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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 offallout on four
inhabited Marshall Islands to the east of Bikini

(see Figure 1) and also on 23 Japanese fishermen

aboard their fishing vessel, the Lucky Dragon. Of

the inhabitants of the island of Rongelap, 105

nautical miles away from thedetonation, 64 re-

ceived the largest fallout exposure: an estimated
dose of £75 r of whole-body gammaradiation,

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 people away on a nearby
isiand ({Ailingnae), where less fallout occurred,re-

ceived only an external gammadose of about 69 r.
There were 28 American servicemen on the island
of Rongerik further to the east who received about

the same amountof radiation as did the Rongclap
people on Ailingnae. Lastly, 157 Marshallese on

Utirik 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 Navat Base
about 150 miles to the south, where they received

extensive examinations for the following three
months. In view of the generally negative findings
on the American servicemen, they werelater re-

turned to their duty stations. The Uurik people
were also allowed to return to their homeisland,

where radioactive contamination was considered

io be of a slight enough extentto 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
Atoll several hundred miles to the south, where

they lived for the following 3'2 years and were ex-
amined at yearly intervals by a special medical
team. [n 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 Island.
A group of more than 100 Rongelap people,

who wererelatives of the exposed people but had

been away from the island at the timeofthe acci-

dent, moved back with the Rongelap peopie 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 Atoil to examine a group of children who
represent part of the control group used for the

growth and developmentstudies of the exposed
children.
oe 500" 209  
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The accumulation of data from these surveysis
becomingincreasingly voluminous. Since condi-
tions have not been favorable for performance of
extensive statistical analyses or use of electronic
computing procedures to store and manipulate the
data, the annual survey reports published by this
Laboratory are made as complete as possible. This
report, therefore, includes a considerable amount
of raw data, muchof it in appendices, so that
others may have an opportunity to make further
calculationsif 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 madeat the following times after expo-
sure: initial examination,’ 6 months,’ | year.' 2

years.' 3 years,” and 4 years.* The following is a
brief summaryof the findings previously reported.

Durin she:fem 24 to 48, hr a =pesure,

ong Jap pile ¢ tenced
anorex#® aad*nee few vomited and had

diarrhea. Btany also ‘experienced edad and

burningofthe skin, and a few oq :
rymatt nd burning of the «

the people remained asympsomthic eatDe
weeks after the accident, when cutancouslesic

  

   
   

 

    

    

 

and toss of fair deidiieped, due largely to beta :ir
radiation of the skift It was apparent when the
people werefirst ewamined, a few days after expo-

sure, thatghe lympljicytes were considerably de-
pressed and that-aig@@ficant doses of raditicn had
probably been received. In addition to the whole-
body dose of radiation and the beta trradiation 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 be 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 whorecetved
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

 

Ailingnae and Utirik groups were similar butless

marked. Certain unexplained fluctuations have
occurred from year to year in the peripheral blood

levels of the comparison populations as well as of

the exposed groups. Depression of the peripheral

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

Lymphocytes fell promptly and by the third day
were about 55% of the control values in adults.

andslightly lower in children, There was only
slight recovery after six months. At 2 years, al-
though further recovery was evident, the mean
values of these cells were still found to be beiow

the comparison population levels (75 to 80%). At
3 years the mean lympho ts wereslightly
below those of the comparison population. At4
years the mean level appeared to be aboutthe

same as that of the comparison population, bu:
many counts remained lower.

Neutrophil levels fuctuated considerably dur
ing the first few weeks but feil gradually to a low
of about 50% of comparison population levels by

the 6th week after,Xposure. Slow recovery en
sedout at 6m -were still slightly belov

™ ls. ‘He@rver, by 1 year post ex

   

 

at
. poraryhadreturned'tg{he level of the com

. parisonpepulation angtelve.remained so, wit
eee sibleexception of thogaf children <UL

Fold, which4 nerally havébeen lower thar
oseof the unexposed children of comparablh

age. ae
Plateletdel to about 30% of the unexpose:

yrttle¢rh week. By 6 months they ha
0%ashe COM@ipals;at | vear the mea

phatifer count waa still belo t of the contre
population but higher than atthe 6-month surve:
Althoughfurther increases were apparentat th

2-, 3-. and 4-year examinations, the levels wer

still below those of the comparison population,
Changes in hematocrit were not remarkablej

any of the groups.

Clinical examinations revealed no disease proc
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 encour

tered were no more severe or frequent in the irrad

ated group than in the unexposed group, eve

during the pertod of greatest depression of peripl
eral blood elements. Three persons in the expose
population died of disease: (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 whodied ofacute varicella, 4 years after ex-

posure, who had received only 69 r, having been

on Ailingnae at the trme ofthe fallout. There was

no apparent relauonship between any of these
deaths and radiation exposufe, and mortality in

the exposed group did not appearto be gregter
than in the unexposed population.

It was difficult to evaluate the effects on fertility.
However, a number of apparently normal babies _
were born during the 4-yearperiod, and there hag**©

been no discernible fall in Gigah A stightly-

higher numberof miscarriages e¢c Pin theex-
posed womenthanin the ynexpose@ group;this
will be further evaluated in the presentreport. No

opacities of the lens or other eye changes have
been found that could be related to radiation.

Studies on height, weightingbone age seemed

to show a slight degree of fgpamiie

and developmentin the ex ee rc

ever, the small numberof 2 ite ft tg
a later finding that exacta :
dren were in doubt,has resufted in @ re-evaluation
of these data based on more reliable age deter-

minations.
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   It was impossible to get a urate estimate of
the radiation dose to the skig. ta burns of the
skin and epilation appeared:ittagpt 2 weeksafter
exposure, largely on parts of ti@@ibdy not covered
by clothing, About 90% of i g bas aes
burns, and a smaller num aD ihe
epilation of the scalp. Mig

superticial, they exhibited jij
scaly desquamation, and *

little pain. Rapid healing
followed. Some lesions we
desquamation, and weregin
burns becamesecondarily SBeWed :
treated with antibiotics. Re
lesions gradually took place in most instanésys
the skin appeared normal within a few wee.

    

  
  

However, in about 15% of the people,=a

   

lesions, particularly noted onthe dors,
feet, continued to show lack ofte pgaiiiiamigs
with varying degrees of scarringar
the skin. At + years the only residual effects ofbeta

 

 

  

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 ume have
changes beén observed either grossly or microscop-
ically indicative of malignant or premalignant
changg. Spotty epikggson on the heads was short
lived, regrowth of| “occurring about 3 months

after exposure and complete regrowth of normal
hair by six months. No further evidence ofepila-
tion has been seen.
An interesting observation was the appearance

of a bluish-browa,pigthentation of the semilunar
v ateas of the fingernails and toenails in about WAY

of the people, beginning about 3 weeks after expo”
sure. By 6 months, this pigmentauon had largely

grown out with the nail and had disappearedwa-

most cases. The cause of this phenomenon halt:
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beenplained, peet on
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INTERNAL IRRADIATION

Radiochemical analyses of numerous urine
samples of the exposed population showedinternal
absorption of radioactive materials, probably
brought about largely through eating and drink-
ing contaminated food and water andto a lesser
extent through inhalation. During the first few

days when the body levels were at their highest,
the maxffhugypermissible concentrations were ap=
proached 9Faii Uiggicceded only in the case-of
strontiug fie iisotopesof iodine. Theo6-
centrations
anyserious eff
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after careropervdtaias considered

Mion, despite a per lowdevel of
ftamesation) was reflected in a rise

‘burdensand increased urinary ex-

MBionyclides.Beginning in  
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20; and someincrease also in zinc-65, since the re-

ieved to be too low to result.ie
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rontium-90 by a factor of{to”



turn of the people to Rongelap. The body levels of

the unexposed people who returned to the island

also increased, becoming tndistinguishable from

thuse of the origtnally exposed group. However,

the levels remain well below the maximum per-

missible Limits. Analyses of bone samples on one of
the men whodied showed 3.7 stronttum-90 units/g

calcium.

OTHER STUDIES

Other studies have been carried out on the

Rongelap people which are not directly related to

radiation effects. An intensive intestinal parasite
survey showed that the people were infected with
many types of protozoa and helminths. This find-

ing did not entirely account for the generally high
incidence of eosinophiha, Othe: nndings that need

further explanation are the general anemic tend-
encies, the high plasma protein levels with in-
creased gamma globulin, and the higher than

normal levels of serum protein-bound sodine and

vitamin B,,. Another investigation is concerned

with genetic studies and determination of the

anthropological background of the Marshallese

from genetically determined traits. Among the

traits studied were blood groups and hemoglobin

and haptoglobin types. The results shed some fight

on the origin of these people and the homogeniety

of the population. Their blood groups resemble
most closely those of the people fram 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.
|. 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 Must instances.

2. The lack of vital statistics or demographic

data on the Marshallese imposed a serious dith-

culty in interpretation and evaluation ofthe medi-

cal data. Records of births. deaths, etc.. have been

made by the heatth aides or mawistrates ol the vil-

laves and supposedly forwarded to the district ad-

Hunisttator, however, such records have been i-

 

complete or iost in most instances, and vital statis-

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

3. There is uncertainty on the part of some of
the Marshallese as to their exact ages, particulariy

amongthe older group. This imposes certain difh-

culties 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 years, 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 otherislands to live with them.

These people had been away trom Rongelap

Atoll at the tume 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 doubied in size.

Since the people are of the same stock geneti-

cally, they are uniquely appropriate to serve asa

comparison population and have, therefore, been

used since 1957.

1959 Survey

SACKGROUND MATERIAL

Organization

For the 1959 survey, 5 years after the accident,

the medical team consisted of seven physicians,

one dentist, two scientific specialists. and nine

technicians from various institutions and labo-

ratories in the United States. Several Marshallese

practitioners and interpretersassisted in carrying

out the examinations.
A groupoffive scientists from the University of

Washington, headed by Dr. E.E. Held. accom-

panied the group to collect sou, marine, and plant

samples for radiochemical analysis. These studies

are not tacluded in this report.

Prior to 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 controlseries 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
steel room which had been stored there and also

the medical equipment and supplies. The medical

team was berthed and fed aboard theship for the
expedition. The ship was beached at Rongelap

and Utirik for easy accessibility to the villages.

Attitudes of Rongelap People

Whenthe team arrived at Rongelap, the mag-
istrate of the village indicated that there was some

confusion and uncertainty in the minds of some of

the people as to the necessity and significance of

repeated medical examinations. He thoughtit
wise to call 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 to Rongeiap, copra pro-
duction had not increased to the extent that the

Trust Territory officials had hoped. Consequently,
since copra production ts the prime sourceofin-

come, there was some concern over the slowness

with which the people were getting back on their
feet economically. It had become neceasary to ex-

tend food subsistence beyond the timeoriginally

pianned. Fishing was not being carried on as
actively as wt should have been.

Ac 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. [t was difficult to

explain to them that, though they appeared to be

iy wood health and to have recovered from the

acute cHects of radiation, very bitte was known

about the possible late etleets of radiauon, 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 eating 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. Thereafter complete cooperation and
the usualfriendly relations prevailed throughout
the stay on theisland.

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 groupwas favorable toward the special
medical assistance being rendered the people.

Upon completion of the 1959 survey, a meeting

was held for the people, 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 orai 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 small gifts were exchanged as tokens

of appreciation of mutal cooperation.

Figure 4. Coconut crab (robber crab, Birgus faire), con-

sidered a delicacy by the Marshallese. (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

Lacation of Examinations

LST Tank Deck. Whole-body gammaspectros-
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 rampdirectly onto
the tank deck, proceeded to the showerfacility

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 gammaspectroscopy
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
to 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 madein the school-
house. The counct! 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 of che 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 ofthe left wrist

BEST AVAILABLE COPY



  
Figure 7 Heniatology Leboratury, Rongelap [sland

BEST AVAILABLE COPY



and hand for hone developmentstudies); studies
of aging criteria; spectal examinations of the skin
with color photography of selected lesions: oph-
thalmological studies including slit-lamp observa-

tions, visual acuity, and accommodation, audio-
metric examinations; cardiovascular survey; and
x-ray examinations as deemed necessary.

In 1959, 96 exposed people, including their

children, and [66 unexposed people were exam-
ined on Rongelap.

Cardiovascular Survey. In view of the possible
association oflate effects of radiation with cardio-

vascular disease, the following cardiovascular sur-

vey was carried out.

1. Climeal Aistanes 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 ofthe veins.

3. Instrumental procedures: Systolic and dtastolic

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. Electra-
cardiograms were taken on people 20 years of age
and over (84 unexposed and 38 exposed indi-
viduals), The electrocardiograms were taken bv a

Sanborn Direct Writing apparatus which had
been specially shock mountedfor field use.* In al-
most all subjects the electrocardiograms were
taken with [2 leads, to include three standard bi-
polar limb leads, three augmented unipolarlimb
leads, and six unipolar or V chest feads in accord
with the standard 1 2-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 permanentloan basis.

ings used for the medical examinations. Induction

currents often caused interference, and groundin:

of the instruments at times was difficult. Ther:
werc also technical variations because of variabl:

line voitage and amperage. X-rayfilms of the ches:

were taken on selected subjects when indicated!

The number taken was kept to a minimum t

avoid additional radiation of the exposed people
even though the dose involved was extremels
small. The Alms were used chiefly for the study o!
the lungs and, to some extent, for measurement «!
heart size and shape. Chest films were obtained on

11 subjects in the unexposed group and 7 in th

exposed group.
It should be pointed out that there was ne

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 tn the out-

patient departmentof a hospital.

Arthritis Survey. During the course of other
studies on the Rongelap population, it was pos-
sible to obtatn information on the prevalence ol
arthritis and allied phenomena. Since little is

knownof 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 inHuenceofradiation ex-
posure on degenerative diseases.

X-rays of the hands and wrists were graded for

osteoarthritis on a scale of 1+ to ¢+ by the

method of Kellgren and Laurence” as modified bs
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, 46 doubtful, and any titer below 15 nega-

tive.* A joint examination on each of the Ronge-

lapese was performed by the medical examiners.
and anyindividual with significant joint findings
was re-examined by one of the physicians experi-
enced in the diagnosis ofjoint disease. Treatment
of the joint disease was undertaken whereindi-

cated.

“Weare indebted to the following personnel of the Nationa!

Institutes of Health: Drs. R.L. Black, f. J. Bunim. and E.G 1.

Bywaters for reviewing the x-rays: and Dr. K. Bloch for perfurm-

ing the bentonite flocculationtest.

=
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Dental Survey. Intra-ora} examinations were

conducted as part of the physical examination All
pattents were examined with mouth mirror and
explorer. Illumination was by standard operating

hght. Salivary pH was taken byuse of pHydrion
on all eplajerss|who were nol cating candy or any
other foods wifSalva samples were from
these pasientsa¥tite time pH detergnihauitins were
made. Intr’a-oralradjograms. enofavgilable.
Dental éxamination® werevos on the fol--
lowing ‘growps: 30 chitdrea aEMajure; all the

adults Teatos at Rongefap tebo.were iin the

physical exaf@nation é p: arianber of
children at Utirik. J ™

Studies of Aging Criteria

Although the exposed group has shown noout-

ward evidence visible by gross observation ofany

aceélesgicd aging effect of radiation, it was

thought desirable to have avatlable measurable
criteria of possible age changes for use during nor-

mal physical examination. Therefore the over-all

objective of this study was to establish tags to

 

om ~. evaluate any possible radiation- inducedsenes-

e ' rt living

  

ta(presentedia later section on
results} collected during the 1959 survev (5 vears

after exposure} showed no apparent differences

between the exposed and unexposed groups.

Therefore the data from the two groups have been

pooled with the objectives of presenting the meth-

odology, indicating the irend of changes with age

of the vartous aging criteria chosen. and attempting

to determine a biological age score for individuals
and different age groups.

This study was hampered bythe small number

of people involved and the lack of vital statistics on

the Marshallese people. Another difficulty has
been the uncertatnty of exact ages in some cases,
particularly in older people.

Data on aging criteria were recorded only on

adults 20 vears of age and over. Of the 126 adults,

42 were in the originally exposed group and 84 in

the larger comparison population. Table | shows

the age and sex distribution. The ages were reason-

ably well distributed except for a smaller number
of older people ( ~>60 years of age)

The age criteria chosen were based on changes

gencrally belreved to be associated with physiolog-

cal senescence and represent only a small number

of the possible ones. They were selected witha

 

Table |

Age Distribution in Rongelap Adult Population, 1959,

Used in “MeineSStuds

 

Exposed

Age. vr M F M F Total

20) 24 1) 5 1 6 12
25-29 2 1 12 6 21

30-34 3 2 3 4 13

35-39 ! 4 4 4 i
40-44 4 2 6 3 15

45 49 i 0 2 3 b
50-54 I 0 4 5 1!
55 59 2 i 8 ! 7

60-64 0 6 5 j l4

65-69 0 0 2 3 3

70-74 1 2 0 0 %
75-79 0 1 0 0 1

> 80 2 i 2 0 4

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 necessarily limited.*

Ofthe 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 artenosclerosis

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 elasticity

(Figure 8). The legs of the caliper can be opened
to any desired degree up to 5 cm on scale 4 bvad-

justing screw 8. The spring tension when thecali-

per 1s closed on a fold of skin results in a pressure
of about 5010 g. The inner and outer surfaces of the

iegs are calibrated in millimeter markings (C }.

“Several tesis. such as pulse and hlond pressure response to a
Iwo-step (est and vital capacity, were tried 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-
urementof skin looseness and also seemed to give
the best correlation with age. The measurement

was carried out by grasping the skin with the
thumb andforefinger, pulling it gently outward,
and applying the caliper opened to 4 cm so that
each leg wasfirmly against the skin lateral to the
fingers. The caliper was then allowed to close by
its own spring tension, and the height of the foid
of skin impinged was measured in mm on scale C.
The elongated ends of the legs impinge on a |-cm*
surface of skin and exert a pressure of 500 g. There
is little variation in spring tension in the fast 2. cm
closing range of the caliper. The heightof 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
thoughtto 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 2 cm
(on the crossarm scale) and allowed to close ona
 

*The reliability of the skin looseness and skin retraction ume

measurements was tested by having two examiners take data on

20 hospital patents of various ages with the sian calipers. The

mean values with their standard deviations were: for skin loose-

aessinmm, 20.85 ~0 7! and 20 90 +0.70, for skin retraction

time an seconds, 58 27413 and 58.75 + 8.18. No segnificant

difference was found between the means ol the two examuners,

who had previously ascertained that their rechniques for using

the calipers were alike.

1

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 naturalfoids of

skin. The caliper was allowed to remain closed for

exactly 60 sec and then removed, and the time 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 tn older

people; ifthe fold had not retracted completely in
90 sec, this ime measurement was used.

3. The exposed skin ofthe hands andface was ob-
served for the presenceofsenile 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 yreying ofthe Aatr was expressed
on a 0 to ++ scale as follows: 0, no greying; 1+,

slight “salt and pepper:” 2+, 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+,

sheht receding of the hair at the temples; 2+,
marked receding ofthe 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. |. 4ccommoedation* was meas-

ured in diopters by use of the Prince refracting

rule. The average reading of the twoeyes was used.

2. Visual acuily* was measured by Snellen’stest.
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 senults was estimated on a 0 to 4+ scale.

Only slight limbic clouding was scored as 1 +, and
increasing cloudingraised thescore.

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

“The tests were carried out under standardized conditions, but,
in view of the necessity of using an interpreter under field con-

ditions, it was not feasible to repeat them with a different exam-

iner. The data are thought to be sutheiently reproducible to be of

relative value, although not so accurate perhaps as those ob-
tained under more desirable conditions.

**The authors are grateful tv the Armed Services Medical Pro-
cureinent Agency, Fort Potten, N.Y , for loan uf the audiometer
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frnpamrmenct of hearing was averagedlor the two

ears as tollows: the decibel loss for cach of seven

frequencies (200, 500, 1000, 2000, 5000, 4000, aod

7000) tn each ear was averaged lo vive a mean

frequency loss in decibels for the two ears.
Cardiovascular Changes. |. Systolic and dias-

toliv Aloud preosures were obtained with the stand-

ard aeronod cull-type sphygmiomanometer ‘Two

readings were ubtained, and the average value

was used. There was no basic or adjusted leved of

physical activity such as resting for a standard

period prior to the readings. Pressures were taken

on the left acm with the subject supine during the

course of the physical examination.

2. The degrees of peripherad arterwsclerovis and

redinad antertoscderosts were scored on a U to 4+ scale

‘The fortner was estimated by palpation ofthe
peripheral arteries, the later by viewing the retina

with an ophthalmoscope.

Neuromuscular Function. Neuromuscular func-

tion was measured by having the subject depress

the hey of a hana*tally ty pe of blued cell Counter

4s Iany Gunes as possible in the period of one min-

ule. The total number of depressions represented

the score.

Hand Strength. Hand strength was measured

by a Smedley hand dvnamameter.* The spring

tension of the hand grip was measured in kilo-

grams. Phe maxitnum squeeee strength in the

donunant hand in three tries was recorded.

Handling of Date. Because ofsex differences,

some of the above criteria were evaluated sepa-

ratelyfor che twosexes, these were baldness, neuro-

rauscular function, and hand strength.

In order that the estimated and measured data

could be compared and combined, both types of

data were converted lo a percentage scale. The

estimated values 0, 1+, 2+.3+4,and 4+ were pre-

sented also as @, 25, 50, 75, and 100%, respectively.

In the case of the measured data, the values assoct-

aled with least aging were taken as zero percent

tsomeumes the highest reading, as with hand

strength, sometimes the lowest, as with hearing

loss), and those indicating most aging as | U0.

Vhe data were examined on both an individual

basis and a population basis. A mean age score

was obtained lor each individual by averagingall

lus percent test values. In studying population

trends, means were cale ulated for each criterion

by 3-yeu age groups (in invst cases) inebudimg

"COM Stocdtiny Gompans Cbacaue it

combined exposed and unexposed populauons,

these were plotted, and a curve was drawn accord-

ing tu the best tte by eve. A curve was obtained in

the same wayof the 5-vear group means of the

individual mean age scores, The combining of

scores Into 5-year age groups was dane to reduce

pussible errors duc to the uncertainty of the exact

age of some individuals.

Laboratory Procedures

Hematological Examinations. Two complete

rouune blood counts were done, about a week

apart, and a third was dune on persons showing

abnormalities. White blood counts, red blood

counts, and Price-Jones curves (for determination

ol red cell size distribution) were obtained with

the electronic Coulter, which proved verysatisfac -

tory and time-saving for this type of held examina-

tion. Differential counts were performed in the

usual manner after staining with Wright's Aud.

Platelet counts were done by phase microscopy,

and hemoglobin was determined by the cyan-

hemoglobin technique wich the Lunitron 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

aur to the varivus laboratories in the United States

tor analysis.

Urine Analyses. Routine urine analyses were

carried out on ail people receiving physical exam-

inations. These included determinations ofpra-

tern and hyperglucosuria by reagent paperstrips. *

In all cases showing positive tindings, the urine

was centrifuged and the sediment examined mic-

roscopically. in the four cases showing positive

urine sugartests, 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 trom exposed

and unexposed Rongelap people, and also in

about 70 blood samples from people at Urirtk

Island and 63 from people at Majuro Atoll. These

analyses were dune at the National [nstitutes of

Health by Dr J.H. Bragdon and Mr. J.C. Lauter.
ComplementFixation Tests. Scrum samples ub-

tained from 163 expased and unexposed Rongelap

people were trazea and sent to the Nauonal Insti-

tutes of Health tor various exanunations. Gom-

"C tiestex, Nantes Clanpaatiy dee PUReiad dt) Iednaiia



plementfixation tests were carried out by Mr H.

Turner and Dr. R. J. Heubnerfor the following
diseases: para-influenza |, 2, and 3; respiratory

syneitial; psittacosis group; and Q fever. The
modified Bengtson method was used.'' ‘*
Sodium and Potassium Levels. Determinations

of sodium and potassium urinary excretion and
dietary levels were carried out by Dr. L.K. Dahl

of Brookhaven Nationa! Laboratory. 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 fame photom-
etry. Several sample meals trom 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 shown sur-

prisingly high protein-bound iodine levels. In
order to determine whether 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

iodine, butanol-extractable 1udine and thyroxin
binding proteins were determined. Several urine

samples were analyzed for total iodine content.
Serum Vitamin B,,. Determinauons 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 In-
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 ofthe

people and in establishing a base line of genetic
characteristics for detection of possible genetic ef-

fects of radiation in future generations. These
studies included the following: blood groups ABO,
MN, Rh-Hr, and Dulty, Kell, and Diego by Dr.

{3

Leon N. Sussman, Beth Israel Hospital, New

York, N.Y.; and haptoglobins by Dr. B.S. Blum-
berg and Zora Gentile uf the National Institutes
of Health. Blood samples were obtained from 176

individuals representing 70%of the inhabitants of
Rongelap for the above studies. Aliquots of urme
sampies from 65 exposed and 119 unexposed

people collected for routine analysis were used for
determination of 8-amino-se-butyric acid. Eight-
een urine samples from Utirik were also analyzed.

Blood Groupings. To complement studies be-
gun in 1958, biood grouping studies were carried
out on 5? of the blood samples mentioned above.
In addition, 64 blood samples were collected at

Utirik, and 65 at Majurofor this purpose. Dr.
Sussmantested these for ABO, MN,Rh-Hr, and
Dutty, Kell, and Diego factors.

Haptoglobin and Transferrin. Further analyses
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 disconttnuous buffer starch ge] method of

Poulik''! on 66 Rongetapese 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 electro-

phoretic studies of hemoglobin types were also

made on these samples by Dr. R.L. Engle, fr., and

Dr. G. Castillo of the Cornell University Medical
Center, New York, N.Y.

Glucose-6-phosphate Dehydrogenase Activity of
Red Cells. Various studies have indicated that a de-
ficiency of the enzymeofred cells is rransmitted by

a sex-linked gene. Individuals with this deficiency

can develop a hemolyuc anemiaafter the inges-
tion of certain drugs (¢.g., primaquine or fava

beans'’ '*).

In the present study the blood samples were col-
lected in ACDsolution, refrigerated {4°C), and

sent by air to Seattle, Washington, wherethetests

were done by Dr. Arno G. Motulsky, Department

of Medicine, University of Washington. All tests
were performed within one week ofcollection.

Tests were done on 151 individuals: 75 males, 75

females, and one not classified.

B-Amino-iso-butyric Acid (BAIB} Excretion. Dit-
ferential excretion of B-amino-se-butyric acid
(BAILB) 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 homozyyousfor a single recessive gene, and
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low excretors cither heterozygous or homozygous

for the dominant allele. Striking differences in the

incidence of high excretors in various populations
have been demonstrated, and it appears thatthis
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 to

the Micronesians inhabiting the Marshall Islands.

The fact that same 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

BAIE excretion,’' and studies on the Marshailese

population may elucidate possible long-term ef-
fects.

Urine samples from 65 exposed and E19 unex-

posed people (75.7%of the population of the vil-

lage} were collected in plastic bottles containing

thymol preservanve. The sexes were equally repre-

sented, and the ages~aried from 3 to > 70 years.

In some cases several members of the same family

were included, and some kinships suitable for

genetic analysis were available. Eighteen samples

collected on Utirik were also studied. Urines were

kept at 4#°C and shippedin refrigerated containers

to Seattle for analysis. These studies were carried

aut by one of us (B.S. Blumberg) and Dr. S.A.
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 Evaivation

The methods used in the radionuclide 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 ofthe ex-

posed people only. Several facturs 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 officials were con-

cerned about the slowness of economic recovery of

the Rongelapese and felt chat the numerousvisit-

ing scientific teams, particularly those with large

ships and crews, were pardy responsible for the
unrest of the people and therefore requested that

the size of the surveys be kept to a mintmum.It

was decided to defer the gamma spectrographic
analysis unul 1961. The Trust Territory officials

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 roundsofthe islands fur 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 officers, and two

Micronesian laboratory technicians. The Director

of Dental Services and one of his dental officers

also accompanied the team to carry oul treatment

of the people. The District Administrator of the

Marshall Islands accompanied the team in order
to consult with the people on their agricuitural
program. *

Asin the previous year, several of the exposed

people now living at Kwajalein and Mayurg 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-
strate requested a meeting with the people. The line ofquestions
and discussion was about the same as thar ceported for the pre-
vious year. Resistance toward the examinaiions was expressed by
only one or two of the people. Objections were again raised
against the ban on eaung coconul crabs, «hich selectively con-
centrate Sr" to such an extent that their consumpuion had to be
prohibited (Figure 4). The peopie were assured that these crabs
were being repeatedly examined and that, when 1 was safe to
eal them, immediate nouficauun would be given. Fish powoning
apparently had beenless of a problem during the past year since
unly one case had been noted, and the subject was not brought
up again Following this meeung, (ooperanon by the peaple in
the examinations was almost complete
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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 Populanon by Age Groups

Rongelap control Rongelap exposed Marshall Islands US.
Age, yr (206 people, 1959) (102 people, 1959) (1948-50) (1940)

<15 45.6% 49.0% 33.8% 25.1%

15-24 11.2 12.7 18.9 18.2

25-44 23.8 20.6 25.9 30.1
45-64 150 10.8 15.5 19.4

>65 44 6.9 a9 6.8

fedian age, yr 19.0 16.2 23.6 29.0
 

n the exposed population only. The histories were

tken by one of the Marshallese doctors. Com-
‘ete physical examinations were done,but special
xaminations, such as slit-lamp studies ofthe 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 WBCbyelectronic counting technique

(Coulter), diflerential 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 Sr”.

 

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

numberof 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-
shall Islands as a whole in 1948-50 and for the

United States in 1940. The table also shows the
median ages. The lower median age of the Mar-
shailese would seem to support the impression that

their life span ts shorter than that in the contnen-
tal United States.

During the interval between the surveys of 1958
and 1954 the peuple of Rongelap suffered no
inajor epidemics. There were the usual bouts of

upper respiratory infections. A fewcases of chicken

pos developed tn April £958. two ofgreat severity,
one of which resulted in the death of a $6-year-old
tua(50) trom the exposed group. During the
sear Navy evacuation planes removed these two

cases to Kwayalein Hospital (150 mites away) for

Ireatmnent, and alse the following cases: perforated

appendix, threatened abortion, retatned placenta,
complicated delivery, pyelonephritis, and acute

dharrhea. Phree of these patients were in the ex-
posed group. Four cases of fish poisoning occurred
dluring the year with the usual symptomsof nau-

va, vomiting, diarrhea, fever, double vision, and
ungiing sensations in the limbs. Cancer of the

ovary wasfoundin a 61-year-old woman in the

ixposed 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-
gelap [sland was generally uneventtul. However,

an epidemic of influenza occurred in the Marshall
Islands in 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 [0 cases of

influenza developed, two of wluch became com-

plicated by pneumonia resulting in death - one in

a 33-year-old man ( 4933) and the other in a 64-

year-old man (3927). Both these men had com-

plicating diseases prior to influenza; one had sut-
fered a cerebral hemorrhage with hemiplegia sev-

eral months earlier, and the other a urinarytract
infection, The 61-year-old woman with cancer of
the ovary, discovered in 1958, died in May 1959.

Unfortunately, nv autopsies were obtained on

these people. This brings the deaths to four fur
the exposed population. One other death occurred
in the unexposed control population on Rongelap,
that of a S4.yenirakgwiieeed 3854) whodied of    
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Rongelap. During that year the health aide was

visited frequently for upper respiratory infections

(nearly everyone hadat least one cold during the
year). Gastrveniteritis was also a frequent com-
platne.

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 pepulation.

The Marshall Islands annualrate is reported as
6.8 per 1000. The unexposed Rongelap popula-

tion has had four deaths also, which gives a rate of

4.3 per 1000. These hyures do not includefetal

and infant mortality. The people of Utirik Island,
who received about [4 r of radiation in the 1954

accident, have shown a death rate of about 10to 11

per 1000 population. Their population has varied

between 160 and 213 people since the event.

Pregnancy Terminations -

During [958 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 Data,
Rongelap Exposed (1954-1959)

and Rungelap Unexposed (1956-1959)

 

% %
Exposed Unexposed
 

nen giving birth to living
midren ot 66

Women with miscarriages* but

no hve births 18 11

Women with no recorded

pregnancies 18 22
Women with | or more

miscarriages 41 28

Women with 2 or more

miscarriages i+ i

Pregnancies terminating in

iscarriages 43 23

 

*Tnctudes children dying hrst few hours after birth.
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group are compared with those in the unexposed

group in Tables 3 and +. Since any radiation-in-

duced genetic imperfections that might result in

nonviable offspring might be present in the germ

plasm ofthe 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 £954 were excluded from the list because they

had been concetved before the accident.
Table 3 and Figure 10 show the yearly inci-

dence oflive births and miscarriages and the sex

of babies born of women ofchild-bearing age in
the exposed and unexposed groups. Under the

category of miscarriages are included sullbirths
and babies dying a few hoursafter birth. [t 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. Vhe 24 live births
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over a 6-year period in the exposed population
represent 48 per 1000, and the 20 births overa
4-year period for the unexposed population repre-
sent a rate of 62 per 1000. Thefourin utero irradi-
ated children did not show any abnormalities nor

have they shown any impairmentof 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

been observed in 1957 in the children. when abou
10 had night blindness associated with vitamin 4
deficiency." The improvement may be duein part

to the argicultural program on theisland resulting

in the availability of papaya and squash. The

usual numberof skin infections and fungusdis-

eases was noted, as was the usual tncidence of

impetigo in the children.

PEDIATRIC EXAMINATIONS

The numbersof children seen during the 1958.

1959, and 1960 surveys are summarized in Table

 

  

no indication of vitamin deficiencies such as had 5. In the limited 1960 survey, only the body meas-

 

Table 5

Numbers of Children Examined in 1958, 1959, and £960
 

 

In 1958 but’ En 1959 but In 1959 but
In 1960 In 1959 In 1958 not in 1959 not in 1958 not in 1960

Exposed 35 34 39 5 (5)* 0 . oO
Nonexposed with exposed parents 10 20 13 0 7 LO
Nonexposed, Rongelap 31 82 88 16 (3) 10 34 (2)
Nonexposed, Majuro 0 15 20 6 (2) l 15
Utirik 0 60 0 0 60 60
 

*Numbers tn parentheses are numbers of children not examined who had becomeadults or near-adults since thepre-

ceding survey.
 

 

Fable 6

Summary of Physical Findings on Children, 1959
 

 

Exposed Nonexposed with Nonexposed Nonexposed
Rongelap (34)* exposed parents (20) Rongelap (82) Mayjuro (15}

Chronic impetigo (active ) 10 7 25 0
Molluscum contagiosum 0 1 6 0
Tinea versicolor 2 0 0 2

Chronic otitis media 0 0 4 0

Palpable liver
Under 3 cm 4 ! I5 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 ! 0 0 |
Cheilosis 0 0 0 l
Asthma 0 0 L iv
Loss of hearing, unilateral 0 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 noelevated blood pressure in 58 children examined, and anincidenceofobesity 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, che total over-all attrition

rate between 1958 and 1959 was 10%. Of the 18

children not seen in 1958 but examined in 1959,

14 were babies born tn the interval between the
lwo examinations.

The age distribution of children examined in
1959 wasas follows:

Age, yr
 

<4 4+to9 210 Total
 

Exposed 19 15 34

Nonexposed with
exposed parents 20 , 20

Nonexposed. Rongelap 30 26 26 B2

Nonexposed, Mayuro 6 9 15

Utirik 3 ? ? 60

The occurrence of various medical conditions 1s

summarized in Table 6. There seemed to be no

concentration of clinical abnormalities tn the ex-

posed groups. Since the incidence of manyofthese

conditions could have beenrelated to the ages of

the children at the time of examination, two ofthe

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

available birth date estimations. A tendencyfor

these findings to occur more frequently in the

younger children was noted. The incidences, how-

ever, did not appearto be related to exposure to

radiation.

During the physical examinations, the following

congenital anomalies were recorded:

Patent ductus arteriosus (repaired) 1 {Subject 7¢905)
Deformity of the hip 1 (Subject #496)
Pectus excavatum | (Subject 4 2265)

Bihd uvuia I (Subject #2269)

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 incidencein relation to var-

ious exposure categories was as follows:

Incidence

Exposed, Rongelap 2/33
Nonexposed with exposed parents 0/4
Nonexposed, Rungeiap 5/53
Nonexpused, Majuro 0/14
Utinik (low exposure} 9/31

19

Hypoplasia of the middie phalanx has beenre-

ported as occurring in the normal populationin

incidences ranging from 0.5% to 5.2%. The anom-

aly was found to have considerably greaterfre-

quency (25%) in Japanese children.“ 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 Lnpetigo (-Acuve)
 

Age, yr

<4 4-9) 21) =Total
 

 
 

Exposed 7.19 3,15 0/34

Nonexposed with
exposed parents 7°20 7/20

Nonexposed, Rongelap 13/30 7°26 3/26 25/82
Nonexposed, Majuro Ob O99 0/15

Table 8

Incidence of Palpable Liver (Over 3 cn)

 
<4 4-9 3210 Tutal
 

 

 

Exposed 5/19 OLS 5/34
Nanexposed with
exposed parents 2/20 2/2U

Nonexposed, Rongelap 6/30) 5726 0/26 11/82
Nonexposed, Majuro lb 1/9 2715

Table 9

Pediatric Dispensary Visits During 1959 Survey
 

Presenting complaint Numberofpatients
 

Cough l

Back or limb pain
Skin sores

Outs

Diarrhea

Anorexia

Headache

Worms

Loss of hearing
Laceration

Abdominalpain
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Growth and Development Studies

In evaluating the growth and developmentdata
on these children, serious inconsistencies in birth

date information have been uncovered. Official
written birth records did not exist for most ofthe
children. The parents actually had no realistic
perspective of time. No loca! or regional events,
tragic or otherwise, were rememberedto serve as
reference points. The births of some children had
been registered at Majuro, but even amongthese

 

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 Me 4 %2
3 M 17 6 M2 21%2
5 M 16 6 Ke 3 %2
6 M 16 6 *2 5 Ha

65 F 15 6 2 3 2
33 F 20 6 Me 7K
34 M 12 6 Yin ¢
955-  F ** 6% t
962 F ** 6 "2 t
980 F ** 6 2 6'%2
996 F ** 6 H2 t
814 M ** 6142 5 M2

*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 Ib cm lb

2 108.3 41.5 99.3 32.0
3 102.2 39.5 95.3 32.5
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 47.4
54 112.5 47.5 _— —

955 117.5 47.5 — —
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 betweenthere-
corded date and the available circumstantial evi-
dence.

Since almostall analyses of growth data depend

basically on the use of chronological ages, the

painstaking task of improving thevalidityof the
age data was undertaken. This amounted toa

virtual reconstruction of the biologicalhistory of
the childhood population of the island. Interviews
were held with the parents, relatives, and village
elders. Cross-examinations were conductedto ob-

tain all relevant information.In spite of theseef-
forts, a significant lack of accurate informationre-

mained in manycases. Further attempts to check
birth dates are necessary beforeclassification 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 onegirl out of five boys and

two girls exposed to radiation were markedlyre-
tarded in skeletal maturation (Table 10). The

birth dates of these particular children seemed
firmly established. The boys showing mostretarda-
tion (#2,3,and5) were 16 to 17 months old and

the girl (#¢65) 15 monthsold 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

Born 1958 1959 1960
 

Sex

Subject (#5) M 10/20/52 93.7 988 102.2
Sib (#85) M 9/7/54 95.5 100.9 108.0
Subject (#2) M 10/23/52 103.0 1083 115.6
Sib (#91) M_ 1/3/55 898 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 (#86) F 10/17/54 906 97.0 103.5
Subject (#6) M 10/14/52 1004 106.3 1118
Sib (#84) M 5/31/54 94.2 986 1048
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Tabie 13

Comparison of Anthropometric Data (1959) on Children With Retarded
Osseous Development With Those of Their Next Younger Sibs
 

 

Subject Agein Weight, Stature, Suing Head Biacromiai Br-iliac Cail

No. 1959, yr Ib cm height, cm circumference,cm  width,cm width,em circumference, em

5 6%2(2)* 36 (2) 98.811) 546(1) 48.4 (2) 21.6 (1) 17 O¢)) 22.0 (2)

85 $2 (1) 33° (1) 100.9 (2) 36.0 (2) 460 (1) 22 0(2) 17 8(2) 20.8 (1)

2 6%2 (2) 41.5(2) 108 3(2) 60.3 (2) 52.7 (2) 228 (2) 18002) 22.6 (2)

91 4h2 (1) 34.5 (1) 97,.1(1) 56.3 (1} 49.5.1) Zlob ¢l) 16.8 (1) 21.41)

3 6%2(2) 39.5 (2) 102.2(1) 57.411) 49.5 (1) 2250) lp 9d) 22.61)

83 4%2(1) BBB) 104.702) 399.5.(2) 50.0 (2) 22.315) 17 0 (2) 23.6 (2)

65 6%2(2) 33.0 (2) 98.4 (2) 55.8 (2) 47.21) 20.8 (1) 175 (2) 20.1 (-)

86 hz (1) 29.8 (1) 97.0(1) 54.5 (1) 48.4 (2) 22.0 (2) 16.6 (1) 20.1 (-)

6 6Y2(2) 41.0(2) 106.302) 39.302) 49.32) 23.0 (2) 17 0(2) 22 4(2)
84 $5421) 35.5 (1) 94.6 (1) 35.0 (1) 4B.3 (i) 2L6¢1) lb3¢1) 21.5 (1)

 

“Numbers in parentheses reter to ranking of each Wem, (1) mdicaung the younger child or the smaller measurement
of the pair and (2) the older child or the larger value.
 

sure to radiation. One boy ( #6) showedlessre-
tardation. One boy and onegirl, also about the
same age, were exposed to radiation but did not

show anyretardation 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 wasslightly smailer than her control

skeletal age peers. For the boys, unfortunately,

there were insufficient 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 11).

Comparison ofthe physical sizes of the children

with retarded skeletal maturation with the physi-

cal sizes of their sibs brought out anothersignifi-
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 11. Brothers. Lett, ¢5, age 6,

right, 85, age 4 (1960).



 

 

 
 

 

22

‘Table t+

Physical Findings (Excluding Ophthalmological) in Marshallese Adults 1959 and 1960

Exposed (-+3 examined) Caontrot (84 examined)

~~SubjectNos. oe Subject Nos. %

Acne 833, 865, B82 $b
Arteriosclerosis, peripheral, muid 11,52 47 850, 851, 852, B54. 855, 858, 24.6

 

   

  

  

  

  
  

  

  

Asthma

Auricular librillavion-wi i

Blindness

Bronchitis, chronic

Carcinoma, ovarian *

Cardiac enlargeragant:

Cyst, perineal
Colloid goiter

Deafness

Diabetes mellitus = 2

Eraphysema
Ganghion, leit wri

Hallux valeus ;
Heberden’s nodes" - |
Hemiplegia, parti’ “

Hemorrhoids, mite Qe

Hypertension ( >ray

Hypotension
lmpetize
Inguinal hernia
Kyphoscoliosss, _.
Leprosy o
Lupoma, chest -ge
Myocardial d :  

Osteoarthritis =

Onutis media, chronic

Prolapse of vaginal wall
Prostatic hypertrophy

Protemuria

Rheumatoid arthrius (?)

Sendity

Shortened left thumb, congenital

Vonsthar hy pertropelas

Prauinati arthertis

Lrve trottieotias col cettttatS brated

Furiee led cane bemigeyy

Duster Stabs cb tives

{ Jepet EeSp eH bhans Indes Cerda

Noghle ose vens

49
45, 59, 64

29, 46, B2

22, $0, 71. 79

55, 56

x7

bo ted 77

)

13

Jo 24. 40

b4

859, 871, 373, 878, 884,
886, 894, 894, 899, 908,
GLU, 917, 956, 957, 969,
970, 973, 982

A.BO0, B01,Bor,327,

4933, 935, 964
B32, 973

856, 862, 464, 868, 873, B99,
OLD, 915, 920, 9534, 944,
953, 964

855, Bo2, 895, 993
858, 878

Hod, HO? ULE, 928,ob, O44

479

nu?

HPS BT OIOSA NS

low

Het]

 



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 andnotto statural rankings. Second,

the lack of synchrony tn 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-

uion at a particularly vulnerable age and that the

resulting retardation in osseous developmentled

to failure in staturai growth. On the other hand,

itis 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

1959 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 signihcant differ-

ences between the abnormalities noted in the ex-

posed and in the unexposed populations. Results

of special examinationsare discussed below.

CARDIOVASCULAR SURVEY

The cardiovascular findings may be found in

the table of physical abnormalities (Table 14).

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 250. 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-
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malities, and in the older group 41%. Specific

findings may be summanzedas follows.

Electrocardiographic Findings

1. Rhythm. In the younger group ofexposed

subjects, all had normal rhythm. One abnormality

of rhythm was seen in a memberof the younger

unexposed group. In the older groups, arrhythmia
occurred in 3 of 14 exposed individuals and in 4 of

29 unexposed.

2. Cenduction 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 ume

of 0.12 sec: this is considered normal. The tntra-

ventricular conduction time (QRSinterval) was

prolonged in several subjects. In the younger un-

exposed group, the ORSinterval was U.10 to U.11

sec in one subject, sufficient to be considered right

bundle branch block. In the exposed population

the intraventricular conduction time was pro-

longed to 0.12 sec in only one individual, age SI,

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 bundle branch block. In all other

subjects the intraventricular conduction time

ranged from 0.06 to 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 Heort. There were few variations. The

 

‘Fable 15

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

 

 

Exposed Unexposed

Age Age Age Age
20-49 250 20-49 2530

Abnormality (24)* (t4) (55)}- (29)

Rhythm 0 2] 2 14

A-V 12 ? 2 3
i-V 0 7 4 7
RST 0 7 2 14
T wave 0 2 Ww 34
   
*Number examined.
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axis deviation was normal or to the right in most

uidividuals. Lett axis deviation, and onty of mod-

crate degree, was present ensix individuals, two in

the younger unexposed group, three in the older

unexposed group. and one in the older ¢x posed

vroup. Phe elecerical position of the heart ina

“reat majority al both the unexposed and exposed

subjects was vertical, fn 22 subjects it was inter-

mediate and in 9 (all unexposed) it was moder-

alely horontal, Rotation of the heart electrically

in the combined groups was clockwise in 25 sub-

jects and counterclockwise in 3b, with about equal

distribution between the exposed and unexposed

urOUps.

4. RSTandT Waves.

carelully noted tor indications of coronary or myo-

Abnormal variations were

cardial jnsulficiency and; or mvocardial disease or

damage. Deviations of the RST segment tromthe

isoelectric line were found to be mininal; they oc-

curred in only five of the 84 unexposed subjects

wid incoaly one of the 38 exposed subjects. PF wave

abnormalities were of appreciable degree in only a

lew instances in the older group. The abnorinalities

were Chiefly io lower To waves and were related to

livpertensive discase. T wave changes were most

wiarked ina 9l-year-old male ( 280) of the ex-

posed group, who had arteriosclerotic heart dis-

cause and auricular tibrillauon. Marked RST and

i wave changes were noted in an 8l-year-old

male ( 246) of the exposed group, who had
marked hypertensive and arteriosclerone cardio-

vascular disease, and had prolonged auriculo-

ventricular conduction time as noted above.

\mong the unexposed population there was evi-

deace of myocardial insufficiency according to

RST and T wave changes in a 5t-year-old male

. 3947), a O4-vear-old female ( #861), a 55-year-

old mate (993), a o4-year-old female ( #858),

and a o¢-year-old male (884); the last had

. hanges sufficient to indicate a healed anterior

«cptal cardiac infarct.

Other Cardiovascular Observations

1. Peripheral Vascular Findings.

tiation was made of the degree ofarterial changes

athe peripheral vessels (radial, brachaal, and dor-

Clinical esti-

salis pedis). “Che degree of abnormality was graded

by Oto #+ sclerosis (sce section on aging studies).

Arteriosclerosis was seen chiclhy in subjects © 50

tee car of deen both exposed aiid) timex posed groupes.

fowas not marked exceptindgurmdiiduals 70

years of age in the exposed group, and then toa

degree compatible with ave Since there were no

individuals examined in the unexposed group
“70 years of age for comparison, any assumption

that the arteriosclerosis was increased in these lour

individuals by their exposure to fallout radiation is

unwarranted. Ouherwise 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

considered abnormal. On this basis in the exposed

group none of the 24 subjects < 50 ofage and seven

of the 16 subjects >>50 had hypertension, but

mostly of muld degree. There were 17 cases ot hy-

pertenston tn the unexposed group, 2 in those < 50
years of 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 chietly in the older group. The over-
all incidence of hypertensionfor the total popuia-

tion examined was 9.2%.

3. Oscillometry Readings. Observations were

taken on the legs at the mid-calf. In almost all

subjects the pulsation was sufficient to indicate

normal blood flaw. Although the readings were

lower in the Marshallese than might be expected

in Caucasians, it appeared that peripheral vascu-

‘Table tb

Ophthalmological Findings ('¢ Incidence)

Exposed Unexposed

Ptervgluia I3.0) 21.0

Pinguecula 240 wo

Corneal pigment 12.0 16

Corneal scars ou j4

Arcus senilis 34.0 20-0

Phihisis bulbs 1.3 au

Nystuwitius 1.3 7

Sirabisnus 4 0?

Argytl-Robertson pupil a) a)
Cratai acts Lu ee’

Aphakia rt 1s

Vitreous apa ities tl ou

Retural arteriosclerosis Hi QO 123

Chonoretial scars 1.4 a7

Macular degeneration a au

Drusch 2.6 Ou

Cone nitad ancina lies att oo



lar disease was probably of lower incidencein the

Marshallese. There were two low readings in the

exposed group, one in a 63-year-old woman with
abdominal carcinosis and ascites of ovarian origin

and the other in an 81-year-old man ( #46) with

marked hypertensive and artertosclerotic cardiv-
vascular disease.

4. Veins. There was nearly a total 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. Other Cardiac Conditions. No patients were

observed with luetic, metabolic, or nutritional

 

Table 17

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

Persons with 2+ osteoarthritss

 

  

   

Nou.in — a
Age, yr age group Number %

Males
Q- 9 28 0

1n- 19 23 0

2U-29 t7 0

30-39 9 2

40-49 16 i

30-59 8 5
ob 5 4

Total 106 12

Females

0-9 23 0
10-19 17 0

20-29 16 I

30-39 12 0
40-49 3 0
50-59 6 4
>60 lt 8

Total 88 13
 

Males Plus Females

Dv. 9 51 0 0
1O-19 40 0 0
20-29 33 I 3.0
30-39 21 2 9.5
40-49 19 I 5.3
30-39 14 9 64.3
60 16 12 75.0

Total 194 25 E29
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forms ofheart disease. One evident case of inactive

rheumatic heart disease occurred in a boy of 14

years (276) with typical signs of mitral valvular
involvement and moderate cardiac enlargement.

He was symptom-free and hts 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, for a slightly

greater incidence of pterygil, 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 arterioscterosis, squints,

and congenital diseases was very low. No cases of

basal cell carcinomaof 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 [9 to 22 and

further discussion in the section on aging.)

Sht-lamp examinations ofthe lens showed no

opacities tn the exposed Marshallese resembiing

those that had been noted tn 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 numberofindi-

viduals in the susceptible age groups precludes an

accurate estimation of the prevalence; however,it

does not appearto be grossly different from that

found in the United States white population

studied by Dr. Alice Waterhouse and cited by
Blumbergetal.“ In accordance with generalclini-

cal experience, there was no close correlation be-

tween x-ray findings and ciinical symptoms of

arthritis, t.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 bentonite flocculation test (BEET is

shownin Lable t8 fndisidual data are fisted in

Appendix 6 according to age and sex Phe total

pres dence of postive sera tis not greatly different

from that reported for white Amertcan popula-

tions There was no apparent dillerence in arthrits

meidence between the exposed and unexposed

groups Three individuals, all in the unexposed

group, had definitely positive sera (Table 19), but

with no evidence of jotnt disease One ¢ 2295 $) had

bronchial asthma and prostatic hypertrophy, but

these findings. since they were common in the

population, were probably coincidental. There ts

ne apparent cxplanatton for the presence of rheu-

niatord factor in these individuals.

3. Clinical Evidence of Arthritis

A O4-sear-old male (2878) had some clinical

findings compatible with rheumatoidarthritis. He

had complained of pain and sweiling tn his hands,
wrists, and knees for 5 to LO vears, but with no

limitation of function. Physical examination

showed enlargement of the proximal and distal

interphalangeal pourts and ulnar des taden ol the

hand No thucimttocd nodules were present Phe

Sra changes were consistent witha diagnosis of

osteoarthritis of the hands. but there was no ext

dence for rheumatord arthrits [Lhe BRU was

negative Ehisas probably a case of osteoarthritis,

but rheamatord arthreas cannot be completely

ruled out

4. Unusual Skeletal Findings

As noted previously. hand and wrist x-rays had

shown congenital hypoplasia of the middie pha-

lanx tn'some children The same condition was

noted im some of the adults (Figure 12). The muid-

dle phalanx of the fifth finger was shortened and

shehtly broadened ‘Uhis was found both unilater-

ally andbilaterally and was occasionally associ-

ated with lenethentng of the ulna Twenty subjects

showed definite changes, and some additional ones

had only moderate shortening of the phalanx

DENTAL SURVEY

Majuro Children

Thirty Majuro children were examined, rang-

ing in age from 2 to 13 years andselected at ran-

dom. Widespread cartes were present in 73'¢ of

the children <7 £2 vears old. Many erupting per-

manent teeth showed retatnect root fragments in

the adjacent gingival crevice. Although the oral

hyeiene could be rated fatr to good, the incidence

of canes rematned high. Bunching of the lower

incisors was a commonfinding in males andfe-

males in the 7 to 9-vear age group Eruption time

of the bieuspids appeared advanced, possibly be -

cause of premature loss of the deciduous molars

All the children in this age group showedsigns of

retarded jaw development in comparison with

children in the continental United States.

Rongelap Children

No significant difference was found in caries

incidence, eruption time, and morphologyofthe

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

BEST AVAILABLE Copy
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Table 19

Subjects With Positive Bentonite Flocculation Test

X-ray evidence

Subject No. Age Sex BFT ter of arthnius Clinical findings

B41 41 F 1/256 None Neg in 1957, ‘58, and '59.
886 49 M 1/64 Nottested Mild osteoarthritis in 1959.
953 42 M 1/64 None No joint findings; bronchial

asthma; 2+ prostatic hy-
pertrophy.

ra

 

arg

a?
a

&

*

Figure 12. Roentgenograph of hands showing congemitet Dlasia of the rillee =:

the Majuro group, although the general impres- havibeen slightly higher ia tie:‘exposed group,al-

sion was that their standards oforal hygiene were+s; though there was nosignifiggiyit difference in the
lower. In both the exposed and unexposed Ronge- = “incidenceofcaries. In young adults, subgingival

tap children, areas of hypoplastic enamel in decid- calculus was usually present in the form of cervical

uous teeth were not an unusualfinding. ringlets accompanied by marginal gingivitis, and
very little supragingival deposition was observed.

Adults In subjects >35 years of age, loss of alveolar bone
Only about 10% of the Rongelap people prac- was quite apparent, and supragingival calculus

ticed good oral hygiene. Peridontal disorders may was more prevalent than subgingival. Only 2% of
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those =- 35, exposed and unexposed. were free of

clinteally detectable peridontal disease Un the

agcd, many of che rematning teeth were stmptv

held in position by the gingival attachment

Almost all the Rongelapese exhibited marked

xerostomia, The oral mucosa felt damp but not

wet During the dental examination, manipula-

tron of the tissues by mouth ourror and explorer

faited to stunulate the flow_of saliva. For pH read-

Ings, the paper strip had to remain in contact with

the floar of the mouth for 25 to 30 see in order to

absorb suffictent saliva. [n most instances it was

difhieult for the subject to produce the > ml of

saliva necessary for pH determination in a period

« 10to £5 min. Phe pH values ranged from 6.0 ¢0

7, with an average ol 6 3

Utirik Population

The Utirik population exhibited oral findings

similar 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 practicaily identical In the Utirik

children fess evidence was seen of bunching ofthe

lower antertor 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 etther

caries rate or incidence of peridontal! disease be-

tween the exposed and the unexposed people of

Rongelap. Thelevel of oral hygtene appeared to
be somewhat better tn the chtldren examined at
Majuro and at Utirik, but the incidence of caries
was about the same in the two groups. and higher

than in the Roneelapese children.
2. The peor oral hygiene generally observed in

the Marshallese people had its usual results: a

high caries rate in teen-age children: severe peri-

dontallesions tn adults (heavy calcutus, loss ofalve-
olar bone}: and edentulous mouths in the aged.

3. No difference was perce ptble tn the clinical

appearance of developing dentition amongthe ex-
posed children, the nonexposed, and those born to

irradiated parents.

STUDIES OF AGING CRITERIA

The results of aging criteria studies are plotted

in Figures | 3 to 31. Individual readings are plotted

(open circles, exposed people: closed circles, unex-
posed people) to show the spread of the data, and
the mean salues are also plotted (squares) for each

d-year age group with exposed and unexposed

people combined The trend ofeach criterion with

Increasing age is represented bya line of approxi-

mate best fit hy eve. Che values of the criteria

generally either increase or decrease with increas-

ing age. Manv changes. such as greving of the

hair, bakding, arterrosclerosis (peripheral and
retinal), and skin looseness and retraction, are not

appeciahly manifest in the Marshallese until after

age 35 to FO. Phere ts a tendency for values of
criteria such as blood pressures, greving of the

hair, loss of visual acutny. and accommodation to
level off. or even to showslightly reduced values

in the oldest groups. The number of people in
these groups 1s too smail to make this observation
certain. However, American statistics on blood

pressure (systolte and diastolic) also show a plateau

effect bevond about 60 vears of age and evena

slight tendency to lowering of blood pressures be-

vond this age." By the age of 65 to 70, arcus
sents in all Marshallese showed a ++ 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 45%. The

differences in maxima probably were due largely

to differences in the degree of changeassociated
with the various criteria but also partly to the

arbitrary nature of the scoring. The sexual differ-

ences in hand strength and baldness were ex-

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 ume, 1958-1959
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Figure 18. Baldness in females, 1959.
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Figure t9. Accomodation. 1959.
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Figure 26. Peripheral arteriosclerosis, 1959.
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The various changes generally associated with

physiolvgical senescence are known ty show wide
vanability among individuals of the same age, and

this was borne out by these data. However, some

uf the criteria appeared to be better indices of av-

ing than others, judging by the degree of change

and the variability of the data observed. (Vhts

statement is not based on statistical analvsis.}

Some of the better criteria appeared to be accom-

modation of the eyes, visual acuity, skin retracuoa,
arcus semilis, greying of the hair, and hand

streneth. “Phe measured criteria would be ex-

pected to be more rehable than the estimated ones

in viewof the subjective clement and less precise

‘Vable 20

Residual Beta Burns, [40d

Subyect

No. Sex Age Description

17 KF 4 Shighe deprgmented sears, left ante-
cubital tossae

Zt F 19) Mottled spots ol plementation and

depigrnentation., dorsum ofteet.

2b M 18) Marked scarring"between hist and

second toes, right foot, with binding

to subcutaneuus Casucs, Arcas of less-

er involvement peripheral to this

area. Nu evidence of Chrome radia-

Gon deriubatitis,

44 b 200 Sheht mottled prgmentauon-depig-
incntaden with little scarring, dat -

sum at feet. Mottled hyper pigment-

col spots persist on back of neck.
44 KF 21) Black mules believed to have in-

creased in nuinber aver cight side of

neck, whe several noted in lett ante-

Cubtual fossa.

— v
,

- Motued roughening and pirement

Vattalion, back of acy k.

a 7 ~ I

neck. with sight rougheniig of skin.

b7 F 20 Depigmented scarred areas with

Shiht atrophy of skin over dorsum of

tect, particutarly at site of deeper

scat on felt toon Some areas adjacent
to scars shaw inmtreasedd pry metita-

ton

7th I Hi Plemented anoles appear te have in-

craped in number over bett sade of

neck and to lesser extent on rele

side atosites of rather deep beta

bavartis

7 NI > Backoot eft ear shows depigmrented

sca wth some bint down te can.

Dlave Noexidenee af breakdewa

 

Mottled pigineniation, left side of

scoring of the latter. This appeared generallyto

be the case, but che estimated values for ereving

of the hair and arcus senilis Correlated surprisingly
well with age. The amount of subcutaneous fat

probably influenced measurements of skin loose-
ness, but, since loss of subcutaneous fat is some-

what age dependent, probably in the right direc-
tion. Itis hoped that in the future statistical weat-

ment ofthe data mayfurnish a weighting tactor lor

each criterion based on the degree of age-assuci-

ated change and the variability of the data. [tis

not always possible to run the complete battery of

tests on cach individual, and use of such weighting

factors would tend to nunimize the disparity due
to the omissions.

The data presented must be considered as pre-
liminary in nature and to represent only a small

traction of the many varied changes associated

with the aging process. Under the conditions of

examinations of the Marshallese, the battery of

tests cmploved is necessarily limited. As more ex-

perience is gained, some ofthe tests may be elimu-
nated and newones added. ‘Vhe tests of vigor are

thought to be extremely important in assessing

aging, and tt is hoped that more tests of this nature
may be added. At this time the data are presented

to introduce an approach to a feasible means of
assaying “biological age” which mught be of use tn

studying the possible efects of radiavion on the ag-
ing phenomenon in humanbeings. In the case of

the expused Marshallese, resuiis of further aging

surveys will be caretully evaluated, and the results

 

Figure $2) Residual scartimg betw con ferest and second

lait, tieht fowl, thoi beta foterdas, VANCES port eA pase

iSubyeet ott
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in the exposed population will be compared with
those in the unexposed for differences that might

indicate possible premature aging effects. As
pointed out, such differenves have not been ap-
parent thusfar.

RESIDUAL BETA BURNS

Ten peuple conunued to show residual skin
damage from beta burns sustained 6 years pre-
viously. Most of che residua consisted of very mild

changes, such as varying degrees of pigment alter-
ation giving a mottled appearance, sometimes ac-
companied by a roughening ofthe skin (increased

rugosity). Some showed more pronounced changes,
such as atrophy and scarring. None of the more
severe residual lesions showed any gross evidence
of breakdown with the developmentofchronic

radiation dermatitis or any premalignant or ma-

lignant change. No biopsies were taken. Several
women who had sustained more severe neck lesions

seemed tu be showing an increase in pigmented
motes in and aroundthealfected areas. However,

this is not certain, and these moles will be ob-

served carefully in the tuture for any suspicious

changes. In Table 2U are listed descriptions of the
residual beta burns seen in 1960. Figure 32 shows

healed beta burnsofthe leet 5 years after exposure.

LABORATORY EXAMINATIONS

Hematological

In Appendices 1 and 2 are presented summaries

of the mean blood counts of the exposed popula-

54

tion and various comparison populauons since

exposure in March 1954. In Appendices 3 and +

are listed the individual biood counts lor 1959 and
1960. The data are also summarized graphically

in Figures 33, 35, and 38. Vhe blood data have

been classified as in the past according to age and

sex. The results of blood counts in the 1959 and

1960 surveys may be summarized as tullows.
White Blood Counts. The mean WBCin 1959

showed a further trend upward in buth the ex-
posed and unexposed populauons, being slightly
lower in the former (see Table 2t and Figure 33).
The 1960 WBCievel of the exposed peuple
showed a considerable drop from a mean level of

9500 in 1959 to 6500 in 1960 as compared with

the trend during the previous two years {no counts

were made on unexposed people in 1960). The ex-
planation tor this is not clear. Lhe percentage dis-

tribution of the various white ceil 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 WBCin both exposed and

unexposed populations, the mean level also being
sightly flower in the exposed. A scattergram
(Figure 34) of 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 tor the exposed group com-
pared with 4800in 1959. This decrease correspond-
ed with the decrease in the total white count.

 

‘Fabie 21

Mean Leukocyte and Platelet Counts, 1959 and 1960, bywe and Sex
 

 

 

Rongelap exposed Ailingnae exposed Unexposed

1959 1960 1954 [Yoo 1959

WBRO (x10), ave 2-5 95m 25° (oo65 +18 (54) Y¥7 4240135) 7.4 H4.3 (14) Obst 314023)
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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

meanlevels were about the same in the exposed
and unexposed populations. A scattergram(Figure
36) of the age distribuuon of the lymphocyte
counts in the exposed group for the first tume
showed about an equaldistribuuonin 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 WBCde-
crease, the mean dropping from 4000 in 1959 to

2700in 1960.

Eosinophils and Monocytes. Evsinophil and

monocyte counts showed slight increase in [959

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,

46% 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 tower than in 1958

in both the exposed and unexposed populations.
The mean deficit in platelets in the exposed popu-

lation was about the sameas last year ( — 9.3% for
the males and — 11.3% for the females). Age dis-
tribution scattergramsfor the individualplatelet

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 displacementto the left ( Figure
41). The significance of the continued platelet de-

pression in the exposed populationts also indi-
cated by the findingoflevels < 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. Samples con-

taining ethylenediaminetetraacetic acid as an
anticoagulant appeared to have a lower hemato-

crit than untreated venousor fingerstick blood.

e
e

 



Ww

‘Vatile 22

Mean RBC, Flemoglobin, MOH. and Reticuluevte Leveis by Awe and Sex. [949
 

KBO cx by Males age 3

 

i) bebo Tot ld *

ly rb rad (194

Petnales 3 Feb rod? Cth

theb ow. Males age 9015 123 fad (lO)

I> lt4 44S (19)

Females 4 1273 ©0959 (313

NICH. pepe, Males ave 9 14 2BG Ft 4 clu

13 se 2 CES

Perales 3 246 6 3b(Sh)

Sebi ta, Nlales age 9015 ws 97)

“1D G4l 1154

bFemiudes 4 OF) 1244
  

*Staundard des panioa

Rongelap exposed
 

 
Aglingnae exposed Kongelap control

bt (2) dts coy 2g

419 ity Pe ot ocdbe

bal oth So (4) 4+ orOodigts

[2.2 (2) Pe bo oe bbe ot)

154 (4) leo ot 144)

$20 2087 (9) P20 ft 1 (52)

Ji? (2) 260 7 EG

sa ity MF or by bd

SS LL 29404 27 (52)

05 (2) 024 ivy

) $ (+) obs { b2)

“i? (7) O bt (thi

“* Phe numbers an parenthese are the numbers of people in che groups.
 

Phe explanations not clear. However. it was felt

har the erythrocyte counts done on the Coulter

lectrome counter, and the hemovlobia and retic-

decste Count, were sutlicient indices tor evalua-

can oberythropococ function. -

Erythrocytes and Hemoglabins. ‘The mean

sels oF erythrocytes and hemoglobins (Pable 22)
vere generally sumewhat below those accepted as

serage for Aumericans and were only slightly
aver in the exposed Rongclap populauion than in

he unexposed group. Scattergrams (Figures +2

nd $3) of the individual red cell comnts plotted

age for exposed people of both sexes shuw more
tthe counts below the average level of the unex-

d group than above it, and a plot of percent-

umulative distribution of counts (Figure 44)
sthe curve for the exposed group distinctly
aced to the lett.

lingnae Blood Counts. Counts ion the Ading-

people (a group of 15 who had received an
rated OU ¢ from fallout) are summarized in

ies 2f and 22 andan Appendix 2, and the in-

vidual counts are shown in Appendices 3 and 4.

these counts vencrally averaged slightly higher
Hhanin the exposed Raneclap people but lower

han ta the unexposed people.

Price-Jones Curves. Price-Jones curves for de-
ctomnmation of red cell size clistribation ou 1?
fongelap peaple cexposed and anes posed) were

veraged and Compared with an averaged curve

oO4 Amertcans of Che same ave group (Prue

hy Dhie Marstattese curve ts displaced slighth to

  

the Jett, which indicates a slight tendency toward

NLC FUCY Osis.

Serum fron. Serum iron levels were < LOO peg,

[00 inl serum in only > persons, all unexposed.

Serum Protein. Serum protein devels in 1959

were again higher than normal in many cases.
‘The range in the exposed group was 6.0 to 8 42
with a mean of 7.45, and in the unexposed group

from 6.0 lo 00 e with a mean of 7.35,

Comments. Phe peripheral levels of blood cle-
nents have shown considerable Mluctuation fron

vear to year, The explanation is not known, One

night speculate that, since upper respiratory and
gastrointestinal tatections are coramon, the tenipo-
tal relationship of the hematolugical examinauions
to periods of bacterial infection might strongly tn-

fluence the general level of certain elements, par-

ticularly the leukocytes. ftas not knowa whether
the drup in 1960 leukocyte levels was so tntlea-

enced. As pointed out, the rnfluenza epidemic in
carly L960 apparently spared Rongelap Atoll.
Since hematological examinations were uot done
en the unexposed group ia bYbUl i was not pos-
sible to evaluate exposed Jevels with relation to

radiation etlects. :

The only blood clements at > years post ¢xpo-

sure that showed slightly lower levels ia the ex-

posed group were the platelets and ervthirocy tes.

Erythrocyte counts had aot been donc betore

1999 Re-examiaoation of cartier bematocrit levels

by COnsTDoCtIOn of scatterers and cumulative

cDstributiod curves showed a shiebe tendency lor

BEST AVAILABLE COPY



 

Re
c

11
0

®

 

   4 1 1 1 t 1 | | J

10 20 30 «a 30 60 7 ao

AGE (YA)

Figure 42. Individual red blood counts of exposed males
plotted against age at 5 years post exposure. 1959. Solid
line represents mean values for comparison male popula-
tion.
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line represents mean values for comparison female popu-

lation.
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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 bane marrow damage
persists at 5 years post exposure.

The Rongelap people generally havea 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

Figure 45. Price-Jones sizing of red ceils showing mean of
17 Marshallese 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. It was not believed that the types of
intestinal parasites noted on a previous survey
could accountforit.

Hematological Leukemia Survey

Differential counts showed no increase in im-
mature leukocytes that would cause oneto suspect

leukemia in either the 1959 or 1960 survey. Alkaline
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phosphatase starune of neutrophus showed a gen-

erally normal distribution of positive cells, as in

the previous year Basophid counts of 4000 cells

showed nu increase in levels above the normal per-

centage in any subyects. cither exposed or unex-
posed, in the 1959 and [960 surveys, except tor
one’ 6-vear-old exposed boy ¢ a3).* The mean

percent basuphil count (counting 4000 white cells)
for the exposed Rongelap group was 0.42% in

1959 and U.95' in £960; tn the Ailingnae group,
0 29% in 1959 and 0.80% in 1960. Basophil counts

on the unexposed group are not yet complete for

1959. “Vhe individual values for alkaline phos-
phatase and basophil counts are presented in

Appendix 5.

Complement Fixation Tes?s

The results of the complement fixation tests are
shownin Table 23. In discussing these results Dr,

R J. Heubner made the following comments:

“TP suppose the most interesting thing is chat

there is evidence of infection with almost all the

groups of viruses that we tested for. [tis unportant
10 pornt out that complement-tixing antibodies are

generafly less persistent than are hemaggiutina-
tron inhibition and neutralizing antibodies. There-
tore, the high levels of adenovirus and HA | com-
plement-dixing antibodies reflect ether recent un-
fecuion or mnuluple infections with various mem-
bers of the parainfluenza tamily of viruses. The

Jowlevels obtained for other avents, such as infu-

ena A. tnifluenza BL HA 2. COAL mumps, LGV,
ane CQtever mas reflect low levels ofinfection with

these agents, but more likely might reflect the fact
vatsuch agents have not been prevalent in recent

urs. This, one might conclude from the data

tothe Asian iifluenza virus has not yet sertously
alved the Marshall Island populations, or else,

ourse, that the complement. fixing antibody
mdluced by the Asian influenza has not persisted.

*f would rather suspect from the age distribu-

nothat Asian influenza still has not reached
suese people, and that one mught look forward to

seed they are tavolved at some future date. Sim-
Harty. the age distabution of atluenza B anti-

Does suuvests Chat it has net occurred for at least

bta To vears. Che absence of HA 2 antibodies sug-

eosts that the varus dias aot been prevalent in re-

“dn V0. tas tascpaba be adit was 24 WESC Grced athe

He (dospbertast ete CCWU fi Poe das baascprbab count

L ANTE bet tad at Kadi ree pilvespelabase ie atin ceib

Nao bietod bityis sche sects

 

cent years. However, the total absence of anti-

bodies even in persons over +0 suggests the pos-

sibility that it has not occurred in this populauon
af all, but the first interpretation is equally youd.

‘The same comments would reter to the CA virus
or parainfluenza 2, but here the niore likely mier-
pretaiion is that the virus has not been present in

the recent past, but the presence of antibodies may
suggest that it had been present 16 or more years

earlier. Since there is some overlap in antigens and
antibodies between mumps and the parainfluenza
group, the CA reactions and/or the niumps reac-
ions could conceivably merely reflect infections

with other members of the parainfluenza group.
“Tt would be interesting to find oul to what ex-

tent the psittacousis group and Q tever represent a

threat to this population, and of course in the
birds and domestic anunals as weil.”

Or Heubner's torecast of Asian influenza iu the
Marshail [siands from the Rongelap data is inter-
eslung in that an epidenue of serious proportions

did occur at Kwajalein Atoll ain January 1960 re-
sulting in significant mortality.

Vhe average antibody titers for che dilferent age

groups in the exposed people were, in nearlyall
cases, lower than in the corresponding unexposed
age groups. [tis not known whetherthis is a sig-

nificant finding; further studies will be done to

determune this. At three years after exposure, the
primary response Lo tetanus antitoxin averaged

shyhuly less in the exposed people than in the un-
exposed.’ However, because al the small numbers
of people studied, this finding could not be con-

sidered signiticant.

Sodium and Potassium Levels, 1959

Potassium intake appeared tu approximate that of
Amerteans, nanmiely, =40 to LOO mEq, day. Salt

intake varied widely as yudved by urine excretion,
ranging trom 2 to L$ g;day. Vhe relatively high

salt consumption of some individuals is undoubt-
edly related to the irregular consumption of

canned C rations, to which Jf¢ NaCl is added
routinely during preparation. Vhe median intake
of sale appeared to approximate that of male cm-

ployees at Brookhaven National Laboratory,

namely, S10 day. Vhis uidvubtedly represents

Wein rease over Lhe intake on cartier yours when

any native doods were cated. Towel be of faterest

toaete whether the rcidence ab hy perteasiadt alsa

wall bevto ta dmetease AG present the prevalence

ob bs portensian BP greater diam TRO GG ys 2
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for all age groups. a relatively Tow figure com-

pared with that for Japanese and American
socicues.

Thyroid Metabolism

Table 24 shows results of protein bound iodine,

total iodine, and butanol 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 [958

levels must have been due to contaminated glass-
ware in spite of the great care taken to maintain
strict cleanliness.

Glucosuria

On routine urine analysis during the 1959 sur-
vey one male andfour females(ail in the unex-

posed group) were found to have glucosuria; all
but one of these also had an elevated fasting blood

sugar level* (see Fable 25). These individuals

were considered to have mild diabetes mellitus.

Later during the year one of these cases ( #854, F,

*We are grateful to Dr WW Fesnel at Kwajalein for having

the blood sugar analyzed.

39

age 54) 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). (It was later found

that these patients did not take the tablets con-

sistenily.)

Table 26 compares the mortality from diabetes
inthe United States“! and the Marshall Islands.

The incidence appears higher tn the Marshall
Islands and on Rongelap Island (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 to diabetes in the Marshall Islands than in the
United States in 1956 and 1957°7 is staustically
significant (0.0 f >p >U.001).

Serum Vitamin 8 ,,

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/mi, with a range of SI2 to 1500. A seatter-

gram oflevels for both years was plotted against
white blood count,since it has been shownthat 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 Seruin Dihations 1-10)

 

     

 

 

  

Long LGV
HA 1 HA 2 CA (Respiratory (Psittacosis OF

No.in FluA Flu B (Parainfluenza 3) (Parainfluenza i) (Parainfuenza 2) syncitual, CCA) Adeno Mumps group) (Q fever)

‘cr, age eS a

group No. % No. “% No. % No. % Nu. ‘% No. ‘fh No % No % No “% No. %

Females

0

1? 3 47 6 33 14 #2 2 i2 ] 6 2 12

‘4 4+ 17 9 38 19 79 i 4 i4 58 16 67 6 2 3 13 2 8
20 + 200672 «(35 [6 BO 1 5 b 30 10 =650 1 5 1 5

61 8 13 16 26 43 70 0 2 3 26 43 0 66 8 #3 5 8 5 8

Males

i- 9 i 109

b-13 L2 1 8 2 17 i] 92 + 34 il Y2- l 8 lt 8

pn 40 21 4 19 8 38 18 86 2 10 6 249 it 52 3 14 1 5

HW 17 6 35 12 71 14 §2 | b 3 29 9 353 5 29 3 18

otal 31 I} 22022 43 45 B+ 0 3 6 15 29 32.0CU6S OS 16 5 10 ] 2

Females Plas Males

alab Tb? 19 17 38 $4 Bb 77 0 5 4 41 Js? 72 ort 16 I+ 10 9 a 3
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‘Vable 2+ Table 27

Protein Bound lodine. Total Todine, ABO Frequency Among Marshallese and Polynesians

and Butanol Extractable lodine in Marshailese Sera. 1959 --—- - Beee
- Cee eeee . Mtarshallese Polynesian

 

  

   

 

 

 

 

 

 

pe + lodine ee we
Subject eeee Present Simmens Summons and

No. PBI ‘Total BE] report ttal - Graydon’
eeeeeeee (310 persons) (078 persons) (158 persons)

Exposed ooeeee

- — Percent
10 O 9 -io ‘ ‘ 7 o oO 60.7 te s4.1

. 7 -t - A 197 24 609
26 o2 — 44 -

5 : B 1 211 00 07 _- B7 : :
4 6? _ $4 AB 45 oe) U

Mean o7 i) 44 Gene frequency

ee - . eee ee r 0.768 UO723 U.626

Unexposed b. 128 145 474
ne q. 103 Lid U

us Wi? . 73 eee eeee

84 bw -- +4 ° ony -
able 28

lew! o7 - 44 Fable 2t

Kod 5! _ 47 .
a4 : } a MIN and Kell- Diego Frequency Amory
BF , 5 5 Marshallese and Polynesians

BLS 33 _ Be
, Marshallese Polynesian

Mean b.5 +3 eee ~ ~
—ee ee Present Surnimaens Simmons

Table 15 _ report etal ~ and Graydon**

Jere

Sabierom RongelayWath GlcowurssTN Hw 6
Fusting MN 22 he) 17.8

blood ABO N 70 a $2.6
Subject sual, Weight, Heieht, blood

No. Sex Age ome 100 mi Ib om group Gene trequency
eeen _ mn 0 194 O20 0.4355

85 Mo 200 17 150 oO n U.BU6 1.780 O35
#54 fF 44 172 72 13) B

ROY Fr 4 312 -- -- oO Others

Yb Fo O50 10s + 13k O Kell (RK) 0) 0
99] fF a] 278 iB+ 145 A Diego (Dit) U U

Table 26

Deaths Reported as Due tu Diabetes in the U 5S. and in the Marshall Islands District
of the Trust Territory of the Pacific Islands (1956 and 1957 Data Combined }*

Uiabetes deaths

Deaths per 100.000 Diabetes deaths
Population ‘Tutal deaths r LOOG Diabetes deaths sxopulation r LAdeathsp pe pop pe

Us 347,352,000 3,197604 9.5 344-4 198 to 7

Marshall [lanes L27,2)5 ibv 39 io $6.7 62.5

O.UL «p 20.001 pO
  

Sth popiattorns, tonal deaths, and diabetes deaths for [ob anak P97 were totaled to get the average deaths per 1000

abd diabetes deaths per POU 00 tor these neo vedas Dutton the US are trom references 27 aad tor che Nlarshall [slarids

frou Dr ED Mfaechonadled see tents
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capacity. No correlation was seen. Phe explana-

tion tor the higher B,, levels is not app :

time. . *-m.

Studies of Genetically inheritec 4 raits.

Blood Groups. The laburatory analysis of -
blood groups was conducsed by Dr. L.N. Sigsaman.

and colleagues and reporgit) a3foows. The results
of the 1958 and 1959 studies were compined,

makinga total of310.individual bloods. Cagewes
taken to avoid dupliggtion. The resules of this.

broader sampling, compared to findings e&Sim- ©

monset al. for the sanw@ area“™ and for the Polyk ,

nesians“" are presented in Tables 27, aetS
Data on ail individualsF are givén
pendix 6. The lindings Hockey
Pollows vee

ABO system. “Phe bisgiffrequengy ofdpeigen

is again demonstrated,in conteagt & (Beahice

of B genes in the Polynesians. The € oka:
gene in this area has been noted repeatedly.‘ In

the present series a single individual of group A.B
was contirmed. The x° vaiue in this system ts 5.18

(p=0.15). The excess of AB persons (expected 8,

observed | 4) contributes, the major part of the x°
deviation. :

    

  

2. MN system. The extremely low frequency.ol M

gene has een noted in many studies of this popu-
lation andarea, in contrast to its high trequency
in Polynesians. ‘’he x° value in thissystemis 23.7

( p= 0.00F), whichis statisticallyggitalid. ‘The ¢x

lies in sae fiading of 25 M cans whereasdi
Li.Ga0uld be éxpgected. Thusit appears that the

N gefie in the heterozygote escapes detecuap. W

weidyres corrected for, the result would ook

evert

   

reater frequency of N gene.

3. Rh- Hrsystem.Che marked frequency of the R'

(han regingipel
y

wetis again demahsipated, hj

in any otherstudy. The‘failuke&
rh g@gative persons sug Lat

genotype of the heterozygous”r os
This isfursiger supportedBy 1cba

  
   

  

 

change |in x value can be caused by a sing e indi-

vidiual o #rouping,

4, GARE systems The failure to tind in this group
of 310 a single person with a Diego or Kell factor

is noteworthy. The Marshallese, Maoris,'!

Polynesians are similar in this respect, in contrast

“unusual”

and

  

_. Ahigh N ger

%

124 vedeyiguapleStiewhich the:&

41

to the Amerindians, Mongolians, and Eskimos, '*

among whom some Diego postive people are

» found...
The followingSiaedaBoeistics of 3L0

Marshallese represent signi@adint differences trom

those of their casterneighbors(Polynesians) and
SUgESE A relauonship, ith#loutheas Asians and

£
* orIndonesians,

A relatively hig

  

4. Extremely eeeefrequcney.

+. Total absenge.g “antl eyo factors.

Haptoglobidg and Fonsferrins. The distribu-

tionof the haptugtobin types un the 176 Rongelap-

ese tested isshown in we JO, Data on all indi-
viduals tested may be und in Appendix 6. This

sastiple included some families with two or more

offspring, in these, all siblings But une were re-

moved by randomselection to give a saniple of

ies included, at

most, parents and one child.Phe distribution of

the haptoglobin types in this group did noc ditter
significantly from that in the total group. In each

case, agreement with the Hardy-Weinberg pre-
dictions was good, suggesung: that the population

t,t,was homogeneousfor this tr the two

sera with no ha

Hp' gene ts 0
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Table 30

Distribuuon of Haptoglobin Types in Micronesians From Rongelap Atoll
 

 

 

 

Type 1-1 Type 2-2 Type 2-1
— 0 and rare types,
Observed Observed Observed Observed

No.in - Expected, Expected, Expected, a
Group group “% No. No, % Na, No. % No. No. ea No

All Rongelap 1760 33.5 059 39 18.2 32 Sts 47.2 83 85.5 1.1 2

Selected* Rongelap 124 33.1 41 - 15.3 19 - 50.0 62 - 16 2
 

*Famiiy 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 notseen

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 genefre-

quencies obtained from a small sample. Thists

particularly true when studying societies made up
of smail isolated or semi-isolated groups which

compartmentalize the breeding community. Thus,
the Rongelapese appearto havea fairly highfre-
quency of type 1-1, consistent with the general
(though not exctusive) rule that in Europe-Africa

and America the frequencyof type 1-1 is higher in
populationsliving near the equator than in those

remote from tt.
Itis clear from 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 ume. (In this

case, the interval was 2 years.} Examination ofthe
ahaptoglobinemic individuals gave no significant
findings. With = %of the Rongelap population

sampled, all the ahaptoglobinemic individualsfell

into one family grouping. This did not help to
elucidate the genetic pattern, except to makeit

appear unlikely that the Hp’allele, if such exists,
is not at the samelocus as the Hp' and Hp’alleles.

Oneofthe sibs of an ahaptoglobinemic was a type

2-1.

B-Amino-iso-butyric Acid (BAIB) Levels. Figure
46 shows the frequency distribution of BALB 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-

modality 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 ofthis population into exposed and

unexposed groups showsalmost identical mean
BAIB excretion values for the two (exposed, 2.07 +
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Figure $7 Urinary BAIB excretion taig-f-aniiao-oe-buby ric aod per mig
creatinine) versus body loud of Cs *

U.6; unexposed, 2.10 HOOE. A scatter plot of

Cis' ¢ levels and BAIB fevefs shows no correlation

(Fiyvure +7), and neether dues a similar plot be-
tween Zn" levels and BAEB levels. The mean
BAIB excretion level for 18 Micronesians, who

were on Utirtk at the time of the atomic explosion

and therefore not exposed to signilicant radiation,

was 222 20.05, which is extremely close co the

mean value for the Rongelapese. Among the Uu-
rik people 83') were high excretors, whichis nol
signihicantty 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-exeretor matings are the only

ones providing significant geneuc information.
There were Li such matings with a total of31 off-

spring (29 high excretors and 2 low excretors). One

of the low excretor offspring was illegitimate, as
determined by blood group data, but the other re-

mains as an unexplained exception to gencuc

hy pothesis.

Rubini et al. * fave recently demonstrated that
BATB excretion can bea sensitive indicator of

radiation exposure, Vhe mechanism imvalved Is

probably the same as that underiving the cliect of

nitrogen mustard on BAEB excretion. © Such

avents markedly mcrease DNA bitakdesw in: the

thymine thus released is cllectivedy comer tedk bo
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origin, af Ghisas tree, a high BAPEB level can be

precdieted for the populations of that region.

Studies of sante Asiatic popiulauons have viven
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Figure 48. Percent distribution of glucose-6-phosphate
dehydrogenase deficiency in males and females (percent
of persons versus decolonzauion time).

relatively high BAIB values, which suggest that
there may be an Asian focusfor the high BAIB

excretor gene.

Glucose-6-phosphate Dehydrogenase Determi-

nation. One male ( #11) 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 dehydrogenasedefi-
ciency appears to exist in the Rongelap popula-

tion, althoughin fairly low frequency. The num-

ber of tests done was too small for any fina! con-

clusions to be drawn, andit is important that these

results be conhrmed on subsequentvisits, 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 ofthe 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 theisland after

the failout occurred in 1954 (prior to their evacua-

non), they lived in a radivacttvely contaminated

environment and madelittle or no effort to avoid

inhaling the radioactive material or ingestingit in

their food and water. The resulting internal radio-
active contamination was reflected by significant
leveis 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

Utrik were returned several months after the acci-
dent to their homeisland, since the level of con-

tamination there was very low.
The initial body burdens of internal emitters

were estimated 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 Sr®*, 1.6; Ba‘, 2.7; ['"', 6.4, and the rare

earth group together, 1.2. The contribution of this

amount of internal contaminationis 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 internat radia-
tion dose. Sr** contributed the major portion of

the beta dose to the skeleton at this early ume.

The highest dose to an individualtissue (100 to

150 rep) was delivered to the thyroid by I'*' and

the shorter-lived isotopes, ['*?, I'**, and F'"3.

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 gammaspec-

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 demonstratedthe feasibility of using in vive
whole-body counting techniquesfor estimating

body burdensin 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 showedtheisland of Rongetapto be safe
for habitation, the people were returned and

settled in acompletely new village which had
been constructed for them. Low levels of contami-
nation persisted on the island, which have since  



been reflected in an increase in body burdens of

sume radionuclides. As will be shown, the in-

creases, though manyfold. have remained far be-
low maxununm permissible levels.

ESTIMATION OF THE INTERNAL
RADIATION HAZARD

The potential radiation elects that maybe pro-
duced byspecie quantties of internally-de posited

radioisotopes can be only roughly predicted from

clinically observed effects of known amounts of in-

ternally-de posited radium. These effects do not

appear until a period of years (LO to 15) has
elapsed. Thus, althoughit is possible to estimate
the potential hazard in terms of the concentration

of internal emitters, clinical observations niade

within a lew years after contamination yield no

data on the degree of damage that may ultimately

be produced.

In evaluating the long-terin cllects produced by

an acute internal exposure and exposure to resid-
4ual contamination, Sr“ is clearly the critical ele-

nient. Particular effort was therefore made to

determine tts levels in the urine Of the Marshal-
lese, and thus to estimate the body burdens.

Of the gamnta-emitting fission products, Cs? ¢ is
of the greatest interest, even though it ty of minor
signiicance as an internal radiavon hazard. Like

seo" Cs! has a gaseous precursor with a halllite
sufficiently long to avoid early condensation tn the

lireball. Cs'* thus follows Sr’ into the strate-
sphere. Since the fission yields and the half-lives
ol the two radioelements are nearly equal, they

are present in the fallout in hike quantities. While
they have different ecolagical cycles because of

their dillerent chemical properties, Cs‘ neverthe-
less provides 4 useful tracer for studying the move-

ment of Sr’ through the biosphere, since its gam-
Ma-cmituing properties atake it readily detectable.

There is also some interest ia the neutron-in-
duced radivelement Zn’', even though it, tov, does

not appear in levels hazardous to humanbeings.

Vhe interest centers chiefly around the fact that it
is definitely trausmitted through marine life, and

thus provides a clear example of the transmussign

af a radioelement through the food chain to man.

Other fisston products and neutroa-induced

woliviuies (Feo) Coton) Mint) Celle Pree,

At’ Nb cand Rut’RAY) atse appear in small

wHHOdtS in Lhe saib and che food chin, and thus

Hay appear aitimately in man. but the levels are

ky

su low that little eHort was made to quanufy these
elements in the Marshallese unel whote-body
counting techniques made it feasible.

The body burden of fission products can be
determined in three ways. UVhe method of choice

isthe direct a cree measurement by whole-body
speetromeiry. “Phe limitations of this method are

that few whole-body couiters are in existence,

they require cnurmously bulky shielding and thus
are not easily transported to vartous sites, and
therr absolute calibration is difficult. Further, this

mnethod is restricted to analysis of ganna-enicuine

lsutopes, since, to date, a whole-body beta counter

has not been developed.

Asecond method tur calculating body burden,

particularly for counting beta eoiiters such as

Srv is the estimation of the internal deposition

trom data obtained by radiochemical aialysis of
the urine,

Finally, it is pussible to make a Completely in-
direct estimate of the huiman beds burden of

radigisotopes by what may be called the environ-
mental approach. In this method. the esutnate of

the body burden ts based on the couccotrauvons of
the fission products present in the environment,

chiefly che soil and the important components of

the diet. In order to make this estimate, data must
be obtained on the transfer of the fsstom products

between successive elements of the ecological

chain leading from soil to bone. For example, al-

though Sr and Ca are chemically similar and thus

appear together tn the various components of 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, it ts possible to estimate

the concentration of a radionuclide in man trom
ils concentrauon in any step of the ecological
chain.

All three of these approaches to the estimation

of the body burdens in the Marshallese people will

be considered in this report.

EXPERIMENTAL PROCEDURES

Whole-Body Counting

Vhe gamma-ray activity from the internally-

deposited fission products and the neutron-in-

duced activiges 1 227 of the Marshallese people
were measured with a whole-body ganna scin-

ulation spectrometer. The technique oface
#alita-ray measurement of human bens was

 



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

ry  

  
Figure 50. Interior of electronte room showing [00- Figure 51. Marshallese subject tn standard
channel analyzer and associated electronic circuitry. counting position inside steel rouim.



used to supplement quanutative radiochenncal

analytical procedures, and has made posstble very

rapid and positive identibc avon of gamma-enuiing

radionuctides. The principles of ia ive gamma

spectcomnetrs as applied to human berngs have

been previously described.”

‘Phe steel room constructed at BNL. in 1957 tor
the Marshallese surveys has been described pre-
viously.” Phe “portable” 2t-ton steel room, 5x5

xb-ft with ¢-in.-chick steei walls, was used to
supply the required sielding (see Figure 49). This

stecl roum was mounted on a large trailer alung

with a 7x8 x 10-ft air-conditioned wooden :oom,
designed to house the electronic components of the

counter (see Figure 50). Uhe trailer was mounted

on the tank deck of the Navy LST, and the sub-
jects to be counted were brought aboard up the

ship’s ramp from the beach on each island visited.

Atso available on the tank deck were shower

facHines where cach subject washed and then

changed into an uncontaminated paper stut to
avoid the possible risk of measuring any external

contamination that might be present.

A S-in. Nal (V1) crystal (Harshaw) was placed
over the subject at a distanceol 19in, above the

apex of the chair (see Figure 5t}. Uhe pulses from
the photomuluplier were fed into a linear ampli-
fier (Cosmic Radiation Lab Inc.. Mode! 101), and
thence into a 1OO-channel analyzer (TMC-PA
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100, Quarts Line Storaye Pulse- Height Analyzer),

‘Pwo complete detectors aad analyzers with the
necessary adssodated clectromie circulars were

taken along, since considerable dithiculty had been

expernenced during the previous year if) alala-

tammunag the whole-bods counting svstem opera-

Uonal under the conditions of tropical heat and

hamidity Housing of the elew tronic equipment 1

an air-conditioned, dehtunnditted togm during

operation was of considerable assistance tn iain:

Laing tts stability.

Since the pnneipal photopeaks un these persons
were known tromthe prevtous studs to be due to

Csi oand Zn". and since the levels were sutti-

cently high, it was only necessary to count the

subyects for For LO min with the particular yeo-

inetrical arrangement described abuse Cle data

were printed out on a paper tape of a Victor add-
Ing machine, and the tapes were returned to BNE

for analysts.

Analysis of Gamma-Ray Spectra

The quantitative interpretationof the garmia-

rav pulse-height data lor che discrete garmima

energies involved the graphical reduction ot the
data. A typical spectrumof a Marshallese is shown

in Figure 52. The ordinate cepresents counts per

20-kev pulse-herght increment, and the abscissa

represents gamma energy. fo the graphical strip-

ping method employed, othe activity of the

highest energy gainiua-ray in the mixtuce, Kt

(1. t0-Mevi, ts determined dicectly from the

ordinate Value ofits total absorption peak Then a

channet-by-channel subtraction of the distribution

corresponding to the abundance of this particuiar
gallna-ray or radionuclide is made tromthe spec-

trum. When this subtraction is completed, the
concentration of the gamma-ray of the next

highest energy, Zn” (1. 14-Mews can be estimated

from the ordinate value of its peak. Uhe distribu-
tion corresponding to the cuncentration ol the

second gamma-rayis then subtracted from: the re-

Maining distribution, and the process is continued

with Cs’ (0.b0- Mev) uodl all che three niajor

2alnina-ray-enutaog components fave been deter-

mined.

This stripping process is dlustrated on a spec-

trum of the plasac phantom containing known

amounts OF RY) Cs! and Zo (Fizure 3.5). bes

to be noted that at the concentrations used here

Cupprosumately che mean concentrations tound in

the Marshallese), the Compton comtirtbutanof
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Spectr uit,

one isotope to the photopeak of the other isotopes

of lower energy is very small.
In order to carry out this stripping method,ir is

necessary to have calibrated pulse-height distribu-
lion spectra tor each 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
Cs'and Zn’ were administered to subjects at

BNL, 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 obtatned with the

plastic phantom containing the same concentra-
dons of K, Cs'", and Zn"' tn nearly identical
counting geometry in Figure 52. In this way it was

possible to sintulate the multicomponentspectra
of the Marshallese by use of the phantom.

Since it is not possible to measure a photopeak

until the contributions of other peaks of higher
energy and their Compton continua have been
subtracted out, and since the presence of smail

amounts 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 sinall amounts ofother fission prod-
ucts. However, when all the major components

have been stripped vut, the presence of anyre-
maining photopeak should serve to dently the

 

presence and concentration of other components
of the spectrum.

This procedure was further complicated in this

study by severalfactors. In the held study the sub-
jects were measured with a 5-in. Nal (T]) crystal.

‘The calibration was originally carried out in the

held with a Presdwood phantom, but when the
Alderson plastic phantom later becameavailable
it was foundto give a better approximation ofthe
spectrumfor each isotope, and therefore most of
the calibration was repeated with it at BNL.
However, the geometry in the fieid situation was
rather difficult to duplicate exactly. Also, counting

the subjects for 5 to 10 min was suffictent 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 ofthe rela-

tively large amounts of Cs'" and Zn"*. The lack
of a statistically significant number of counts to
measure K** accurately is evident from the poorly

detined K“ photopeak of the subject as compared

 
tigere 34 Calibration phantom tn standard counting

podon ma BN whole-body counter,



to that of the phantomywhichwas.ceugteddor J)
min (Figure 324. .

In future whole-body counting ofthese peuple;

it will be possible, by counting for longer periods

and using an 4-in,Nat criietat, te"impreve tie .

absolute measurenignt Of gimp amounts of other

radionuclides that may bepresént.
Since a total of 227 Marshallese persons were

surveyed with the whole-body counter, in addition

ta numerous controls, the spectral analyses were
performed with the aid of a 704 IBM computer.

Radiochemical Procedures

Twenty -four-hour urine specimens were col-

lected in plastic bottles and sent to BNL for radia-

chemical analysis.A modification of the method
ot Farabee’" was used Jor the analysis of Seo" Sr

was precipitated as the alkaline phosphate, ashed
with HINO) and H.O., and dissolved in dilute

HNO. After the solation wag brought up toa

volume of 2800 cc, the alkaline earths were com-

plexed with EDPA, and the pl was adjusted to
9.9. The solution was then passed through an ion

exchange column {Dowes-30 in the Na fori,

and the column was riased-with 300 ce ot a solu-

tlomol Ts citne acid and 0.75" EDTA at a pH of

3.0. Phe combined effluents contained 299% of

the total Ga. The catunin was then rinsed with 6

A HNO: to remove the Se. Carrier Se was added

to the Se" fraction and precipitated with 70%

tuning HNO. ¥etrium-GO was milked and counted

by the method of the ARC Health and Satety
Laboratory."

The supernatant from the alkaline phosphate
precipitation was measured and divided into wo

portions. One portion was scavanged for cestum

with added carner by ineans of a duuble precipi-

tation of the aluminum sulfate and the chloro-
plagnate |! Phe second portion was analyzed for
K by flame specirophotometry.

Food samples were weighed und drvy-ashed ina

mule furnace at BOUPC. The ash was weighed,
and asmall poruon was counted tor gross beta
acuvity. Phe ash was dissolved in dilute HNO,

and processed by the method deserrbed above tor

Urine analy sis.
All counting was done ina low-level beta aiut-

colmadence type of counter, designed and built at

BNL. Samples were mounted on glass liber titer

discs with ovlon ries and discs and Mylar tilm.

Saaiptes were counted agatnst NBS standards

processed and courted under identical gearmets

+9

. ~ BRRUATS.AND DISCUSSION

All thég@gygat uae above methods were usedtor

estimating the body burdens of gamnma- and beta-

CONT ragonuctides in the Marshallese people.

Individgal values for all the people examined in

1959 mav be found in Appendix 7 for gamina
spectrograpiine analyses and ie Appendix 4 tor

radiochemical analyses

Environmental Estimate

One method used (the feast quantiGauve) was

the environmental estimate of budy burden. The

environmental estimate of internally-deposited

Srwas made in two ways. In the tirst method,

animals subsisting on diets simular to buman diets

were sacrificed and their tissues were atalvzed

radiochermically. A nmunaber ol rats were collected

on Roneclap Island at 2, 4, and 5 vears after the

1954 accident. It the diet of these rats, prunarily

land plants, was sulficiently saaular to the diet of
homan beings inhabiting this area, the rat analy-

ses might serve as indicators of the hunian internal

radiation contamunation. Ue Sr’ Cla ratios of

Various Ussues of these rats were measured direc t-

ly and compared to the catios of the toad and soil
on Roagelap collected at Uhe sade ime, that is, the

environmental contamination was compared with

the directly measured contamination in aniunal

tissue. Extrapolation of the cuvironmental data

wives the equubtbriuim value winch can be ex-

pected, whereas te direct measurement gives the

value at the ime of measurement (and thus the

percent of the equilibrium value for the individual
radionuchdes}.

The Sr"Cia ratios for dilerent plant foods on

Ronyclap vatied greatly. and the diet of the rats
was too uacertam for an “average” diet to be as-

sumed. Vherefore, tor a body burden estimate il

was necessary lo use the Se” Ca values of the soil
resell

Phe “strontium-calctuin Observed ratio” (OR)

of Gomar'> was used to denote the preferenual

utilization of calcium ta the tallowing manner:

OR _osr Ca of sample
Sampts perce set os ‘ :
“me eee" Se Ca of precursor

The Se'" discrimination catia io the «hain fron

soll Oto bone (4) via plants (fj) can be expressed

as lollows:

OR, =(OR, COR, PH (OF(O25; S018.
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The value OR,., =0.25 is an approximate value

obtained experimentally on rats fed a stock labo-
ratory diet.** The discrimination factorof 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 OR,,,. ge, =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, ,)
=(8.4« 10°)(0.7)(0.16) =924 py Sr’’/g Ca.

The value obtained in this manner1s approxt-
mately twice the value +70 to 545 puC Sr““/g Ca
obtained by direct radiochemicaianalysis 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 perha: ack of equilibrium

between the Sr°’/Cainth auuimals and in the

sou at 2 years. The latter possibility exists, since,

although the 13 adult rats analyzed by Held“ at
4 years had values close to the 2-year level, 443+

181 upC Sr’/g Ca, the life span of the rat is only

m2 years.

Ir 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
ytelded 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 maybe considered
an average diet. The data were obtained froma
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 peopieis calculated as
=17 myuC. Thisis 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 notin-

digenousto the area, such as C rations, rice, and

 

Table 3|

Estimate of Sr” in Diet of Rongelap Adults, 1958
 

 

A 8B AxB D E DE
Daily Ca Daily Fraction Sr” Contribution to

intake,“ g@ content, Ca of total content, total daily

(wet wt} mg/g intake,mg  Caintake** wuC/g Ca Sr*” intake, wpC/g Ca

Meat from mature coconut 89 0.075 6.7 0.008 1,200 9.6

Meai from drinking coconut 75 0.14 10.5 0.013 2t0 27
Milk from green coconut 116 0.15 17.4 0.022 1,000 22.0
Pandanus, edible portion 79 0.15 1b.9 0.015 930 14.0
Arrowroot 58 2.10 1218 0.152 19 2.9
Breadfruit 45 0.60 27.0 0.034 260 83
Fish 139 0.13 18.1 0.023 280 b.4

Clains 45 4.00 180.0 0.225 5 Pl
Crabs, land 14 4.00 56.0 0.070 (4,000) (280 0)

Total 66U 449 0.56 67.5

The diet also included imported foods. rice,

canned C rations, flour, tea,

* Based on averave daily chetot 1! Rangclap males

"* Based on total ceborud uidake obO We days

 

milk, sail, and sugar.
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teal it became even more difficult to extrapolate

to beady burden fromfood.

{tis obvious that further data are required on

the transport of lowlevels of Se” and other prod:

uets Ghrough the ecological cycle in this and other

communtties 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 bodv

burdens can be obtained hy whole-body gamma

spectrometry and byradiochemical urinalvsis.

Radiochemical Analysis of Urine

Strontium-90. The urinary excretion levels of
Sr’ for the 5 vears following exposure to lallout
are shown in Figure 55. The 4- and 5-vearlevels

were much higher, after the return of the Marshal-
Iese to Rongelap in fuly 1957, the mean being

higher bya factor of 20 in March 1958 than in

March 1957.

 

  

vt

The excretion rate of Sr" may be expressed as
the sum of two exponential functions for the first

i vears followeng exposure “Uhe marpor fraction of

Sr excreted early, with a biological half-life of

tHhdays The smaller fraction is excreted witha
half-life of 300 days Uhese excretion rates cor-

respondto those reported by Gowan’! in a case of

accidental inhalation of Sr'", and were used in
extrapolating back to the one-day Sr°" body bur-
den of the Marshallese.”

Vhe 1958 Roneelap body burdens of Sr’, Cs'"'"

and Zn" are presented in Vable 32, and also
hgures for percent ofequilibrium and equilibrium

value, estimated by Woodward“ from urinary ex-

cretion data. These values are subject to some un-
certainties, since they are based on a numberof

assumptons, however, they can be checked by use

of other methods. For example, the estimated
bedyv burden of Srin March (958 was 2 pCge

Ca, based on the 24-hr Sr”? output in urine (1 liter

per 2! hr), and this appeared to be of the right
order of magnitude compared with data from

 

 

    

 

[ _ bone analysis.Two bone samples of vertebra and

-t0 eum from a deceased 35-year-old Rongelap male

we at this time indicated a level of about 37 puC/e
2 Ca, which gives, upon application of the normali-
4 zation factor of 2 from vertebra to average skele-
42 . : '
zk ton,’ an average skeletal value of 2 puC/2. Thus

= 19 “ez!300 Days the mean body burden of Sr" for exposed Ronge-
© 06 \ a lap people tn 1958 was estimated to be 2 muC.

o By -0 Days . or about 9% of the estimated equilibrium value of
Oe RETURN TO RONGE LAP 23 mpc."

YR 2¥R 4ay7R 3 YR . : yaa ‘SY, ‘ _— Che estimated Sr body burden increased from

O 0G 800 900 12001500 1800 2 meCin 1958 to 6.0 mueC in 1959, or 26% of the
TIME IN DAYS — AFTER MARCH |, 1954 estimated equilibrium value. The 1959 Sr” mean

Figere 55 Urinary excretion of Sr" urinary value tn the exposed Ruongelap inhabit-

iexposed Marshallese. ants was 6.3 ap€/tor 00.9 gay 24-hr urine, based

Table 32

Estimation’ of Body Burden, in muC, of Rongefap Population From Urinary Excretion Levels, 1998

Csi vn"

Sr“. Exposed Exposed Control Ex posed Controt

Body burden QF 8.8) 1200 280 540}
Equilibrated body burden 23 1300 1600 30) 650
Percent of equilibrium 9 69 75 i) K3
Hailv intake O.015** 2(7) 21-41
 

"37 Strontuim units (SU) determined by bonc biopsy.
"15 SUassuming daily calcium intake = | g.
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Tahle 34

Urinary Sr" Levels. in pul, of Marshallese, 1959
 

   

 

Males Females

Age 1-15 Age (715 Age I-15 Age >15

Rongelap exposed 24 (2)* 73 °25.1 18) 39 (2) 5.4 #2.2 (9)
Rongelap unexposed 71229 5.6 22.8 (9 - 4.2 +23 (6)
Atlingnae ~~ - 5.3 (1) - 3.6 (h)

Utirik - 15 #09 (5) L901) 2.5 (2)
Ebeye - 056 £0.37 (4) - 700 70 (3)
 

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

Table 34

Cs'* Body Burdens, in muCke, of Marshallese as Measured by Whole-Bodvy Gamma Spectroscopy, 1959
 

    

 

Males

Age $-!5 Age > 15 Age 1-15 Age > 15

Rongelap exposed 12.4462 (9)* 1425.1 (19 Ti3*2.7 (12) 110+3.4 (16)

Roneelap unexposed LPR £48 (20) 1404.7 (37) 99+2.1 (15) 9B428 (33)
Ailinenae 8.9 (2) 119436 (4) 1IOO*31 (4) [1.4445 (5)

Utirik 4641.2 (14) 4541.6 (15) 45419 (14) 3641.3 (15)
 

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

on an average 24-hr urine output of 1660 mi (see
Table 33). No significant difference was found

between 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 notsta-

tistically significant. Relatively few children <15

years of age were tested for urinary Sr°’, therefore,
it was not possible to comparetheir levels statis-
tically with those of the adults. The mean Sr"

urinaryvalue for an adult inhabitant of Utirik was
1.8 puC./l, which is about 35% that of the Ronge-
lap group. The contro! group on Ebeye Island (not

contaminated) had still lower values, 0.62 ppC/1.

The lack of significant difference between the

exposed and unexposed groups on Rongelap seems

to indicate that essentially no residual Sr’? from

the initial exposure is detectable tn 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 davs (see Figure 56). This figure is not in agree-

ment with the value of 140 days obtained by An-
derson,’' but a biological half-time of 51 to 59
days was obtained tn 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 gpC/lin

1957 indicates that the Rongelap people were ex-
posed to a continuing low level of Cs'* from
stratospheric fallout during 1956 while residing on
Mayjuro. 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 mpC,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 Majuroatthat time.

Zinc-65. Zn” urinary levels were not measured

before 1958. With the assumptions that excretion
of Zn" is exponenttal and urtnary excretion is
10% of total excretion (urinary /fecal ratio =‘),

the March !958 urinary excretion level of 175
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wu) |oindieates a beds burden tn the exposed

Rongelap group of 280 mae © by wath an

equilibrated bods burden af 430 my Phe Zn

level was therefore 89%) ol the estimated ecuithib-

rium devel in 1954 (see Pable 32)

Whole-Body Counting With

the Gamma Spectrometer

Cesium-137. The body burdens of Gs' ” of the
various groups studied during the 1959 surveyare

presentcdin Table $$ The variations in levels

within each group are quite large [fF Cs' body

burden is expressed in units per unit body weight,
no significant difference is found between persons

older and vounger than [5 vears. The mean Cs' °

level tends to be slightly lower for females than for

mates, but again the difference is not signtficant.

ft 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 Cis'” body burden of the Utirik
group (4,3 mpC/ke) istas in the case of Sr“)

about one-third that of the Rongelap exposed
group (12.0 mpC/ke).

The mean Cs'" body burden of the exposed
Rongelap group in 1959 was 0.57 aC (12.0

mpeC. ke) compared to 0.68 uC in 1958. The level

has fluctuated over the years since the ortginal
contaminating event. (See Figure 57, which shows

values obtained by whole-body gammaspectrom-
etry and by extrapolation from urinalysis data.)

Unlike Sr°’, which ts firmlyfixed in the skeletal
tissue, Cs!" has a relatively short biological half-

life. and thus readily reflects the environmental
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Figure 56. Urinary excretion of Gs!”
in exposed Marshallese.
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level. Vhe sitght increase in environmental level

of Gs! during the 1956 and 1958 periods ol

weapon lesting was reflected in an inereased bods

burden in the Marshallese o\s pointed out. a very

marked merease in Cs’ was also observed in the

Rongelap people after thes returned to their orig-
inal island in 1997> the body burden in 1958 was

about O68 #C. about 60 times as great as in 1957,

and the urmnary level rose by a facter of 140, be-
cause of the ingestion of Cs!in food on Roneelap

during the 9 months since thetr return. The aver-

age Cs’) content of 250 Americans studted in

1958 was 6.6 mC or ‘ion of the mean Rongelap
bodv burden.

‘The average daily intake of Cs''’ for an inhabit-
ant of Rongelap in 1958 (average of [3 daily

ratrons) was estimated to be 3.9 mgt.’ This ts

about [.3'¢ of the nonindustrial maximum per-

mussible daily intake, which is the product of the
maximum permissible concentration’ and the
datly entake of water:

(2«K10 ' pCeml) x (1.5 10' mi /dav)

= 300 meC/day.

Zinc-65. Z.n”" was first detected by Miller”! in

[957 in the seven Marshallese examined at

Argonne National Laboratory by whole-body

spectrometry, although at had been observed in

high concentrations in fish as early as one vear
following the 1954 detonation. Bodv burdens of
7n’’ in 1957, measured directly. averaged 44

myG in live Rongelap inhabitants { Figure 57) and

350 mpC intwo Unurik inhabitants. Miller, in

1957, determined an effective half-life of [10 days

for the elimination of Zn'*, which gives a bialogi-
cal half-life of 200 davs. However, a value of 89
days was obtained for the biological 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 4G in 1958

after the return of the Rongelap people to their
island, or 8 times the 1957 value ( Figure 37).

The estimated Zn" intake in food (2 to 4 mpC,

day) can be 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 mut: per Ib whole fish.”
The 1959 body burdens of Zn"’ are presented tn

Table 35. As with Cs'", the variation within any
group is large, and no significant differencets
found in Zn" per unit body weight correlated
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RARE EARTHS 12

i Cs!” (0.088)
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-
a Cs'? G007 (0011)

a Zn** 0.028 (0 044)
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P se 0.0001
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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.

 

Table 35

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

  

 

Males Females

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

Rongelap exposed 10.62#2.2 (9)* 993.8 (EO) 86226 (12) 9433 (16)

Rongelap unex pused 7.9220 (20) 99429 (37) 9.4428 (16) 8.72.2 (33)

Adingnae &.u (2) 14457 (4) Bixr2l «4 10.52.06 (5)

29tO8 (l4y 424 1b (1b) 2BLOS (14) 2.5406 (15)Utrik
 

“The numbers ts parcutheses are the muni

 

ers ol people ro the groups
 



 

Table 36

Residual GammaActivity, in counts/min/kg,

in Marshallese After Subtraction of K*?, Zn**, and Cs!*?

 

 

Age. vr

1-15 > 15

Rongelap exposed 36.1 37.9

Rongelap unexposed 21.4 35.0
Atlingnae 172 43.0
Ctirik 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 bodyburden of Zn" was 0.44

uC as compared to 0.36 wC 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 continueto be a dietary staple, the

n°’ value can be expected to increase stil! further.
The mean Utirik Zn*’ level in 1959 was about
one-third the Rongelap meanvalue.

Although Cs'*" and Zn** comprise the major
portion of gamma-emitting radionuclides present
in the Marshallese (aside from the naturally oc-

curring K*°), residual gammaactivityis 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

“Y min). This short counting time, along with the

uifficulties 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 moreprecise calibra-

tion of the phantom.

Summary and Conclusions

Continuing annua! medical surveys of the
people of Rongelap Island were carried outin
March 1959 and March 1960, 5 and 6 years after

29

their accidental exposureto 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 Uuirik.
Majuro, and Kwajalein Atolls were examined as
controls for the growth and developmentstudies
on the exposed Rongelapchildren. The {960 sur-
vey was brief, only the exposed people being
examined.

As a result of their exposure in 1954, manyof

the Rongelap people had experienced early svmp-
tomsrelated to the gastrointestinal tract and skin.
Later they developed a significant depression of
their peripheral blood elements commensurate

with the calculated dose of gammaradiation (175
r to 64 people and 69 r to 18 people), and beta

burnsof 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 monthsafter
exposure and suggestive evidenceof slight tag in

growth and developmentof the children based on
studies of height, weight, and bone development

(but inconclusive pending verification of exact
ages of someof the children).

In spite of the depression of hemopoiesis, no
signs of radiation illness developedin the people

related to such depression, and no deaths occurred

that could be related to their radiation exposure.

No specific therapy was given. Recoveryof the
peripheral blood elements, particularly lympho-
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 onlya 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 acuteeffects
and were excreted remarkably fast with barely

detectable activity being found a yearor twolater.
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
burdensof 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 peoplein relation to that of the unex-

posed comparison population, parucularly in re-

gard to any possible late developing effects 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 histortes 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. Pwoofthe 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
Marshail 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 2+ 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 [UO0 population. A some-
whatgreater incidence of miscarriages and stillbirths

has been noted in the exposed women, butbe-
cause of the paucity ofvital statistics in the Mar-

shallese and the small numberof people involved,

the data are not readily amenable to statistical
analysis.

Physical examinations showed the exposed and the

unexposed people to 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 samein the exposed and unexposed
groups.

In connection with growth and development studtes,

a project on theverification 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 ex posed

children must await confirmation. kt was noted,

however, that in the 6-year chronological age

group, three boys and onegirl out offive boys and
two girls in the expused group exhibited sigmifi-
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 tn
people in the continental United States.

An arthritis survey showed no great differences be-
tween the exposed and the unexposed peopie, and
about the sameincidenceas 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 cornealscars
in the exposed group. It is not know whetherthis
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 peridontaldis-
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 peridontallesions

in adults (heavy caiculus and loss of alveolar
bone), and edentulous mouthsin the aged. Radia-

tion exposure did not appearto have affected de-
veloping dentition in the exposed children.

Late effects ofradiation. 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 tn 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. Leukemia surveys in-
cluding physical findings, studies of white cell



counts and types, alkaline phosphatase staining,

and basophil counts of HK00 white cells showed ou

evidence of loukenua or leukemic tendency. One

chilebin the irradiated group had 3) basophils but

no other postive findings. Uhe cardiocas ular and
artdritts 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 anyofthe exposed
people.

Genetic effects have not been specifically studied
because of the stnall number of peuple ins olved

No apparent cacdiation-induced genetic changes

have been detected on routine phvste al examuna-
tion in the first-generauon children of exposed
parents,

flematetegical seroeys again showed considerable

Huctuation in the year-to-vear mean level of leuko-

evtes in both the exposed and unexposed groups.

The mean dewducyte level of the exposed group
showed a marked decrease at the tune ol the 1060

survey (no unexposed people were exannned). The

reasons for these fluctuations are not apparent At
D years post ex posere, exposed peuple still had

inean platelet levels LU to 15% below those of the

unexposed group. However, dymtpAucyte levels ap-

peared for the first tame to equal those of the un-
exposed group. Mean ervtfrocyte levels were also

slightly lower in the exposed peopte. Phese blood

elements tn the Athingnae group also showed sone
sliyht 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 alltthe Marshallese, both exposed and

unexposed. Price-Jones curves, on the average,
showed a slight microcytic tendency. Serusiron

levels were generally normal. The fact that some

of the blood clements in the exposed group have
not yet returned ty the levels in the unex posed
vroup raises the possibility that a residual radia-
tian eect on the bone marrow persists, but other.
not immediately apparent, factors may be in-

volved.
Studies uf genetically inherited charactertstics. Blood

grouping studies in the Marshallese showed a rela-
uvely high B gene frequency, a high N gene tre-

quency, an extremely high R! gene frequency, and
total absence of Reif and Diego factors. “These

characteristics ditler from: those of Polynesians an

suggest relationship wath Southeast Asians and

Indonesians. féuptoglobin tudes showed the fie-
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queney of che Hyp! xveoe to be higher than in

European populations thus far Cested and con-

sistent with populations living near Che equator.

The distribution of haptoglobin types showed the

population to be relatively homogeneous. fraas-

ferrin in ail sera were type CO) the comunon Euro-

pean type. B--fng-wo-budyre acd unary levels
showed the Marshallese to be the highest excre-

lors of this acid of any population thus far re-
ported, Levels in the exposed group were about

the same asin the unexposed group, and no cor-

relation was found with body burden level of

cadionuclides: this indicates dat there is probably
no correlation with radiauion exposure, Glucuse-f-

phosphate dehydrogenase of the red cells appeared to

be deticient in the Marshallese Considerable cau-

tion must be exercised in evaluating the results of

these studies on venecucaily meherited charac ter-

intics because of che snrrall number of samples

tested. Vhe data do seem to indicate relative

homogeity ol the population and closest kinship

with people of Southeast Asia. Phese data also

may be usefhulas a base line showld weneue changes

appear in later generations, possibly related to
radiation exposure.

Results of other laboratory studies carried aut

during the 9-year survey included the tollowing:

Serum protein tevels, as has been noted betore, were
generally on the high side of normal, the reason

for this ts nol apparent. Complement ficatean siudies

tor parainHluenza Lt, 2. and 3, respiratory syneittal,
psittacosis, and Q tever showed antibodies to ail

groups of viruses except that for Asian influenza,

which probably had not yet seriously involved the

people of the Marshall Islands. Phe antibody titers
appeared to be somewhat lower in the ex posed
people. Sediam levels in the urine andfood indicated

about the same consumpuon of NaCl as in -Amer-
cans. Phe generally lower jacidence of hyper-

tension in the Marshallese aaght be related to the
fact that the former native diet was probably lower
insalt content than the present, more westernized

diet. [t will be interesting to sce whether the inci-

dence of hypertension will later mercase. Repeat
studies at froteim-boand iodine, tata evdine, and butanal-

eatractable tudine of the sera showed levels lower

than previously reported, and the previous higher

readings are thought to be ta error because of con-

taminated wlassware, although some readings were

stil somewhat hteh. Four cases of gfucuserid assoct

ated with elevated Advad savar were tound in the

unexposed population, which miditcated a rather
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high incidenceof diabetes. Serum assay for vitamin

B,, showed generally high levels; the explanation
was nol apparent.

Radionuclide 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 weaponstests held

in the area have contributed to the fission products
in the environment. Finally, since the diet inctudes

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-emittingfission prod-
ucts (such as Cs‘ and Zn**) were measured ina

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 RongelapIsland

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 uC,
about 60 umes 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 wC. The mean body bur-
den of Zn** estimated from whole-body counting

data was, in 1958, alter the return to Rongelap,
0.36 wC, 8 times as high as in 1957, and 0.44 wC

in 1959. Thus, whereas the Cs'”’ levels appear to

have reached a maximum andactually to have

dropped in 1959, the Zn* levels have shown a

continued increase which is probably related to
the long biological half-lite of thelatuer. The Sr°”
level in 1958 estimated from excretion data was

2 mpC, about 20 times as high asin 1957 before
the return to Rongelap. The estimated body bur-

den in 1959 increased to 6.0 mpC, about 20% of
the estimated ultimate equilibrium value. Little

of the body burden of the exposed group is ap-

parently due to their iniual exposure, since at
present there ts litde 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 of 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-

fauon of Rongelap comprise the only large groups
of people exposed to acute doses ofionizing 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 Marshuilese 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 complicationsof beta

burns and internal absorption of radionuclides.
Study of both groups has yielded valuable infor-
mation on the acute effects in humanbeings 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 developmentof leukemia in

the Marshallese. Animal experimentation has
indicated the possibility that still other late effects
may occur in the humanbeing such as premature

aging, shorteningoflife span, increase in degener-
alive diseases, genetic changes, etc. Therefore, con-

tinued careful examinationof these populations is

extremely importantin order that such effects
may be documented, and therapeutic procedures
instituted wherever possible, should such eHects

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 burdensof

radionuclides of the people jiving there.
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APPENDIX 2

 

Adingnae Group and Controi Mean Blood Counts by Day and by Age

 

 
 

 

 

WBC Neutrophils Lymphocytes Platelets Monocytes Eosinophils

(x10 ') (x1l0+*) (x 10°) (x 10%) (x107) (x10 *)

Male Male Female Total

Postexposure day <5 >>5 <5 >5 <5 D>5 <10 >10  allages group <5  >5 <5 D5

3 6.0 7.0 3.0 865.0 2.8 2.2 — — — — 0.8 16 05 04

7 5.5 6.8 — _— — — — — —_ — — — — —~

10 6.3 7.3 42 42 19 22 22.5 22.6 26.9 215 38 21 26 16

12 6.3 7.6 18 47 3.1 2.2 _ = _ — 34 5.8 4400626

15 7t 7.0 2.3 4.5 4.2 2.2 29.0 20.2 24.6 235.9 37 26 23 #14

i8 68 7.8 2.9 5.0 3.5 2.4 97.5 21.7 24.9 24.3 2.3 15 3.2 23

22 8.9 8.7 53 54 27 2.9 23.5 i7.0 22.9 21.3 {5 24 58 24

26 $4 7.0 48 44 3.200 2.2 200 13.8 17.4 16.7? 23 24 06 16

30 96 8.6 53 662 37 620 195 12.8 18.2 16.8 19 19 41 20

34 77 78 3.3000 (5.2 3.5 22 24.0 15.8 22.7 17.6 28 22 60 19

39 75 62 29 4.2 4.7 1g 265 20.8 27.0 25.2 1 i7 27 #16

45 69 65 27 3.6 39 27 28.0 19.6 25.3 24.0 0.6 1.4 2B 06

47 73 67 3500 (3.8 34 27 27.0 20.0 26.1 24.5 22 1.9 15 07

5] $4 6.3 38 3.6 40 32 32.0 18.2 25.0 23.9 27 628 22 10

54 46 63 29 35 30 a5 37:0 194 23.8 24.2 i) 14 16 0.8

survey 7.7 65 486° 39 27 22 25.2 tye 249 22.7 iloot4 la 22
survey tL.1674.8B 4.2 4.7 6.5 56 38.7 214 28.3 27.5 1.0 11 17 22

survey 1.0 691 49 5.1 48 3.2 512 17.4 26.4 26.7 36 1.4 96 64

survey 12.1 7.0 5.5 39 56 2.6 40 8 22.4 312 — 30 OF 53 37

survey 11.5 75 28 37 70 33 33.2 24.7 33.6 — 2.2 t 12.6 42

survey - Y7 ~ 9.1 — j7 40.9 20.3 20.8 -- — j2 — 0

survey 74 ~ 4.6 — 10 -- _ -- — - 6 -- 40

jure controls 13.2 97 48 48 74 4.1 41.2 25.8 36.5 53.4 20 2.0 95 4.7

ccontrols, 2 yr 41 89 70 44 5.6 36 35.5 24.2 31.2 29.5 14 1.5 12.8 66

zelap controls, 4 yr 98 69 4.0 3.4 4.7 29 32.6 26.9 30.0 _ 1.4 0.7 6.2 40

aelap controls, 4+ yr 11.2 4.6 40 36 62 37 38.8 30,7 34.0 — 23 L.1 70 645

tclap controls, 741 13.7 10.1 b.2 5.2 bo 2 41 35.8 28.0 33.6 — 37 2.4 6.2 6.0

62
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Hematological Findings, 1959
 

ut Age WBC Neut. Lymph. Eosin. Baso. Mono. Plate. RBC MCH. g

andSex (KIU') (*10') (xIO*) («10*%) (x10') (x10 ') («KIO ') («10 ") % Retic. Heb.g («10 '*)
 

Rongelap Control Populauon tcontunued )
 

oO oF 8.3 4.) 35 0.7 01 0 465.0 4.53 0 [5.1 $3.0

4 4F 1U.7 39 60 0.5 O 0.3 250.0 5.16 0.4 11.7 22.5

- 31 F 10.7 4.1 5.7 0.8 Ot 0.1 340.0 507 01 15.0 29.5

af 36M 6.9 3.1 30 0.7 U Ol 2630 519 0 15.8 0.5

4 13M 11.1 4.9 4.3 1.0 U 0.9 455.0 4.46 0.6 14.2 29.0

rv) 3M 16.2 5.2 8.3 27 0 0 375.0 4.84 0.6 13.2 27.0

\ 46 F 10.0 6.2 3.3 0.2 0 0.3 305.0 429 10 12.7 29.5

2 16 M 9.1 4.4 3.9 0.3 9) 0.5 190.0 4.44 0.8 13.6 30.5

4 40 M 4.4 b.4 2.6 0 0 O.4 285.0 4.45 0.1 {3.4 30.0

' 13M 95 5.8 32 0.3 0 0.2 300.0 4.54 0 13.0 28.5

’ 42M 7.0 3.5 3.0 0.1 0 0.3 340.0 5.42 0.6 17.7 $2.5

0 20F 79 4.3 3.5 0 0 0.2 360.0 4.20 0.1 13.6 32.5

5 59M 79 38 3.1 0.5 0 0.5 200.0 4.76 1.0 12.6 26.5

) 27M 11.6 7.1 4.2 0.2 0 0.1 220.0 5.25 0.4 16.0 30.5

| 26M 11.7 6.0 45 1.2 Uv 0.1 205.0 4.96 0.8 16.7 33.5

} 47M 9.0 4.3 43 0.3 0.1 0.2 245.0 4.87 0.3 14.8 30.5

' O-+ M 93 5.4 35 0.6 v0 0.1 353.0 3.82 0.2 15.4 40.5

6 50 M 12.3 6.3 4.9 1] 0 309.0 4.46 14 15.0 33.5

; 14M 10.5 6.9 3.4 0.1 6.1 01 590.0 4.46 0.2 12.9 29.0

) 34 F 7.3 3.9 2.2 0.8 0 0.4 225.0 4.40 0 13.8 31.5

| LiF 95 4.5 4} 0.9 0 0 380.0 4.62 0.6 14.9 32.0

2 1LM 9.2 4.5 4.2 0.4 v 0.2 310.0 4.45 0 14.0 38.5

; +1 F 6.3 2.9 29 0.3 0.1 0.1 228.0 4.16 0.6 12.8 3LO

' 42 F 10.8 8.7 15 0.4 0.1 0.1 285.0 4.45 0 14.8 34.0

’ 20 F 14.7 79 5.3 1.0 0 O04 485.0 5.07 0 15.4 30.5

4 IBF 12.8 79 5.7 0 0 0.3 320.0 4.06 G 13.6 33.5

; 61 F 89 2.2 5.4 L.1 0.1 0.2 236.0 3.96 0.3 14.2 36.0

) 65 M 6.5 3.3 29 0.3 0 0.1 470.0 §.20 0.4 13.8 26.5

i 2F 18.4 9.1 6.0 2.0 0.4 0.5 470.0 4.60 0 10.6 23.0

1 > F 16.7 7.0 9.1 0.3 0 0.3 470.0 5.07 0 11.2 22.0

: 2F 18.5 74 10.1 0.4 0 0.6 292.0 4.48 0.3 9.8 22.0

; 1F 11.7 5.4 5.5 0.5 0.2 0.1 420.0 +66 0 77 16.5

1 1M 12.5 6.0 5.2 0.5 0.1 0.7 380.0 4.53 0.3 12.2 27.0

2M 15.3 10.3 4.1 0.3 0.5 0.2 615.0 6.13 0.1 12.9 21.0

2F 13.3 5.2 7.6 0.4 0 0.1 473.0 4.65 0.1 12.2 26.0

69 F 8.0 4.2 3.5 0.1 0.1 0.1 290.0 4.03 0.6 13.4 33.0

6F 8.0 3.8 3.5 0.1 0.1 06 325.0 3.92 0.1 Lt.4 29.4)

6M 13.5 7.3 5.6 0.5 0 0.1 410.0 4.62 0.6 11.3 24.5

aM 14.3 9.9 2.3 0.6 0.1 1.4 325.0 5.12 0.3 12.7 25.0

24F 6.8 3.8 24 0.4 0 0.3 305.0 4.77 0 13.4 28.0

5 F tl 6.9 39 0.1 0.1 0.3 220.0 4.01 08 12.2 30.5

5M 38.5 19.2 8.5 10.6 0.4 0.4 207.0 4.68 u.2 13.5 29.0

35 F 88 6.5 1.9 0.1 0 0.4 335.0 4.27 0.4 119 28.0

i +F 13.9 8.0 4.3 1.0 0 0.6 462.0 4.69 0.4 11.5 245

, 7F 12.4 6.7 5.0 0.5 0.} 0.1 340.0 4.92 0.4 11.6 23.5

4 8F 99 $.3 6.0 0.4 0.1 0.1 304.0 4.22 0.8 13.0 31.0

64 M 8.4 4.7 3.0 0.5 0.1 0.1 210.0 4.28 0.4 15.4 36.0

i 46 F 77 3.0 4.1 0.2 0.1 0.3 375.0 3.66 0.2 12.3 33.5

3F 14.2 6.7 71 0.4 U 0 442.0 4.65 0.2 LES 24.5

! 24 F 98 6.0 3.7 0.1 0 0 300.0 4.27 0.2 til 26.0

55M 8.6 4.6 3.0 0.9 0 0.1 205.0 +.83 0 16.2 33.5

' 24F 12.8 y.2 2.9 0.1 0 0.5 210.0 4.56 1.2 141 28.5

bl M 8.7 5.1 245 0.5 0 ).7 250.0 442 me 15.0 34.0

' IM 79 4.0) 3.3 0.6 0 0 3490.0 4.42 0.1 13.6 33.0

GM lo.2 6.3 8.3 0.2 0.3 | 390.0 5.02 0.3 L3.4 26.5
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APPENDIX 5

 

Individual WBC, Basophil, and Alkaline Phosphatase Determinations, 1959-1960

 

 

1959 iY6O

Subject WBC ALP, ‘%Baso. per WBC A.P., % Baso per
No. (xl ') % Neg. 4000-cell count (x10 4) “o Neg. 4000-cell count
 

Rongeiap and Ailingnae Exposed Population
 

i* 69 59 0.35 6.0 72 2.10
2 7.3 a2 043 6.3 81 0.30
3 8.6 79 24 5.1 92 3.30
+ 84 82 0.55 6.1 B2 1.30
5 iU.4 70 0 38 6.1 70 1.00
h* 90 SU 0.35 9.6 88 1.10

6.6 52 0.33 5.5 B4 170
o* 87 80 0.60
9 90 94 0.45
10 ed 86 0.43 5.6 39 0.50
IL 7.5 82 0.40 5.0 87 075
12 a9 63 0.30 73 96 035
id 79 Ww) 055 4.6 #2 0.48
14 6.0 37 0.20 6.2 54 0.65
15 a6 54 0.38 7A 81 1.25
lo* 7A ey) 0.25 9.1 72 0.80
17 9.1 74, 0.28 6.7 92 0.65
18 19.4 88 0.85 5.9 90 2.23
19 8.U 95 0.55 45 90 0.70
20 B+ 7 0.75 64 80 1.00
21 10.3 78 0.30 6.0 85 0.85
a2 89 93 0.25 75 49 0.83
23 12 82 72 67 0.55
24 lig 74 O15 4.6 89 0 48
26 1i3 a4 0.58 117 70 0 90
27 13.7 7 050 6.7 75 1 80
28* 15.0 91 0.23 10.0
2y* 4.0 75 0.18
30 77 82 0.43 3.5 77 1.60
$2 3.8 73 0.60 5.7 82 1.68
33 14.2 90 0.35 6.5 93 0.50
34 3.6 8O 0.5 87 1.88
35 11. 98 0.23 3.1 70 0.45
36 7.0 V7 6.8 1.23
3? 1.7 84 0.15
38 82
39 (2.4 3 0.05 4.9 77 0.95
40 10.5 40 0.23 7.9 55 1.50
41* 75 a4 0.25 9.4 82 0.75
42 14.0 87 0.55 8.1 33 1.28
43° Li. 34 0.43 3.6 71 0.73
44" 12.0 35 0.23 9.5 78 1.18
45* 8.5 66 0.23 83 0.30
46 7.8 99 0.30 4.5 0.83
47 10.8 64 0.40 3.2 gO 0.78
+4* 13.1 35 0.30 5.3 89 0.88
44 16.7 4 045 12.4 a3 0.68
5u* 9.2 58 ).28
 

*Atlingnae exposed population.
 



 

Individual WBC, Basophil, and Atkaline Phosphatase Determinauons, [959-106
 
 

   

rasa [ena

Subyect WRE: AP, ‘+ Basa per WRO AB, ‘+ Baso per
No pxlOo3 ) Neg. 1OOO-cell cornet Ki) ‘) Neg LODO-cell Count

tay ae et

Rongelap and Aulingnae Exposed Populauon (continued)

4° 62 20 00
a2 i103 14 050 42 38 0 60
738 14 #2 0 30 71 0 O45

34 96 69 _ 41 62 0 68

5 93 4 0B 48 a7
3b 77 aa 0 3B 7A 10g
7 34 95 0 10 +8 O95

48 76 4 0 25 60 ar 1 28

qu* (24 66 10.0 Ww 075

60 150 95 0 25 10.1 82 1} 78
ol 87 5 08 75 4 055
he 103 65 0.10
63 435 56 035 5.0 76 055
tt Bo a9 045 6.6 5 0 88
65 1.5 18 0.40 6 i4 0.85
66 R93 30 030 60 95 003

67 78 W O50

658 59 86 048 49 36 O74
49 8B ral 045 74 74 | 08
70" 74 80 0.35 4.8 §2 O53
7 104 78 0.38 108 49 043

72 1G 79 028 84 RI 83
73 a7 87 025 a4 bu [13
74 87 83 1.18 78 87 0, 38
76 bh 4 a7 $7? b9 0.73

77 78 68 040

78 86 fA 018 436 a 063

79 12.4 57 075
80) 106 72 O35 10.5 64 078
BI* 6.3 95 0.13 3.4 48 O58
B2 a7 72 0.68 16 OB5

Ba"* 1.8 74 O40 62 83 090

84** 12.2 54 007 6.8 4 7 48
B5** Lt0 a4 0) 38 82 85 1.65

B6** 17.4 16 0.18 70 36 075
a7e* Hd 41 91 6 1 28

Ratt . 126 72 0.18 73 B2
aus* 119 80 055 wa 87 200
aye * 184 70 O15 69 83 nN)

aye* 14.8 4) 045

que tit 9 O78

qye* 180 85 0.19

ogee a4 74
age" 14.4 96 0.30
o6"* 12.4 75 0.18 11.9 50 0.75
Q7e* 11.8 79 018
One® 135 13 0.28 8.4 38

1on** 12.5 43 0.55 9.2 74
1o3** 11.6 a5
1o4e* B7 65
1nae* 13.2 76 98 72 0.85

 

*Atlingnat exposed population.

**Nonexposed children of exposed parent ot parents.
 

BEST AVAILABLE COPY
erreern



 

Individual WBC. Basophil, and Alkaline Phosphatase Determinations, 1959-1960

 

      

Subject WBC: AP, “> Baso. per Subject WBC: ALP., “, Baso. per

No. (xld “ Neg. 4000-cell count No. ixlo ‘4 Neg. 4000-cell count

Rongelap Unexposed Population, 1999

80] (4.4 ib 0.52 BRr2 8.0 83 0.43

802 110 65 060 8h3 10.3 78 035

803 13.9 49 O48 864 97 66 0.48

B05 15.2 A ou BAS 83 B2 0.68
806 il.t 49 0.38 866 10.7 43 0.45

807 20.2 42 033 867 107 83 0.38

808 127 76 125 868 6.9 48 0.35

809 11.8 71 oon BAO Mt.t 90) 0.63

810 90 Rb O45 870 16 2 59 0.60

alt 12.6 66 0.33 a7l 10.0 64 0.55

B12 14.7 76 | OB 872 | 80 72

BE3 106 7H 0.78 873 94 1 0.50

8l4 It 1 O4 050 B74 95 80 0.35

A15 87 83 0.80 a75 7.0 2 70

B16 11.8 oO] 0.38 876 79 55 O43

B18 12.3 94 0.30 878 79 66 0.0

a9 b.4 95 880 11.6 70 0.38

820 12.2 36 O57 481 TL? 50 0.48

B2] of 89 0.35 882 9.0 19 0.25

R22 96 7 25 884 93 100 0.30

B25 10.4 §2 O48 886 12.3 8 0.17

B25 Wea 78 27 887 10.5 4 0.56

826 10.5 88 0.35 889 7.3 30 0.48

827 4.5 89 453 B91 9.5 83 0.33

R28 tt.5 74 45 892 38

K29 7.3 69 0.55 893 7.5 86 0.50

840 Tt 72 0.23 894 10.8 56 0.22

831 8.0 38 0.38 895 14.7 67 0.30

a2 108 12 0.27 896 12.8 96 0.52

833 79 a9 043 898 8.9 84 035

834 Ith 13 0.65 899 65 86 0.40

B35 11 90 0.78 900 18.4 24 0.43

836 9.5 57 0.52 OI 15.4 30 0.27

838 10,2 7 040 AW2 220 48 0.70

849 117 40 0.60 903 10.8 75 0.48

840 a6 76 085 904 V2.7 36 0.28

H4t 11.2 79 0.72 905 15.3 47 0.25

#42 106 Q7 O57 906 12.7 37 0.50

ati 10.2 20 OL 908 8.0 8? 0.38

B44 7 oH) 0.72 Ot 4.0 93 0.27

845 4.4 SI 0.23 912 135 84 0.27

B46 {2.1 17 9.52 913 14.3 90 0.35

#49 11.9 459 ().38 914 6.8 97 0.20

850) 11.8 93 0.45 916 11.4 80 9.38

851 8.4 64 065 92] 32.4 69 0.43

B52 10.9 94 027 922 8.8 82 0.25

$53 7.6 88 0.48 923 {36 76 0.33

854 9.6 74 0.55 925 12.4 79 9.50

855 4&9 79 0.65 926 9.9 7I 0.43

846 6.8 41 0.50 927 8.4 $7 0.30

858 f.6 7t 0.40 928 77 80 0.27

859 a3 86 0.75 930 16.6 87 0.23

BAN 8.5 OA 0.30 932 98 68 0.35

861 8.3 85 0.43 933 8.6 31 0.45
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APPENDIX 6

 

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

 

 

 

ABO MN Haptoglobin Cholesterol,

group type Rh-Hr Kell Dutfy Diego type BFT* me “%

Rongelap Exposed

O N Rh,Rh, kk + Nex t-1 0 204
O N " + " 2-1 1/8 148

A, N " + " 2-1 O 184

B N Neg " 2-1 1/4
oO N " " " 2-2 0

A,B N ” kk + uM 1-1 0 148

oO M " kk + " 2-2 0

© N " kk + " 2-1 0

Q) N " kk + " 2-2 0 155

A.B N " kk + " i-1 1/38

A,B N ” kk + " 2-1 0 140

oO N " kk + u 2-1 0 207

K N " kk + ‘t 2-2 0 135

B M Oo kk + io 2-2 0 162

QO N a Neg a 2-1 1/8

A, N " kk + " 2-! 0 149

O N on kk Neg it 2-] 0

A, N " kk + " 2-1 0

O N h kk + i 2-2 0
A, N " kk + Nw 1-1 0

oO N "4 kk + " 2-2 0 t41

A, B N " kk + ” i-l

oO N "1 kk + " 2-1 1/4

'@) MN " kk + " 1-t 0

O N " + ” 2-1 1/8

O N " + ot 2-1 1/4

O N " kk + ” 1-I U

QO iN " kk + " |

O N 1s kk + " 2-2 1/4

O N " + " 2-1 i/4
A, N ” kk + " 2-1 0

QO MN " kk + ie 2-1 0

) N it kk + ve | 0 149

© N “ kk + " 2-t

B MN “" kk + m 2- l ] /B

O N " kk + " 2-1 0

B MN " kk + " 2-1 0

oO N “ + oo 2-I 0

A, N " ick + a“ 1-1 1/16
O M " kk Se " 2-2 0

Q) MN “ kk Neg " 2-2 0

B N " + te 2-1 0

oO N ou kk Neg u" 2~1 1/4

B N " kk + " I-1 0 21

() MN " kk + " 2-1 0]

() MN oo ick + " 2-1 0

A,B M " kk + " 2-1

BK N " kk Neg ” 2-2 0 tu2

O N Rhyrh kk + " 2-2 i) 132

ute flocculation test, posive = 1/32 or higher dilution.

74

 

BEST AVAILABLE COPY
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Blood Groupings and Haptoglobins, 1958-1954, and BFF and Cholesteral Levels, 1959

 

Subject ABO MEN Haptoglubin Cholesterol,
No group type Rh-Hr Kell [Duffy Lego ty pe RET mg ‘4
 

Rongeiap Exposed (conunued}

 

95 B MN Rh,Rh, + Neg 21 0 143

56 oO MN " Neg " [ t 1,4

7 A, N a ft um 2-2 Q

58 A, N " kk + " 1-1 re

59 oO M " kk - uw I-l Q

bv) A N " kk + iy l- ! 0

bl O MN 4 kk + M 2-1 1&8

62 B N kk + " 2-1 0

3 O N " kk + " 1-1 0 {50

o4+ O MN " kk + " 2-1
65 i-1 U

ob oO MN kk + " 2-1 0

68 oO MN " kk + " 2-1 18

9 B N 41 kk + ” 2: l- lo
70 N " kk Neg " Pl tr 132

71 A, N 7 kk + i tt 14
72 N " kk Neg " 2-2 1 16 137

73 O N - " kk + " 2-1 U
4 A.B N i" kk + i | 0
Tb B N t kk Neg “ 1 1 + 134

77 21 U
78 A.B N " kk + " | Q 165

79 O N " kk + 0 [-1 O 127

40 22 0

y2 oO N " kk + " t-1 0

Rongelap Unexpased

B15 A, N Rh,Rh, kk + Neg 22 u
B16 oO N " kk + " 1-1 0
B17? B N " kk + " 2-1 0

B18 A, N " kic + " 2-2 1/8
B19 Oo N " kik Neg " 2-1 0

820 A, N " kk " " i-] 0

821 A, N " hoe + " l-!

422 QO N " keke + " 2-2
823 oO N " kk Neg 1t 2-1 )

24 0

825 O MN kk " ' 2-1 1/8 163
426 2-2 0
427 2-1 0
828 oO N 1 kk a ” 2-1 0

829 oO M " kk + W 2-1 1/3

830 A, N rm kk + mn U 0]

43! A, N ” kk + " 2-] 0

832 oO N " kk + " 1 -i 0

B43 Oo MN " kk + " lt (

Bj+ O ™ "4 kk + ar L-1 QO

435 O N " kk + “ 2-1 if)

846 0) N " kk + " 1-1 0 155
838 oO N " “kk + “ 22 |
39 O N " kk + u" 2-1 rt)

b+) A, N u kk + u Il Q

841 O N n kk + " 21 | 256 213

b42 O N " kk + “ 2-2 0

  



 

Blood Groupings and Haptoglobins, 1954-1959, and BFT and Cholesterol Levels, 1959
 

Subject ABO MN Haptoglobin Cholesterol,
No. yroup type Rh-Hr Kell Dutfy Diego type BFT mg %
 

Rongtlap Unexposed (continued)
 

B43 0 N Rh, Rh, kk + Neg 1-1 v 181
B44 A, MN Rhyrh kk + " 2-1 0 149
845 tf) N Rh,Rh, Neg " 2-1 la

846 ) N " kk + " 2-2 u
B49 A, N “ kk + " L-1 0

850 oO N " kk + " 2-1 0 164

851 A, N u kk + " 2-1 | 7+ 237

852 QO N " kk + " 2-1 u 162

853 O N " kk + " 2-2 0

954 B N " kk + " 2-1 0 182

$55 QM N " kk + u 2-1 0 208

856 oO N a kk + ” 2-4 0 172

858 4,8 N Rh,rh kk + " 1-1 0 180

B59 4, N Rh,Rh, kk + " 1-1 0 202

Bou B M “" Neg ” 2-] 0 187

Bol QO MN " kk + u L-1 0 173

bH2 oO N " kk + " 2-2 0

B63 A, N " kk + " 1-1 0

Ko4 O MN " kk + " 2-2 0 170

465 A, N ul kk Neg i" L-t 0

8bb 1-1

467 ) N " kk + " 1-1

468 Oo. MN nf kk + " 2-1 Q 207

469 oO N “" kk + a 2-2 0

a7 1 () VIN ” kk + “e 2-1 0 157

u72 B MN " kk + " 1-1 0

$73 B M " kk + t t--1 0 187

u74 B N " kk + " t-1 0

475 O N " kk + " 2~t 0 18]

876 B N CM kk + i 2-1 0 154
377 oO M " kk + " 2-] 0

B78 oO MN " kk + th 2 -1 0

BaD B N " kk + " I-1 0

BEI QO M tt kk + “ 2-1 0

882 O N t kk + it 1-1 0

483 O N t kk + " 2-1 0

3B4 2-1 1/4

185 B N " kk + “" I-t 0

186 2-2 1/64

3h? A.B N " kk + u i-! 0

$88 B MN " kk + " 2-1 0

{69 A, MN " kk + " I-l 0 150

SOL A.B N a kk + " 1-1 0

$92 A.B N " kk + +t 1-1

893 Oo MN e kk + " 2-1 1/16

$95 B MN " kk + t t-i iD) 146

496 O MN 4 kk + io 1-1 0 165

498 QO N ‘t kk + " 2-1 1/4

BYY 2-2 0

908 A, N "4 + " 1-1 0

91] oO MN + ne 2-1

912 Ay N " + tt 2-2 1/4

91} QO N " Neg " 2-2 0 136

N14 QO N it Mm " 1- | O

Ole A, N "1 + " 2-1 0 135
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Blood Groupings and Haptoglobins, 1998-1959, and BET and Cholesterol Levels, 10549
 

Subject \BO MEN Haptowlvbrn Cholesterol,
No. vroup ty pee Rh-Hr Kell Dulty Diego ty pe BEE my ‘4
  

Rongelap Unexpused (contunued)

 

YI ) MN Kh,Rh, + Neg 2d a

922 ao M " Neg " 2-2 0
925 7 MEN ” " " 21 a 129
928 () N ” + n L-1 0 259
a2 oO M + 2] Q
be! 0 O

V4 ie) N 4 Neg 21 0
935 O N Kh,Rh, + a 21 0
939 Oo MN RhRA, + h 22 0
940 A, N " + " 24 Q

O44 B M " Neg " 21 U

O47 O N " + " 21 v

953 O N Kh. New . Lol 1 ‘bt
045 O M Kh, Rh, i 7 2 0
956 O MIN " " a 2-1 {)

958 O N ue + M 21 U

959 QO MIN “ Nex " z-t 0
Ob0) QO MN a + " 22 0

Ybd A, . N a Neg " 2-t 0

966 A, N r a. " 21
Yb? O N Kh, Rh, + " 22 )
S68 1 | 0

909 Q) N Kh,Rh, + " 1-1 0

971 oO N , Neg " 2-2 o
974 oO M n + " 2-2 0

976 Oo N " + Zi i)
977 ) N 1 + " 21 vu

97B A, N on + 1t 21 0

980 B MN " + ” 2-1 0

489 21 0

991 A, N " Neg t Il 0

993 QO N i + " 201 Q

906 QO MN " + ” 24 14

1003 A,B N " Neg " 11 i)

1005 A, N MW " " 1-1 O

Majuru Controls

4000 e) N Rh,Rh, Neg 2-2 G

4002 B N Rh,Rh, + ‘" 2-1 0
4003 QO N " “" 1)

4004 Oo N " + " 2-1 G

4005 B M ‘e « 1-1 0

4006 Q) MN " + co 22

4007 A, N " Neg " 22 0

409 O M “4 + " 2-1 O

4010 A, N " Neg " a
Ht2 A, M Rh,Rh, + " 22
W713 © N Rh, Rh, i I

4045 B MN " " Jd a
4016 O MIN Kh, Rh, 21

+i? AY N Rh, Rh, + o 21 0

1088 4 N ; New 0 1
Wwr0 O ™“ " + " 2 I

wee A N " + uo 2 1

Hoss O N “ + u 2 4)
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Bloud Groupings and Haptogiobins, 1958-1959, and BFT and Choleszeroi Levels, 1959

Subyect ABO MN Haptoglobin ; Cholesteral.

No ¥THUp ly pe Rh-Hr Kell Duffy Diego type BET me ‘4.

Majuro Controls(contunued)
4024 A, N Rh. Rh, Neg Neg 2-2 a
4025 oO N a + " 2-4 Q
4026 A, N Rh, Rh, + " 2-1 0
4028 A, N Rh,Rh, Neg u 1.) 0

4030 O MN " + n 2-1 0

4031 O MN " + " 2-1 0

4032 O N " " 2-2 O

4045 B MN " + " 2-1

40434 A, MN " + " 2-1

4055 A, N " " 2-1

4036 } M og + " 2-2

4057 O N ” ” 2-1

4059 B MN uu + " o_2 0

4040 O MN Rhyrh " |-1 0

4041 O M Rh, Rh, " 1-1 0

+042 O N Rh. " 2-1

4043 O M Rh, Rh, + " 1-1]

4Hb QO N at + 1-1

4048 B M Rh, Rh, + i 1
4049 B N " " 2-2

4050 ) MN Rh, Rh, + " 2-2

4055 O Rh,Rh, " 2-1

4056 B N . Rh,Rh, ” 1-1

4057 {} N " " 2-2 0

4058 q) M tt " 2-2

4059 B MN " 4 2-2 0

4063 A, N Rh,rh " 2-1 0

4064 Q N Rh,Rh, " 2-2

4066 oe) N ‘t + “ 1-1 0

4007 B N " + " 2-2

4068 A, N " " 1-1 0

4iby A, MN Rh, Rh,, + It

4070 Q N Rh,Rh, " 2-]

4072 B N " ” 2-1 0

4073 AL N " " 2-1

4075 QO MN Rh,rh “ 2-2

4078 O N Rh, Rh, " 2-1 0

4081 @) M " Neg " 2-2 0

4082 Ay M " " 2-1 0

4083 QO MN Kh, Rh, " " 2-1

4004 A|B N Rh, Rh, + " 2-1

4085 B N " " 1-1

4086 B N t " 2-k

4087 B N Li it 2-2

4088 Oo N " " 2-3

Uurik Population

2101 A,B N Rh,Rh, + Neg i-l 0 181

2104 2-1 0 202

2105 () N " + " 2-2 215

2LO? B N " + "“ 1-1 iV 241

2108 O MN " Neg " 2-t 133

2110 () N Rh,rh + " 2-4 Q

2112 B N Rh, Rh, Neg " 2-2 1B

tit 2-1 O
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Blood Groupings and Haptoglobins, 958-1959, and BFT and Cholesteroi Levels, 1959

Subyect ABO MN Haptoglobin Cholesterol.

No. group type Rh-Hr Kell Duffy Diego type BET mg “PF

  

Uurik Populat ion (contunued)

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

2118 L-1 1/128

2120 O MN t + 1" 2-2

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

2125 O MN " + 2-1 1/4 225

2126 A, N " + " t-l 187

2128 Oo N " + ' 2-1 0

2129 A, MN ' + " 2-1 0 237

2132 Oo N " + " 2-2 147

2136 oO N Rh,rh + " 4 176
2139 O} N Rh, Rh, + ‘" 2-t 0

2140 A, MN u + N 2-2 1/4 216

214i B N " + K 1-1 0 172

2142 2-2
2144 oO N 4 + ; 9-9
2145 oO 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 G 171

2152 oO MN " + " 2-1 212

2154 oO MN " + iO 2-2

2156 A, MN " + tt 2-2?

215? i) N Rh, + " 1-1 195

2158 A, MN Rh,&h, + " 1-1 0 175

2162 B N Rh,rh + " 2-[ 263

2164 QO MN Rh,Rh, + " 2-2 179

2168 O M Rh, + N 2-2 200

2169 oO MN Rh, Rh, + " 2-1 1/256

2172 0) N “ + " 2-2

2175 oO N ” + “ 2-2 252

2176 A, N ” + ‘ 2-2 0 16

2182 Oo N + " 2-2 0 220

2183 - 2-1 217

2186 B N " + " 2-2 0 202

2188 Oo N " + " 2-[ 166

2190 B MN " + " 0 27t

2193 O N " + ” 1-1 1/4 220

2198 oO N " + " 2-2 251

2199 A,B N " + " 1-I

2202 ' iB N ” + “ 2-f

2203 Oo N " + " 2-1

2204 Oo MN " + " 2-l

2206 O MN " + " 2-2

2214 2-1

2216 } N mt + i 2-2

2223 A, MN n + " 2-2
2225 oO N ” + u [-l 140

2229 O N " + " co | 167

2230 Oo N ‘0 + " L-I 245

2238 O N Rh,rh + I 2-1 256

2244 2-2

2246 Oo N Rh,Bh, + " 2-1 197
2247 Oo N Rh,rh + 0 2-1 191
2248 2-1 157
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Blood Groupings and Haptoglobins, 1958-19959, and BFT and Cholesterol Levels, 1959

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

Utirik Population (continued)

2252 Oo MN Rh,Rh, Neg Neg 2-1 195
2753 O M " + ny 2-] 148

2256 Oo N W + 1" 2-1 179

2257 oO MN Rhyrh + n 2-1
2279 oO MN Rh, Rh, + " 2-2 150
22B0 9 N " + " 2-2 237

 



 

Cs’ and Zn Bedy Burdens, in mu ke. ol Marshall Island Inhabiants

 

 

 

 

APPENDIX 7

 

 

 

  

 

 

 

 

   

 

 

Males Females

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

Subject Subyect Subject Subject

No. Cs‘ Zn" No. Cs'" Zn*™ No. Csi"? Zn** No. Cs!” Zn

Rongeiap Exposed

3 5.635 17.4 9.14 12 145 8

5 14.0 16.7 13.8 13 7:23 5
23° «t0.3 3.67 4.78 14 IL9 l4i

3200 «23.9 16.0 8.09 18 B.0t Ot

47) 73 15.2 6.50 2200571 6.
54 7 115 3. 24 «$30 71

162. 6.05 30 «12.1 a)
9 10.7 39° «144 61

9 16.4 o¥5.5 a. 49 7.95 91
19.4 i 58 11.2 87

a a . 60 «69:25 6h
S . ” 63 17.8 6..

‘2 Dat - re 4 11.2 Eh
e st 66 10.5 15

a . wre 17) 7.57 10.2
2h . : 78 141 It:

. . we . - ye ~

Ay 124 6.15 16.6 +2.24 142SbPest5.07 4774 8.$h2.64 11.03.35 9:

Ailingnae Exposed

6 7.53 5.38 16 11.2 11.6 8B 6.67 9.74 1 8.70 8. = :
44 10.2 10.6 29 «8.35 9.11 48 13.1 7.67 43° 133 11

4. 15.7 15.9 53. 10.5 5.38 4514.7 74

50 «10.6 20.9 8 9.68 9.41 39 «6416.9 [36

° 70 6.30 120

Av 8.8? 7.99 14.5*+3.57 14.44+5.72 999+3.12 8.05+2.15 1144448 10.5

Rongelap Unexposed

313 8.18 8.18 823 8.89 Lt. 805 10.4 6.04 825 107 3.4"

8l4 149 9.23 830 «10.4 10.5 B10, 6.49 13.0 8296.11 8.1
815 9.25 7.93 831 15.0 9.45 812 10.1 832 6.24 8.5. ts
BIB 24.1 7.32 B33 9.92 8.74 B16 11.4 11.4 835 6.54 94
BIS) 14.3 9.63 B34 21.3 10.6 821 7.92 8.50 8397.92 11.6
8209.03 6.14 B36 «11.4 10.3 891 12.4 7.95 841 6.898 45!
822 8.08 7.80 838 45.13 9.95 911 6.45 6.45 B43 6.53 tht
863 12.4 8.80 840 =1[8.8 13.0 955 9.86 17.4 B44 9.39 73
869 10.6 6.04 845 9.84 6.09 959 6.65 10.3 846 «11.8 10.4
870 «6.30 3.94 B49 E21 9.92 960 «9.91 8.62 851 10.4 113
B74 21.5 8.70 850 «(18.8 13.0 977 12.2 7.19 852 9.59 11.0
887 110 5.90 853 15.5 5.01 978 «610.8 10.8 854 «1t.5 10.9
892 7.76 8.70 855 19.3 8.93 980 «(12.5 8.00 858 6.76 7.3
912. 12.7 7.51 856 21.8 10.5 993 «105 6.58 $59 12.9 8.7
92L 9.04 6.21 8609.49 4.75 996 10.1 8.18 861 6.06 6.00
939 BB 10.0 862 12.0 2.80 998 «11.3 8.26 865 10.8 ov
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Cs'"" and Zn™ Body Burdens, in mpC/kg, of Marshall Island Inhabitants

 

Males Females

 

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

Subject Subject Subject
Css? wn No. Cgt3t Zn" No. Cs'37 in No. Cs"? Zn*

 

Rongeiap Unexposed (continued)

 

9.27 6.56 864 13.6 17.3 867 9.36 6.24
14.7 11.9 868 9.72 6.61 B71 17.2 5.96

15.4 12.1 872 19.0 13.1 876 §=610.0 6.10

8.31 4.89 873 19.2 7.23 889 205 12.7
875 16.3 11.4 893 9.29 7.75
878 13.0 8.49 894 5.61 10.6
880 16.3 13.7 895 6.81 5.87
881 16.7 2.9 396 8.81 LL5

882 9.12 12.0 908 11.2 7.60
910 «24.3 14.8 914 «114 9.94

935 «11.2 15.9 9t6 791 12.4
944 «11.4 8.64 922 14.2 9.32
945 9.49 9.49 934 8.54 8.92
947) «18.7 9.27 942 «11.4 10.9
953 8.68 10.3 957 8.03 5.40
958 =14.8 9.57 970 9.42 6.01
963 20.9 8.99 982 9.48 7.65
966 9.05 6.79
969 19.0 12.3
973 12.3 6.29
1005 4.66 4.96

11.84.78 7871.98 14.044.72 986+2.86 9.93+2.11 9322.77 9.774282 8.65+2.24

Utarike

2.65 2.35 101 4.03 4.81 2113 2.78 3.2k 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 2144 1.67 1.39 2160 4.40 2.55 2140 4.17 2.53
3.52 2.14 2120 4.05 3.40 2197 5.60 2.03 2141 2.67 2.17
7.14 4.40 2121 4.26 2.28 2210 4.84 4.03 2154 2.81 2.49
5.12 1.35 2423 6.01 2213 9.04 341 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 2.23
4.5] 2.36 2152 5.39 3.49 2227 8.09 §.15 2224 4.73 2.51
2.75 2.05 2157 3.81 5.88 2228 5.43 2.63 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 3.17 2.50
2185 5.06 3.43

4.55214.23) 2.51+0.80 4.50+1.60 4.18241.55 4.52+1.87 2,800.80 34741.26 2.50058

 

 



APPENDIX 8

 

Unmnary Sr°° Values in Marshallese, 1959
 

  

 

 

 

Males Femaies

Subject No. Sr™, pC Volume, ml Sr™, pa/I Subject No. Sr", uu Volume, mi Sr*™*, ap, |

Rongelap Exposed, Age 1-15

76 5.2 2160 2.4 15 90 2160 4.1

76 4.4 2100 2.1 36 8.8 2400 3.6

Av 2.3

Age >15

7 10.5 1500 7.0 12 3.8 2160 1.8
9 8.3 1700 48 12 49 2200 2.2

26 15.3 2110 7.2 14 13.0 1400 9.2
26 11.4 2160 5.2 22 5.8 1400 4.1

27 45 1150 3.9 22 12.5 1710 7.3
27 4.5 1900 2.3 24 3.9 1500 2.6

40 186 1700 10.9 39 12.8 1450 BB
79 21.7 1290 16.8 66 14.2 i510 9.4

66 73 2100 3.4

Av 1690 7.35.1 1715 5.4422
 

Ailingnae Exposed, Age > 15

41 11.8 2200 5.3 45 4.0 1300 3.0

Kwajalein - Ebeye, Age >t5
 

2404 0.4 940 0.4 2412 0,3 1010 0.3
2405 0.8 1920 0.4 2413 0.6 1610 0.4
2419 ~ 270 — 1i* 0.5 320 1.5

2416 0.4 340 Ld
2414 L.? 465 _
2410 0.13 385 0.33

Av . 0.56+0.37 0.7407
 

Rongelap Unexposed, Age 1-15

 

818 6.2 1100 5.6
887 9.0 1000 9.0
874 10.1 {500 6.7

Av 712.0

Age >15

§30 12.0 2200 5.4 943 3.5 2160 1.6
830 8.6 Itto 7.2 843 5.7 1710 3.3
83! 5.5 1400 3.9 865 76 2150 3.5
838 24.1 2025 11.8 876 74 1000 7.4
838 5.5 1490 3.6 893 Lt.5 2300 5.0

849 13.4 1500 8.9 895 4.7 1050 4.4
963 6.4 1700 3.7
963 7.8 1300 6.0
882 3.4 850 4.0

Ay 1510 5.62.8 1730 4.2423
 

“Memberoforiginal exposed Rongelap group,living on Ebeye since 1958.
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Urinary Sr*? Values in Marshallese, 1959

 

  

 

 

Males Females

Subject No. Sr, uC Volume, ml Sr’, pC Subject No. Se”?ppc Voiume, mi Sr", apC/t

Vtirik, Age 1-15

2128 17 430 3.9

Age >15

2110 2.3 1750 L.3 2236 2.1 660

2123 1.7 1060 16 2246 1.0 510
2125 2.6 1380 1.8
2145 19 680 2.7

2152 O14 600 0.23

Ay 15+0.9 2.5

 



Addendum

A NOTE ON THE VEGETATION

OF THE NORTHERN ISLETS OF RONGELAP ATOLL, MARSHALL ISLANDS, MARCH 1959

B.S. BLumMBeRG* AND 8.4. CONARD

Fosberg'* reported changes in the vegetation of
the northernislets 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 ofthese islets

“National Institutes of Health, Bethesda, Maryland.

   

and to re-examine the vegetation. A helicopter

wasavailable for transportation, which permitted

general and detailed air examination as well as

two short ground surveys. The northern islets were
estimated to have received a radiation dose ol
= 3000 r. Theislets of Naen and Gegen wereex-

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 toits
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Figure A-!. Map of Rongelap Atoll showing position of major islets.
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Figure A-2. Affected Guetturda speciosa with normal appearing Scaevoda sericea.

rmal green color. Ground surveys revealed that
eveda sericea Was Common and nornzal in ap-

arance. Manyofthe Guettarda speciosa appeared

be in poor condition (Figure A-2). In some,all
nearly all the leaves were gone from the termi-

| 1 to 12 in. of the branches, and other leaves

‘re yellowed and shriveled. In other Gueltarda,
arly all the leaves were gone, and the bushes

peared completely dead. More than 50% ofthe
ettarda were affected 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 Prsonza

1 were seen which appearedto be in good
ion. Mature Prsonta were seen which were

ily defoliated, but these did not appear to be

‘ different from those seen on RongelapIslet
southeast corner of Rongelap Atoll. None

mistietoe-like clumps described by Fosberg
te observed. Several Ochrosia oppositifolra 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

vapitated at heights 5 to £2 ft above the ground
th no evidence of axe or machete marks. Two2-
aded coconut trees were seen, one with fronds

11 were mostly brown and appeared dead grow-
ttrom the trunk 22 ft below the true crownof

 

the tree. Several trees had dry and shriveled

fronds, and =6 had deformed bulges 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 weresimilar 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 ecologicalsur-
veys will be necessary, both on the islands that

received radiation and on those that did not, to

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.
Weare indebted to Professor Frank Richardson

of the University of Washingtonfor identifying the
plants, and to Commander W.Lyons, USN,for

his assistance in taking the photographs.
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