abnor-
malities. In the unexposed population, among the
younger group 15% had one or more abnor-

malities, and in the older group 41%. Specific
tindings may be summarized as follows.

Elecirocardiographic Findings

1. Rhythm. In the younger group of exposed
subjects, all had normal rhythm. One abnormality
of rhythm was seen in a mmember of the younger
unexposed group. In the older groups, arrhythmia
occurred in 3 of 14 exposed individuals and in ¢ of
29 unexposed.

2. Conduction Times. Few abnormalities were
seen. No individual in either the exposed or the
unexposed group had prolonged auriculoventnc-
ular conduction time ( P-R interval) above normal.
Several subjects had the shorter conduction time
of 0.12 sec; this is considered normal. The intra-
ventricular conduction time (QRS interval) was
prolonged in several subjects. In the younger un-
exposed group, the QRS interval was 0.10 toU.11
sec in one subject, sufficient to be considered right
bundle branch block. In the ¢xposed population
the intraventncular conduction time was pro-
longed 10 0.12 sec in only one individual, age 81,
who had a marked degree of hypertensive and
arteriosclerotic cardiovascular disease and cardiac
enlargement. Among 29 individuals in the older
unexposed group, two showed intraventricular
conduction times of 0.12 sec without the typical
QRS complex of bundie branch block. In all other
subjects the intraventricular conduction time
ranged from 0.06 10 0.09 sec in the younger groups
and 0.08 to 0.09 in the older.

3. Electrical Axis Deviation and Electrical Posi-
tion of the Heart. There were few variations. The

Table 15

Electracardiographic Abnormalities
(Percent Incidence in Younger and Older Age Groups)

Exposed Unexposed

Age Age Age Age

20-49 250 20-49 250

Abnormality (24)* () {553y (29)
Rhythm 0 21 2 14
A-V 12 7 2 3
1-v 0 7 1 7
RST 0 7 2 14
T wave V] 21 11 34

*Number examined.

——-‘“ — -
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axis deviation was normal or to the right in most
individuals. Left axis deviation, and only of mod-
crate degree, was present insix individuals, two in
the younger unexposed group, three in the older
unexposed group, and vne in the older exposed
group. The electrical position of the heart in a
ureat majority ol both the unexposed and exposed
subjects was vertical. In 22 subjects it was inter-
mediate and in 9 (ali uncxposed) it was moder-
ately horizontal. Rotation of the heart electrically
i the cobined groups was clockwise in 25 sub-
jects and counterclockwise 1in 36, with about equal
distribution between the exposed and unexposed
groups.

4. RSTand T Waves.

carelully noted tor indications of coronary or myo-

Abnormal variations were

cardial insutliciency and; or mvocardial disease or
damage. Deviations of the RST segment trom the
woetectric hine were found 1o be minimal; they oc-
curred in ooly tive of the 84 unexposed subjects
and in only one of the 38 exposed subjects. T wave
abnormalities were of appreciable degree in only a
tew instances in the oider group. The abnormalities
were chielly in lower T waves and were related to
hvpertensive discase. T wave changes were most
marked in a 51-year-old male ( 2 80) of the ex-
posed group, who had arteriosclerotic heart dis-
case and auncular tibrillaton. Marked RS'T and
I" wave changes were noted in an 81-year-old
male ( 216y of the exposed group, who had
marked hypertensive and arteriosclerotic cardio-
vascular disease, and had prolonged auriculo-
ventricular conduction time as noted above.
\mong the unexposed population there was evi-
deace of myocardial insutliciency according to
R8T and T wave changes in a 31-year-old male
c7947), a bt-vear-old female ( #£861), a 55-year-
old male ( 2993), a b4-year-old temale ( 2£858),
and a bi-year-old male (884); the last had
hanges suthcient to indicate a healed anterior
wptal cardiac infarct.

Other Cardiovascular Observations

1. Peripheral Vascular Findings.
matton was made of the degree of arterial changes

Clinical esti-

i the peripheral vessels (radial, brachial, and dor-
sabis pedis). The degree of abnormality was graded
by 0w 44 selerosis (see section on aging studics).
Arweriosclerosis was seen chictly in subjects =50

~=—m= vear of age i both exposed and unexposed grops.

Towas not marked except in four mdividuals 270

years of age 1n the exposed group. and then o a
degree compatible with age Since there were no
individuals examined in the unexposed group
270 years of age for comparison, any assumption
that the arteriosclerosis was increased in these four
individuals by their exposure to fallout radiation is
unwarranted. Otherwise the presence and the
amount of artertosclerosis was fairly well distrib-
uted between both populations, as can be seen in
Table 14. [t was not observed in a degree pre-
mature or advanced for the given age.

2. Arterial Blood Pressures. Blood pressures
greater than 140 systolic and 90 diastolic were
vonsidered abnormal. On this basis in the exposed
group none of the 24 subjects <30 of age and seven
of the 16 subjects >50 had hypertension, but
mostly of mild degree. There were 17 cases of hy-
pertension in the unexposed group, 2 in thuse <50
vears ol age and 15 in those >>50. The diastolic
blood pressure showed only infrequent increase
above the level of 90 mm; as would be expected,
this occurred chiefly in the older group. The over-
all incidence ot hypertension for the wotal popula-
tion examined was 9.29%.

3. Oscillometry Readings. (bservations were
taken on the legs at the mid-caif. In almost all
subjects the pulsation was suthicient 1o indicate
normal blood low. Although the readings were
lower in the Marshallese than might be expected
in Caucasians, it appeared that peripheral vascu-

Uable to

Ophthatmological Findings (< Incidence)

Unexposed

Exposed
Piervgium 2350 210
Pinguecula 240 220
Cuorneal pigment 120 Lo
Corneal scars 94 34
Arcus senilis 38.0 20.0
Phuhisis bulln 1.3 [{KV}
Nystagmius 1.3 0.7
Strabismus 83 0.7
Argyli-Robertson pupil 1.3 ()
Clataracts 140 s
Aphakia ) 1
Vitreons opacities il 0.0
Retunad arteriosclerosis A RY 123
Chortoretinal scars 1.3 0.7
Macular degeneration nh (EX)]
Drusen 26 (EX1]
Congenttal anomahes 30 0.0



lar disease was probably of lowér incidence in the
Marshallese. There were two low readings in the
exposed group, one in a 63-year-old woman with
abdominal carcinosis and ascites of ovariar origin
and the other in an 81-year-old man ( 2t 46) with
marked hypertensive and arteriosclerotic cardio-
vascular disease.

4. Veins. There was nearly a toial absence of
peripheral venous disease - thrombophlebitis,
phlebothrombosis, varicose veins, or hemorrhoids -
in both men and women. Only one individual
showed varicose veins in the lower legs, in minimal
degree.

5. Ofther Cardiac Conditions. No patients were
observed with luetic, metabolic, or nutritional

Table 17

Incidence of Individuals With X-Ray Evidence
of Osteoarthritis in Rongelap, by Age and Sex
(Only those rated as 2+ or higher are included)

Persons with 2+ osteoarthrius

No. n — ———
Age, yr age group Number “
0-9 28 0
10-19 23 0
20-29 L7 0
30-39 9 2
+0-49 16 i
50-59 8 5
>o0 5 +
Total 106 12
Females
0-9 23 0
10-19 L7 )
20-29 16 |
30-39 12 0
10-49 3 0
50-59 6 4
>o0 11 8
Total 88 13
Males Plus Females
0- 9 51 Q 0
10-19 40 ] 0
20-29 33 i 3.0
30-39 21 2 9.5
40-49 19 1 53
30-59 14 9 64.3
>0 16 t2 75.0
Towal 194 25 12.9
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forms of heart disease. Oue evident case of inactive
rheumatic hearc disease occurred in a hoy of 14
years ( 2 76) with typical signs of mitral valvular
involvement and moderate cardiac enlargement.
He was symptom-free and his electrocardiogram
was normal.

OPHTHALMOLOGICAL EXAMINATIONS

Table 16 shows the major ophthalmological
findings. No major differences were found be-
tween the exposed and the unexposed groups ex-
cept, as has been noted in the past, {or a slightly
greater incidence of pterygii, pingueculae, corneal
scars, and pigmentation in the exposed group. As
a whole both groups showed vision and accom-
modation levels above the average in the United
States. The absence of glaucoma was also notable.
The incidence of retinal artenosclerosis, squints,
and congenital diseases was very low. No cases of
basal cell carcinoma of the eyelids or of retinitis
pigmentosa were seen.

The degree of changes in accommodation, vis-
ual acuity, arcus senilis, and retinal arteriosclerosis
have been plotted against age. The plots show no
obvious differences between the exposed and un-
exposed populations. (See Figures 19 1o 22 and
further discussion in the section on aging.)

Shit-lamp examinations of the lens showed no
opacities in the exposed Marshallese resembling
those that had been noted in the irradiated Japa-
nese.

ARTHRITIS SURVEY

1. Osteoarthritis

The incidence of osteoarthritis, as indicated by
the hand and wrist x-ray survey, is shown, by age
and sex, in Table 17. The small number of indi-
viduals in the susceptible age groups precludes an
accurate estimation of the prevalence; however, it
does not appear to be grossly different from that
found in the United States white population
studied by Dr. Alice Waterhouse and cited by
Blumberg et al.” In accordance with general clini-
cal experience, there was no close correlation be-
tween x-ray findings and ciinical symptoms of
arthritis, i.e., subjects with quite advanced osteo-
arthritis as determined by x-ray often had no com-
plaints referable to their joints.
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2. Rheumatoid Factor in Sera

The prevalence of sera positive for “rheumatord
factor™ by the bentomite locculation test (BET s
shown in Table 18, Individual data are tisted in
Appendix 6 according to age and sex. The total
previadence of positive serais not greatly different
from that reported for white American popula-
rions. There was no apparent difference in arthrius
meidence between the exposed and unexposed
groups. Three individuals, all in the unexposed
group, had definttely positive sera (Table 1) bt
with no evidence of joint discase. One ¢ =933) had
bronchiad asthma and prostatic hvpertraphy, but
these findings, since they were common in the
population, were probably coincidental. There is
no apparent explanaton for the presence of rheu-
matoid factor in these individuals.

3. Clinicol Evidence of Arthritis

A DY-vear-old male ( z878) had some clinical
tindings compatible with rheumatoid arthritis. He
had complained of pain and swelling in his hands,
wrists, and knees for 5 to 10 vears, but with no
mutatian of function. Physical examination

showed enlargement of the proximat and distal
tterphalanueat joms and vlnar deviaton ol the
land. Novhuemacond nodutes were present. The
s-ray changes were consistent with a dragnosis of
ostenarthriis of the hands, but there was no evs-
dence tor thevnmatord arthritis. The BET was
negative. Thisas probablyv a case of osteoarthritis,
but rheamatord arthritis cannot be completely

ruled out.

4. Unusual Skeletal Findings

As noted previoushv, hand and wrist x-ravs had
shown congenital hvpoplasia of the middie pha-
lanx in some children. The came condition was
noted i some of the adults (Figure 121, The mid-
dle phalanx of the fifth finger was shortened and
slightly broadened. This was tound both unilater-
allv and bilaterally and was occasionally associ-
ated with lengthening of 1the ulna. Twenty subjects
showed definite chanees, and some additional ones
had onty maderate shortening of the phalanx.

DENTAL SURVEY

Majuro Children

Thirey Majuro children were examined, rang-
ingin age from 2 to 13 vears and selected at ran-
dom. Widespread caries were present in 75 of
the children <712 vears old. Many erupting per-
wanent teeth showed retained root fragments in
the adjacent gingival crevice. Although the oral
hvgiene could be rated lair to good. the incidence
of caries remained high. Bunching of the lower
incisors was a common {inding tn males and fe-
malesin the 7 to 9-year age group. Eruption time
of the hicuspids appeared advanced, possibly be-
cause of premature loss of the deciduous molars.
Al the children in this age group showed signs of
retarded jaw developmentin comparison with
childresy in the continental United States.

Rongelap Children

No significant difference was found in caries
incidence, eruption time, and morphology of the
teeth, or growth of the jaws, between the exposed
and the unexposed children. In both groups about
20 showed retarded jaw development which had
resulted in narrowing of the arches plus bunching
ol the lower anterior teeth. The Rongelap chil-
dren had a much lower incidence of caries than
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Table 19
Subjects With Positive Bentonite Flocculation Test
X-ray evidence
Subject No. Age Sex BFT titer of arthrius Clinical findings

841 11 F i/256 None Neg in 1957, ’58. and '39.
886 49 M 1/64 Not tested Mild osteoarthritis in 1959.
953 42 M 1/64 None No joint findings; bronchial
asthma; 2+ prostatic hy-

pertrophy.

the Majuro group, although the general impres-

lap children, areas of hypoplastic enamel in decid-
uous teeth were not an unusual finding.

Adults

Only about 10% of the Rongelap people prac-
ticed good oral hygiene. Peridontal disorders may

haV&been slightly higher in i 'eXposed group, al-
sion was that their standards of oral hygiene were 33 though there was no signiﬂmi difference in the
lower. In both the exposed and unexposed Ronge-  Zincidence of caries. In youlfg adults, subgingival

calculus was usually present in the form of cervical
ringlets accompanied by marginal gingivitis, and
very little supragingival deposition was observed.
In subjects >35 years of age, loss of alveolar bone
was quite apparent, and supragingival calculus
was more prevalent than subgingival. Only 2% of
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those 33 exposed and unexposed. were free of

climically detectable peridontal disease. In the
aged. many of the remaining teeth were stmply
held in position by the gingival attachment

Almost all the Rongelapese exhibited marked
xerostamia. The oral mucosa felt damp but not
wer. During the dental examinaton, mamputa-
tion of the tissues by mouth miirror and explorer
failed to stunulate the How of saliva. For #H read.
ings. the paper strip had to remain in contact with
the tloor of the mouth for 25 to 30 se¢ in ocder to
absorb sufficient saliva. [n most instances it was
diflicult for the subject to produce the 5 mi of
saliva necessary for pH determination in a period
<10 to 15 min. The pH vatues ranged from 6.0 (o
7.5, with an average ol 6.3

Utirik Population

The Utirik population exhibited oral findings
stimilar to those of the Rongelapese. Their stand-
ards of oral hygiene were somewhat superior, but
the incidence of peridontal disease and caries in
adults was practically identical. In the Utirik
children less evidence was seen of bunching of the
lower anterior teeth, and jaw development was in
harmony with general body growth.

Conclusions

These examinations led to the following con-
clusions.

1. There was no significant difference in either
caries rate or incidence of peridontal disease be-
tween the exposed and the unexposed people of
Rongelap. The level of oral hygiene appeared to
be somecwhat better in the children examined at
Majuro and at Utirik, but the incidence of caries
was about the same in the two groups. and higher
than in the Rongelapese children.

2. The poor oral hygiene gencrally observed in
the Marshallese people had its nsual resules: a
high caries rate in teen-agce children: severe peri-
dontal lesions in adults (heavy caleulus, loss of alve-
ofar bone); and edentulous mouths in the aged.

3. No difference was pereeptible tn the clinical
appearance of developing dentitton among the ex-
posed children, the nonexposed. and those born to
irradiated parents.

STUDIES OF AGING CRITERIA

The results of aging criteria studies are plouted
in Figures 13 to 31. Individual readings are plotted

topen vrcles, exposed peaple: closed circles, unex-
posed people) 1o show the spread of the data, and
the mean values are also plotted (squares) for each
d-vear age group with exposed and unexposed
people combined. The trend of rach criterion with
increasing age is represented by a line of approxi-
mate hest it by eve. The values of the criteria
generally either increase or decrease with increas-
ing age. Manv changes. such as greving of the
hair. bakding, arteriosclerosis (peripheral and
retinal), and skin loaseness and retraction. are not
appeciably manifest in the Marshallese until afier
age 35 to 40 There s a tendency for values of
criteria such as blood pressures. greving of the
hair. loss of visual acutty, and accommodation to
level ofl. or even to show slightly reduced values
in the oldest groups. The number of people in
these groups is too small to make this observation
certain. However, American statistics on blood
pressure (systolic and diastolic) also show a plateau
cffect bevond about 60 years of age and evena
slight tendency to lowering of blond pressures be-
vond this age.”" Bv the age of 65 1o 70, arcus
senilis in all Marshallese showed a 4+ change
and. therefore. the plateau was at a maximum.
Some curves showed lower maxima. For example,
baldness in women showed only a 35% maximum,
and artertosclerosis of the retina only $5%. The
differences in maxima probably were due largely
to differences in the degree of change associated
with the various criteria but also partly to the
arbitrarv nature of the scoring. The sexual differ-
ences in hand strength and baldness were cx-
pected. In the neuromuscular function test, slight
muscle fatigue may have been a factor in the lower
female scores, necessitating separate evaluation.
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Figure 13, Skin retraction time, 1958-1959
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Figure 22 Arterinsclerosis of retina, 1959
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Figure 24, Blood pressure, systolic, 1059
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Figure 21 Arcus senilis. 1659,

Figure 23 Hearing loss, 1959,

Figure 25 Blood pressure. diastolic, 19!
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The various changes generally associated with
physiological senescence are known to show wide
vanability among individuals of the same age, and
this was horne out by these data. However, some
ot the criteria appeared to be better indices of ag-
ing than others, judging by the degree of change
and the variability of the data observed. ( This
statement is not based on statistical analvsis.)
Some of the better criteria appeared to be accom-
modation of the eyes, visual acuity, skin retraction,
arcus senilis, greving of the hair, and hand
strength. The measured criteria would be ex-
pected to be more reliable than the estimated ones
i view of the subjective clement and less precise

Table 20

Residual Beta Barns, 1900

Subject
No. Sex o Age Description
17 3 Y Slhight depigmented scars, left ante-

cubatal tossae.

2t r 19 Mottled spots of pigmentation and
deprgmentation, dorsum of fect.

26 M 18 Marked scarring™between hest and

second toes, right foot, with bhinding
1o subcutaneous tissues. Areas of less-
er tvolvemeat penpheral 1o this
arca. Nou evidence of chromic radia-
tion dermatitis,

34 t 20 Shight mottded pigmentation-depig-
mentatuon with licde scarning, doe -
sum of teet. Mottled hy perpigment-
vd spots persist on back of neck.

44 I 21 Black moles believed to have in-

creased e number vver nght side of

vech, abso several noted in lett ante-
cubital fossa.

o

Monted ronghening and pigment
vaation, back ol neck.

T
[~

neck, with slight roughentng ol skin.
67 & 20 Depriguiented scarred areas with

slight atrophy of skin over dossum of

teet, particutarly adsite of deeper
sear on et oot Some arcas adjacent
tscars show increased pigmenta-
tien

T 3 i

Pigimented ioles appear to have -

creased in nomiber over tettside of

nrck and to fesser extent on right
side at sites of rather deep beva
burns

7 N 1 Back ol telc car shows depngmrented

st with some bindue down to carn-

Olaue No evidene e of bieakdowa

Mouled pigimentatnon, left side of

scoring of the latter. This appeared generally 1o
be the case, but the estimated values for greving
of the hair and arcus senilis correlated surpeisingly
well with age. The amount of subcutaneous fat
probably influenced measurements of skin loose-
ness, but, since loss of subcutaneous fat 1s some-
what age dependent, probably in the right direc-
tion. Itis hoped that in the luture staustical treat-
ment of the data may furnish a weighting tactor for
each criterion based on the degree of age-associ-
ated change and the variability of the data. [tis
not always possible to run the complete bauery of
tests on cach individual, and use of such weighting
factors would tend to nunimize the disparity due
1o the omissions.

The data presented must be cunsidered as pre-
liminary in nature and to represent only a small
fraction of the manv varied changes associated
with the aging process. Under the conditions of
examinations of the Marshallese, the battery of
tests emploved is necessarily himited. As more ex-
perience 1s gained, some of the tests may be elimi-
nated and new ones added. The wests of vigor are
thought to be extremely important in assessing
aging, and 1s hoped that more tests of this nawure
may be added. At this time the data are presented
to introduce an approach 1o a feasible means of
assaying “biological age” which might be of use in
studying the possible eflects of radiation on the ag-
ing phenomenon in human beings. In the case of
the expused Marshallese, resuios of further aging
surveys will be carefully evalualed. and the results

Prigure 32 Restduoal scarting between hesi and second

toes tight font, from beta burns, O vears post exposure
INubject =26,
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in the exposed population will be compared with
those in the unexposed for ditferences that might
indicate possible premature aging effects. As
pointed out, such differences have not been ap-
parent thus far.

RESIDUAL BETA BURNS

Ten people continued to show residual skin
damage from beta burns sustained 6 years pre-
viously. Most of the residua consisted of very mild
changes, such as varying degrees of pigment alter-
ation giving a mottled appearance, sometimes ac-
companied by a roughening of the skin (increased
rugosity). Some showed more pronounced changes,
such as atrophy and scarring. None of the maore
severe residual lesions showed any gross evidence
of breakdown with the development of chronic
radiation dermatitis or any premalignant or ma-
lignant change. No biopsies were taken. Several
women who had sustained more severe neck lesions
seemed to be showing an increase in pigmented
moles in and around the affected areas. However,
this is not certain, and these moles will be ob-
served carefully in the tuture for any suspicious
changes. [n Table 20 are listed dcs::ripxions of the
residual beta burns seen in 1960, Figure 32 shows
healed beta burns of the feet 5 years after exposure.

LABORATORY EXAMINATIONS

Hematological

[n Appendices 1 and 2 are presented summaries
of the mean blood counts of the exposed popula-

33

tion and various comparison populations since
exposure in March 1954, In Appendices 3 and 4
are listed the individual biocod counts for 1959 and
1960. The data are also summarized graphically
in Figures 33, 35, and 38. The blood data have
been classitied as in the past according to age and
sex. The results ot blood counts in the 1959 and
1960 surveys may be summarized as tollows.

White Blood Counts. The mean WBC in 1959
showed a further trend upward in both the ex-
posed and unexposed populauons, being slighily
lower in the former (see Table 21 and Figure 33).
The 1960 WBC level of the exposed peuple
showed a considerable drop from a mean level of
9500 in 1959 10 6500 in 1960 as compared with
the trend during the previous twao vears (no counts
were made on unexposed people in 1960). The ex-
planation tor this is not clear. The percemage dis-
tribution of the various white cell levels was not
very different, however, from that of the previous
values.

Neutrophils. The neutrophils in 1959 (Table
21 and Figure 33) showed an increase correspond-
ing to the increase in WBC in both exposed and
unexposed populations, the mean level also being
slightly lower in the exposed. A scattergram
(Figure 34) ot the age distribution of the counts in
1959 shows a greater tendency for the younger
groups to have lower mean counts in the exposed
than in the unexposed populations. This was
noted also in 1958. In 1960 the average of neutro-
phil counts was 3500 for the cxposed group com-
pared with 4800 in 1959. This decrease correspond-
ed with the decrease in the total white count.

Table 21

Mean Leukocyte and Plateler Counts, 1939 and 1960, by Age and Sex

Rongelap exposed Ailingnae exposed Uunexposed
1959 1960 1959 1960 1939

WHC (X109, age ™) 95+ 23*@U)** 6518 (54 B7£24(13) 7354314 1012 3.1 (123
Neut (X110 '),  age »-5 18 19 60y 35+1.5 (54 50 £21(13) 362ty 2 21123
Lviph. (X 10 %), age 5 +0x 13 (60) 27208 (54) 37211 (15) 30212018 1 (123
Mono. { X 10 ©), age 5 20 1.8 (60) 0.06x0.2 (54) 32x25015) 06206V 247 25012
Eosin. i x 10 -}, age >3 50x 33 (60) 27208 (54) 6.0=42(15) 4.020.2(13) GAbE 9.9(123)
Baso. (X 10 7, age -5 0.4 06 (b)Y 04x0.11(54) 0520815 40113 0.5 3 0.8(123)
Plate. ( X 18 '), Malesaged-10 32,3+ 10.0 7 - 409 (2) - 3402108 11)
10 2442 99 (20) - 6.3 T6.0( 4) 280 84( 3h

Females 2 2762105 (X 20837 W Ll x= 7.2( 52

*Standard devianon.

**The numbers in parentheses are the numbers of people ty the groups.
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Lymphocytes. The mean level of the lympho-
cyte counts (Table 21 and Figure 33) in 1959
showed a slight increase over the 1958 values. The
mean levels were about the same in the exposed
and unexposed populations. A scattergram (Figure
36) of the age distribution of the lymphocyte
counts in the exposed group for the first time
showed about an equal distribution in the exposed
population of counts above and below the mean
levels of the unexposed people. The cumulative
percentage distribution curves of the exposed and
unexposed (Figure 37) showed close approxima-
tion. The 1960 absolute lymphocyte counts also
showed a decrease corresponding to the WBC de-
crease, the mean dropping from 4000 in 1959 to
2700 in 1960.

Eosinophils and M ytes.  Eosinophil and
monocyte counts showed a slight increase in 1959
over the 1958 levels and were slightly greater in
the exposed population. As noted in 1958, a large
percentage of the population had eosinophil
counts >5% of the total white count (1959, 44% of
exposed population and 39% of unexposed; 1960,
146% of exposed, no data on unexposed). The levels
of eosinophils and monocytes in 1960 were not
very different from the 1959 levels. { Basophils are
discussed below in connection with leukemia.)

Platelets. Mean platelet counts in 1959 (Table
21 and Figure 38) were slightly lower than in 1958
in both the exposed and unexposed populations.
The mean deficit in platelets in the exposed popu-
lation was about the same as last year ( —9.3% for
the males and —11.3% for the females). Age dis-
tribution scattergrams for the individual platelet
counts in both males and females of the exposed
population showed more counts below than above
the unexposed mean curve (Figures 39 and 40).
This was also borne out by comparison of the
cumulative percentage distribution curves for the
exposed and unexposed populations: the latter
showed continued displacement to the left { Figure
41). The significance of the continued platelet de-
pression in the exposed population is also indi-
cated by the finding of levels <{250,000 in 37% of
the exposed group but in only 24% of the unex-
posed.

Erythropoetic Function.  Because of technical
difficulties, the hematocrit levels were not con-
sidered reliable for the 1959 survey. Sampies con-
taining ethylenediamincietraacetic acid as an
anticoagulant appeared to have a lower hemato-
crit than untreated venous or finger stick blood.




Table 22
Mean RBO, Hemoglobin, MOH, and Renculoevie Levels by Age and Sex. 19959

RBU o 0 Maldes aue 5 15

b 2005 (i s
19 7L 04 (0
Females 3 +21 204 (31
theb |y, Males age 5 1) 123 =05 (U
215 14 =13 (1Y)
Females 5 125 =093 (31
MOH . ppyg, Males age 5 1D IR0 383 ()
5 Wy =2h (i
Fenuales ) 298 038 (4
detie Males age 3 10 0.1 ]
15 0. 41 (15
Females ) 2] P24

Rongelap exposed

.

Adlingnae exposed Rongelap conrol

IR (9] b Uz
35 i %) g ruoith
Pl =056 (4% [ R N R
12.2 12y 131
154 4 ttd
13.2 2087 ' 12y
277 2 28.5
300 4 w7
0.5 1LY (' 29.4
(05 ) 024 7
03 (4 (1I'RY [RAS]
Wiz (7 ki (8

*Standard devianon

**The numbers i parenthese are the nubers ol people in the yroups.

I'he explanaton is not clear. However, it was el
hat the ervihrocyie counts done on the Coualter
fectrone counter, and the hemoglobin and retic-
docyte counts, were suthetent indices tor evalua-
wn ol eryrthropocetce function. -

Erythrocytes and Hemoglobins. I'he mean
wvels of erythroevtes and hemoglobins (Table 22)
vere generally somewhat below those accepted as
verage for Americans and were only slightly
nverin the exposed Rongelap population than in
he unexposed group. Scattergrams (Figures 42
nd 43 of the individual red cell counts ploued
nage tor exposed people of both sexes show more
i The counts below the average level of the unex-

d group than above it, and a plot of percent-
vmulative distritbunon of counts (Figure +4)
s the curve Jor the exposed group distinetly
aced to the left.
lingnae Blood Counts. Clounts in the Ailing-
people (a group ol 15 who had received an
vated 69 r from tallout) are summarized in
ios 2 and 22 and in Appendix 2, and the in-
aviduaal counts are shown in Appendices 3 and 4.
Uhese counts generally averaged slightly higher
han in the exposed Rongelap people but lower
han i the unexposed people.

Price-Jones Curves. Price-Jones curves for de-
ceonnaton of red cell size distribuuon on 17
Rongclap people texposed and unexposed) were
veraged and compared wah an averaged curve
a8 Amercans of the same age group (Figure

o P he Marshatlese curve s displaced shightds o

the left. which indicates a slight tendency toward
Moy tosis.

Serum fron.  Scrum iron levels were < 100 pg,
L06 inl serum in only 3 persons, all unexposed.

Serum Protein.  Scrum protein levels in 1959
were again higher than normal in many cases.
The range in the exposed group was bbb to 8.4 g
with a mean of 7.45, and in the unexposed group
from 6.6 10 9.0 ¢ with a mean ot 7.595.

Comments. The peripheral levels ol blood ele-
nients have shown considerable Hluctuation from
vear to year. The explanavon s not known, One
might speculate that, since upper respiratory and
gastrointestinal infections are common. the wenipo-
ral relanionship of the hemawlogical examinatons
to periods of bacterial infection might strongly in-
fluence the general level of certain elements, par-
ticularly the leukocytes. Tois not known whether
the drop 1n 1960 leukocyte levels was so influ-
enced. As pointed out, the influenza epidennc in
carly 1960 apparenty spared Rongetap Atoll
Since hematological examinatons were not done
on the unexposed group in 196010 was not pos-
sible 1o evaluate exposed Jevels with relation o
radiation etlects. .

The only blood clements at 5 vears post expo-
sure that showed shghulyv fower levels in the ex-
posed group were the platelets and ervilirocytes.
Frythrocvie counts had not been done hetore
1959 Re-exannnation ob carlicr hematoer levels
by constructon of scattergrams and cumulatve
distrthution carves showed a shighc tendeney tor
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Figure 42. Individual red blood counts of exposed males
plotted against age at 5 years post exposure, 1959. Sohd
line represents mean values for comparison male popula-
tion,
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Figure 44. Cumulative distribution curve,
Rongelap red blood counts, 1959.

erythropoetic depression compared with the unex-
posed levels, but not as distinct as indicated by
erythrocyte counts in 1959. It would appear from
these findings that some bone marrow damage
persists at 5 years post exposure.

The Rongelap people generally have a slight
anemic tendency (very slightly microcytic) com-
pared with Americans. The cause is unknown.
Apparently it is not due to iron deficiency, since
serum iron levels are generally normal. It may
possibly be based on another type of nutritional
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Figure 43. Individual red blood counts of exposed females
plotted against age at 5 years post exposure, 1959 Solid
line represents mean values for comparison female popu-
latwon.

PERCENT DIFFERENTIAL OF RED CELLS
26 L BETWEEN THRESHOLDS
24 o
/g -—— MEAN OF 53 NORMAL

22 AMERICANS AGE > 15

20 + 4’ <=-~ MEAN OF |7 MARSHALLESE!
AGE > 15

18

16 |

14 |

i2

0 b

8

6

4

2! S

5} L - —

15 20 25 30 35 40 45 50 55 60 65 70 75 80
THRESHOLD

Figure 45. Price-Jones sizing of red cells showing mean of
17 Marshaliese curves (from both exposed and compari-
son groups) compared with mean curve of 53 Americans.

deficiency. The serum proteins and serum vitamin
B.. levels, however, tended to the high.

The continued high level of eosinophils is un-
explained. [t was not believed that the types of
intestinal parasites noted on a previous survey
could account for it.

H tological Leuk

Survey

Differential counts showed no increase in im-
mature leukocytes that would cause one to suspect
leukemia in either the 1959 or 1960 survey. Alkatine
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phusphatase stuining ol neutrophils showed a gen-
erally normal distribution of positive cells, as in
the previous vear. Busuphil counts of 4000 cells
showed no increase in levels above the normal per-
centage in any subjects. cither exposed or unex-
posed, in the 1959 and 1960 surveys, except for
one H-vear-old exposed boy  #3).* The mean
percent basophil count (counting 4000 white cells)
for the exposed Rongelap group was 0.42% in
1999 and 093 in 1960; in the Allingnae group,
0295 in 1959 and 0.80% in 1960. Basophil counts
on the unexposed group are not yet complete for
1959, The individual values for alkaline phos-
phatase and basophil counts are presented in
Appeundix 5.

Complement Fixation Tests

The results of the complement hixation tests are
shown i Table 23, 1n discussiug these results Dr
R.}. Heubner made the following comments:

“1 suppose the most interesting thing is that
there s evidence of infection with alimost all the
groups of viruses that we tested for. [t is important
to point out that complement-fixing antibodies are
generally less persistent than are hemaggiutina-
uon inhibiton and neutralizing anubodies. There-
tore, the high levels of adenovirus and HA 1 com-
plement-lixing antibodies reflect either recent in-
lection or muliple infections with various mem-
bees of the parainfluenza tamily of viruses. The
low levels obtained tor other agents, such as influ-
enza A mtluenza B, HA 20 CAL mumps, LGV,
and Q tever may retlect low levels of infection with
these agents, but more likely might reflect the fact

“atsuch agents have not been prevalent in recent
wrs. Thas, one might conctude trom the data

« the Asian influenza virus has not yet seriously

olved the Marshall Island populations, or else,

course. that the complement-fixing antibody
wuced by the Asian intluenza has not persisted.

I would rather suspect from the age distribu-

u that Asian intluenza still has not reached
people, and that one might look forward to
see it they are involved at some future date. Sim-
acly . the age distnbution of intlucnza B anu-

P

bodies suggests that it has not accurred tor at least
Ho 10 vears, The absence of HA 2 anabodies sug-
2ests that the viras has not beea prevaleat in ee-

Sl nsoph ciant woas 20 W RE B o alka-

e plespliatase e cats e codls T B s das basophat couny

. M el Lot alhadoee pliosphorase nevative cells
N e e o

cent yvears. However, the total absence of anti-
bodies even in persons over 10 suggests the pos-
sibility that it has not occurred in this population
at all. but the first interpretation is equally good.
The same comments would reter to the CA virus
or parainfluenza 2, but here the nmore likely mier-
pretation is that the virus has not been present in
the recent past, but the presence of antibodies may
suggest thac it had been present 16 or more years
carlier. Since there is some overlap in antigens and
anubodies between mumps and the paraimfluenza
group, the CA reactions and/or the mumps reac-
tions could conceivably merely retlect infections
with other members of the paraintluenza group.

"1t would be interesting to find out 10 what ex-
tent the psittacosis group and Q fever represent a
threat to thus population, and of course 1o the
birds and domestic animals as well.™”

Dr. Heubner's torecast of Asian influenza in the
Marshail Islands [rom the Rongelap data is inter-
esungn that an epidenic of serious proportions
did oceur at Kwyjalein Atoll in January 1960 re-
sulting in significant mortality.

The average antibody uters tor the dilferent age
groups in the exposed people were, 1n nearly all
cases, lower than in the corresponding unexposed
age groups. ltis not known whether this s a sig-
nificant inding; further studies will be done
determine this. At three years after exposure, the
primary response Lo tetanus antitoxin averaged
shghily less in the exposed people than in the un-
exposed.” However, because of the small numbers
ol people studied, this finding could not be con-
sidered signiticant.

Sodium and Potassivm Levels, 1959

Potassium intake appeared to approximate that of
Amertcans, namely, =40 1o 100 mEq; day. Sah
intake varied widely as judged by urine excretion,
ranging from 2 to 18 gs/day. The relauvely high
salt consumption ot some individuals is undoubt-
edly related o the irregular consumption of
canned C rations, to which 20 NaCl is added
routinely during preparvaton. The median intake
of salt appeared to approximate that of male cin-
ployees at Brookhaven National Laboratory,
natnely, T 10 2. day, This undoubtedly represents
atncrease over the mtake w carlicr years when
anhv natnve loods were caten. Towitl be ofinterest
to uote whether the madence of by pectension also
will begin toincrease A present the prevalenee

ol b pevtension B P grearer than 1HY 96y 15927,
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for all age groups. a relatively Tow figure com-
pared with that for Japanese and American
societies.

Thyroid Metabolism

Table 24 shows results of protein bound iodine,
total iodine, and butano! extractable iodine deter-
minations. The 12 samples obtained in 1959
showed values definitely lower than the 1958
values, although several readings were still some-
what high. It was thought that the high 1958
levels must have been due to contaminated glass-
ware in spite of the great care taken 1o maintain
strict cleanliness.

Glucosuria

On routine urine analysis during the 1959 sur-
vey one male and four females (all in the unex-
posed group) were found to have glucosuria; all
but one of these also had an ¢levated fasting blood
sugar level* (see Table 25). These individuals
were considered to have mild diabetes mellitus.
Later during the year one of these cases ( #4854, F,

*We are grateful o Dr. W W Fesnnel at Kwajalein for having
the blood sugar anaiyzed.

39

age 51) died of a genitourinary infection com-
plicating diabetes even though she (along with the
other cases) had been placed on oral therapy with
Orinase (tolbutamid tablets). (1t was later found
that these patients did not take the tablets con-
sistently.)

Table 26 compares the mortality from diabetes
in the United States’’ and the Marshall Islands.
The incidence appears higher in the Marshall
Islands and on Rongelap Istand (based on its
small population). It should be noted that, since
only routine urine examinations were done on the
Rongelap people, the incidence of diabetes may
actually be higher. The greater incidence of deaths
due 1o diabetes in the Marshall Islands than in the
United States in 1956 and 195777 is statistically
significant (0.01 >p>0.001).

Serum Vitomin B,

Analysis of the 15 serum samples obtained in
1959 again showed, as in 1958, vitamin B,. levels
slightly higher than normal. The mean value was
714 pug/ml, with a range of 312 to 1500. A scatter-
gram of levels for both years was plotted against
white blood count, since it has been shown that in
leukemia the white cells have a higher B,, binding

Table 23

Results of Complement Fixation Tests on Rongelap People, 1959, by Age and Sex
(Positive Reactions of Seruwn Dilutions 1-10)

Long LGV
HA 1 HA 2 CA {Respiratory (Psittacosis  QF
No.in FluA  FluB (Parainfluenza3) (Parainfluenza 1) (Parainfluenza 2) syncitial, CCA) Adeno Mumps group) (Q fever)
Lo, age — - _
group No. % No. % No. Yo No. % No. % No. Y No. " No. % No. % No. %
Females
0
17 8 47 [ 33 I+ g2 2 12 1 6 2 12
24 4 17 9 38 19 79 i 4 14 58 t6 67 6 2 3 13 2 8
20 4+ 20 7 35 16 80 1 5 [} 30 10 50 1 5 1 5
61 8 13 16 26 43 0 0 2 3 26 43 H 66 8 13 5 8 5 8
Males
-5 t 100
b1y 12 ! 8 2 17 11 92 4 33 ioy2- 1 8 L 8
n-Hp 21 4 19 8 138 18 86 2 10 6 29 L 52 3 14 1 5
) 17 6 35 12 71 14 82 I [¥] 3 29 9 533 5 29 3 18
otal 31 bt 22 22 43 43 84 0 3 6 t5 29 5263 8 16 5 10 1 2
Females Plus Males
atal 112 19 17 38 34 86 77 0 5 + +1 37 72 04 1o 14 10 9 b3
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Table 24

Prowein Bound lodine, Total Todine,
and Butanol Extractable lodine in Marshailese Sera. 1959

g < lodine

Subject O
No. PR{ Total BEI
Exposed
10 70 50 5.0
19 4.1 2.0 27
26 6.2 — +Y
39 4.7 — 87
+4 6.7 - i 4

Mean 6.7 4.5 19

Table 27

ABO Frequency Among Marshallese and Polynesians

Marshallese

Polynesian

Present Simmons  Sitmmons and
report etal Graydon-”

(310 persons) (678 personst (138 persons)

Percent
(9]
A
B
AB

Gene frequency

~

60.7 22 391
19.7 214 60.9
15.1 2 0
45 5.3 U
D.768 0.723 U.626
2y 135 374
103 134 0

Table 28

MN and Kell-Diego Frequency Amonyg
Marshallese and Polynesians

Marshallese Poulynesian
Present  Sinunons Sunmons
report etal.™ and Graydon-?
Dere
o :§ubf't:(ls l:f“in Si)tmi{p/\i\ilfh (;I?f‘?tljrl,;l, - ! (:("m " 10 9.6
Fasting MN 2 19 17.8
blood ABO N 7 7 dzo
Subject sugar, Weight, Height, blood . _
No.  Sex  Age my (00 mi b om group Gene trequency
S, e . m 0.194 (0.220 0.435
853 M 54 200 176 150 O n 0.8U6 1.780 1.565
854 t Ht 172 72 134 B
893 t +1 312 - O Othens
Wi ¥ 1R 14 151 O Kell i K) 0 0
9491 3 91 278 184 130 A Diego 1DiYy 0 0
Table 26
Deaths Reported as Due to Diabetes in the U S. and in the Marshall Islands District
of the Trust Territory of the Pacific Islands 1 1996 and 1957 Data Combined 1*
Diabetes deaihs
Deaths per 1O Diabetes deaths
Population Total deaths per {006 Diabetes deaths population per OO deaths
Us. 337,552,000 3,197 604 9.3 53,304 158 10.7
Marshall Islands 27215 160 59 10 6.7 625
DOL p 000 pO.001L

* Lhe popualtons, tatal deathssand dhabetes deaths for 1956 and 1957 were witaded o get the average deaths per 1000
A habetes deaths per 100000 tor these twovears, Dt lor the U S. e tom reference 27 and for the Marshall Islands

tom bt Macdonald csee et
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capacity. No correlation was seen. [hc upldna~
tion for the higher B, . levcls is not ap p
uime

Studies of Genetically lnhcrﬂé l! réinﬂ

Blood Groups. The laburatory analysis of -
blood groups was u)nducy:d by Dr. L.N. Swessnan
and colleagues and reporiigd as follows. The results
of the 1958 and 1959 Studies were compiped,
making a total of 310.individual bloods. Cagervwes
taken to avoid duplugnon The resuits of this, .

broader sampling, cu@ared to findings ok Sim- ;‘

mons et al. for the sarm€ area”™ and for the P% )
nestans™ are presented in Tables 27, 28, ﬂdj@
Data on ail mdtvndualsi are givén
pendix 6. The tindihgs ﬁesummm
follows

- ABO system. The hqﬁﬁrequengy uf#*genc
is again dcm()ns(m(ed,:;m contrait ¢
of B genes in the Polynesians. Five
gene in this area has been noted repeatedly. ™ In
the present series a single individual of group A B
was contirmed. The x- value in this system is 5.18
(£=0.15). The excess of AB persons (expected 8.
vbserved (4) contributes the major part of the x-
dcvlauon +

2. MN gystem. The extremely low frequency.of M
gene has Bjen noted in many studies of this popu-
lation and area, in contrast to its high trequency
in Pohyaesians. The x* value in skus system is 23.7
( p=0.004, which is sld(lsllLdHY alid. The ef
lies in she Fm,xdmg of 25 M ohs whercas&
11.bsould be éxpcted. T hus it appears that the
N genie in the heterozygote escapes detectign, J
this were corrected for, the result would
cvcréredler frequency of N gene.

3. Rh-Hr system. Lhe marked ﬁcqucncy of the R
genk is again do.:fnthl.rat;:dt thas ceinglyyl
in any other study. The falhﬂ'e ( y
rh negative persons sug
genosype of the hctcrozygous
This is &uzﬂa supporttd&y

(P26 were éxpected. It can B8 ieda’ ﬁ
change in x* value can be caused by a mng e indi-
vidual of “unusual” grouping.

46 systems. The failure to find in this group
of 310 a single person with a Diego or Kell factor
5 noteworthy. The Marshallese, Maons, " and

Polynesians are similar in this respect, i contrast

N z, A high N ger

* 124 individuaii e which the 4

41

to the Amerindians, Mongolians, and Eskimos,’™”

among whom some l)icgu pougvc people are

- found. .

The followmzﬁieiﬁ gr% Cilflﬂct istics of 310
Marshallese represemnt signifint differences trom
those of their edslcrl}’netghbou(l’olym sians) and
suggest a rclanonshlp. i ‘ﬂ()ulhcaxl Asians and
[ndunesmn:

. A relatively high

gcnc lrcqucncv.

3. Extremely high R' an[reqm ney.

1. Total absenge.g wiid &gu tactors.

Haploglobuﬁnnd ronsferrins.  The distribu-
uon of the haptoglobin types in the 176 Rongelap-
ese tested §8 shown in e 30, Data on ait indi-
viduals tested may he und in Appcndlx 6. This
sanip|e included some families Unh two or more
offspring; in these, all siblings But one were re-
moved by random selection w give a sample of
1es included. at
most, parents and one child. “The distribution of
the haptoglobin types in this group did noc differ
significantly from that in the total group. In each
case, agreement with the Hardy-Weinbery pre-
dictions was good, suggeslmg that (hc pupula(lun
was homogeneous for lhlb tr
sera with no ha
Hp' gene s U3
frequency of tk
West Europe

Four Ron
globin eithe
many sera ondy

Rh:Hr l‘rcqucnc) \mong Ma

Nl..lrsh..\“cac

Sunmons

Phenotype percent

Rh,Rh, 0.9 B
Rh,ch 4207 a3’
R, Rh, RRY) 8.0
Rh u‘i‘}% L A
Rh, u6" 012

Gene frequency ¥
Rr' 0.950 ;
R 020 [§2}
R 030
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Table 30
Distribution of Haptoglobin Types in Micronesians From Rongelap Atoll
Type 1-1 Type 2-2 Type 2-1
— 0 and care types,
Observed Observed Observed Observed
No.in ———— Expected, ————— Expected, ———— Expected,
Group group %  No. No. % No. No. %  No. No. “ No
All Rongelap 176 335 59 39 182 32 315 472 83 85.5 [ 2
Selected® Rongelap 124 331 41 - 153 19 - 500 62 - 1.6 2

*Family groups include only one child (see text).

were visible; two of these were very faint 2-2’s, but
the fastest-moving haptoglobin band was not seen
in them.

The Micronesian sera studied were all trans-
ferrin type CC, which is the common European
type.

Considerable caution must be exercised in ex-
trapolating to an entire population the gene fre-
quencies obtained from a small sample. This is
particularly true when studying societies made up
of small isolated or semi-isolated groups which
compartmentalize the breeding community. Thus,
the Rongelapese appear 10 have a fairly high fre-
quency of type 1-1, consistent with the general
(though not exclusive) rule that in Europe-Africa
and America the frequency of type 1-1 is higher in
populations living near the equator than in those
remote front it.

It is clear trom the Micronesian studies that, at
least in some cases, an individual may have no
haptoglobin at one time, but have sufficient hapto-
globin to permit typing at another time. (In this
case, the interval was 2 years.) Examination of the
ahaptoglobinemic individuals gave no significant
findings. With = % of the Rongelap population
sampled, all the ahaptoglobinemic individuals fell
into one family grouping. This did not help to
elucidate the genetic pattern, except to make it
appear unlikely that the Hp® allele, if such exists,
is not at the same locus as the Hp' and Hp? alleles.
One of the sibs of an ahaptogiobinemic was a type
2-1.

B-Amino-iso-butyric Acid (BAIB) Levels. Figure
46 shows the frequency distribution of BAIB ex-
cretion for the Rungelapese and that of a New
York City white population for comparison. The
two distributions are essentially complementary to

one another, and, if superimposed, exhibit bi-
maodality with the antimode in the neighborhood
of 1.75. With this point used as the division be-
tween high and low excretors, it is estimated that
nearly 90% of the Rongelapese are high excretors.
A breakdown of this population into exposed and
unexposed groups shows almost identical mean
BAIB excretion values for the itwo (exposed, 2.07 =

3% -
30} ¥
z2sh
I+
& AMERICAN WHITES
%20 N<300
pe
(=4
z
@S
o
w
x
re

iie) -1 20 25

MARSHALL ISLANDERS { RONGELAP)

N=188
£ b
z
wl
3
x
w
s
>
1=
z
[y
=1
a
#
I
10 1.5 20 2.3 30
LOG mg BAIB
mq CREATININE

Figure 46. Frequency distiributions of urinary excretion
rates of #-amino-se-butyric acid of Marshall Islanders
(Rongelap) and U.S. whites,
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Figure 47 Uninary BAIB excrenon tmy-ff-annno-ne-buty ric aad per nig
(uC, Rongelap inhabitants, 1959

creatnne) versus body load of Cs

0.06; unexposed, 2.10 2004y, A scauer plotof
Cs' levels and BALB levels shows no correlation
(Figure 47), and neither does a similar plot be-
tween Zn” levels and BALB levels. The mean
BAIB excretion level for 18 Micronesians, who
were on Uurik at the time of the atomic explosion
and therelore not exposed o significant radiation,
was 221 2013, which is extremely close o the
mean value for the Rongelapese. Among the Uli-
vik people 83"« were high excretors, which is not
significanty different trom the Rongetap group
percentage. A number of complete families are in-
cluded in the Rongelap sample (ie., father,
mother and at least one childs; of these the high-
excretor by high-excretor maungs are the only
ones providing significant genetic informatcion.
There were 11 such matings with a total of 31 off-
spring (29 high excretors and 2 low excretors). One
ot the low excretor olfspring was illegitimate, as
determined by blood group data, but the other re-
mains as an uncxplained exception 1o geaetic
hypothesis.

Rubini et al. 7 have recendy demonstrated that
BAIB excredon can be a sensitive indicator of
radiation exposure. The wmechanism involved is
probably the same ax that underiving the ctiect ot
nitrogen mustard on BALB excrevion. - Such
agents markedly ncrease DNA bhreakdown: the
thy e thus celeased s ellectively converted o

MR- - huly rch
observed. By
¥ .
ston-0f the
= BT

" STIOM 0 Jodthe Mt Asiatic
origing if this iy true, a high BAIB level can be
predicted tor the populations of that region.
Studies ot sume Asiatic popalations have given
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Figure 48. Percent distribution of glucose-6-phosphate
dehydrogenase deficiency in males and females (percent
of persons versus decolorization time).

relatively high BAIB values, which suggest that
there may be an Asian focus for the high BAIB
excretor gene.

Glucose-6-phosphate Dehydrogenase Determi-
nation. One male ( # 1 1) decolorized at 102 min
and was classified as positive; three females ( %18,
22, and 851) decolorized at 80, 85, and 93 min, re-
spectively, and were classified as intermediates. The
distributions are shown in Figure 48.

The glucose-6-phosphate dehydrogenase defi-
ciency appears to exist in the Rongelap popula-
tion, although in fairly low frequency. The num-
ber of tests done was too small for any final con-
clusions to be drawn, and it is important that these
results be confirmed on subsequent visits, par-
ticularly with tests done in the field in order to
eliminate the possibility of sample deterioration
during transport.

Radionuclide Body Burden
Evaluation

INTRODUCTION

In considering the evaluation of the radionuclide
body burden of the Rongelap people, the follow-
ing facts should be kept in mind. During the two
days that the people remained on the island after
the tallout occurred in 1954 {prior to their evacua-
ton), they lived in a radivactively contaminated

environment and made little or no effort 10 avoid
inhaling the radioactive material or ingesting it in
their food and water. The resulting internal radio-
active contamination was reflected by significant
levels of activity in their urine detected by radio-
chemical analysis. Following their evacuation, the
people lived for 3 years on the uncontaminated
islands of Kwajalein and Majuro. The people of
Uurik were returned several months after the acci-
dent to their home island, since the level of con-
tamination there was very low.

The initial body burdens of internal emitters
were esimated from data obtained by radiochemi-
cal analysis of the tissues of pigs which had been
simultaneously exposed, and also from a compari-
son of human and animal urinalysis data.*® The
mean body burden at one day was estimated (in
uC) as Se**, 1.6; Ba'*®, 2.7; [', 6.4, and the rare
carth group together, 1.2. The contribution of this
amount of internal contamination is small com-
pared to the 175 r external gamma dose received.
In the first few months following this acute expo-
sure, Sr** and I'*' (plus the shorter-lived iodine
isotopes) contributed the greatest internal radia-
tion dose. Sr** contributed the major portion of
the beta dose to the skeleton at this early time.
The highest dose Lo an individual tissue (100 to
150 rep) was delivered to the thyroid by I'*' and
the shorter-lived isotopes, ['#?, I'** and I'*.

In the spring of 1957, 3 years after the accident,
four Rongelap people, two Utirik people and one
unexposed Marshall Islander were taken to
Argonne National Laboratory, and gamma spec-
trographic analyses were carried out in a whole-
body counter. Distinct photopeaks indicating the
presence of significant levels of Cs'*’ and Zn**
were detected in the spectra of exposed Rongelap
people and the unexposed subject.”** This experi-
ence demonstrated the feasibility of using in vive
whole-body counting techniques for estimating
body burdens in these people. In the following
year, 1958, a “portable” steel room and a whole-
body gamma spectrometer were constructed at
Brookhaven National Laboratory which could be
transported to the Marshall Islands for use in fur-
ther studies.

In July 1957, after careful radiological surveys
which showed the island of Rongelap to be safe
for habitation, the people were returned and
settled in a completely new village which had
been constructed for them. Low levels of contami-
nauon persisted on the island, which have since




been reflected in an increase in body burdens of

some radionuclides. As will be shown, the in-
creases, though manyfold, have remained far be-
low maxiumum permissibie levels.

ESTIMATION OF THE INTERNAL
RADIATION HAZARD

The potenual radiation etfects that may be pro-
duced by specilic quanuties of internally-deposited
radioisotopes can be only roughly predicied from
chinically observed effects of known amounts ot in-
ternally-deposited radium. These etfects do not
appear until a period of vears (10 to 15) has
clapsed. Thus, although it is possible to estimate
the potential hazard in terms of the concentration
of internal emiuers, clinical observations niade
within a few vears after contamination vield no
data on the degree of damage that may ultimately
be produced.

[n evaluaung the long-term ctfects produced by
an acute internal exposure and exposure Lo resid-
ual contaminaton, St s clearly the critucal ele-
ment. Particular eltort was therefore made 10
determine its levels in the urine Of the Marshal-
lese, and thus to esimate the body burdens.

Ofthe gamma-emiuing tission products, Cs' 7 is
ol the greatest interest, cven though it is of minor
significance as an internal radiation hazard. Like
Sr7 Gs' has a gaseous precunsor with a half-lite
suthiciently long 1o avoid early condensation in the
hireball. Cs'* thus follows Sr*" into the strato-
sphere. Since the fission yields and the half-lives
of the two radioelements are nearly equal, they
are present (o the tallout in hke guantities. While
they have different ecological cycles because of
their difterent chemical properties, Cs' 7 neverthe-
less provides a usetul tracer for studying the move-

ment of Sr™” through the bivsphere, since its gam-
ma-cmitting properties niake it readily detectable.

There is also some interest in the neutron-in-
duced radioclement Zn"'. even though it, too, does
not appear in levels hazardous to human beings.
The interest centers chiefly around the fact that it
1s defimtely transmitted through marine life, and
thus provides a clear example of the transnnssion
of a radivelement through the tood chain to man.

Other fission products and neutron-indueed
activites 1 Fe ) Co 0 M, Ce' Pt
Ze-NBCand Ra - Rh™ ) also appear i small
amounts i the soil and the food chain, and thus

may appear ulthmately i man. but the levels are

b

s0 low that lutle ctort was made 10 quantify these
clements in the Marshallese unnl whole-body
counung techmques made i feasible.

The body burden of tission products can be
determined in three ways. The method of choice
w the direct o oo measurement by whole-body
spectrometry. Fhe hmitations of this wethaod are
that few whole-body counters are (n existence,
they require enormously bulky shiclding and thus
are not easily transported to various sites, and
thetr absolute cabibraton is dithcult, Further. this
method is restricted 10 analysis of gamima-enmitting
sotopes, since, 1o date, a whole-body beta counter
has not been developed.

A second method tor calculating body burden,
parucularty for counting beta enintters such as
Sr, s the estimation of the internal deposition
trom data obtained by radiochenucal analysis of
the urine.

Finally, it is possible 1o make a completely in-
direet estimate ot the human body burden of
radioisotopes by what may be called the environ-
mental approach. In this method. the estmate of
the body burden is based on the concentrations of
the hission products present in the cnvironment,
chietly the soil and the imporiant components of
the diet. In order to make this estimate, data must
be obtained on the transter of the hssion produccts
between successtve elements of the ecological
chain leading from soit 1o bone. For example, al-
though Sr and Ca are chemically simitar and thus
appear together in the various components ot the
ecological chain, Ca is taken up preferentially by
plants and animals so that it is necessary to deter-
mine the discrimination factor for each step. When
these factors are known, itis possible 1o estimate
the concentrauon ol a radionuclide in man trom
its concentration in any step of the ecological
chain.

All three of these approaches o the estimation
of the body burdens in the Marshallese people wilt
be considered in this report.

EXPERIMENTAL PROCEDURES

Whale-Body Counting

The gamma-ray activity from the internally-
deposited fission products and the ncutroa-in-
duced acuviues in 227 of the Marshallese people
were measured with a whole-body gamma scin-
tllavon spectrameter. The wehnique of o e
gamma-ray measurement of human beings was




Figure 49. Whole-body counter and electronic room
mounted on tracter focated on tank deck of Navy LST.

Figure 50. Interior of electronic room showing 100- Figure 51. Marshallese subject in standard
channe! analyzer and associated electronic circutry. counting position nside steel room.



used to supplement quanttatve radiochenncal
anabvtical procedures, and has made possible very
rapid and positive idenufication of gamma-emining
radionuctides. The principles of i ctwes gumma
spectrometty as applied (o human beings have
been previously described.

The steel room constructed at BNL in 1957 tor
the Marshallese surve

s has been deseribed pre-
viouslv.” ‘The “portable™ 21-ton steel room, 5x5
X b-ft with 4-in.-thick steel walls, was used 1o
supply the required shielding (see Figure 49). This
steel roomt was mounted on a large tranler along
with a 7 x 8 x 10-tt air-conditioned wooden room,
designed to house the electronic components of the
counter (see Figure 50). T'he trailer was mounted
on the tank deck of the Navy LST, and the sub-
Jects 1o be counted were brought aboard up the
ship’s ramp from the beach on each island visited.
Also available on the tank deck were shower
facthities where cach subject washed and then

changed into an uncontaminated paper suit
avord the possible nisk of measuring any excernal
contaminaton that might be present.

A San. Nal (‘T crystal (Harshaw) was placed
over the subject at a distance.of 19 1n. above the
apex ot the chair (see Figure 51). The pulses from
the photomuluplier were fed into a linear ampli-
tier {Cosnmiie Radhation Lab. Inc., Model 101), and
thence inta a 100-channel analyzer (TMC-PA
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100, Quartz Line Storage Pulse-Hewght Analyzer),
Two complete detectors and analvzers with the
necessary associated clectrome circunry were
taken along, since considerable ditliculty had been
expenenced durtng the previous vear in main-
turning the whole-body counting svstem opera-
tonal under the conditions of tropical heat and
humidity. Houwsing of the clectrome equipment in
an arc-conditioned, dehunmiditied room during
operatton was of considerable assistance i main-
taining s stabihity .

Since the pancipal photopeaks tr these persons
were known {rom the previous study 1o be due o
Cs'and Zovsand since the fevels were suthi-
crently high, it was only necessary to count the
subjects tor 3 or 10 nun with the parucular geo-
metrical arrangement described above, The duta
were printed out on a paper tape of a Vicor add-
ing machine, and the tapes were returned w BNL
tor analysis.

Analysis of Gamma-Ray Spectra

The quanutative interpretation of the gamma-
rav puise-height data for the discrete gamima
energies involved the graphical reducaon of the
data. A typical spectrum ol a Marshallese s shown
in Figure 52, The ordinate represents vcounts per
20-kev pulse-height increment. and the abscissa
represents gamma energy. lu the graphical serip-
ping method employed, ™ 7 the activity of the
tighest energy gamima-ray in the mixoure, K
(L46-Mevy, s determined «directdy from the
ordinate value of'its wtal absorpuon peak. Then a
channel-by-channel subtracuon of the distribution
corresponding 1o the abundance of this parucular
gamina-ray or radionuchide s made from the spec-
trum. When this subtraction is completed, the
concentration of the gamma-ray of the next
highest energy, Zo™ { 1.14-Mev) can be estimated
from the ordinate value ol its peak. The distribu-
tion corresponding o the concentratuon ol the
second gamma-ray 1s then subtracted trom the re-
maining distribution, and the process is continued
with Cs' (0.66- Mev) unul all the three major
gamma-ray-enutting components have been deter-
mined.

This steipping process is illustrated on a spec-
trum of the plastic phantom containing known
amounts of K" Cs' S Cand Za (Figure 53, s
to be noted that at the concentrauons used here
tapprosumately the mean concentrations tound in
the Marshallesey, the Compion contribution ot
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Figure 53. Gamma spectrum of phantom iHustrating
graphical stnipping ol K", Zn"*, and Cs'" from total
SPCC“'U"L

one isotope to the photopeak of the other isotopes
of lower enerygy is very small.

In order 1o carry out this stripping method, it is
necessary to have calibrated pulse-height distribu-
tion spectra tor cuch gamma emitter encountered.
Further, these spectra must ideally be obtained
trom a subject of the same size and body build. To
obtain these spectral data, known amounts of

' and o were administered to subjects at
BNIL.. and their spectra were obtained. Later in
the study, a plastic phantom (REMAB-Alderson)
was obtained and used for calibration (Figure 54).
Spectra were also obtained from the phantom
with known amounts of KCI, Cs'*', and Zn™.
From these spectra, an average spectrum for each
isotope was obtained. The pulse-height distribu-
tion spectrum of one of the Marshallese subjects is
compared with the spectrum obtained with the
plastic phantom containing the same concentra-
tons of K, Cs'" and Zn"* in nearly identical
counting geometry in Figure 52. In this way it was
possible to simulate the multicomponent spectra
of the Marshallese by use of the phantom.

Since it is not possible to measure a photopeak
until the contribunons of other peaks of higher
energy and their Compton continua have been
subtracted out, and since the presence of small
ameoeunts of unknown radionuclides is not always
ubvious in the presence of large concentrations of
other radionuclides, it is possible to miss the pres-
ence of very small amounts ol other fission prod-
ucts. However, when all the major components
have been stripped out, the presence of any re-
maining phowwpeak should serve to ideatily the

presence and concentration of other components
of the spectrum.

This procedure was further complicated in this
study by several factors. In the field study the sub-
Jects were measured with a 5-in. Nal (T1) crystal.
The calibration was originally carried out in the
field with a Presdwood phantom, but when the
Alderson plastic phantom later became available
it was found to give a better approximation of the
spectrum for each isotope, and therefore most of
the calibration was repeated with it at BNL.
However, the geometry in the field situation was
rather difficult 10 duplicate exactly. Also, counting
the subjects for 5 to 10 min was sutficient to esti-
mate accurately the levels of Cs'*" and Zn"® but
not the K* body concentration and trace amounts
of other fission products in the presence of the rela-
tively large amounts of Cs''" and Zn"*. The lack
of a staustically significant number of counts to
measure K* accurately is evident from the poorly
dehned K' photopeak of the subject as compared

Frgare 54, Catibration phawtom e standard counting
position in BNL whole-body counter.



to that of the phamo;g;gwhichsua;egywm 30
min (Figure 32y )
In tuture whole-body counting of these peupler

o will be possible, by counting for longer periods

and using an 8-in. Naf C*N t6Tmprove e

absolute measuremgnt of gimeg amounts of other
radionuclides that may be'—pr’és' ne.

Since a total of 227 Marshallese persons were
surveyed with the whole-body counter, in addition
o numerous controls, the spectral analvses were
periormed with the aid ofa 704 IBM computer.

Radiochemical Procedures

Twenty-four-hour urine specimens were col-
lected in plastic bottles and sent to BN for radio-
chemical anabvsis. A modification of the method
was used lor the analtysis of S¢. Sr
was preaipitated as the atkaline phosphate, ashed
with HNO  and H,0. and dissolved in ditute
HNO . After thg solution wag brought up toa
volume of =800 cc, the alkaline carths were com-
plexed with ED'TA, and the pH was adjusted 10
3.5, The solution was then passed through an ion
exchange column {Dowex-30 in the Na ftorm),

of Farabee'

and the column was rinsed-with 300 cc of a solu-

touw of 1% citric acid and 0.75'% EDYTA ata pH of
3.0. 'Fhe combined cmuenlx umtalned >9345% of

the total Ca. The cabunin was then nased with 6
MHNO to remove the Se. Carrier Sr was added
to the 8¢ fraction and precipitated with 70%
fuming HNO . Yurtum-90 was milked and counted
by the method of the AEC Health and Satety
Laboratory. "

The supernatant from the alkaline phosphate
precipitaton was measured and divided into two
portions. One portion was scavanged for cestum
with added carner by means of a double precipi-
tation of the aluminum sultate and the chloro-
platnate. " 'The second portion was analyzed for
K by lame spectrophotometry.

Food samples were weighed und dry-ashed ina
mullle furnace at 80U C. The ash was weighed,
and a small porton was counted lur gross beta
acuvity. The ash was dissolved in ditute HNO,
and processed by the method described above for
urine analysis.

All counting was done in a low-level beta anti-
coincidence tvpe of counter, designed and built at
BNL. Samples were mounted on glass tiber tilter
dises with nvlon rings and dises and Mylar il
Samples were vcounted against NBS standards

processed and counced under idenucal geometrny

49

- REGUATS.AND DISCUSSION

All thegggt the above methods were used tor
estimating the body hurdens of vamma- and beta-
cmitting raghoructides in the Marshallese people.
[l‘ldl\l(#d.‘ values for all the people examiined in
1959 mav be tound 1o Appendix 7 for gamina
spectrographic analyses and i Appeadix 8 tor
radiochermical analvses

Environmental Estimate

Oune wethod used (the least guantitauve) was
the environmental estimate of body burden. The
cnvironmental estimate ot internally -deposited
Sr* was made in two ways. In the tirst method,
ammals subsisting on diets simitar to human diets
were sacrificed and their tissues were analvzed
radiochemically. A numiber ol rats were collected
on K()m,rclup [stand at 2, 4, and 5 vears afier the
t454 accident. It the diet of these rats, primarily

land plams, was sutliciently similar to the diet of

human belags inhabiting this area, the rat analy-
ses inight serve as indicators of the human internal
radiation contaminatton. The S Ca ratos of
various tissues of these rats were measured direct-
ly und compared to the catos of the food and soil
on Rongelap collected at the same timie; that is, the
cavironmental contamination was compared with
the directly measured contamination in animal
tissue. Extrapolation of the covironmental data
gives the cquilibrivm value wineh can be ex-
pected, whereas the direct measurement gives the
value at the nme ol measurement and thus the
percent of the equilibrium value for the individual
radionuchdes).

The Sr/Ca ratios for dillerent plant foods on
Rongelap varied greatly. and the diec of the rats
was too uncertain for an “average” diet 10 be as-
sumed. Therefore, tor a body burden estimate it
was necessary to use the 8o Ca values of the soil
itself.

The “strontium-caloium observed ratio” (OR)
of Comar' was used 0 denote the preferennal
utilization of calcnnm in the tollowing manner:

St Ca ol sample

OR

Sampbe poe o = B 0
T Se/Ca of precursor

The Se discrimination ratio o the chain from
sotb (V) 1o bone thy via plants ( p) can be expressed

as lollows

OR,  =(OR, (OR, =0 710.23,=018 .



50

The value OR, ,=0.25 is an approximate value
obtained experimentally on rats fed a stock labo-
ratory diet.** The discrimination factor of 4 for
calcium against strontium from diet to bone in
man has been reported by Schulert*’ and Bryant.**
A more appropriate value for the rats in this situa-
tion might be the ORy,n. 4., =0.16 obtained by a
study of wild kangaroo rats living in the Nevada
desert.*®
The Sr** body burden is then

(Sr*'/Ca), =(Sr*/Ca),(OR, ,(OR,_,)
=(8.4x10%)(0.7)(0.16) =924 upC Sr**/g Ca .

The value obtained in this manner is approxi-
mately twice the value 470 to 545 uuC Sr*v/gCa
obtained by direct radiochemical analysis of the
tissues of rats living on the island during the 2-
year period following detonation.*® This difference
between the indirect environmental estimate of
the body burden of Sr**/Ca and the results of
direct analysis may reflect either errors in the dis-
crimination ratios or perhai: ack of equilibrium
between the Sr**/Ca in t&:  umals and in the
sotl at 2 years. The latter possibility exists, since,
although the 13 adult rats anajyzed by Held" at
4 years had values close to the 2-year level, 443 +
181 puC Sr*¢/g Ca, the life span of the rat is only
=2 years.

It is obvious that use of this technique to esti-
mate the Sr* body burdens of the Marshallese
people is also complicated by the uncertainty of
their diet. The estimates of average dietary intake
of the Marshallese since their return to Rongelap
are approximate, because the diet has varied dur-
ing the past several years. A study made in 1958
yielded daily Sr**/Ca intake levels of 67.5 Sr units
(upC Sr*°/g Ca), provided that coconut crabs (see
Figure 4) were excluded from their diet.**** The
Sr*°/Ca levels in the various foods are shown in
Table 31. This study was based on the analysis of
various food samples in what may be considered
an average diet. The data were obtained from a
study of the diets of 14 males on Rongelap.*’ It
was assumed that half the calcium in the diet was
derived from food not native to Rongelap Island.
From the discrimination factor of 4 and the daily
intake of 67.5 Sr units, the equilibrium Sr** body
burden for the Rongelap people is calculated as
=17 muC. This is very close to the equilibrium
body burden (23 mpC) estimated by Woodward
from the urinalysis data.”®

Another effort was made in the 1959 survey to
gather samples of meals to be assayed for Sr**/Ca
content. However, since the Marshallese were
found to subsist to a large extent on foods not in-
digenous to the area, such as C rations, rice, and

Table 31

Estimate of Sr™ in Diet of Rongelap Adults, 1958

A 8 AXB D E DxE
Daily Ca Daily Fraction Sr* Contribution to
intake,* g content, Ca of wotal content, total daily
(wet wt) mg/g intake, mg  Caintake** ppC/gCa Sr* inake, uyuC/g Ca
Meat from mature coconut 89 0.075 6.7 0.008 1,200 9.6
Meai from drinking coconut 75 014 10.5 0.013 210 2.7
Mitk from green coconut 116 0.15 17.4 0.022 1,000 22,0
Pandanus, edible portion 79 0.15 L9 0.015 930 114.0
Arrowroot 58 2.10 121.8 0.152 19 29
Breadfruit 15 0.60 270 0.034 260 88
Fish 139 0.13 18.1 0.023 280 6.4
Class 45 4.00 180.0 0.225 5 11
Crabs, land 14 4.00 56.0 0.070 (4,000) 280.0)
Total 660 449 0.56 67.5
The diet also included imported foods: rice,
canned C rations, flour, tea. mitk, salt, and sugar.
*Rused o average daidy dhier ot 14 Rongelap males >

**Based on woral cdoann intake ot 0 g day

P



tea, it became even mare diflicult 1o exirapolate
to hodv burden from food.

[t is obvious that further data are required on
the transport of low levels of Se and other prad-
ucts through the ecological eyvele in this and other
communities to make possible assessment from
environmental data alone of the internal radia-
tion hazard to human beings living in a fallout-
contaminated area.

More reliable estimates of the Marshallese bodyv
burdens can be obtained by whole-bodyv gamma
spectrometry and by radiochemical urinalysis.

Radiochemical Analysis of Urine

Strontium-90. The urinary excretion levels of
St for the 5 vears lollowing exposure to lallout
are shown in Figure 55. The 4- and 5-year levels
were much higher, after the return of the Marshal-
tese to Rongelap in July 1957, the mean bheing
higher by a factor of 20 in March 1958 than in
March 1957.

i

The excretion rate of St mav be expressed as
the sum of two exponential functions for the first
Vvears following exposure. he major fraction of
Sr s exereted carly, with a biological half-life of
Hy davs. The smaller fraction is excreted with a
half-tife of 500 davs. These excretion rates cor-
respond to those reported by Cowan * in a case of
accidental inhalation of Sr*". and were used in
extrapolating back to the one-dav S5r body bur-
den of the Marshallese. ™

The 1958 Rongelap body burdens of Se*, Cs'',
and Zn"' are presented in Table 32, and also
figures for percent of equilibrium and equilibrium
value, esumated by Woodward™ from urinary ex-
cretion data. These values are subject to some un-
certainties, since they are based on a number of
assumptions; however, thev can be checked by use
of other methods. For example. the estimated
body burden of Se*" in March 1958 was 2 puC/g
Cla, based on the 24-hr Sr** output in urine (1 liter
per 24 hr), and this appeared to be of the right
order of magnitude compared with data from

bone analysis. Two bone samples of vertebra and
o ifeum from a deceased 35-vear-old Rongelap male
o . at this time indicated a level of about 3.7 puC/g
; Cia, which gives, upon application of the normali-
3 zation factor of 2 from vertebra to average skele-
22 . . .
PO ton.*” an average skeletal value of 2 puC/g. Thus
2o - 300 0avs the mean body burden of Sr*” for exposed Ronge-
& . H v
08 lap people in 1958 was estimated to be =2 muC.
x . sy N -
. &v'fao 0avs - or about 9% of the estimated cquilibrium value of
502 RETORN 10 RONGE LaP 23 mpC"
YR SYR . . - ;
L WA v J [he estimated S bady burden increased from
© 3006 K00 300 1200 1500 1800 2 mpuCin 1958 to 6.0 mpC in 1959, or 26'% of the
TIME [N DaYS - aF TER MARCH 11954 estimated equilibrium value. The 1959 Sr™ mean
Figure 35 Urinary excretion of Sr™* urinary vaiue in the exposed Rnngelap inhabit-
in exposcd Marshallese. ants was 6.3 puC/1or 10.5 puC; 24-hr urine, based
Table 32
Estimation™ of Bodv Burden. in muC. of Rongelap Population From Urinarv Excretion Levels, 1958
' Zn
Sr'. Exposed Exposed Control Exposed Clontrol
Body burden 2™ 900 1200 280 54)
Equilibrated body burden 23 1300 1600 330 650
Percent of equilibrium @ 64 75 85 83
Daily intake [ER1E: Sk 2?) 21-41

*3.7 Stronttnm units (SU) determined by hone biopsy.
** 15 SU assuming daily calcinm intake = | g
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Table 33

Urinary Sr*" Levels. in upC/1. of Marshallese, 1959

Males Females
Age |-15 Age »13 Age 1-15 Age >15
Rongelap exposed 2.4 (AN 73 *35.1 (8) 3.9(2) 5.4 =22 (9
Rongelap unexposed TA=20(3) 56 £28 (9 - 42 =23 (6)
Ailingnae - - 5.3 (1) - 3.0 (1
Utirik - 1.5 =09 (3) 39(1) 2.5 (2)
Ebeye - 0.56 £0.37 () - 07020703y

*The numbers in parrntheses are the numbers of people in the groups.

Table 34

Cs'"" Bodv Burdens, in muC kg, of Marshallese as Measured bv Whole-Bodv Gamma Spectroscopy, 1959

Males Females
Age 1-15 Age > 15 Age |-15 Age >15
Rongelap exposed 12462 (9 142%51 (1) 113427 (1) 11.0+3.4 (16)
Rongelap unexposed 118x48 (20 14.0+47 (37) 99421 (I3 38+2.8 (33)
Ailingnae 89 (2) 11536 (4) 10,031 (4) [1.4*+45 (5
Utirtk 16+1.2 (14 15%16 (19 1519 (14 3613 (15)

*The numbers in parentheses are the numbers of people in the groups.

on an average 24-hr urine output of 1660 mli (see
Table 33). Nosignificant difference was found
hetween the Rongelap exposed and unexposed
groups, although the exposed adult group had a
slightly higher mean value than the unexposed
group. Females tended to have a lower mean Sr*®
value than males, but the difference was not sta-
tistically significant. Rc‘latively few children <15
years of age were tested for urinary Sr*; therefore,
it was not possible to compare their levels statis-
tically with those of the adults, The mean Sr*
urinary value for an adult inhabitant of Utirik was
1.8 ppC/1, which is about 35% that of the Ronge-
tap group. The control group on Ebeye Island (not
contaminated) had still lower values, 0.62 uuC/1.

The lack of significant difference between the
exposed and unexposed groups on Rongelap seems
to indicate that essentially no residual Sr* from
the inttial exposure is detectable in the exposed
group.

Cesium-137. The Cs''" urinary excretion levels
of the Marshallese people for the period from 50
to 180 days following exposure can be expressed
as a single exponential function with a half-life of
70 days (sce Figure 56). This figure is not in agree-

ment with the value of 140 days obtained by An-
derson.>' but a biclogical half-time of 51 to 59
days was obtained in a clinical study made over a
4-month period following injection of Cs''"Cl,
into two patients. **

The estimates of body burden of Cs'*" in 1958,
derived indirectly from urinalysis, are presented in
Table 32.

The urinary excretion of Cs'*" of 34 ppC/1in
1957 indicates that the Rongelap people were ex-
posed to a continuing low level of Cs'** from
stratospheric fallout during 1956 while residing on
Majuro. By contrast, the mean body burden of
Cs'* in 1957 of the Utirik people (who were re-
turned to their atoll in 1954) was 334 muC, con-
siderably higher than that of the Rongelap people
who were residing on Majuro at that time.”® This
higher burden among the Utirik people in 1957
can be attributed to the higher level of Cs'* con-
tamination on Utirik than on Majuro at that time.

Zinc-65. Zn™ urinary levels were not measured
before 1958. With the assumptions that excretion
of Zn"" is exponential and urinary excretion is
10% of total excretion (urinary/fecal ratio = %),
the March 1958 urinarv excretion level of 175
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ppCol indicates a bady burden in the exposed
Rongelap group of 280 muC i £ 190 with an
cqulibrated body burden of 330 mpCo " The Ziv
level was therefore 857 ol the estimarted equthib-
rrum level in 19938 (see Table 32y

Whole-Body Counting With
the Gamma Spectrometer

Cesium-137.  'The bodv burdens of Cs' of the
vartous groups studied during the 1959 survey are
presented in Table 34 The variations in levels
within cach group are quite large. If Cs*'7 hody
burden is expressed in units per unit body weight,
no significant difference is found between persons
older and vounger than 15 vears. The mean (is' 7
level tends 1o be slightly lower lor females than for
males, but again the difference is not significant.
[t is to be noted that no significant difference was
found between the Rongelap exposed. the Ronge-
lap unexposed. and the Ailingnae groups. How-
ever, the mean (s''" body burden of the Utirik
group (+.3 mpC/kg) is(as in the case of Sr™)
about one-third that of the Rongelap exposed
group (2.0 mpC/ke).

The mean (s''" bodyv burden of the exposed
Rongelap group in 1959 was 0.57 uC (12.0
mpC.'kg) compared to 0.68 pClin 1958. The level
has fluctuated over the years since the original
contaminating cvent. (See Figure 57, which shows
values obtained bv whole-body gamma spectrom-
etry and by extrapolation from urinalysis data.)

Unlike Sr*°. which is firmly fixed in the skeletal
tissue, Cs'*7 has a relativelyv short biological half-
life. and thus readily reflects the environmental
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Figure 56. Urinary excretion of Cis' 7
in exposed Marshallese.
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level. 'The slight increase in environmental level
of Cs' 7 during the 1956 and 1938 periods ol
weapan testing was rellected in an increased bods
burden in the Marshallese. As pointed out. a very
marked tnerease in Cs''7 was also observed in the
Rangelap people atier they returned to their orig-
mal island in 1937: the bodv burden in 1938 was
about B.68 pC about bY times as great as in 1957,
and the urtnary level rose by a factor of 110, be-
cause of the ingestion of Cs' 7 in tood on Rongelap
during the 9 months since their return. The aver-
age Cs''7 content of 250 Americans studied in
1958 was 6.6 mpC or o0 of the mean Rongelap
body burden.

The average daily intake of (s’ for an inhabit-
ant of Rongelap in 1938 (average of 13 daily
rattons) was estimated to be 3.9 muC..'" This is
about 1.3'7 of the nonindustrial maximum per-
misstble daily intake, which is the product of the
maximum permissible concentration” and the
daily intake of water:

(2% 10 ' pCrmiyx(1.3 10" ml/dav)
=300 mu(C./day .

Zinc-65. Zn" was first detected by Miller "' in
1957 in the seven Marshallese examined at
Argonne National Laboratory by whole-body
spectrometry, although it had been observed in
high concentrations in fish as early as one vear
following the 1954 detonation.”” Bodv burdens of
7" in 1957, measured directly. averaged 44
muC in five Rongelap inhabitants {Figure 57) and
350 muClin two Udrik inhabitants. Miller, in
1957, determined an effective half-life of 110 days
for the elimination of Zn"", which gives a biologi-
cal half-tife of 200 davs. However, a value of 89
days was obtained for the hiological half-life in
two patients over a 2-month period.*

The mean body burden of Zn“" estimated from
whole-body counting data was 0.36 uC in 1958
after the return of the Rongelap people o their
island, or 8 times the 1957 value ( Figure 57).

The estimated Zn" " intake in food (2 10 4 mpC/
day) can he largely accounted for bv the Zn"™
levels reported for fish. [n 1956, fish from Ronge-
lap Lagoon were found to contain 0.6 mpC Zn*"
per b muscle. or 7.5 muC per Ib whole fish.™

The 1999 bodv burdens of Zn"" arc presented in
Table 35. As with Cs''", the variation within any
group 1s large, and no significant difference is
found in Zn"" per umit body weight correlated
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Figure 57. Estimated body burden of isotopes of Rongelap people. Values in parentheses
obtained by whole-body gamma spectrometry; other values from urine analysis data.

Tabie 35

Zn** Body Burdens, in mpC/kg, of Marshallese as Measured by Whale-Body Gamma Sepectroscopy, 1959

Males Females
Age 1-15 Age >15 Age 1-15 - Age >15
Rongelap exposed 10622 (9)* 9931 (1) 8.6+26 (12 9433 (186)
Rongelap unexposed 79%24 (20) 99229 (37) 9.3x28 (l1b) 872272 (33)
Arlingnae 8.0 (2) 44«57 ) 8121 4 105x26 (5)
Unink 25008 (14 12016 (1) 28208 (14 29206 (15)

*The numbers i _E: ntheses are the ibers of people 1o the groups




Table 36

Residyal Gamma Activity, in counts,/min/kg,
in Marshallese After Subtraction of K*°, Zn**, and Cs'?*

Age, yr
1-15 >15
Rongelap exposed 36.1 37.9
Rongelap unexposed 214 35.0
Ailingnae 17.2 43.0
Cririk 8.8 11.7

with age or sex. No significant difference was
found between the Rongelap exposed and unex-
posed groups, which implies that no residual Zn**
activity remains in the Rongelap people from their
original exposure.

The 1959 mean body burden of Zn*> was (.44
uC as compared to 0.36 uC in 1958. Thus Zn*
body burdens do not seem to have reached a
steady-state equilibrium with the environment, as
is also the case with Cs'*". Since the source of Zn®**
is fish, which continue to be a dietary staple, the
Zn* value can be expected to increase still further.
The mean Utirik Zn®* level in 1959 was about
one-third the Rongelap mean value.

Although Cs"'" and Zn®* comprise the major
portion of gamma-emitting radionuclides present
in the Marshallese (aside from the naturally oc-
curring K*°), residual gamma activity is still pres-
ent after subtraction of K*®, Zn®** and Cs'*’ con-
tributions from the total spectrum in each sub-
ject (see Table 36). Analysis of the residual spectra
did not indicate any readily identifiable photo-
peaks in the short counting time employed (5 or
"9 min). This short counting time, along with the
aifficulties discussed earlier in exact calibration of
absolute activities, makes the identification of
minor photopeaks very difficult. Most of the diffi-
culties can be circumvented in future field trips by
the use of longer counting times, the use of an 8-in.
crystal, duplication of the geometry by use of the
same standard chair, and a more precise calibra-
tion of the phantom.

Summary and Conclusions

Continuing annual medical surveys of the
people of Rongelap Island were carried out in
March 1959 and March 1960, 5 and 6 years after
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their accidental exposure to fallout. During the
1959 survey 76 exposed persons, including their
children, and 166 unexposed Rongelap people,
who served as a comparison population, were ex-
amined. In addition, groups of children at Utirik,
Majuro, and Kwajalein Atolls were examined as
controls for the growth and development studies
on the exposed Rongelap children. The 1960 sur-
vey was brief, only the exposed people being
examined.

As a result of their exposure in 1954, many of
the Rongelap people had experienced early svmp-
toms related to the gastrointestinal tract and skin.
Later they developed a significant depression of
their peripheral blood elements commensurate
with the calculated dose of gamma radiation (175
r to 64 people and 69 r to 18 people), and beta
burns of the skin along with spotty epilation. In
addition, radiochemical analyses of urine samples
showed that they had acquired a low-level bodv
burden of radionuclides. Certain other findings
were possibly related to their radiation exposure,
such as loss in weight of several pounds in most of
the people during the first several months after
exposure and suggestive evidence of slight lag in
growth and development of the children based on
studies of height, weight, and bone development
(but inconclusive pending verification of exact
ages of some of the children).

In spite of the depression of hemopoiesis, no
signs of radiation illness developed in the people
related to such depression, and no deaths occurred
that could be related to their radiation exposure.
No specific therapy was given. Recovery of the
peripheral blood elements, particularly lvmpho-
cytes and platelets, was very slow over the ensuing
years. The beta burns, which appeared about 2
weeks after exposure, were, for the most part,
superficial in nature and healed in several weeks,
with only a few lesions showing later persisting
changes. Specific therapy was not necessary in
most cases. The hair regrew normally, beginning
at 3 months after exposure. The internally ab-
sorbed radionuclides caused no known acute effects
and were excreted remarkably fast with barely
detectable activity being found a vear or two later.
On return of the people to Rongelap Island the
very low levels of radioactive contamination re-
maining there resulted in a rise in their body
burdens of cesium-137, zinc-65, and strontium-90.

The 5- and 6-year post-exposure surveys were
aimed primarily at evaluating the general medical
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status of the people in relation to that of the unex-
posed comparison population, particularly in re-
gard to any possible late developing eHfects of their
exposure, their hematological status, and the in-
fluence of the slightly contaminated environment
on the assimilation, excretion, and body burden of
radionuclides.

Medical histories of the intervals between the ex-
aminations in 1959 and 1960 were, for the most
part, uneventful and revealed no major epidemics
of disease. Several deaths had occurred and new
births were reported. In the exposed group, two
deaths occurred and in the unexposed group,
three. Two of the latter were due to influenza ac-
quired during an epidemic on Kwajalein.

The four deaths that have occurred in the ex-
posed people since exposure represent a mortality
rate of 8.1 per 1000 population, compared with 8.3
for the comparison population and 6.8 for the
Marshall Islands as a whole. A review of the birth
rate of the exposed group over the past 6 years
seems to indicate no noticeable effect of their expo-
sure on fertility. The 24 births represent a rate of
48 per 1000 population, compared with 37.3 for
the Marshall Islands (1957). Thé 20 births over a
3-year period for the comparison population rep-
resent a rate of 62 per 1000 population. A some-
what greater incidence of miscarriages and stillbirths
has been noted tn the exposed women, but be-
cause of the paucity of vital statistics in the Mar-
shallese and the small number of people involved,
the data are not readily amenabile to statistical
analysis.

Physical examinations showed the exposed and the
unexposed people 1o be generally in a state of good
health. No diseases were noted that could be
directly related to radiation effects. The incidence
of various disorders in both adults and children
was about the same 1n the exposed and unexposed
groups.

In connection with growth and development studies,
a project on the verification of accuracy of ages of
the children has not been completed and, there-
fore, the suggestive evidence previously presented
of possible lag in statural growth in the exposed
children must await confirmation. It was noted,
however, that in the 6-year chronological age
group, three boys and one girl out of five boys and
two girls in the exposed group exhibited signifi-
cantly retarded skeletal maturation as judged by
x-ray examination. The birth dates of these chil-
dren seemed to be fairly well established.

A cardiovascular survey of the adults showed no
outstanding differences between the exposed and
unexposed groups. The people appeared to have
less hypertension on the whole than is noted in
people in the continental United States.

An arthritis survey showed no great differences be-
tween the exposed and the unexposed people, and
about the same incidence as is seen in American
populations.

An ophthalmological survey showed no remarkable
differences between the exposed and unexposed
groups except possibly a slightly greater number
of cases of pterygii, pingueculae, and corneal scars
in the exposed group. It is not know whether this
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 accomodation
levels in the Marshallese appeared to be above the
average in the U.S. population.

A dental survey showed no significant differences
in either caries rate or incidence of peridontal dis-
ease between exposed and unexposed groups. The
poor oral hygiene generally observed in the Mar-
shallese had its usual results, namely, high caries
rate in teen-age children, severe peridontal lesions
in adults (heavy caiculus and loss of alveolar
bone), and edentulous mouths in the aged. Radia-
tion exposure did not appear to have affected de-
veloping dentition in the exposed children.

Late effects of radiation. Various parameters usually
associated with aging were measured or estimated
on a 0 to 4 + scale (skin looseness, elasticity, and
senile changes; greying of the hair and balding;
accomodation, visual acuity, and arcus senilis;
hearing; cardiovascular changes including blood
pressure and degrees of peripheral and retinal
arteriosclerosis; neuromuscular function; and
hand strength). Comparison of these measure-
ments in exposed and unexposed individuals of the
same age groups showed no apparent differences.
A biological age score was calculated for indiviuals
and groups by use of an average percentage score.
Life shortening effects of radiation have not been
apparent. As noted, the mortality rate was about
the same in the exposed as in the unexposed
people.

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. Leukera surveys in-
cluding physical findings, studies of white cell



counts and types, alkaline phosphatase staining,
and basophil counts of H00 white cells showed o
evidence of leukemia or beukemic tendencey. One
childin the irradiated group had 3'7 basophils but
no other posttive tindings. The cardiorase ular and
arthritis surveys, as well as the general results of the
physical examinations, have not shown any ap-
parent increased incidence of degenerative diveases
in the exposed people. No radiation-induced
cataracts have been observed in any of the exposed
people.

Genetie effects have not been speattically studied
because of the stmall number of people invalved.
No apparent radiation-induced genetic changes
have been detected on routine phvsical examina-
ton in the lirst-generation children ot exposed
parents,

Hematolvgical surreys again showed considerable

ot'leuko-
cvtes in both the exposed and unexposed groups.

tluctuation in the year-to-vear mean lew

The mean lewkoevte level of the exposed group
showed a marked decrease at the time of the 1960
survey (no unexposed people were exammined ). The
reasons for these Huctuations are not apparent. At
5 years post exposyre, exposed people suill had
mean platelet levels 10 to 15% below those of the
unexposed group. However, humphucyte levels ap-
peared for the first time to equal those of the un-
exposed group. Mean ervthrocpte levels were also
slightly lower in the exposed peopte. These blood
clements in the Ailingnae group also showed some
slight depression below the unexposed levels but
not quite so marked as seen in the Rongelap ex-
posed group. A general anemic tendency was
noted in all the Marshallese, both exposed and
unexposed. Price- funes curves, on the average,
showed a slight microcytic tendency. Serum tron
levels were generally normal. The fact that some
of the blood clements in the exposed group have
notyet returned wo the levels in the unexposed
group raises the possibility that a residual radia-
tion eflect on the bone marrow persists, but other.
not immediately apparent, factors may be in-
volved.

Studies of genetically inherited characteristies. Blood
gronpng studies in the Marshallese showed a rela-
uvely high B gene frequency, a hizh N gene fre-
quency. an extremely high R gene trequency, and
total absence of Ketl and Diego factors. 'hese
characteristics ditler from those of Polvaesians and
suggest relatonship with Southeast Asians and
Indonesians. Huptostobin \tudees show ed the fre-

(o)
~1

quency of the Hp' gene o be higher than n
Luropean populations thus far tested and con-

sistent with population

ing near the equator.
The distribution of haptogiobin tvpes showed the
population to be relatively homogencous. £rans-
ferriny an all sera were type COLthe common Euro-
pean type. f-dmmn-iso-butyric acd urinary levels
showed the Marshaltese to be the highest excre-
tors of this acid of anv populaton thus fur re-
ported. Levels in the exposed group were about
the same as in the unexposed group, and no cor-
relation was found with body burden level of
radionuclides: this indicates that there is probably
no correlation with radiation exposure. Gluose-n-
phosphate dehvdrogenase of the red cells appeared o
be deticient in the Marshallese. Consideralyle cau-
tion must be exercised in evaluating the results of
these studies on yenceucally inherited character-
isues because of the small number of samples
tested. The data do seem to indicate refative
homogeity of the population and ciosest kinship
with people of Southeast Asta. These data also
may be usetul as a base line should geneuc hanges
appearin later generatons, possibly related o
radiation exposure.

Results of other taboratory studies carried out
during the 5-year survey included the tollowing:
Serum protein levels, as has been noted betore, were
generally on the high side of normal, the reason
for this s not apparent. Cumplement fixation siudies
tor parainfluenza t, 2, and 3, respiratory svncitial,
psittacosis, and Q fever showed antubodies 10 all
groups of viruses except that for Asian influenza,
which probably hud not yeu ser wusly 1nvolved the
people of the Marshall Islands. The antlxody tirers
appeared to be somewhat lower in the exposed
people. Sudium levels in the urine and tood indicated
about the same consumption of NaCl as in Amer-
icans. The generally lower incidence of hyper-
tension in the Marshallese

ght be related o the
lact that the former native dict was probably lower
insalt content than the present, more westernized
diet. [t will be interesting o see whether the inci-
dence of hypertension will later increase. Repeat
studies of protein-bound wding. tntal wdime, and butunol-
extractable wdine of the sera showed levels lower
than previously reported, and the previous higher
readings are thought ta be in error because of con-
taminated glassware, although some readings were
stith somewhat high. Four cases ol glucusuria associ-
ated wirh elevated blowd sugar were tound in the
unexposed population. which indicated a rather
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high incidence of diabetes. Serum assay for vitamin
B,, showed generally high levels; the explanation
was not apparent.

Radwnuclide body burden evaluation in the Marshal-
lese people has been complicated by several things.
The people were evacuated from their island soon
after the accident and did not return until 3 years
later. During the 5 years since the original con-
taminating event, additional weapons tests held
in the area have contributed to the fission products
in the environment. Finally, since the diet includes
a variety of imported foods, the people are not
living in a “closed” environment, and therefore
may not be rapidly approaching equilibrium with
the environmental fission products, as might be
expected under other circumstances.

Body burdens of gamma-emitting fission prod-
ucts {such as Cs''" and Zn**) were measured in a
whole-body counter and checked by radiochem-
ical analysis of urine specimens. Body burdens of
Sr** were estimated from urinary excretion as
determined by radiochemical analyses. Both the
external dose measurements on Rongelap Island
and the levels of radioactive isotopes in the food
on the island indicated that some increase in
Cs'¥", Zn"*, and Sr** body burdens was to be ex-
pected when the people 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 uC. The mean body bur-
den of Zn** estimated from whole-body counting
data was, in 1958, after the return to Rongelap,
0.36 uC, 8 times as high as in 1957, and 0.44 uC
in 1959. Thus, whereas the Cs'*" levels appear to
have reached a maximum and actually to have
dropped in 1959, the Zn** levels have showna
continued increase which is probably related to
the long biological half-life of the latter. The Sr**
level in 1958 estimated from excretion data was
2 muC, about 20 times as high as in 1957 before
the return to Rongelap. The estimated body bur-
den in 1959 increased to 6.0 muC, about 20% of
the estimated ultimate equilibrium value. Little
of the body burden of the exposed group is ap-
parently due to their initial exposure, since at
present there is little difference between the levels
of the exposed and unexposed populations living
on Rongelap Island. When these three isotopes
have reached their estimated equilibrium values,
the body burdens will sull be ot small significance
in terms of radiation hazard.

This study of the internal contamination of the
Marshallese has provided information (1) on the
movement of Cs'*’, Zn"° and Sr*° from the en-
vironment to man; (2) on the rate of equilibration
of these isotopes with the environment; and (3) on
the discrimination factors between food and man.

IMPORTANCE OF MEDICAL SURVEYS

The Japanese populations of Hiroshima and
Nagasaki being studied by the Atomic Bomb
Casualty Commission and the Marshallese popu-
lation of Rongelap comprise the only large groups
of people exposed to acute doses of ionizing radia-
tion. The two studies parallel each other but differ
in certain important respects. The smaller number
of people in the Marshallese population and the
paucity of vital statistics make statistical analysis
of data on this group much more difficult. How-
ever, the Marshailese studies have the advantages
that the dose of radiation received by the people
is better known; that the findings during the early,
acute period after exposure are well documented;
and that the people did not suffer from trauma,
thermal burns, or marked psychic disturbance, al-
though they did have the complications of beta
burns and internal absorption of radionuclides.
Study of both groups has yielded valuable infor-
mation on the acute effects in human beings of
radiations from atomic bomb detonations. Exam-
inations for the more subtle late effects of radia-
tion exposure are now receiving considerable em-
phasis. In the case of the Japanese, increased inci-
dence of leukemia and possibly other malignancies
as well as cataracts already has been reported. In
view of this finding, the next 5 years will be the
critical period for the development of leukemia in
the Marshallese. Animal experimentation has
indicated the possibility that still other late effects
may occur in the human being such as premature
aging, shortening of life span, increase in degener-
ative diseases, genetic changes, etc. Therefore, con-
tinued careful examination of these populations is
extremely important in order that such effects
may be documented, and therapeutic procedures
instituted wherever possible, should such eflects
develop. In addition, in the case of the Marshal-
lese, continued evaluation is indicated of the in-
fluence of persisting low levels of radioactive mate-
rials on Rongelap Atoll on the body burdens of
radionuclides of the people living there.
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APPENDIX 1

Rongelap Group and Control Mean Blood Counts by Day and by Age
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APPENDIX 2

Ailingnae Group and Control Mean Blood Counts by Day and by Age
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APPENDIX 3

Hematological Findings, 1959
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Hematological Findings, 1959
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Hematolowical Findings, 1930
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Hematological Findings, 1959

ot Age WBC Neut. Lymph.  Eosin. Baso. Mono. Plate. RBC MCH. g
and Sex (X110} (x10%) (x10) (X10%) (x10')y (x10" (XI0') (xt0") ‘% Retic. Hyb.,g (x10 )

Rongelap Control Populauon (continued)
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3 59M 3.8 31 0.5 0 0.5 200.0 176 1.0
i 27M 7.1 4.2 0.2 0 0.1 220.0 5.25 0.4
| 26 M 6.0 4.5 1.2 1] 0.1 205.0 1.96 0.8
! 17 M +.3 4.3 0.3 0.1 0.2 2450 187 0.3
b ot M 5.4 33 0.6 0 0.1 353.0 382 0.2
4 50 M 6.3 19 1.1 0 0 309.0 1.46 1.4
7 14 M 6.9 3.4 0.1 0.1 0.1 590.0 4.46 0.2
) 34 F 3.9 2.2 08 V] 0.4 2250 4.40 0
| 1HF 1.5 4.1 0.9 0 0 380.0 4.62 0.6
2 1M 15 4.2 0.4 0 0.2 3100 4.45 0
5 1t F 29 2.9 03 0.1 0.1 228.0 416 0.6
b 62 F 8.7 1.5 0.4 0.1 0.1 285.0 4.35 0
) 29F 79 53 1.0 0 04 485.0 5.07 0
" 18F 79 57 0 0 0.3 320.0 4.06 Q
N 61 F 2.2 54 1.1 0.1 0.2 236.0 3.96 03
) 65 M 33 29 0.3 0 0.1 470.0 5.20 0.4
i 2K 9.1 6.0 2.0 0.4 05 470.0 4.60 0
1 2F 70 9.1 03 0 0.3 470.0 5.07 0
K 2F 7.4 10.1 04 0 0.6 292.0 4.48 0.3
j 1 F 5.4 5.5 0.5 0.2 0.1 420.0 1.66 0
l M 6.0 52 0.5 0.1 0.7 380.0 453 0.3
2M 10.3 4.1 0.3 0.5 0.2 615.0 6.13 0.1
2F 52 7.6 0.4 0 0.1 473.0 4.65 0.1
69 F 4.2 3.5 0.1 0.1 01 290.0 4.03 0.6
6F 38 3.5 0.1 01 0.6 325.0 3.92 0.1
6M 73 5.6 0.5 0 0.1 410.0 4.62 06
8 M 99 2.3 0.6 0.1 1.4 325.0 5.12 0.1
24 F 3.8 2.4 04 0 0.3 305.0 4.77 0
35F 6.9 39 0.1 0.1 0.3 220.0 +.01 08
5M 19.2 8.5 10.0 0.4 0.4 207.0 4.68 0.2
35F 6.5 1.9 0.1 0 0.4 3350 4.27 0.4
; +F 8.0 4.3 1.0 0 0.6 462.0 4.69 0.4
» 7F 6.7 5.0 0.5 0.1 0.1 340.0 492 0.4
" 8F 3.3 6.0 0.4 0.1 0.1 304.0 4.22 0.8
4 M 1.7 3.0 0.5 0.1 0.1 210.0 4.28 0.4
i 16 F 3.0 4.1 0.2 0.1 0.3 375.0 3.66 0.2
| 3F 6.7 7.1 0.4 0 0 4420 4.65 0.2 .
! 24 F 6.0 3.7 0.1 0 0 300.0 .27 0.2 26.0
i 55 M 16 3.0 09 0 0.1 205.0 4.83 0 33.5
' 24 F 9.2 29 0.1 0 0.5 2100 1.56 1.2 285
. bl M 5.1 2.5 1.5 0 0.7 250.0 +42 1o 340
' M +.0 3.3 U6 0 0 390.0 +.12 0.1 33.0
9M 6.3 8.3 0.2 0.3 1.1 390.0 5.02 0.3 26.5
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Hematological Findings, 1959

Subject Age WHBC Neut Lymph.  Eosin Baso. Mono. Plate. RBC MCH, g
No. and Sex X1V ') (Xi0 ) (X0 ) (X10) (xi0 ) X0 (X0 ) (107 T Retie. Hgb,g (X 10 9)

Rongelap Control Population (conunued)

944 4 M [JeXV) 4.4 15 0.7 1] 0.4 175.0 3.87 U 150 255
94b 9F 10.3 21 76 4.3 g2 at 24 144 Db ilo RORI)
947 SIM 124 73 4.2 0.1 ] 0] 0.0 4.40 al 136 SLY
952 +M 139 59 0.7 0.7 0 u.6 540.0 +.51 U 121 70
953 +HM 97 4.5 +8 03 0 0.2 305.0 315 0.6 6.0 1.0
435 bF 78 4.1 12 0.1 Q 0.4 3700 124 bl Y 290
436 W F 91 1.9 38 u 0 03 30%0 434 0y 14 31.0
958 2T M 12.4 73 3.7 Lo 0t 01 2450 166 02 134 295
959 1 F 11.5 28 4.0 0.5 0 0.1 $40.0 116 0 122 295
Y6l 9k ths 18 4.3 0.5 0.3 0.3 35000 +.38 (V] 123 280
963 41 M .6 52 2.3 04 0.2 a4y 225.0 5.03 U1 5.4 30.9
Y60 27T M 72 18 i3 0 0.1 0.1 1700 +.81 0 154 320
Y67 I15M 136 7.2 6.3 1N 0 0 3300 5.03 0.1 145 29.0
968 3TF 75 23 50 U2 0 0.1 163.0 4.23 1.2 - -

909 H M 11.2 53 5.2 03 01 0.3 $190.0 +74 0.4 1ot 21.5
971 15M 8.2 3.9 4.1 0.2 0 1 185.0 +75 0.2 136 285
973 S0M b.4 3.4 26 0.2 0.1 0.1 3100 +99 U3 6.7 333
Y76 12M 1o b.U 10 02 " 0.2 400.0 401 0t 128 28.0
977 13F 9.4 87 3.5 1N 0 0.2 325.0 +.76 0.7 4.2 30.0
978 8 F 7.3 24 3.5 0.8 0.3 06 380.0 102 0.1 131 28.5
979 3 F 98 3.5 54 a7 0 0.2 295.0 4.62 0.b 12 26.0
980 b F 13.0 74 18 0.5 g 0.4 3150 +.70 01 i3 280
989 HM 106 5.1 45 09 0 0.1 345.0 5.7 0.6 14.0 27.0
99 51 F 76 3.4 2.7 0 0 0.1 178.0 5.08 0.2 157 3.0
942 2F 9.7 32 5.7 K] 0.1 0.2 630.0 497 0 8.6 175
993 12F 10.6 56 44 0.4 Y] 0.2 2450 5.2 1.2 138 26.0
996 TF 13 39 3.7 12 0.2 02 +10.0 1i1b 0.1 1.3 27.0
LOUS 26 M 85 16 3.2 03 0.2 03 200.0 5.84 (Y] 17.7 305
1007 8 M 8.8 39 2.7 0.1 U Ot 190.0 487 08 122 250




APPENDIX 4

Hematological Findings, 1960, on Rongelap and Ailingnae Exposed Population

“Ndmenac exposed.,

|
|

[

Subject Age WBC Neut. Lymph. Eosin. Baso. Mono.
No. and Sex (X109 tx10 ") (x10 9 (X108 %y X104 (X101
1* b.U 2.0 3.3 0.2 vl 0.2
2 6.3 2.4 3.5 0.3 0.06 0.06
3 5.1 29 1.8 0.05 0.15 0.15
+ 6.1 1.2 15 0.24 0.06 0.8
5 6.1 27 2.8 0.47 0.06 0.12
6* 9.6 3.6 5.1 0.77 0.1 0.1
7 5.5 26 25 0.17 0.11 0.06
8* 87 2.2 6.0 .35 0.09 0.09
10 56 3.5 1.9 0.17 0 0.06
(B} 5.0 23 26 0.10 0.05 0
12 73 5.2 1.9 0.07 0 0.15
13 t.6 2.1 2.2 .28 8] 0.05
14 6.2 1.3 1.5 0.37 0 0
15 7.4 28 4.2 0.22 0.07 0.07
16* 9.1 7.8 2.6 0.55 0 0.09
17 6.7 +.0 2.6 0 V] 4.07
18 59 3.7 1.8 0.30 0.12 0
19 +5 19 2.4 0.09 .03 0.05
20 6.4 29 3.1 0.32 0.06 0
21 6.) 37 2 0.24 0 0
22 75 4.7 27 0.15 0 0
23 7.2 2.8 +.1 0.22 0 0.07
24 16 2.1 21 0.41 0 0
20 1.7 0.1 3.9 t4 0.12 0.23
27 6.7 3.1 3.4 0.13 0.07 0.07
28* HEXY]
0 55 3.4 1.3 0.35 0.11 .16
32 5.7 ) 26 0.40 0.11 0.06
33 6.3 22 3.6 0.52 0 0.19
35 5.1 28 2.2 0.10 0 0.06
36 6.8 3.3 2.8 .34 0.07 0.07
39 +9 2.6 22 0.10 0 U
7.9 5.1 22 0.40 u.le 0.u8
94 5.9 3.0 U.47 8] 0
8.1 4.8 27 0.32 0.08 0.24
56 3.2 2.0 .28 0.06 0
55 1.9 3.2 0.39 0.05 0
+5 1.8 1.6 0.77 0.09 0.22
5.2 28 2.0 0.36 0.U5 0.05
5.3 2.6 26 0 0.05 1]
129 76 +.8 0.52 0 0
6.2 1.3 1.b 0.31 0 0
52 2. 25 0.52 1] 0
7.1 4.0 2.8 0.21 0 0.07
6.1 3.2 24 0.43 0 0
18 1.7 2.9 019 V] ]
7.6 5.2 2.0 U.30 0.08 0.08
+.4 2.2 24 a0 0.05 0.05
6.4 3.0 28 0.06 012 Y]
16.0) 6.4 2.1 {80 0.10 0.10
1 b 4+ 030 ] U

-k

w’% - e m‘nmm s,



Subject Age WEBC(: Neut Lyvinph Fawin
No and Sex (X0 ex by tx H0 ey
tl 141 75 b 47 015
(%) ERa 0 .40 25 28 20
64 o b X0 46 L8 [SRei)
b 7 64 25 [ 0.2
—— D b 60 35 2.3 02
T b7 20K 78 i 30 (TR
b 51 M 4.4 29 o [URE?
(5 101 IR 2 i 54
7u* 28 F 4.8 2 2 ([N
71 REN 3 e 83 23 011
72 121 34 [ 1 0.16
- 73 23 M 9.3 [ 15 010
75 8 78 N iy O3
7t 17 M 1.7 1 b ERY (18
78 iy KXY [ 20 0.0
80 32M VA 08 3. 0.20
81 14 F 9.3 Jb 28 0.27
g b M [ il Y [FALY
g o M 6y 27 $ [PE
T ———— go** dM 8.2 57 || 043
Bt** 5k 70 44 21 (42
g7 BN 3 4.1 20 i3 1.7
84** M 73 iz 57 [1
qur* iM 79 27 iR 053
- C Thie A M (8] 34 24 b2
ges 4} 1 49 14 Lt
B 2F HY 3t (3381 2
G4 2 M 1%+ RN to 0.70
Loo** 2k R 40 15 046
(iR 2F b 18 30 2
104°* 2M 87 10 4.2 043
108** TF 98 3.0 .8 030

Hematological Findings, 19600, oo Rongetap and Milingnae Exposed Population

b

Bas
(x

3]
1]

i}
(XY

Doty

[INY]

*Atlingnae exposed

** Nonexposed children of exposed parent or patents
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APPENDIX §

[adividual WBC, Basophil, and Alkaline Phosphatase Determinations, 19591960

1959 1960
Subject wBC AP, “ Baso. per WBC AP, % Baso. per
No. (x10 ) % Neg. 4000-cell count (X10 %) % Neg. 4000-cell count

Rongelap and Ailingnae Exposed Population

1* 6.9 59 0.35 6.0 72 2.10
2 7.3 52 0.43 6.3 81 0.30
3 86 79 2.1 5.1 92 3.30
4 8.4 82 0.55 6.1 82 1.30
5 0.4 70 0.38 6.1 70 1.00
e 9.0 90 0.35 96 88 1.10
' 5.6 52 0.33 5.5 84 1.70
5 8.7 80 0.60
9 9.6 94 0.45

10 8.4 86 0.33 5.6 59 0.50

! 75 82 0.40 5.0 87 0.75

12 89 63 0.30 73 96 035

13 79 W 0.55 4.6 82 0.48

14 6.0 37 0.20 6.2 54 0.65

15 8.6 54 0.38 7.4 81 1.25

16 71 95 0.25 9.1 72 0.80

17 9.1 74, 0.28 6.7 92 0.65

18 10.3 88 0.85 59 90 2.23

19 80 95 0.35 45 90 0.70

20 8.4 71 0.75 6.4 80 1.00

21 10.3 78 0.30 6.0 85 0.85

2 8.9 93 0.25 75 49 0.83

23 12 82 72 67 0.55

24 1y 74 0.15 16 89 0.48

2 13 84 0.38 117 70 0.90

27 15.7 7 0.50 6.7 75 1.80

28° 15.0 9] 0.23 10.0

29» 9.0 75 0.18

30 7.7 82 0.43 55 77 1.60

32 8.8 73 0.60 5.7 82 168

33 13.2 %0 0.35 6.5 93 0.50

34 5.6 80 05 87 1.88

35 1.1 98 0.23 5.1 70 0.45

36 7.0 77 6.8 1.23

37 1.7 84 0.15

38 v 82

39 12.4 5 0.05 49 77 0.95

40 10.5 40 0.23 79 55 1.50

11* 75 84 0.25 94 82 0.75

42 14.0 87 0.55 8.1 83 1.28

43+ 1.1 34 0.43 5.6 71 0.73

444 12.0 55 0.23 55 78 1.18

15* 85 66 0.23 83 ©0.30

16 7.8 99 0.30 45 0.83

47 108 64 0.40 52 80 0.78

14* 13.1 35 0.30 5.3 89 0.88

9 16.7 4 0.45 12y 83 0.68

S50 9.2 58 0.28

*Ailingnae exposed population.




Individual WBC. Basophil, and \lkaline Phosphatase Determinatinns, 1959, 14960

1930 MUY
Subject WRC AP, . Baso. per WRC AP "+ Baso per
No tx iy "t Neg. 1000-cell connt (DS 11! " New H0O0-cell count
iy o
Rongelap and Ailingnae Fxposed Populaton (continued)

I f.2 29 .30
32 103 14 050 5.2 38 (.60
33 10.4 62 030 7.1 X 045
§R) 96 69 - .1 62 On8
35 9.3 9 068 +.8 078
36 77 a8 0.38 76 1.n8
37 iR % 010 3 099
58 76 84 0.25 6.0 at 1.28
39* 124 66 0.0 1 075
60 15.0 5 0.25 10.1 82 078
Gl 87 65 018 75 ] .33
f2 103 65 419

64 85 56 035 5.0 6 0.55
64 8.0 89 0.45 b6 5 .48
b3 115 18 0.40 [} 74 0.85
66 89 80 030 6£.0 55 0.63
67 78 90 .50
68 59 86 0.48 49 86 073
H9 88 71 445 74 74 L ng
70 75 80 0.35 4.8 42 053
71 10.3 78 0.38 10.8 A9 143
72 10.0 79 0.28 8.4 81 083
73 a7 87 0.25 5.3 63 113
79 8.7 83 0.18 78 87 0.38
76 6.4 87 4.7 69 0.73
77 78 68 0.40
78 86 a6 018 56 60 0.63
79 12.4 57 0.75

80 10.6 72 0.35 105 64 0.78
Bi* 6.3 95 0.13 5.8 48 058
82 8.7 72 0.68 6 085
83" 1.8 74 o 6.2 83 0.9
12 2 122 54 0.07 6.8 H4 0.48
85%* 140 54 0.38 2 85 .63
86** 17.6 16 0.8 70 36 075
g7°* [ 41 9l 61 1.28
a8 126 32 018 7.3 82

q9¢° sy 80 0.55 75 87 2.00
Bt 84 70 19 6H.9 83 n.x
apes [R R &) 015

g 11t a 0.78
a3 180 85 a.15
940 49 74

a5** 14.4 9% 0.30

96 12.4 75 018 1.9 90 0.7%
Q7" 11.8 79 0.18

9R** 135 3 0.28 88 38

100** 125 43 0.55 9.2 74

1032+ 1.6 45

104> 87 65

18+ 132 76 98 72 0.85

*Ailingnae exposed population.
**Nonexposed children of exposed parent or parents.
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Individual WB(. Basophil, and Alkaline Phosphatase Determinations, 1959.1960

—
Subject WBC AP, "+ Baso. per Subject WBC AP, "t Baso. per
No. (X109 "t Neg. H00-cedl count Nn X1 "% Neg. 4000-cell count
Wcsnn_mv Unexposed Papulation, 1959
801 144 i6 0.52 862 8.0 83 0.43
802 o 65 60 863 0.3 78 0.35
803 139 19 48 464 9.7 66 0.48
805 5.2 63 030 865 83 B2 0.68
806 111 29 0.38 866 0.7 43 0.45
807 202 52 0.33 867 83 0.38
808 127 6 25 868 18 0.35
809 118 71 .50 869 90 0.63
810 9.0 86 0.45 870 59 0.60
a1t 126 66 0.33 a71 64 0.55
B12 14.7 76 1.08 872 80 072
813 .6 7n 0.78 873 [l 0.50
814 111 94 050 874 80 0.35
415 8.7 83 .80 473 21 n7io
Bi6 11.8 9N 0.18 876 35 0.43
818 12,3 94 0.30 878 66 0.30
819 b4 a5 880 70 0.18
820 12.2 56 057 481 50 0.48
821 9.1 89 0.35 882 19 0.25
R22 96 7 025 884 100 n.30
823 10.4 82 (.48 886 8 0.17
825 s 78 (127 847 84 0.56
826 10.5 a8 0.35 889 30 0.48
a27 5 89 .43 891 83 0.33
A28 75 045 R92 38
829 69 0.55 893 7.5 86 0.50
830 72 0.23 894 10.8 36 0.22
831 38 0.38 895 147 67 0.30
7132 12 0.27 896 12.8 96 0.52
813 89 0.43 898 89 84 0.35
434 13 0.63 899 6.5 896 0.40
833 90 0.78 900 18.4 24 0.43
836 . 57 0.52 901 15.4 30 0.27
838 7 040 902 22,0 48 0.70
819 80 0.60 903 10.8 75 0.48
840 6 0.85 N4 12.7 36 0.28
841 79 0.72 905 15.3 47 0.25
842 a7 057 906 12,7 37 0.50
843 20 0.50 908 8.0 87 0.38
44 X 0.72 9t1 8.0 93 0.27
845 91 0.23 912 13.5 84 0.27 r o
846 17 0.52 H3 143 €0 0.35
849 39 .38 914 6.8 97 0.20
850 93 0.45 916 1.4 80 0.38
851 64 0.65 921 32.4 69 0.43
852 94 027 922 B8 32 0.25
853 88 0.48 923 116 76 0.33
854 74 0.55 925 12.4 79 0.50
455 79 0.65 926 9.9 7 0.43
856 41 0.50 927 B4 87 0.30
858 71 0.40 928 7.7 80 0.27
859 B6 0.75 930 16.6 87 0.23
86O 96 0.30 932 98 68 0.35
861 85 n.43 933 8.6 31 0.45




73
fadividuad WBC, Basoptuland Akahine Phosphatase Determunations, 19591960
Subyect WHC AP, "« Baso. per Subjeut W HC AP "o Baso, per
No. (x 1 9 "« Neg H00)-cetl count Na X ‘o Neg HHR)-celf count
Rongelap L nexposed Populaton, 1959 | Continued)

12.4 55 135 Ol 75 ]2 w27
87 16 11} 969 b2 u4 (IR
79 84 018 nig B2 td) W25

162 93 [Vt Y73 f 4 9 035

.o I3 U4 47n IR 72 .25

[E{A 85 624 w37 9.1 79 043

12.0 4l .33 978 73 67 035

4.7 48 [FRE) 979 9.8 \ (YIS}
97 65 IR Y80 130 20 .43
78 81 0.30 954 [IXH 73 0.40
9.1 57 (X% 99 76 57 027

124 %) 020 g 97 5 030

s [FH 040 9y XY 2 .30

1.3 b 0.38 AT 14 73 02
EX¢ LY .23 1003 9.2 ) 4373
72 77 b+ LGS 4.5 77 .38

136 85 .30 17 84 82 08

- - BEST AVAILABLE COPY



APPENDIX 6

Blood Groupings and Haptoglobins, 1958-1959, and BFT and Cholesterol Levels, 1959

_—
ABO MN Hapioglobin Cholesterol,
group type Rh-Hr Kell Duffy Diego type BFT* mg %
-_—— . -_— ="
Rongelap Exposed
——=- P Bxposed
O N Rh,Rh, kk + Neg I-1 ] 204
O N " + " 2-1 L/8 148
A, N " + " 2-1 0 184
B N " Neg " 2-1 1/4
O N " " “ 2-2 0
AB N " kk + " 1-1 0 148
O M " kk + " 2-2 0
O N " kk + " 2-1 0
O N " kk + " 2-2 0 155 -
AB N " kk + " i-1 1/8
AB N " kk + " 2-1 ) 140
O N n kk + " 2-1 0] 207
B N " kk + " 2.2 0 135 — -
B M " kk + " 2-2 0 162
O N o Neg “ 2-1 1/8 .
A, N " kk + " 2.1 0 149
O N " kk Neg " 2-1 1]
A, N " kk + n 2-1 0 i
0 N " kk - + " 2.2 0 ,
A, N " kk + " 1-1 0
O N " kk + " 2-2 o 141
AB N " kk + " 1-1
e) N " kk + " 21 1/4
O MN " kk + " 1-1 0 :
O N " + " 2-1 1/8
o N " + " 2-1 1/4 s .
0 N " kk + " 1-1 0 T v
O N " kk + " 1-1
O N " kk + " 2-2 1/4
O N " + " 2-1 1/4
A, N " kk + " 2-1 0 .
O MN " kk + " 2-1 0
0 N " kk + " t-1 0 149
O N " kk + " 2.1
B MN " kk + " 2-1 1/8 S
O N " kk + " 2-1 0
B MN " kk + " 2-1 0
O N " + - 2-1 0
A, N " kk + " -1 1/16
O M " kk + n 2-2 0
O MN " kk Neg " 2-2 0
B N " + " 2-] [
(o] N “ kk Neg " 2-1 1/4
B N " kk + " -1 0 121
QO MN " kk + " 2-1 0
QO MN " kk + " 2-1 0
AB M " kk + " 21
B N " kk Neg " 2-2 0 182 .
8 N Rh,rh kk + " 2.2 0 132 =
nute Hocoulaton test; positve = 1232 or higher dilution. )
: #
S - :
74

BEST AVAILABLE COPY



75

Blood Groupings and Hapioglobins, 1958-1959. and BFT and Cholesterol Levels, 1959

Subject ABO MN Haptoglubin Cholesterol,
No group type Rh-Hr Kell Duflv Diego type BFT mg ‘%

Rungeiap Exposed (conunued)

33 B MN Rh Rh, + Neg 2-1 0 143
56 (¢ MN " Neg " (-1 14
57 A, N " " " 2.2 ©
58 A, N " kk + " 1-1 0
59 [e) M " kk + " 1-1 0
ol A, N " kk + w [ 0
bl O MN " kk + " 2-1 1.8
62 B N " kk + “ 2-1 0
03 O N " kk + “ L-1 0 150
ot O MN o kk + " 21
65 1-1 u
6b O MN " kk + " 2-1 1]
o8 (9] MN " kk + " 2-1 [
59 B N " kk + " 21 116
70 O N " ki Neg " i-1l o 132
71 A, N Bl kk + " 11 14
72 N " Kk Neg " 2-2 116 137
73 O N - " kk + " 2-1 u
74 A,B N " kk + " 21 0
76 B N " kk Neg " 11 14 134
77 21 1]
78 AB N " kk + " -1 Iy} 165
79 O N " kk + " I-1 1] 12
80 22 0
a1 O MN " kk Neg " 2-2 [ 152
82 (o] N " kk + " i-1 0
Rongelap Unexposed
815 A, N Rh,Rh, kk + Neg 2-2 0
816 O N " kk + " 1-1 0
817 B N n kk + " 2-1 0
818 A, N " kk + " 2-2 1/8
819 0 N " Kk Neg " 2-1 0
420 A, N " kk w “ 1-1 O
821 A, N " kk + " 1-1
422 O N " kk + " 2-2
823 o N " kk Neg “ 2-1 0
824 0
825 O MN " kk " " 2-1 1/8 163
826 2-2 0
827 2-1 V]
828 0] N " kk + " 2-1 0
829 O M " kk + " 2-1 1/8
830 A, N “ kk + " 1} 0
831 A, N " kk + B 2-1 0
832 0O N “ kk + " 1-1 0
B33 6} MN " kk + " 1t 0
834 O N " kk + o 1-1 0
H35 O N " kk + “ 2-1 1]
836 ) N " kk + " 1-1 (] 135
438 [$] N " “kk + " 2.2 1.8
839 O N " kk + " 21 v
84 A, N “ kk + “ [ 0
841 (@] N " kk + " 21 256 213
842 (@] N " ki + “ 2-2 0




Blood Groupings and Haptoglobins, 1958-1959, and BFT and Cholesterol Levels, 1959

Subject ABO MN Haptoglobin Cholesterol,
No. group type Rh-Hr Kett Dutfy Diego 1ype BFT mg %

Rongelap Unexposed (continued)

B43 O N Rh, Rh, kk + Neg t-1 0 181
844 A, MN Rh,rh kk + " 2-1 0 149
845 0) N Rh Rh, Neg " 2-1 174

846 } N " kk + " 2-2 0

8349 A, N " kk + " 1-1 ]

850 O N " kk + " 2-1 0 164
851 A, N " kk + " 2-1 1/4 237
852 (9] N " kk + " 241 0 162
8453 @] N " kk + " 2-2 0

954 B N " kk + “ 2-1 0 182
8535 O N " kk + " 2-1 0 208
856 O N o kk + " 2-1 Q] 172
858 AB N Rh,rh kk + " -1 0 180
859 A, N Rh,Rh, kk + " 1-1 0 202
860 B M " Neg " 2.1 0 187
8ol O MN " kk + " 1-1 0 173
862 O N " kk + " 2-2 0

863 A, N " kk + " -1 0

864 O MN " kk + " 2-2 0 170
865 A, N " kk Neg “ 1-1 0

866 1-1

867 O N " Kk ¥ " 1-1

868 O. MN w - kk + " 2-1 0 207
869 O N " kk + " 2-2 0

871 O MN " kk + " 2-1 0 157
872 B MN " kk + " -1 0

873 B M " kk + " t-1 0 187
874 B N " kk + " t-1 0

475 O N " kk + " 2-1 0 181
876 B N " kk + " 2-1 0 154
877 O M " kk + " 2-1 0

878 O MN n kk + " 2-1 0

880 B N " kk + " 1-1 0

881 O M " kk + " 2-1 0

382 1) N " Kk + " 1-1 0

483 O N " kk + " 2-1 0

184 2-1 I/4

185 B N " kk + " -1 0]

186 2-2 1/64

87 AB N " ki + " 1-1 0

88 B MN " kk + " 2-1 0

389 AL MN " kk + " -1 0 150
91 AB N " kk + " i-1 0

492 AB N " kk + " 1-1

893 O MN w kk + " 2-1 1716

894 O MN " kk + " 1-1 0 152
495 B MN " kk + “ 1-1 0 146
896 (0] MN " kk + " 1-1 ] 165
898 O N " kk + " 2-1 1/4

899 2-2 0

908 A, N " + " 1-1 0

711 O MN " + " 2-1

Y12 A, N " + " 2.2 1/4

913 0 N " Neg “ 2-2 0 136
9i4 O N " " o -1 0

916 A, N " + " 2.1 0 135

- )

o

e
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Blood Groupings and Haptoglobins, 1958-1939. and BFT and Cholesterol Levels, 1959

Subyect ABO MN Haptoglubun Cholesterol,
No. group v pe Rh-Hr Kell Dutty 1 Yiego type BT my

Rongelap Unexposed (continued)

y2l O MN Rh,Rh, + Neg ' 0
922 (9] M " Ney " 2.2 [}]
925 O MN " " " 21 ] 129
928 O N " + " i-1 0 239
932 O M " + " 2-1 )
RN 0 0
934 O N o Neg " 201 0
435 O N Rh, Rh, + o 201 0
w39 O MN Rh Rh, + " 22 1)
Y-+ A, N “ + " RN [+
944 B M " Neg " 2 0
947 @] N " + " 24 0
953 o) N Rh, Ne " 1 164
953 O M Rh Rh, " “ 2-1 0
956 O MN " ” " 2-1 0
958 QO N " + " 21 U
959 O MN " Neg " 2o Q0
Ybl) O MN “ + " 22 [}
u63 A, . N " Neg " 24 0
L A, N " " " 2-1
Yo7 O N Rh,Rh, + " 22 1]
968 11 [}
969 O N Rh,Rh, + " 1-1 )]
971 O N " Neg " 2-2 0
973 O M " + " 2.2 0
976 O N " + " 2 {)
977 O N o + " 21 1]
Y78 A, N " + " 21 1]
980 B MN " + " 2-1 0
4989 21 1]
991 A, N " Neg " 11 0
993 (o] N " + " 21 0
996 O MN " + " 2.4 [}
1003 AB N " Neg " 11 Y]
1005 A, N " " " 1-1 0
Majuru Controls

1000 (9] N Rh,Rh, Neg 22 O
1002 B N Rh,Rh, + " 2-1 0
+003 O N " " 1}
4004 O N " + o 2-1 0
4005 B M " " 1-1 0
N6 O MN " + " 2.2
1007 A, N " Neg " 22 1]
1009 O M " + " 21 V]
Y A, N " Neg “ 3}
012 A, M Rh,Rh, + “ 2.2
1013 O N Rh,Rh, " 1
HHS B MN " " 22 u
1016 O MN Rh,Rh, 2
1017 A, N Ru, Rh, + o 21 V]

A N " Ney “ 11

(92 hY " + " 21

AY N " + " 21
W23 O N “ + o 22 4]
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Bloud Groupings and Haptoglobins, 1958-1959, and BFT and Cholesterol Levels, 1959

Subject ABO MN _ Haptoglobin ; Cholesterol.
No group type Rh-Hr Kell Dutfy Diego type BFT mg %
Majuro Controls (continued)
24 A, N Rh Rh, Neg Neg 2-2 0
1025 O N a + " 2-1 0
3026 A, N Rh,Rh, + " 2-1 0
1028 A N Rh,Rh, Neg " [ | 0
+030 O MN " + " 2-1 1]
31 O MN " + " 2-1 0
4032 O N “ " 2-2 4]
4033 B MN “ + " 2-1
4034 A, MN " + " 2-1
1035 A N " " 2-1
1036 (] M " + " 2-2
4037 O N " ” 2-4
4039 B MN " + " 2.2 0
1040 O MN Rh.rh " 1-1 0
4041 O M Rh,Rh, " 1-1 0
1042 O N Rh., " 2-1
1043 O M Rh,Rh, + o -1
4046 O N " + " 1-1
1048 B M Rh,Rh, + " 1-1
1049 B N " " 2-2
50 (8] MN Rh Rh, + " 2-2
H155 O N Rh,Rh, " 2-1
1056 B N . Rh,Rh, " 1-1
4057 O N " " 2-2 0
4058 9] M " " 2-2
4059 B MN " " 2-2 0
003 A, N Rh,rh " 2-1 0
100+ [¢] N Rh Rh, " 2-2
+)ob Q N " + “ 1-1 0
0067 B N " + " 2-2
4068 A, N " " 1-1 0
HbY A, MN Rh,Rh, + n
70 O N Rh,Rh, " 2-1
1072 B N " " 2-1 0
073 A, N " " 2-1
75 O MN Rh,rh " 2.2
)78 O N Rh,Rh, " 2-1 0
1081 O M " Neg " 2-2 0
1082 A, M " " 2-1 0
1083 O MN Rh,Rh, " " 2-1
1084 AB N Rh,Rh, + " 2-1
5 B N " " 1-1
4086 B N " " 2-1
1087 B N " " 2-2
4088 O N " " 2-1
Utirik Population
2101 AB N Rh,Rh, + Neg -1 0 181
24 2-1 0 202
2105 @] N " + " 2-2 215
2107 B N " + " -1 0 241
2108 @] MN " Neg " 2-1 133
2110 §) N Rh,rh + " 2.1 0
2012 B N Rh,Rh, Ney " 22 178
21014 2-1 4]
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Blood Groupings and Haptoglobins. 1958-1959. and BFT and Cholesteroi Levels. 1959

Subject ABO MN Haptogiobin Cholesterol.
No. group tvpe Rh-Hr Keil Duffy Diego type BFT mg *

Utirik Popuiation (continued)

2116 O MN Rh Rh, + Neg 2-2 0

2118 1-1 17128

2120 () MN o + " 2-2

2121 O MN " + " 2-1 269
2123 O MN " + " 2-2

2125 O MN " + 2-1 /4 225
2126 A, N " + " t-1 187
2128 o] N " + ' 2-1 0

2129 A, MN ' + " 2-1 0 237
2132 o] N " + " 2-2 147
2136 O N Rh,rh + " 1/4 176
2139 (6 N Rh,Rh, + 2-1 0

2140 A, MN " + n 2-2 1/4 216
2141 B N " + " 1-1 0 172
2142 2-2

2144 O N " + " 2.2

2145 O N Rh,rh + " 2-1 220
2146 o] N Rh,Rh, + " 2-1 0 187
2148 A, MN " + " 2-2

2149 (o] MN " + " 2-1 200
2150 O N " Neg " 2-1 0 171
2152 (@] MN " + " 2-1 212
2154 (o] MN " + " 2-2

2156 A, MN " + " 2-2

2157 O N Rh, + " I-1 195
2158 A, MN Rh,Rh, + " -1 0 175
2162 B N Rh,rh + " 2-1 263
2164 (o] MN Rh,Rh, + " 2-2 179
2168 O M Rh, + " 2-2 200
2169 (o] MN Rh,Rh, + " 2-1 1/256

2172 0O N " + " 2-2

2175 O N " + " 2-2 252
2176 A, N " + " 2-2 0 161
2182 O N " + " 2-2 0 220
2183 - 2-1 217
2186 B N " + " 2-2 0 202
2188 O N " + " 2-1 166
2190 B MN " + " 0 271
2193 O N " + " 1-1 1/4 220
2198 O N o + " 2-2 251
2199 A,B N " + " 1-1

2202 "B N " + o 2-1

2203 O N " + " 2-1

2204 O MN " + " 2-1

2206 O MN " + " 2-2

2214 2-1

2216 L) N " + " 2-2

2223 A, MN " + " 2-2

2225 O N " + " 1-1 140
2229 o] N " + " 1-1 167
2230 (o] N " + " 1-1 245
2238 O N Rh.rh + " 2~ 256
2244 2-2

2246 o] N Rh;Rh, + " 2-1 197
2247 O N Rh,rh + " 2-1 191
2248 2-1 157
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Blood Groupings and Haptoglobins, 1958-1959, and BFT and Cholesterol Levels, 1959

Subject ABO MN Haptogiobin Cholesterol,
No. group type Rh-Hr Kell Duffy Diego type BFT mg %

Uurik Population (continued)

2252

O MN Rh,Rh, Neg Neg 2-1 195
2253 0] M " + " 2-1 148
2256 O N " + " 2-1 179
2257 (o] MN Rh,rh + " 2-1
2279 O MN Rh,Rh, 4+ " 2-2 150
2280 O N " + o 2-2 237




APPENDIX 7

Cs' and Zn" Bodyv Burdens, in muC: kg, of Marshall Island Inhabitant

Males Femaies
Age | -13 Age > 15 Age 1-15 Age >15
Subject Subject Subject Subject
No. Cs'¥7 Zn* No. Cs' Zn* No. Cs'V Zn** No. Cs'Y’ Zn
Rongelap Exposed
3 5.65 734 4 174 9.14 12 145 g1
5 140 4.0 7 167 13.8 13 723 5
23 103 125 9 3.67 4.78 14 119 14.1
32 239 o 10 160 8.09 18 8.01 10
47 173 7.80 1 152 6.50 22 57 6.
54 7 8.92 26 115 13.1 24 130 7.1
16 6.05 30 121 9.4
9 10.1 39 144 6.3
49 16% 155 49 795 94
32 194 14 - % 58 112 8.
Lo . 60 925 6.1
. = 63 178 6..
> R 64 112 (R
ol 66 105 15.
aqTE 17 757 0.
L5 . : - 78 141 (R
) it At e - s
Ay 124 +6.15 106 %224 147 %5 19 wst =307 TSE24 8535264 11.0+£335 9.
Ailingnae Exposed
6 7.53 538 16 112 1t.8 8 6.67 9.74 { 8.70 8.2
4 102 10.6 29 835 9.1t 48 131 7.67 43 133 1o
41 157 159 53 10.5 538 45 117 7.0
50 106 209 8L 968 9.41 59 169 13+
- 70 6.50 t2.0
Av  8.87 799 11.5*+3.57 144572 9.99+3.12 B805*2.13 114+448 10,
Rongelap Unexposed
813 818 8.18 823 889 1 805 10.4 6.04 825 107 5.7
814 149 923 830 104 10.5 810 649 13.0 829 6.11 81
815 925 793 831 150 9.45 812 10.1 832 6.4 8.5
818 24 7.32 833 992 8.74 816 11.4 il8 835 654 9.4
8t9 143 9.63 834 213 10.6 821 7.92 8.50 839 192 116
820 9.03 6.14 836 11.4 10.3 891 124 7.95 841 688 40
822 808 7.80 838 5.3 9.95 911 6.45 6.45 843  6.53 11
863 124 8.80 840 188 13.0 955  9.86 17.4 B44 939 7.3
869 106 6.04 845 9.84 6.09 959  6.65 10.3 846 118 10.8
870 630 3.94 849 121 9.92 960 991 8.62 851 104 1.3
874 215 8.70 850 188 13.0 977 122 7.19 852  9.39 1.0
887 110 5.90 853 15.5 5.01 978 108 10.8 854 115 10.9
892 776 8.70 855 19.3 8.93 980 125 8.00 858  6.76 7.3
912 127 7.51 856 218 10.5 993 105 6.58 859 129 8.7
921  9.04 6.21 860 949 4.75 99 10.1 B.18 861  6.06 6.00
939 8.8 10.0 862 120 2.80 998 113 8.26 865 10.8 7.5
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Cs'** and Zn** Body Burdens, in mu(Cl/kg, of Marshall Island Inhabitants

Males Females

Age 1-15 Age >15 Age 1-15 Age >15

Subject Subject Subject
(:sl.n ZnIS No CSIIH ZnCB No. (:slln ZnI3 No Cll.ﬂ anﬁ

Rongelap Unexposed (continued)

9.27 6.56 864 136 173 867 9.36 6.24
14.7 11.9 868 9.72 6.61 871 172 5.96
15.4 12.1 872 190 13.1 876 100 6.10
8.31 1.89 873 19.2 7.23 889 205 12.7
875 163 11.4 893 9.29 7.75
878 13.0 8.49 894 5.61 10.6
880 163 13.7 895 8.81 5.87
881 16.7 12.9 896 8.81 15
882 9.12 12.0 908 11.2 1.60
910 243 14.8 914 114 9.94
935 11.2 159 916 7.91 12.1
944 114 8.64 922 142 9.32
945 9.49 949 934 8.54 8.92
947 187 9.27 942 1l.4 10.9
953 8.68 10.3 957 8.03 540
958 148 9.57 970 9.42 6.01
963 209 8.99 982 9.48 7.65
966 9.05 6.79
969 19.0 12.3
973 123 6.29
1005 4.66 4.96

11.8+4.78 7.87%198 14.0+472 9.86*+286 993+211 932x277 9774282 8.65*+224

Utirik

2.65 2.35 2101 4.03 4.81 2113 2.78 3.21 2104 4.75 3.22

3.58 3.02 .03 7.82 4.26 2126 3.03 2.75 2107 3.02 1.63
4.83 1.35 2105 4.61 4.02 2128 2.83 1.49 2116 4.46 1.96

5.76 1.52 2110 4.16 6.63 2149 4.02 1.92 2129 2.13 3.02

5.51 3.11 2112 2.79 3.23 2159 3.10 2.24 2139 7.07 3.53
5.43 1.94 2114 1.67 1.39 2160 4.40 2.55 2140 4.17 2.53

3.52 214 2120 4.05 3.40 2197 5.60 203 2141 2.67 217

7.14 4.40 2121 4.26 2.28 2210 484 4.03 2154 2.81 2.49

5.12 1.85 2123 6.01 2213 9.04 3.11 2158 3.23 3.08

4.29 2.46 2125 3.77 4.56 2218 5.20 2.88 2164 3.70 1.77

4.35 2.58 2145 5.25 4.07 2225 3.23 2.63 2172 2.08 223

4.51 2.36 2152 5.39 349 2227 8.09 5.15 2224 4.73 2.51

2.75 2.05 2157 3.81 5.88 2228 5.43 263 2230 2.95 2.77

4.24 4.03 2166 6.39 6.22 2256 1.73 2.58 2246 2.54 2.03

2178 4.43 3.15 2247 317 2.50
2185 5.06 3.43

+55+1.23 251*0.80 450160 4.18x1.55 +.52+1.87 280x0.80 357+1.26 2.50*0.58




APPENDIX 8

Urinary Sr** Values in Marshallese, 1959

Females
Subject No. St™, uuC Volume, ml S, uuC/1 Subject No. Se°°, uuC Volurme, mi Sr* anC, !
Rongelap Exposed, Age 1-15
76 5.2 2160 2.4 15 9.0 2160 4.1
76 44 2100 2.1 36 8.8 2400 36
Av 23 39
Age >15
7 105 1500 7.0 12 38 2160 1.8
9 8.3 1700 4.8 12 49 2200 2.2
26 15.3 2110 7.2 14 13.0 1400 9.2
26 114 2160 5.2 22 58 1400 4.1
27 4.5 1150 39 22 12.5 1710 7.3
27 4.5 1900 23 24 39 1500 26
40 18.6 1700 10.9 39 12.8 1450 838
79 21.7 1290 16.8 66 14.2 1510 9.4
66 7.3 2100 3.4
Av 1690 7.3x5.1 1715 5.4*22
Ailingnae Exposed, Age >15
41 11.8 2200 53 45 40 1300 3.0
Kwajalein - Ebeye, Age >15
2404 0.4 940 04 2412 0.3 1010 03
2405 0.8 1920 0.4 2413 06 1610 0.4
2419 — 270 — 1* 0.5 320 15
2416 04 340 1.1
2414 1.7 465 —
2410 0.13 385 0.33
Av . 0.56+0.37 0.7+0.7
Rongelap Unexposed, Age 1-15
818 6.2 {100 5.6
a87 9.0 1000 9.0
874 10.1 1500 6.7
Av 71x20
Ag >15
830 12.0 2200 5.4 843 3.5 2160 1.6
830 8.0 1t 7.2 843 5.7 1710 13
831 5.5 1400 39 865 76 2150 35
838 24.1 2025 11.8 876 7.4 1000 7.4
838 5.5 1490 36 893 1.5 2300 50
849 13.4 1500 8.9 895 47 1050 4.4
963 6.4 1700 37
963 7.8 1300 6.0
882 34 850 4.0
Av 1510 56*28 1730 42+23

*Member of original exposed Rongelap group, living on Ebeye since 1958
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Urinary Sr* Values in Marshallese, 1959

Males Females

Subject No. S, upC Volume, mi SreY, ppC/l Subject No. Se*e, uuC Volume, mi Srtt, puC/l

Utirik, Age 1-15

2128 1.7 430 39
Age >15

2110 23 1750 1.3 2236 2.1 660 3.
2123 1.7 1060 1.6 2246 1.0 510 1.9
2125 2.6 1380 1.8
2145 1.9 680 2.7
2152 0.1¢4 600 0.23

Av 1.5*09 25




Addendum

A NOTE ON THE VEGETATION
OF THE NORTHERN ISLETS OF RONGELAP ATOLL, MARSHALL ISLANDS, MARCH 1959

B.S. BLumserGg* AND R.A. ConarD

Fosberg'* reported changes in the vegetation of
the northern islets of Rongelap Atoll (observed in
1956) which he inferred might have been associ-
ated with the radioactive fallout that occurred on
this atoll in 1954. During the medical survey of
the Rongelap people’ carried out in March 1959,
an opportunity arose to visit some of these islets

*National Institutes of Health, Bethesda, Maryland.

and to re-examine the vegetation. A helicopter
was available for transportation, which permitted
general and detailed air examination as well ax
two short ground surveys. The northern islets were
estimated to have received a radiation dose of
=3000 r. The islets of Naen and Gegen were ex-
amined in greatest detail. The most striking fea-
ture observed from the air was the generally gray
color of much of the vegetation, in contrast to its
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Figure A-1. Map of Rongelap Atoll showing position of major islets.
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Figure A-2. Affected Guettarda speciosa with normal appearing Scaevola sericea.

rmal green color. Ground surveys revealed that
tevola sericea was common and normal in ap-
arance. Many of the Guettarda speciosa appeared
be in poor condition (Figure A-2). In some, all
nearly all the leaves were gone from the termi-
I 1 o 12 in. of the branches, and other leaves
‘re yellowed and shriveled. In other Guettarda,
arly all the leaves were gone, and the bushes
peared completely dead. More than 50% of the
ettarda were alfected in whole or part. In one
-a of Naen several hundred yards inland from

ean beach, there was a field of =30 Guet-

ill of which were dead. Some young Pisenia

v were seen which appeared to be in good

ion. Mature Pisonia were seen which were

lly defoliated, but these did not appear to be

/ different from those seen on Rongelap Islet

southeast corner of Rongelap Atoll. None

mistletoe-like clumps described by Fosberg
re observed. Several Ochrosia oppositifolia were
‘n with nearly complete defoliation, which ap-
ared dead. A small grove of coconut trees near
¢ center of Naen Islet contained 4 to 5 dead
‘es within a radius of == 300 yards, which were
capitated at heights 5 to 12 ft above the ground
th no evidence of axe or machete marks. Two 2-
aded coconut trees were seen, one with fronds
1t were mostly brown and appeared dead grow-
Jtrom the trunk =2 ft below the true crown of

the tree. Several trees had dry and shriveled
fronds, and =6 had deformed buiges 4 to 8 ft be-
low the crown with apparently normal growth
above the bulges.

Photographs of the affected vegetation were
examined by Dr. Fosberg, and he stated that the
changes were similar to those he had previously
reported.

It is not possible to evaluate the cause of the
changes from the present observations. More ex-
tensive and detailed botanical and ecological sur-
veys will be necessary, both on the islands that
received radiation and on those that did not, 10
determine whether the changes seen bear any
relation to fallout. In particular, it should be noted
that these observations were made during the dry
season.

We are indebted to Professor Frank Richardson
of the University of Washington for identifying the
plants, and to Commander W. Lyons, USN, for
his assistance in taking the photographs.
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