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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 repon. 
These people had been accidentally exposed to 
fallout radiation following a detonation of a high 
yield thermonuclear device during experiments at 
Bikini in the Pacific Proving Grounds in March 
1954. An unpredicted shift in winds caused a 
deposition of significant amounts of fallout on four 
inhabited Marshall Islands to the east of Bikini 
(see Figure I) and also on 23 Japanese fishermen 
aboard their fishing vessel, the Luck~ Dragon. Of 
the inhabitants of the island of Rongelap, 105 
nautical miles away from the-detonation, 64 re­
ceived the largest fallout exposure: an estimated 
dose of 175 r of whole-body gamma radiation, 
contamination of the skin sufficient to result in 
beta bums, and slight internal absorption of radio­
active materials through inhalation and ingestion. 
Another 18 Rongelap people away on a nearby 
island (Ailingnae), where less fallout occurred, re­
ceived only an external gamma dose of about 69 r. 
There were 28 American servicemen on the island 
of Rongerik further to the east who received about 
the same amount of radiation as did the Rongelap 
people on Ailingnae. Lastly, 15 7 Marshallese on 
Utirik Island, about 200 miles fun her east, received 
about an estimated 14 r of whole-body radiation. 
The fallout was not visible on this island and no 
skin effects developed. 

The exposed people were evacuated from these 
islands by plane and ship about two days after the 
accident and taken to Kwajalein Naval Base 
a bout 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 were later re­
turned to their duty stations. The Utirik people 
were also allowed to return to their home island, 
where radioactive contamination was considered 
co be of a slight enough extent to allow safe habita-

-~ ---.. · ............... --···~ ---~·· •. 

tion. Because Rongelap Atoll was considered to be 
too highly contaminated, a temporary village was 
constructed for the Rongelap people on Majuro 
Atoll several hundred miles to the south, where 
they lived for the following 31/2 years and were ex­
amined at yearly intervals by a special medical 
team. In July l Y5 7, 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 were relatives of the exposed people but had 
been away from the island at the time of the acci­
dent, moved back with the Rongelap people to 

their home island and have served as an ideal 
comparison population for the studies. Following 
the initial survey of the Utirik people on K wa­
jalein in 1954, a repeat survey was carried out in 
March 1957. In addition, during the past survey, 
as in the previous surveys, a visit was made to 
Majuro Atoll to examine a group of children who 
represent part of the control group used for the 
growth and development studies of the exposed 
children. 
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The accumulation of data from these survevs is 
becoming increasingly voluminous. Since co~di­
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 bv this 
Laboratory are made as complete as possible. This 
report, therefore. includes a ronsiderable amount 
of raw data, much of it in appendices, so that 
others may have an opportunity to make further 
calculations if desired. 

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

Summary of Past Findings 

Reports have been published on the findings of 
surveys made at the followin,g times after expo­
sure: initial examination,' 6 months,' I year.' 2 
years.' 3 years,' and 4 years.' The following is a 
brief summary of the findinir.; previously repnrted. 

Dur~·n ·~~6ftlo.·'J.-4 to. 411,,,hr ~JffMlsure, 
about ' ' . ~~·p pllaple. e ... 1encH 
anorex aod'nlllll9lll:; few vomited and had 
diarrhea. litany also -e~petiCf!ced itching iind 

burnmg,,2f~ skm,_and a fe"!I' ~.· .. · plaine4:_.. ~-
rymatl~nd bummgofthe .. FelloWUJil. , 
the peoF>ie remained asvm~lifk: ,_..'i ' 
weeks a/kr the accident, w~n cutane~us les1 
and loss ofhtir d~d. due largely to beta ir­
radiation of the skil['It was apparent when the 
people were first erimined. a few days after expo­
sure, th~e lym.yte, were considcra~ de­
pressed aiia thaHijiiificant doses ofr~ had 
probably been received. In addition to the whole­
body dose of radiation and the ht-ta irradiation of 
the ~kin, radioch<'mical analvses 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 who received 
175 r will be reviewed in the section on hemato­
logical examinations (see Figures 33, 35, and 38, 
and Appendices I and 2). The changes in the 

Ailinll'nae and Utirik groups were similar but less 
marked. Certain unexplained fluctuations have 
occurred from year to vear in the peripheral blood 
lev('ls of the comparison populations as well as of 
the ('Xposed groups. Depression of the peripheral. 
blood elements as repr.-sented 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 
and slightly lower in children. There was onl) 
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 belo"' 
the comparison population leve1' (75 to 80%). A1 
3 years the mean lvmph~'9'COW'llts were sli,ghtl} 
below those of the comparison population. At 4 
years the mean level appeared to be about tht 
same as that of the comparison population, bu· 
many counts remained lower. 

Neutrophil levels fluctuated considerablv dur 
in.I\' the first few weeks but fell gradually to a lo" 
of about 503 of comparison population levels b) 
the 6th week after.~pos.1 ure. Slow recovery en 
~~tat 6 ~"9were still slightly belo"' 
lbe ~dS'f!: ~r. by I year post ex 
pos~~ey had return~~~h41 level of the com 
pwisOp_~ultlllon a~f~;.tjJmained so, wit! 

· -~~ption ofthoij:bfchildren <J: 
. Id, whkW\enerally hjilVi'J>een lower tha1 

ose of tltc unexposed chi~n of com para bl· 

~~~t~~I to abou;·r:1·;; the unexposeo 

~i'fP! week. By 6. m. onths they ha· 
1:7-,, ~~he~~ I year the mea 

~ count-.. tCiV bclf;.~t of the con tr< 
population but higher than at the 6-month surve~ 
Although further increases were apparent at th 
2-, 3-. and 4-year examinations, the levels wer 
still below those of the comparison population. 
Chan~ in hematocrit were not remarkable i 

any of the groups. 
Clinical examinations revealed no disease pro. 

esses or symptoms which could be attributed I 
radiation effects, aside from skin lesions, loss• 
hair. and early symptoms. Epidemics of chick('. 
pox and measles occurred. The diseases encou1 
tered were no more severe or frequent in the irrad 
ated group than in the unexposed group, ev' 
during the period of greatest depression of peripl 
era! blood elements. Three persons in the eXpDSf 
population died of disease: (I) a 46-year-old ma 
with a hypertensive heart disease which had ~ 



present at the time of exposure, who died 2 years radiation of the skin were seen in IL cases which 
after the accident; (2) a 78-year-old man who showed varying degrees of p11~ment aberraiions, 
died, :.I years after exposure, of coronary hean dis- scarring, and atrophy at the site of the former 
ease complicating diabetes; and (3) a :.16-year-old burns. Numerous histopathological studies have 
man who died of acute varicella, 4 years after ex- been made,' .., and the changes found have been 
posure, who had received only 69 r, having been consistent with radiation damage. At no time have 
on Ailingnae at the time of the fallout. There was changes been observed ei1her ,grosslv or microscop-
no apparenl rela1ionship be1ween any of 1hese ically indicative of malignant or premalignanl 
dea!hs and radiaiion exposu~, and mortality in chanp. Spolty eP.ia>n on the heads was short 
!he exposed group did no! appear 10 be grt;fter lived, rcgrow!h or•· occurring about J months 
1han in the unexposed population. .. ··- after exposure and complete regrow1h of normal 

h was difficul! to evaluate the etlCcts on fertility. pair by six months. No further evidence of epila-
However, a number of apparemly normal babH!f _ ti6n has been seen. 
were born during the -l-yea1"period, and 1here 11.i~;,, A'il foterestmg observation was the appearance 
been no discernible fall i". ~ r&.A slightly of a bluish-browapiirfiematwn uf the semi lunar 
higher number of miscarriages ~cUYitlin theex- ; areas of the fiiw:rnails and toenails in abo1;1t 9't_~ 
posed women than in the ~nexPo-e• gl'oup; this •ofthe people, G~ioning about J weeks after expo-' 
will be further evaluaied in the pre!!e~teport. No sure. By 6 monihs, this pigmentation had largely 
opacities of the lens or other eye cinnges have grown out with the nail and had disappeare~ia 
been found that could be related 10 radiation. most cases. The cause of this phenomenon h~~ 
Studies on height, weig~l)d;bonc atJe seemed beon·~p~ned. ~4". • .... ~· _.; ~·~:;;-:, ~ 
to show a slight degree of : · lio-t] i.f! gro~ ' .. ··°"" -? .. lf.;i t ~--'; "':. ~ 
and development in 1he ex· :it . How-
ever, 1he small number of ., · 
a later finding that exact .Ji 
dren were in doubt, has res~lted in 
of these data based on more reliable age deter­
minations. 

BETA IRRADIATION fl{,!ME SKIN 
"'le--

It was impossible to get an,"~rate estimate of 
the radia1ion dose to 1he sktn·.' ta burns of the 
skin and epilation appeared.."'iOJl.t 2 weeks afler 
exposure, largely on partaof · not covered 
by clothing, About 90% of 
burns, and a smaller num 
epilation of the scalp. 
superficial; they exhibited , 
scaly desquamation, and. 
little pain. Rapid healin ,..,, __ 

followed. Some lesions we 

INTERNAL IRRADIATION 

Radiochemical analyses of numerous urine 
samples of the exposed popular ion showed internal 
absorption of radioactive materials, probably 
brought about largely through eating and drink­
ing contaminated food and water and to a lesser 
extent through inhalaiion. During 1he first few 
days when the body levels were at their highest, 
the maxlfh · _._ble concentrations were ap~, 

t-ceeded only m the c~ 
fie isotopes of iodine. The.,.. 
. ·· .• ~ ~ too low to result ii, 
~ lcvell feU rapidly, li.O thal 

rtwi 
,byL 

~---



1urn of 1he f)<"ople lo Rongelap. The body levels of 
1he unexposed people who returned 10 the island 
also increased. becoming indistinguishable from 
!hose of 1he originally exposed group. However, 
1hc levels remain well below the maximum per­
missible limits. Analyses of bone samples on one of 
the men who died showed 3. 7 slronlium-90 umts/g 
calcium. 

OTHER STUDIES 

Othn s1udics have been carried out on 1hc 
Rungelap people which are not directly related to 

radiation effects. An intensive intestinal parasite 
>urv<'y showed that the people were 111fected with 
many types of protozoa and helminths. This find­
mg did not entirely account for the generally high 
incidence of eosinuphilia. 0th~,· rindings that need 
further explana1ion arc the general anemic 1end­
encies, the high plasma protein levels with in­
creased gamma globulin, and the higher than 
normal levels of sNum protein-bound iodine and 
vitamin B,,. Another investigation is concerned 
wi1h gene1ic studies and determination of the 
a111hropological background of the Marshallese 
from genetically determined traits. Among the 
traits studied were blood l{roups and hemoglobin 
and haptoglobin types. The results shed some light 
on 1he origin of these people and the homogenicty 
uf the population. Their blood groups resemble 
most closely those of the people from Southeast 
Asia and Indonesia, and the population appears 
to be relatively homogeneous. 

DIFFICULTIES ASSOCIATED 
WITH THE EXAMINATIONS 

As mentioned in previous reports, several diffi •. 
culties were associated with carrying out the ex­
aminations as well 111 interpreting the findings. 

I The language barrier made examinations 
dilficult, since very little English is spoken by the 
Marshallese. However, there were sufficient Eng­
lish-speaking Marshallcse to assist the medical 
tean1 ln most instances. 

2. The lack of vital statistics or demographic 
data on the Marshallese imposed a serious ditfi­
cuhy in i1uerprt'.1a11on and evaluation of the medi­
cal da1a. Kt·r-onb uf hinhs. dealhs, etc. have been 
mad<' I" 1h~ hi-ahh aides or magi>irales ul 1he vd-
1..u~cs and 'i11ppoM·dly lorw.udcd to 1he distritt <id· 
1111111~1ra1or. hu\'\-c:ver, ..,uc._h rtTorch ha\'c been 111· 

complete or lost 111 most instances. and vital s1a1is­
tics are 1hereforc inadequate. Trust Territory 
utticials are now ancmpung 10 assemble such data. 

3. There is uncertainty on 1he part of some of 
1hc Marshallese as to their exact ages. particularly 
among the older group. This imposes certam diffi­
culties in 111terpreung some of the studies 10 be 
outlined. 

COMPARISON l'Of'ULATIONS 

During the first 'l years, 1wo separate groups of 
Marshallese people were used for comparison, 
each of comparable size to the exposed Rongclap 
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
sa1isfactory. At the time of the :.I-year survey, it 
was found that during the preceding 12 months 
the Rongclap population al Majuro Atoll had 
doubled because of the influx of relatives who had 
come back from other islands to live with them. 
These people had been away from Rongelap 
Atoll at the time of the accidental exposure. This 
group matched reasonably well for age and sex 
and was of comparable size. Since the return of 
the people tu Rongelap, however, this group has 
about doubled in size. 

Since the people are of the same stock geneti­
cally, they are uniquely appropriate to serve as a 
comparison population and have, 1hcrcfore, been 
used since 1957. 

1959 Survey 

BACKGROUND MATERIAL 

Organization 

For the 1959 survey, 5 years after the accident, 
the medical team consisted of seven physicians, 
one dentist, two scientific speci .. lists. and nine 
technicians from various institutions and labo­
ratoru:s in the United States. Several Marshallcsc 
practi1ioncrs and imerprcters· assmed in carrying 
out che exarninations. 

A group of live sciemists from the Universi1y of 
Washin~ion, ht'adcd bv Dr. E.E. Held. accom­
panied the ~roup to collect ;oil, marine, dnd plant 
samples for radiochemical analysis. These studies 
are not included in this report. 

Prior lo the 111a1n "'iUrvey on Rongdap, ~c:veral 
111t:111l>t"rs ot 1ht· team v1s1ted ~1ajufo to exd111me 



Figure 2. Village street scene, Rongdap Island. 

Figure J. Group of Rongelap children. 
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15 children who arc part of the control series for 
the growth and development studies. Several 
Rongelap people of the ex~d group and the 
comparison population group who were uving in 
Majuro were abo examined. 

The Navy kindly furnished a ship. the LST 
USS Duval Counly. The team met at Eniwetok 
where the ship had put in 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 the ship for the 
expedition. The ship was beached at Rongelap 
and Utirik for easy accessibility to the villages. 

Attitudes of Rongelap People 

When the team arrived at Rongelap, the mag­
istrate of the village indicated that there was some 
confusipn and uncertainty in the minds of some of 
the people as to the necessity and significance of 
repeated medical examinations. He thought it 
wise to cali a ,!lleeting 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 Rongc­
lapese were al ways 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 Rongclap, copra pro­
duction had not increased to the extent that the 
Trust Territory officials had hoped. Consequently, 
since copra production is the prime source of in­
come, there was some concern over the slowness 
with which the people were getting back on their 
feet economically. It had become necessary to ex­
tend food subliatence beyond the time originally 
planned. Fishing was not being carried on as 
actively as it should have been. 

At the village meeting the main questions cen­
tered around the necessity for the continued medi­
cal examinations in view of statements on the part 
of the medical team in the past that the people 
wcr.- l(Cncrally in l(ood health. It was difficult to 

cxpldin lt1 th.-rn that, 1houli(h thev appeared to be 
1n ~ood ht>alth JtH.i to havr rt"To\·ered frurn the 
•. u:utt· t"lft'l h uf rJd1.J11on. \t"r\ i111le v....ts known 

.tho11L the poss1bk l~ue ellt'ch ofrJd1atHHI, J.fld 

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 carefully 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 usual friendly relations prevailed throughout 
the stay on the island. 

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

Upon completion of the l959 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 continur.d 
good health. They were also advised to try to im­
prove their oral hygiene and observe sanitary rules 
to control the Ries 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, B"K"' lalro), con­
sidered a delicacy by the Manhallex. ( Phoio couriesy 
American Mweum of Natural Hiatory, New Yori<, N.Y.) 
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Figure 5. United Nations visiting group meeting with Rongelap residents in village church, 1959 

PROCEDURES 

Location of Examinations 

LST Tonic Deck. Whole-body gamma spectros­
copy was carried out with the 21-ton steel room 
placed in the after part of the tank deck, with the 
air conditioned electronics room and the shower 
facility close by. The people to be examined en­
tered the ship via the forward ramp directly onto 
the tank deck, proceeded to the shower facility 
where they disrobed, took a complete soap and 
water shower, and donned disposable paper cover­
alls and slippers, and then proceeded to the 21-ton 
steel room, where a I 0-min gamma spectroscopy 
count was obtained. Phonograph music was piped 
into the steel room during the procedure. The 
people, except very young children, showed no 
evidence of fear or claustrophobia and appeared 
to en1oy the procedure. Further description of the 
gamma spectrngraphic methods will be presented 
later. 

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

Rongelap Village. As in l 958, the dispensary, 
schoolhouse, and council house were used for the 
examinations (Figure 6). Hematological and other 
laboratory procedures and ophthalmological ex­
aminations were carried out in the dispensary 
(Figure 7). Medical histories were taken and 
physical examinations were made in the school­
house. The council house provided areas for an 
administrative center, for collection of urine sam­
ples, and for laboratory use by the University of 
Washington group. 

History and Physical Examinations 

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

Complete physical examinations were carried 
out including examinations of the children for 
growth and development (anthropometric meas­
urements, and x-ray examinations of the left ~Tist 
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Figur~ ti Olspen~ary and examination buildings, Rongdap lsJand. 
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-
and hand for bone development studies); studies 
of aging criteria; 'pecial examinations oft he skin 
with color photographv of select Pd lesions; oph­
thalmological studies including 'lit-lamp observa­
tions, visual acuitv, and accommodation; audio­
metric examinations; cardiovascular survev. and 
x-rav examinations as deemed neccssarv. 

I~ 1959, 96 exposed people. including their 
children, alKI 166 unexposed people were exam­
ined on Rongelap. 

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

I. Clinical h1Storu.r recorded present and past 
health and illnesses, especially cadiac and pul­
monary symptoms. 

2. Phvs1ral exammatwns 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 bv palpation of the radial, 
brachia!, and dorsal is pedis arteries; and the ap­
pearance of the veins. 

3. /nstrummta/ proetdurrs: Svstolic and diastolic 
hlood pressurrs were obtained with the cuff-type 
aeronoid sphygmomanometer. Oscillometry read­
ings were obtained from both legs at calf level by 
the Collins tvpe of oscillometer. Tht" highest of the 
readings obtained at different pressure levels was 
used as a single reading· for each subject. Eirctro­
cardw.~rams were taken on people 20 years of age 
and over (84 unexposed and 38 exposed indi­
viduals). The electrocardiograms were taken by a 
Sanborn Direct Writing apparatus which had 
been •peciallv shock mounted for field use.* In al­
most all subjects the electrocardiograms were 
taken with 12 leads, to include three standard bi­
polar limb leads. three augmented unipolar limb 
leads, and six unipolar or V chest leads in accord 
with the standard 12-lead procedure recommended 
by the American Heart Association. The tech­
nical quality of the electrocardiogram was in most 
instances relatively good, but there were two 
handicaps. The electric power for the instruments 
wa5 obtained &om a generator on the LST by run­
ning a cable ashore to outlets in the various build-

•we are most Jtratcful to the Medical Equipmf'nl Rc~arch 
Dcpanm..m. U.S. Army, Fort Tu<ten. N.Y. for use ofthi• instru­
ment on a permanent loan ba.,1~. 

ings used for the medical examinations. Inductior 
currents often caus.-rl interference, and groundi11• 
of the instrumrnt' at times was difficult. Ther< 
wPrr also technical variations bccausr of variabl• 
lint> voltage and amperage. X-myfi/ms of tht> che" 
were taken on sekcted subjects when indicated 
The number taken was kept to a minimum t• 

avoid additional radiation of the exposed peopk 
even though the dose involvt>d was extremeh 
small. The films Wt>rt> used chiefly for the •tudy ol 

the lungs and. to some extent. for measurement ol 

hean size and shape. Chest films were obtained 011 

11 subjects in the unexposed group and 7 in th< 
exposed group. 

It should be pointed out that there was n" 
standardized basal or adjusted level of phvsical 
activitv, such as resting for one hour before takin~ 
the tests. The patients Wt>re seen in the course ol 
the usual examination, as might occur in the out· 
patit>nl department of a hospital. 

Artltrifis Survey. During the course of other 
studies on the Rongelap population, it was pos· 
sible to obtain information on the prevalenct> ol 
arthritis and allied phenomena. Since little i, 
known of the prevalence of these diseases in trop­
ical populations, any such data would be a con­
tribution to the "geographic pathology" of the 
arthritides' besides being of intt>rest in connection 
with the possible adverse influence of radiation ex­
posure on degenerative diseases. 

X-rays of the hands and wrists wt>r<" graded for 
osteoarthritis on a scale of I+ to '1 + by thr 
method of Kellgren and Laurence' as modified b' 
Blumberg et al." The same x-ravs wt>re used to 
detect any cases of rheumatoid arthritis. other 
arthritides, or bonv 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 1112 or grt>ater is considered posi­
tive, 1.16 doubtful. and any titer below •;,. nega­
tive.* A joint examination on each of the Rongt>­
lapese was performed by the medical examiners. 
and any individual with significant joint findings 
was re-examined by one of the physicians experi­
enced in the diagnosis of joint disease. Treatment 
of the joint disease was undertaken where indi­
cated. 

•We arc indcbt~d to the followinll' JM"n<>nnf'I of 1 he ~a1ional 
Institute. of Hoalth: Dn. R.I.. Black . .J. J Bunrm. and F. c; L 
Bvwatc" for rf"vlcwing the x-ra~: and Dr. K. Rloch for perform­
m~ the ™'ntonite flocculation tnt. 

.. 
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O.nta/ Surv•y. Intra-oral rxaminations wrrr 
conducted as part of the phv,ical rxammation 1\11 
patients wen• ("Xaminrd with n1outh mirror and 
explorer _Illumination was bv •tan<lard oprra11ng 
light. Salrvarv pH was takrn bv usr nf pl-lvrlrinn 
on all ~.,.,ep were not eal-in!( candy or anv 

°' other~~- samplfos were~from 
these ~s~&imfopH det;"wiDrruuiinsw.-rr 

made. Illfft-oral_t.rams.!'.~i:~:~fl".'tilable. 
Dental exanunauom 11W're ~on th.- fol-. 
lowing '(•nups: 30 chi1drell ~u~ all th" 
adults and"';qydr,.n at Ro_~ap ~~in the 
physical exall_nation ~~p: a~nlimber of 
childr.-n al Utonk -· .,.. ... 

Studies of Aging Criteria 

Althou'(h the expos,.d ,e;roup has shown no out­
ward evidt"nc!" visible by gross ob..,rvation of any 
--19ed ~ing .-ffect of radiation. 1t was 
thoUllhl cksirahl!" to have availablr measurable 
crit .. ria of possibl!" agr chan'(es for u"' during nor­
mal phvsical t"xamination. Ther!"fore the over-all 
objectiv.- of this s111dv was to establish f~ to 

>•,l_--_;_~i" ___ .~ __ -~~a"'. 'emany possib::.:diation~-~~u~e~~-
- c ·. . • . .,...,...p_~,"°"" mrun-

-· -"" ~- - rt liv"'i IS:il -. .. .. - · · . 
· . ~"- ta (piri.-nted iJr-a IAtflr section.on 
r.-sultq collrcted during th.- 1959 survrv (5 vears 
aftrr <"Xposurt") showed no apparent differC'nce• 
l:x-tw.-rn the' c-xpos<"d and un<"xposed groups. 
Th<"r,.forr thr data from the' two e;roups havr lJ!'rn 
pooled with thr ohjc-etives of presentin'( the m,-1h­
odologv, indicating thr tn•n<l of changes with ag<" 
of th<" various aging cnteria chosen. and att<"mptinl( 
to dc-tnmine a biological ae;e score for individuals 
an<l diffrrrnt age groups. 

Thi' studv wa' hampcre<l bv the small numlx-r 
of proplr 111volvffi and the lack of vital statistic• on 
the Marshalli-•e propk. Anothi-r difliculrv has 
bern 1he uncertainty oft>xact a.gcs in some ~a~s, 
part1cularlv 111 older people. 

Data on agin.i: critt"ria wer,. recorded oolv on 
adults 20 \TaC' of al(,. an<l over. Of thr I 2h adults. 
42 were in th<" originally exposi-d group an<l 84 in 

the largt"r comparison population. Table I shows 
the age and sex distribution. Thr al(es wrre reason­
ahlv wi-11 distributed i-xcept for a smaller number 
of oldrr pcoplr ( >60 years of age). 

Thr agi- c-ritrria chosen w,.re based on changrs 
.l! .. ncrall~ l:,.-hevi-d to be as.•ociatrd with phvsiolog1-
cal sen.-scrncr and represent onh· a small number 
oft he possi bk on rs. Th.-v WC' re sel,.ctrd with a 

Tai>I< I 

·\gr J)1,.trtl111!1nn in Rone;f"lap ,\d11lt Population. Jq!)q. 

l '..,cd 111 .\i?inl? Stuch 
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Acc. \T M F 
--·----

20 2..f I) 
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30- l4 
:l'.i-J'l 4 
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50-54 [) 
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>HO 

L'nt'xposrd 

12 
I 

4 
ii 

n 
0 

F 

6 
6 

I 
·1 
() 

0 
0 

Tor al 

12 
21 
l:l 
l:t 
F) 
6 

11 
7 

14 
) 

'I 

1 
5 

126 

vi,-w toward ease of as.•essment during routine 
physical examination under field conditions, time 
limitations, and language barrier. Therefore, un­
fortunatelv, tests of vigor and functional capaci1y 
were ni-cessarilv limited.• 

Of the 15 criteria selected. 9 were measured 
dir,.ctlv and 6 were estimated on a 0 throul(h 4+ 
scale. Five tests involved the integument: (I) skin 
looseness. f2) skin elasticitv (r.-traction time). (3) 
senil .. chane;es in thr skin. (4) gri-yingoftbi- hair. 
and ( 5 I baldness. Four tests involved th .. special 
sense organs: (I) accommodation. (2) visual acuitv, 
(3) arcus senilis. and (4) hearing. The cardi~­
vascular system was tested by (I) systolic and·(2) 
diastolic blood pressurr recordings, ( 3) peripheral 
arteriosclerosis, -and ( 4 ! retinal arteriosclerosis. 
Tht're was on,. test of neuromuscular funcllon. 
Vil(or was measured bv hand strength measure­
ments. The test methods are described below. 

lnt•9um•nt. A sp.-cial skin caliper was de­
signrd for measuring skin loosen.-s.• and eluticitv 
(Figure 8) The legs of the caliper can be open .. d 
to anv desired del(rei- up to 5 cm on scale A bv ad­
justi ni;: screw B. The sprinl( tension when the.cali­
per is closed on a fold of skin results in a pressure 
of about 500 .E:· ·n..- inn.-r and outer surfaces of the 
legs are calibrat .. d in millim.-ter markings (C). 

•St-v""ral IMI'.'. 'IUrh a" pulw- and hlnod prcs.111ur,. ropon~ 10 a 
lwo-"t"P !Ml and vi1al r-apantv. wf"rt' lnrd but not ult'd ~.aur 
I hr\ prnvt"d un!\at i1;fanon 
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Figure 8. Skin calipe~ usc:d in measuring looseness 
and elasticity of the skm. 

I. Slczn loosuuss. • Preliminarv investigation re­
vealed that the skin fold at the Junction of the chin 
and neck was the most satisfactory for the meas­
urement of skin looseness and also seemed to give 
the best correlation with age. The measurement 
was carried out by g;asping the skin with the 
thumb and forefinger, pulling it gently outward, 
and applying the caliper opened to 4 cm so that 
each leg was firmly against the skin lateral 10 the 
fingers. The caliper was 1hen allowed 10 close by 
its own spring tension, and the height of the fold 
of skin impinged was measured in mm on scale C. 
The elongated ends of1he legs impinge on a I-cm' 
surface of skin and exert a pressure of 500 g. There 
is little variation in spring tension in the last 2 cm 
closing range of the caliper. The height of the fold 
represented the degree of skin looseness. The pres­
ence of excess fat in the skin probably caused the 
readings to err on the low side, but this was not 
thought to result in serious error. 

'2. Slczn rttractzon time.• The back ofihe 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 on a 

•The rdiability of the skin I001Cnas and skin retraction ume 
mca.suremcnu was tesaed by havmg two exammcn take daLa on 
·10 hospital p•uenu of various ages w1th the skin cali~n. ·inc 
mcc:1.n values with chcir standard deviations were: for skin loose· 
ne~ in mm. 10.85 _!:O 71 .:1.nd :.!O 90 :t::O. 70, for skm rctractlou 
lime 1n seconds, 58 'l. .:!:"B I ·j and 58. 75 ::!:8.18. Nc1 s1gn1ti£anl 
<l1tference WdS found be1wcen the means oJ the two examrncn, 
who had previously asceriained that their tt"l:hmqucs for using 
rhc calipers were altke. 

II 

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 co avoid natural folds of 
skin. The caliper w.is allowed 10 remain closed for 
exactly ti() sec and then removed, and the time for 
1he skin fold to retract back to the normal skin 
contour was measured in seconds. The exact end 
point was some11mes difficult to measure in older 
people. if the fold had not retracted completely in 
90 sec, this time measurement was used. 

3. The exposed skin of the hands and face was ob­
served for the presence ofsrmle changts 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 I+, increasing abnormalities raised the score. 

4. The degree of grrying of the hair was expressed 
on a 0 to 4 + scale as follows: 0, no greying; I+, 
slight "salt and pepper;" 2+, moderate "salt and 
pepper;" :l +. nearly complete greying; and 4+, 
complete greying. 

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

SJMciol Sen•••- I. Acwmmodatwn• was meas-
ured in diopters by use of the Prince refracting 
rule. The average reading of the two eyes was used. 

2. Visual acuity* was measured by Snellen 's test. 
It was found that use of the square root of the 
average visual acuity (denominator) of the two 
eyes made the scale more compressed and more 
linear. Thus the best vision, 20/10, was repre­
sented as 3.2 (the square root of 10) and the worst, 
201200, as 14. l (the square root of200), and in­
termediate readings were similarly recorded. 

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

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

•The rests were earned out under s1.andardlZcd ronditions. but, 
in view of the nccess11y ol usmg an int~rprerer under field con­
diuoru, i1 was nor feasible ro rt'."peat them with a ditferenl exam­
iner. The data arc thought to be sutficicndy reprcxiuc1blc to be uf 
rdauve vaJue, ahhou~h not .so a<·curate perhaps as lhosc ob­
tarned under mort'! desirable comJ111uns. 

• •Tht'! aurhors .J.re grareful lu 1hc Armed Sen-1ca Medkal Pro­
curemenr Agcm:v. Fort rmrcn. N.Y. fr.>r loan ufthc aud10mcter 
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1111µ.r.unucnl of ht"aring was averal{ed fur the rwu 

ear~ as follo\'\s: rhc decibel loss fur each of seven 
liequt>11Li<"> 1200. 'iOO, I 000, WOO, JOOO, ~IKJO, and 
7000) 1n eat:h ear \.\a.s avera,!i!;ed to ~ive a 1nean 

frequency lo~ in dl'ciheha f(ff the two ears 

Cardiovascular Changes. I. Svswlic and di"'­
tulic hluud /Ht uurn were obtained \.\<ilh the stand­
..1rd acro11u1d cull-1 vpe >phv'(rnomanumeter Two 
n:adin~~ wt·rc obta1ued. and the avera'{e value 
\\<.is w~ed. Tht"re \.\'as no basic or Jdjusted level of 

ph»ical activity such a> restini: lor a standard 
period prior co the readings. Pressures were taken 
'"' 1hc left arm wi1h the subj<"Ct supine during the 
cu11rst" 1>f the physicaJ exanunation. 

' Tlw dc~ree~ uf prnphaal artrrw\drro'u and 
rrtw1tl wtrrw~tlouuJ wer<:; sc:orec.J on a 0 co -J+ st:ale. 

The former \vas est11na1cd by palpation of rhe 

pt:riphaal arlerie,, the lat1er uv viewing the ret111a 

"ith an ophthalnws<ope. 
Neuromuscular Function. Neurumu>;<;ular fimc-

1i1111 was measured by ha' in'( the sulijeU depress 
the kn of a hanci"tally I\ pe of blood cell <ounter 
J.:-i lllJll)" runes as possible in the pt=riod of one nun­

utt'. The total number ol depre,,.iom represented 
rhe \Cort'. 

Hand Strength. Hand strem(lh was measured 

hv "Smecll .. v hand dvnamumeter. • The sprini: 
tens11>11 of the hand g-np was nieasured in kilo­
~ra1ns. 'J'he 1naxi1nurn ~ttuee"Le ~trength 1n the 

dunuuaru hand in three tries was recorded. 
Handling of Data. Because of sex differences, 

some of the above criteria were evaluated sepa­
ratclv for the two sexes; these were baldness, neuro­
muscular function, and hand stren'(th. 

In order that the estimated and measured data 
could be compared and combined, both types of 

data were convened cu a percentage scale. The 
estimated values 0, I +, 2 +. :3 +,and 4 + were pre­
,,,.nted abo "'fl. '25, 50, 75, and 100%, respectively. 
In the case ol the measured data, the values ..,.,oci­
ated with least aging were taken as zero percent 
(sometimes the highest reading, as with hand 
strength; sometimes the lowest. as with heanng 
loss), and those indica1inl( most agmg as 100%. 

The data were examined on both an indi,idual 

ba:-.1s and a population basis. t\ 1nean age scon~ 

"''" ubta111ed lor each individual by averaging all 
his pcn·ent tt'"'\t vaJur:s. In '\Cudy1nl( popul<llion 

l1t'nds. 1ueans \.\-ere l·ah ul...ttt'"d fi1r ead1 cntt:rio11 

b~ ->-\.e.ir al.{t' ~rt>ups (111 111u~l cJ~es1 1ndud111g 

con1bined cxpo~cd a11d unexpo~ed popuJations, 
lhcst! 'r\-t'f<' pJ011ed, ...tnd a curvr was <lra'r\-n accord­
in'{ to the be~c lit b>- eyt'. A curve wa~ 1>htained 1n 
the ~ame way of the 5-year ~roup 1neans ufthe 
1n<liv1dual mean a~e ~core~. 'l'ht" cu1nbinin~ of 

\Cores into .1-yrar age ~ruups was done 10 reduce 
p<J~~ible errors dut" to the unu:rta1nty of the rxact 

age of surne i11d1viduaJs 

laboratory Procedures 

Hematological Examinations. Two complete 
routine blood counts were done, about a wet'k 
apart, and a third "as done on persons showin'( 
abnurmali1it"s. White blood counts, red bloucJ 
counts 1 and Prit:e-.Jones curvr-s {for determ1ua1ion 
ul red cell size di>tribution) "ere obtained with 
th<" electroni.: { :oultrr. which proved very satisfac­

torv and lime-savm'{ for this type of tidd examina­
tion. Differt'nti.:11 counts Wt're performed 1n the 

usual manner after stain in!( with Wri~ht's fluid. 
Platelet count. were done hy pha'e rn1cros.:opy, 
and hemo'(lobin was detern11ne<l by 1he cvan­
ht·mo!llobin tt'<.hnique wuh the Lun11Lron culori111-
e1er. Seru111 protr1ns were determined with the 

Hitachi refraccomt'tt"r. Blood ,rnd serum samples 
for the >t 11dics desn1 bed bdow were collected in 
the lield, kept under retru~eration. and shipped bv 
atr to the various laboracones in the UnHcd Stale~ 

ti>r anal vsi>. 
Urine Analyses. Routine urine analvses were 

earned out on all people receivin.i: physical cxam­
ina1ions. These included determrnatwns of pro­
tein and hyperglucosuria by· rea!(ent paper strips.• 

In all cases show1111!' pos1t1ve tindings. the urine 
was centrifuged and the sediment examined mic­

roscop1cally. In the four cases showing positive 
urine sugar tes1s. fastinl!' blood >peumens were ob­
tained and analyzed for blood sugar at the Naval 
Dispensarv on KwajJlein. 

Serum Cholesterol. Serum tholestcrol was 
deternuned in bl<x>d samples drawn from exposed 

and unexposed Rongdap people, and also in 
about 70 blood samplt"S from people at U1irik 
Island and li:I from p<'ople at Majuro ..\toll. These 

analy''"' were done at the Na11onal lnstitutt"sof 
Health by Dr. J.H. Bragdon and Mr. J.C Lauter. 

Complement Fixation Tests. Serum samples ob­

tained from I II.I <'XJ~•sed and unexposed Ronl(dap 
f.X·oplc \.Vere Jro.1.t·n ,u1<.J sc·1H to the National Insti­

l ult'\ of llt'al1li tor v..tnou:-. rxan1ina11011:-,. ('.orn-



plement fixaiion lesls were carried oul by Mr. H. 
Turner and Dr. R.J. Heubner for the following 
diseases: para-inft uenza 1, 2, and J; respira!Ory 
syncitial; psittacosis group; and Q lever. The 
modi tied Bengtson method was used.''·'' 

Sodium ond Potassium Levels. De1ermina1ions 
of sodium and po!assi um urinary excreiion and 
dietaFy levels were carried out by Dr. L. K. Dahl 
of Brookhaven National Laboraiory. This srndy 
was made to see wheiher there was any correla-
1ion between salt consumption by the Rongelapese 
and blood pressure levels. Boch spot and 24-hr 
urine collections on about '.WO people were tested 
for sodium and potassium levels by Harne photom­
etry. Several sample meals from 1he Rongelap 
people were also analyzed. 

Thyroid Metabolism. Since the largest dose to 
any part of 1he body had been received by the thy­
roid glands in 1he Marshallese, siudies of the 
metabolic state of the 1hyroid gland have been of 
interesl. These studies have been made by Dr. J.E. 
Rall al 1he National I ns1i1u1es of Health. Samples 
from the previous years' surveys had shown sur­
prisingly high protein-bound iodine levels. In 
order to determine whnher chis 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, bu1anol-extractable iodine and ihyroxin 
binding proteins were determined. Several urme 
samples were analyzed for to!al iodine content. 

Serum Vitamin 8 12. Determinaiions of serum 
vitamin B" concenirations done during the pre­
vious year's survev gave values higher than nor­
mal in 1he majority of the Marshallese people. 
Therefore, 15 samples from the 1959 survey ( 7 
from persons 1es1ed the year before) were analyzed 
by Dr. D. W. Wac kin of !he National Cancer ln­
stiiute, National Institutes of Heahh. 

Studies of GeneticoHy Inherited Charact.ristics 

Studies of genetically inherited characteriscics of 
blood components and urine were continued on 
samples brough1 back IO laboratories in the 
Uniied Stales. Such srndies, although not directly 
rela1ed to radiaiion effects, are of interest in under­
standing 1he anthropological background of the 
people and in establishing a base l•ne of .ll"enetic 
characteristics for detection of possible genetic el~ 
tt:us of radiation in fuiure generations. These 
siudies included 1he fi>llowing: bluod groups .-\BO, 
MN, Rh-Hr, and Dullv, Kell, and IJ1ell'o by Dr. 

Leon N. Sussman, Beth Israel Hospital, New 
York, N.Y. and haptoglobins by Dr. B.S. Blum­
berg and Zora Gentile ufthe National Institutes 
of Health. Blood samples were obtained from 176 
individuals representmg 70% of the inhabitants of 
Rongelap for the above studies. Aliquots of unne 
samples from 65 exposed and 119 unexposed 
people collected for routine analysis were used ti>r 
determination of f:l-amino-oo-buivric acid. Eight­
een urine samples from Utirik were also analyzed. 

Blood Groupings. To complement siudies be­
gun in 1958, blood grouping studies were carried 
out on 57 of the blood samples mentioned above. 
In addition, b4 blood samples were collected at 
litirik, and 65 at Majuro for this purpose. Dr. 
Sussman 1es1ed these for ABO. MN, Rh-Hr, and 
Dutfy, Kell, and Diego factors. 

Hoptoglobin and Transferrin. Further analvses 
for haptoglobin by the method of Smithies were 
carried out on these samples at the National In­
stitutes of Health. Transferrins were determined 
by the discontinuous butter starch gel method of 
Poulik'' on 66 Rongelapese sera, and on an addi­
tional 40 sera by 1he borate buffer, horizontal 
method.'' No transferrin types other than CC 
were seen. 

Hemoglobin Types. .Further starch gel electro­
phoretic studies of hemoglobin 1ypes were also 
made on 1hese samples by Dr. R.L. Engle, Jr., and 
Dr. G. Casiillo ofihe Cornell University Medical 
Center, New York, N.Y. 

Glucose-6-phosphofe O.hydrogenose Activity of 
Red Cells. Various studies have indicated chat a de­
ficiency of the enzyme of red cells is 1ransmi11ed by 
a sex-linked gene. Individuals with this deficiency 
can develop a hemolytic anemia after the inges­
tion of certain drugs (e.g., primaqurne or fava 
beans'·"). 

In the present study the blood samples were col­
lected in ACD solution, refrigeraied (4°C), and 
sent by air to Sea!tle, Washington, where the tesis 
were done by Dr. Arno G. Motulsky, Departmenc 
of Medicine, University of Washingcon. All tests 
were performed within one week of collec1ion. 
Tests were done on 151 individuals: 75 males, 75 
females, and one not classified. 

/:1-Amino-iso-butyric Acid (BAIB} Excretion. Dif­
ferential excretion of /J-amino-lsu-buryric acid 
(BAIBJ is under genetic control, and family da1a 
i11dicace that a single major ,gene pair is respon­
sible for most of the variatious. ,., "'High excretors 
are homozygous for a s1ngfe recessive gene, and 



1-l 

low excretors ei1her heterozygous or homozygous 
for the dominant allele. Striking differences in 1he 
incidence of high excreiors in various populallons 
have been demonstrated, and it appears that this 
genetic polymorphism may be of considerable 
value in anthropo-genetic inves1iga1ions." ,_ 

As a pan of the study of the genetic relation­
ships and origins of various Pacific peoples, 1his re­
port extends observations on BAIB excretion 10 
the Micronesians inhabiting the Marshall Islands. 
The fact that some of the Micronesians were ex­
posed to considerable radiauon in I 95-l is of 
special in1eres1 here, since it is known that radia­
tion exposure can, temporarily al least, inuease 
BAI B excretion," and studies on the Marshallese 
population may ~1 ucidate possible long-term ef­
fects. 

l frine samples from 65 exposed and 119 unex­
posed people (75. 7'/, of the population of the vil­
lage) were collected in plastic boules cofllaining 
thymol preservative. The sexes were equally repre­
sen!ed, and the ages..,aried from J 10 > 70 years. 
In some cases several members of the same family 
were included, and some kinships suitable for 
geneuc analysis were available. Ei~hteen samples 
collected on Utirik were also studied. Urines were 
kept at -l 0C and shipped in refrigerated containers 
IO Seaule for analysis. These studies were carried 
out by one of us ( B.S. Blumberg) and Dr. S.A. 
Gar!ler ofihe Department of Medicine, School of 
Medicine, University of Washington. Studio were 
completed:! lo 3 weeks after collection of the spec­
imens. Determinations of BAIB were carried out 
by high voltage electrophoresis on paper," and 
creatmine was determined by 1hc alkaline picrate 
method. 

Radionuclide lody lurclen Evol-tioft 

The methods used in the radionuclide body 
burden evaluation arc described later in a sepa­
rate sccclon. 

19605urvey 

IACKGIOUND MAllllAL 

The 1960 survey was reduced in size and scope 
and limited to a very brief examination of the ex­
posed people only. Several factors brought about 
this change. The people had recovered to the ex­
tent that certain special examma1ions previously 

carried out every year need be done only once 
every two to three years. In addition. as poillled 
oul before, the Trust Territory officials were con­
cerned about the slowness of economic recoverv of 
the Rongelapese and felt 1ha1 !he numerous visit­
ing scientific teams, pani<:ularly those with large 
ships and crews, were parll y responsible for the 
unrest of the people and therefore requested that 
the size of the surveys be kepi 10 a mimmum. It 
was decided to defer the gamma specirographic 
analysis until 1961 The Trust Territory officials 
agreed to greater participa1ion of their medical 
personnel in future surveys .rnd lo the use of one 
of their cargo ships (Figure 9), which routinely 
made the rounds of the ISiands for gathering cop­
ra, for carrying out the survey al 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 Direcior of Public 
Heahh. two Marshallese medical officers, and two 
Micronesian laboratory 1echnicians. The Director 
of Denial Services and one of his denial officers 
also accompanied the learn to carry oul 1reatmen1 
of the people. The District Adminislrator of the 
Marshall Islands accompanied !he team in order 
to consult wi1h the people on the1r agricultural 
program.• 

As in the previous year, several of 1he exposed 
people now living a1 Kwajalein and Majuro A!Olls 
were examined at these a!Olls prior 10 the Ronge­
lap visit. 

PIOCEDUIES 

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

•Again in 1960. when the tram .uriYed ar Ron~lap, the m.ag­
lSU"ale requested a mcrnng with the peopk. The Ii~ of qucsuons 
<1nd discuwon was abou1 1hc s.ame as thal'reponcd for 1hc pre· 
vl:ClUS year. Rcssstancc toward dac cummauooa was cxpttsaed by 
only one or two of thC' propk. Objections wcrr •gain ra1.1Cd 
aga1ns1 chc ban on eating coconul aabai, 1i11oh1<.h selectively con­
cemrau~ Sr"" to su..:h oan cxtcnl that their consump11on h<ld to tx 
prohibited ( Fi!furc 4 ). The pt0plc were assured that thne crabs 
wrrc bcinJ( repeatedly uamrnied and that. when it wa.s safe to 
eat them, 1mmcdi.atc noubcauon would he given. Fish pouonmg 
.1.ppatcntly had been los of a pruhlcm during the pas1 ~car smcc 
uuly one c.a..K had been nmcd, :.tnd the subjCLl was nut brouj(hl 
up .t~am Followini;r 1h1s mcetm~. 1 oo~ra11on l>y the people tn 

1hr ex.a.nuna111>11s w.u almos1 cumpltlc 

. __ _......___ 
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Figure 9. Trust Territory ship used for 1960 survey, anchored in the lagoon off Rongelap village. 

Table 'L 

Percent Oistribution of Populauon by Age Groups 

Rongelap control Ron!(elap exposed Mar..hall Islands us 
Age, yr I L06 people, 1959) I JO:! people, 1959) ( 1948-50) ( 1940) 

<15 45.6(,J,; 

15-24 I J.2 
25-H 23.8 
45-64 15 0 
>65 4.4 

ledian age, yr 19.0 

n the exposed population only. The histories were 
1ken by one of the Marshallese doctors. Com­
:ete physical examinations were done, but special 
. xaminations, such as slit-lamp studies of the lens 

and anthropometric measuremenlS on the chil­
dren (except for height and weight), were not 
made. One hematological examination was car­
ried out on the exposed population which in­
cluded W BC by electronic counting technique 
I Coulter), differential smears, smears for alkaline 
phosphatase staining, and basophil counts. About 
thirty 24-hr urine samples were collected from 
exposed and unexposed people for radiochemical 
analysis to determine body burdens of Sr"". 

49.IJ% 
I 'l.7 
LO.ti 
10.8 
69 

16.2 

·n.8% 
18.9 
25.9 
15.5 
5.9 

23.ti 

Results and Discussion 

25.1% 
18.2 
30.1 
19.8 
ti.8 

29.0 

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

INTERVAL MEDICAL HISTOftY 

The census of Rongelap as of 1959 was 308 
people, of whom 82 had been exposed, 20 were 
children born of the exposed, and 206 were unex­
posed. A census was not taken in 1960, but the 
number of people appeared to be about the same. 
Table 2 shows the perct>ntage distribution in the 
population for the Rongelap exposed and unex-

' ·, .... 
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posed groups, compared with that for the Mar­
,hall Islands as a whole 111 l '!48-50 and for the 
United States in l '!40. The table also shows the 
111t:dian al{es. The lower median age of the Mar­
'hallese -.ould s<:>em to support the impression that 
1 heir lilc span is shorter than that Ill the contmen-
1 al l' nited States. 

Uunnl{ the interval between the surveys of l 'l58 
.111d 1 'Vi'I the people of Rongelap suffered no 
111ajor epidemics. There were the usual bouts of 
"PfJ<T respiratory inlcctions. A !Cw cases of chicken 
jJ<J'- dneloped in :'\pril 1951!. two of great severi1v, 
• 111e of wluch resulted in the death of a ·i6-year-old 
111an ( ~ .l l I from the exposed group. During 1he 
'ear Navy t'van1ation planes removed these two 
'ases to Kwaplem Hospnal ( 150 miles away) for 
1reat1nent, and also the following cases: perforated 
.1ppendix. dir<'atened abor11011, retained placenta, 
• omplicated deliverv. pyelunephritis, and acute 
diarrhea. Three of these patients were in tht' ex­
posed group. Four cases of fish poisoning occurred 
'luring the year with the usual symptoms of nau­
'"a· vo1111tinl{. diarrhea, lever. double vision, and 
11ngli11g sensalion> in the limbs. Cancer of the 
"' ary was· found in a Ii 1-vear:old woman in the 
• xposed group. Jnd the diagnosis was confirmed 

I'' biopsv. 

Yl'ar 
\\'rnm::n ..tt.:t:<l 

11 4'i 
Tot.ii 

pn::g11anL ics 
Live 
births 

Durine; the interval bet ween the 1959 and 1960 
surveys the medical history of the people on Ron­
gelap Island wa> generally uneventful. However. 
an epidemi<· of inlluenLa O<Turred in the \lat'>h,tll 
Islands m the spring of l 'JtiO. and. thoul{h Rone;c­
lap Atoll was spared, the ep1de1111c reached serious 
proportions on Kwajalein Atoll. About 20 of the 
unexposed Rongelap control population had pre­
viously moved to Kwajalein !\toll for employment 
bv the Navy. and among chis group 10 cases of 
influenza devdoped, two of which became com­
plicated by pneumonia resulting in death - one 111 
a 5'i-year-old man ( .tt'l:.l3) and the other in a ti-t­
year-old man ( :;t9'2.7 ). Both these men had com­
plicating diseases prior to influenza; one had suf­
rered a cerebral hemorrhage with hemiplegia sev­
eral months earlier, and the other a urinary tract 
inkccion. The Iii-year-old woman with cancer of 
the ovary, discovered in 195ll, died in May 1959. 
ll nfortunately, no autopsies were obtarned on 
these people. This brings the deaths to four for 
the exposed population. One other death occurred 
in the unexpo!;<:d co c ulation on Rongelap, 

that of a~.• "': ; 4'18.W) wlto.dit:d of 

in!Cction«)fft.· pt' _ ·.Thede~-~ 
unexposeci ~ber . 

0

4 
one case I/I ' ' · rred iii' 1 bit 

• '" .. <: 6' - -·· _,,"' 
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Rongelap. During that year the health aide was 
visited frequently for upper respiratory infections 
(nearly everyone had at least one cold during the 
rear). Gastruenteritis was also a frequent com­
plaint. 

REVIEW OF DATA ON MORTALITY 
AND PREGNANCY TERMINATION 

OVER THE PAST SIX YEARS 

Mortality 

The four deaths that have occurred in the ex­
posed Rongelap people during the past 6 years 
give an annual rate of 8.1 per I 000 population. 
The Marshall Islands annual rate is n:ported as 
ti.8 per 1000. The unexposed Rongelap popula­
tion has had four deaths also, which gives a rate of 
H.3 per IOOO. These ligures do not include fetal 
• .rnd infant mortality. The people of Utirik Island, 
who received about 14 r of radiation in the 1954 
dccident, have shown a death rate of about I 0 to 11 
per 1000 population. Their population has varied 
between 160 and 213 people since the event. 

Pregnancy Terminations 

During 1958 six miscarriages and stillbirths 
were recorded in 1he exposed group, but none was 
reported in this group for 1959. Only one was re­
poned for each of these years in the unexposed 
women. Pregnancy terminations in the exposed 

Table 4 

Summary of Pregnan.-y Termination Oata, 
Rungclap Exposed ( 1954-1959) 

dnd Rungelap Unexposed i 1956-1959) 

Exposed Unexposed 

nen giving birth tu living 
;uldren 64 66 

..,.\ dffien with miscarriages* but 
no live binhs Ill II 

\\/omen with no recorded 
pregnancies 18 22 

\'\.omen with l or more 
miscarriages 41 28 

\V omen with 2 or inure 
m1scarna.~e~ 14 II 

Pre~nant..:ies terminating in 
111iscJ.rnages l'i 23 

* lndudes d1ildren dying: first few hours J.fter birth. 

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

Table 3 and Figure I 0 show 1he yearly inci­
dence of live births and miscarriages and the sex 
of babies born of women of child-bearing age in 
the exposed and unexposed groups. Under the 
category of miscarriages are included sull births 
and babies dying a few hours after birth. It was 
unfortunate that in most cases it wa; 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, indit:dtes that it 
is somewhat ,greater rn the exposed group. The 
data on pregnancy terminations, summarized in 
Table 4, also show an increased incidence ofmis­
carria~e in the exposed group. 

The birth rate in the Marshall Islands in 1957 
was J7.J per 1000 population. The 24 live births 

I ·--~·-1 

':I 
I/I 

I ----EXPOSED 

I UNE XPOSEO 

! I MISC I TOTAL PREGNANCIES 
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Figure 10. Incidence of nuscarrial(<:S and stillbirths in 
exposed Rongelap women. Stillbirths include babies 
living only a few hours after birth. llata un unexposed 
women are incornplete prior tu I ~66. 
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over a 6-year period in the exposed population 
represent 48 per 1000, and the 20 births over a 
4-year period for the unexposed population repre­
sent a rate of 62 per 1000. The four zn utero irradi­
ated children did not show any abnormalities nor 
have th~y shown any impairment of growth and 
development. 

PHYSICAL EXAMINATIONS 

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

Table j 

., 
been observed in 195 7 in the children, when about 
10 had night blindness associated with vitamin A 
deficiency. 6 The improvement may be due in part 
to the argicultural program on the island resulting 
in the availability of papaya and squash. The 
usual number of skin infections and fungus dis­
eases was noted, as was the usual incidence of 
impetigo in the children. 

PEDIATRIC EXAMINATIONS 

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

Numbers of Children Examined in 19j8, 1959, and 1960 

In 1958 but In 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 () 

Nonexposed with exposed parents 10 20 13 0 7 lO 
Nonexposed, Rongelap 51 82 88 l6 (3) lO 34 (2) 
Nonexposed, Majuro 0 15 20 6 (2) I IS 
Utirik 0 60 0 0 60 60 

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

Chronic impetigo (active) 
Molluscum contagiosum 
Tinea versicolor 
Chronic otitis media 
Palpable liver 

Under 3cm 
Over3 cm 

Cervical nodes 
Axillary nodes 
Rheumatic heart disease, inactive 
Vitiligo 
Cheilosis 
Asthma 
Loss of hearing, unilateral 

Elevated blood pressure** 
Obesity in girls > 10 years of age** 

•Number examined. 

Table 6 

Summary of Physical Findings on Children, 1959 

Exposed Nonexposed with 
Rongelap (34)• exposed parents (20) 

10 7 
0 I 
2 0 
0 0 

4 I 
5 2 

14 6 
8 2 

0 
I 0 
0 0 
0 0 
0 0 

0/20 
1/4 

~onexposed :\onexposed 
Rongelap (82) Majuro (l5) 

25 0 
6 0 
0 2 
4 0 

15 2 
II 2 
36 8 
13 3 
0 0 
0 
0 l 
l 0 
I 0 
0/36 
0/7 018 

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



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

The age distribution of childrt"n examined in 
1959 was as follows: 

Age, yr 

<4 4 to9 ~ lO Total 

Exposed 19 15 :H 
Nonexposed with 

exposed parents 20 20 
Nonexposcd. Rongelap '.lO '.!6 26 82 
Nonexposcd, Maiuro 6 9 15 

Utirik 60 

The occurrence of various medical conditions is 
summarized in Table 6. There seemed to be no 
concentration of clinical abnormalities in the ex­
posed groups. Since the incidence of many of these 
conditions could have been related to the ages of 
the children at the time of exami~ation, two of the 
most frequent findings, active chronic impetigo 
and palpable liver over :.l 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 tendency for 
these findings to occur more frequently in the 
younger children was noted. The incidences, how­
ever, did not appear to be related to exposure to 
radiation. 

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

Patent ductus arteriosus (repaired) I (Subject #8{}5) 
Deformity of the hip I (Subject #tl96) 
Pectus excavatum I (Subject #2265) 
Bitid uvula 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 lefi hand. The incidence in relation to var­
ious exposure categories was as follows: 

Incidence 

Exposed, Rongelap 2/33 
Nonexposc:d with exposcd parents 0/ 4 
Nonexposed, Rongelap 5153 
Nonexposed, Maiuro 0/ 14 
Utirik (low aposureJ 5;51 
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H ypoplasia of the middle phalanx has been re­
ported as occurring in the normal population in 
incidences ranging from 0.5% to 5.2%. The anom­
aly was found to have considerably greater fre­
quency (25°/,,) in Japanese children.'·· 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 presenung com­
plaints are shown in Table 9. 

Table 7 

Incidence of Chronic lmp<:tigu \Active) 

Exp.>sed 
Nonexposed with 

exposed par.-nts 
Nonexposed, Rongelap 
Nonexposed, Majuro 

. .\Ile, yr 
---- - --~------

7 •'20 
IJ;30 

4-'J ,_,Ill Total 

7. 19 3, 15 

7 '26 5;'26 
() ti () 9 

IO/j4 

7 /'.!0 
25;82 
0/ 15 

Table 8 

Incidence of Palpable Liver I Over .l <·m I 

------·----
<4 4-9 ;. llJ Total 

·----
Exposed 5, 19 0/15 5!J4 
Nonexposed with 

exposed parents 2/20 2/20 
Nonexposed, Rongelap 6;30 5: 26 0126 11/82 
Nonexposed, Majuro 0 1/9 2 1 15 

Table 9 

Pediatric Oispensary Visits Ouring 1959 Survey 

Presenting complaint 

Cough 
Bad or limb pain 
Skin sores 
Otitis 
Dear rhea 
Anorexia 
Headache 
Worms 
Loss of hearing 
L1ceratjon 
Abdominal pam 

Number of patients 

18 
5 
j 

:J 
J 
J 
2 

-
HUD 

f 
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Growth and Development Studies 

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

Subject 
~o. 

2 
3 
5 
6 

65 
33 
54 

955 -
962 
980 
996 
814 

Table 10 

Skeletal Ages in 6-Y ear-Old Children 

Age at 
exposure, 

Sex mo 

M 16 
M 17 
M 16 
M 16 
F 15 
F 20 
M 12 
F ** 
F ** 
F ** 
F ** 
M ** 

Chronological 
age in 1959, yr 

6 fo 
6 o/12 

6 jli2 

6 ;/12 

6 3/i2 

6 o/12 

6 V12 

61o/i2 

6 1/12 

6 5/12 

6 ¥12 

61 V12 

Skeletal age* 
in 1959, yr 

4 o/t 2 

2 'o/12 

3 o/12 

5 o/12 

3 o/12 

7 o/t 2 

t 
t 
t 

610/12 

t 
5 9/t 2 

*Greulich-Pyle standards. 
**Control. 
tNo film. 

Table 11 

Height and Weight of6-Year-Old Children 

Skeletal age peers 

Subject Height, Weight, Height, Weight, 
No. cm lb 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.l 
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 between the re­
corded date and the available circumstantial evi­
dence. 

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

An earlier analysis of the skeletal ages of the 
Marshallese children had indicated possible re­
tardation in development among the exposed 
group.5 Since such comparisons required reference 
to accurate chronological ages, further -detailed 
analyses of this type were deferred. It was noted. 
however, that in the 6-year chronological age 
group three boys and one girl out of five boys and 
two girls exposed to radiation were markedly re­
tarded in skeletal maturation (Table 10). The 
birth dates of these particular children seemed 
firmly established. The boys showing most retarda­
tion ( #2, 3, and 5) were 16 to t 7 months old and 
the girl ( tt:65) t 5 months old at the time of expo-

Table 12 

Comparison of Stature (1958, 1959, and 1960) 
of Children With Retarded Osseous Development 

With That of Their Next Younger Sibs 

Stature, cm 

Sex Born 1958 1959 1960 

Subject (#5) M 10/20/52 95.7 98.8 102.2 
Sib (#85) M 9/ 7/54 95.5 100.9 108.0 

Subject (#2) M 10/23/52 103.0 108.3 115.6 
Sib (#91) M 1/ 3/55 89.8 97.1 104.l 

Subject (#3) M 9/11/52 98.5 102.2 106.7 
Sib (#83) M 6/ 8/54 97.6 98.6 113.0 

Subject (#65) F 12/ 4/52 93.0 98.4 102.9 
Sib (#86) F 10/17/54 90.6 97.0 103.5 

Subject (#6) M 10/14/52 100.4 106.3 111.8 
Sib (#84) M 5/31/54 94.2 98.6 104.8 
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Table IJ 

Comparison of Anthrupometric Oata 1_ 1959) on Children With Retarded 
Osseous Development With Those of Their Next Youn~cr Sobs 

Subject Age in Weight, Stature, Sming Head Biat:ronuai B1~1liac c • .ir 
No. 1959, yr lb cm height, cm circumference, cm w1dth.l-m width, cm L 1rcumference, cm 

5 6¥11 (2)• J6 (2) 98 8 (I J 54 6 (!) -t8.J (2) 21 6 i I) 17 lJ I I) 22.U 12) 
85 4o/" (I) JJ (I) 100.'J (2) '>6.0 (2) 46.ll 111 220(2) 17.8 (2) !0.8 ( 1 J 

2 6~. (2) -11.5 (2) IOIJ 3 ('!) 60.3 (2) 52 7 ('2) 22 8 121 18()12) 22.t> (2) 
91 4¥. 2 (I) 34.5 (I) 97.1 111 'i6.J (I J 49.5 (I) 21 I> I I I lfi81l) 21 4 (I) 

3 6'112 (2) 39.5 (2) 102.2 (I) 57 4 11) 49.1 (I) n.sc ) lfi 9 ( 1) 22 6 (I) 
83 49112 (I) JB.3 (I) !04.7(2) 5lJ 5 (2) '>00 (2) 22.J ( -) 17 0 12) 23.b (2) 

65 6¥i, (2) J3.0 (2) 98.4 (2) 55.8121 47.2 111 20.8 (I) 17 5 1'2) 20.1 1-J 
86 H•,, I I l 29.8 (1) 97.0 (I) 54 5 (I J 48.4 (2) 22012) 16.6 (I) 20. I ( -) 

6 6¥,, (2) 41.012) IOti:l (2) 59.J 12) 4'J.:S (2) 23.0 121 I 7 ll i2) 22 4 (2) 
84 4"11 (I) J5 ') (I) 98.b 11) 55 0 (I J 48.J (I J 21.fi (I) lh.5 11) '.!l.J I I) 

•Numbers in parcnlhe~s n:f~r to ranking of each ll~m. {I) 1ndicatin~ the youn~er chikt ur tht' ~mailer ffit:'Jsuremt:'O( 

of the pair anti ( 2) the older child or tht: larger valur. 

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

The height and weight of the one exposed girl 
with retarded osseous maturation were consider­
ably below those of chronological age peers (Table 
11 ). However, measurements on the one exposed 
girl with normal bone development ( #33) were 
not inferior to those of control chronological age 
peers. She was slightly smaller 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 of the physical sizes of the children 
with retarded skeletal maturation with the physi­
cal sizes of their sibs brought out another signifi­
cant finding. Three (subjects #3, 5, and 65) of the 
five children with skeletal age retardation were 
shorter in stature in 1960 than their next younger 
stbs (!'able 12; see also Figure 11 ). Increment data 
indicated that these three children failed to show 
satisfactory statural 'l'ain during the past two 
years, even though in 1958, at the age of :::5 1/2 

years, all three had been taller than their younger 
sibs. The difference in age bt:twcen sib pairs 

Figure 1 I. Hrnthcrs. Left. ;: 'i, age ti; 
n~ht, ;:85, age 4 ( 1%0). 
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Table 1-l 

Phvs1cal Findinl(S (Excluding Ophthalmolo!lical l 111 Ma,.,.hallese Adults 1959 .rnd I %0 

:\t:ne 
.\rtenost..:lerrnas, peripheral, nuld 

llhndness · ' - ' 
Bront..:huis, t:hronic ., ..... ~!: 
( :arcinrnna. ovartip .:~ "fl-: ~-· 
Cardiac cnlar~e-,. 
Cy•t. p<"rmeal. ~..,_·,. 

Colloid gouer • ·ii:c:"1'n 
Deafness 
Diabetes mdlitu~ 
Emphysema ii;{,...;:_ 
( ~an.~llon, left wrist·""''- "'.;:.· · 
H.illux valgus >~ 
He~n..len's nodes:4':· - -. . 
llemiple!lia, pant'liil · "~ 
Hemorrhrnds, mild ; . · ··· 

Hyp<"rtcnsmn l >I~~· 

H ypotens10n 
lmpeugo 
Inguinal hernia 
K yphoscolios1t. . 
Leprosy 

·.· .. \· ...... ,.· v·· 
,· .· ..... 

..... 
.'."";,, 

Lipoma, chest ''·. ·~; ~ 

Myocardial d~r insufficiency (EK~·~.}~~· 
·~ ·!IL" 

<...>steoarthritis . ·. :!.. -

()titis rnedia, chronic 
Prolapse of vaginal wall 
Pros1atic hypertrophy 

Prutrinuria 
K.hcumato1d arthrlllS ( .J) 
S.:nility 
'-'lu11 lt·rn·d It-fl thumb. l 011gt'1HLd.I 

1'1111~tl.u IH·pn 11 upll\ 
I 1.wm.tllt .u1l111th 

I r11lat1111011.t..,111111111.11\ 1r.u 1 

I till\Hf ldl t-.11 1IM'lll~ll1 

I 11111111 \ 1d\ ,I ( l.1c111~11'1 

l Pl)( 1 1t·..,p11.111•1\ 111111 111>t1 

\ .ll ll t!'.'tt." \('Ill!'> 

E.xposed (-lJ examined) 

Subject Nos. 

11, '>2 

49 
-15, 59, 63 

29, '16,82 

2:!, JO, 71, 79 

55, )ti 
-,7 
I. h-t. 77 

'I 

I'• 

- , ~;\. II I 

I l 

'2 4 
70 

7.0 

4 7 
2 I 

7 IJ 

. II 

2 I 

Control ( 8-l examined I 

Subject Nos. 

Y:l:I, 935, 964 
8:l2, 973 

856,862,864,868,873, 899, 
910,915,9'l0,933,9H, 
95:l, 964 

855, 862, 895, 99'.l 
858,878 

Btd, l!h7, '!11, '12H. 'I \.I, 'H4 
'J/-, 

H~) H-:'-) '1t1H.lil·i.lllH.q7; 

11 Mii 
IHll 

) b 

W.6 

'2.4 

15.5 

4.8 
'!.I 

7.1 
I 

I 2 

' »-.. 



ranged from 20 to 26 mon1hs, with an average of 
22.-l months. 

Tu 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 !rends. First, 
the weight rankings corresponded to chronological 
age rankings and not to statural rankings. Second, 
the lack of synchrony in rankings of several meas­
urements was noticeable in those children who 
were shorter than their ~·ounger 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
tion at a particularly vulnerable age and that the 
resulting retardation in osseous development led 
to failure in statural growth. On the other hand, 
1t is not possible to exclude completely the pos­
sibility that some process unrelated to radiation 
damage was responsible for th«:. re1ardation 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 signiticant differ­
ences between the abnormalities noted in the ex­
posed and in the unexposed populations. Results 
of special examinations are discussed below. 

CARDIOVASCULAR SURVEY 

The cardiovascular findings may be found in 
the table of physical abnormalities (Table 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 #50. In the 
exposed population, the younger group of 24 
people showed no major abnormalities, but of the 
14 older people 29% showed one or more abnor­
malities. In the unexposed popula1ion, among the 
younger group 15% had one or more abnor-

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

Elec:trocardiographic Findings 

I. llhythm. In the younger group of exposed 
subjects, all had normal rhythm. One abnormality 
of rhythm was seen in a member of the younger 
unexposed group. In the older groups, arrhythmia 
occurred in :3 of 14 exposed individuals and in 4 of 
29 unexposed. 

2. Conduction Times. Few abnormalities were 
seen. No individual in either the exposed or the 
unexposed group had prolonged auriculoventric­
ular conduct10n time ( P-R interval I above normal. 
Several subjects had 1he shorter conduction time 
of 0.12 sec; this is considered normal. The intra­
ventricular conduction time ( QRS interval i was 
prolonged in several subjects. In the younger un­
exposed group, 1he QRS interval was 0 10 lo U.11 
sec in one subjecl, sufficiem 10 be considered right 
bundle branch block. In 1he exposed popula1ion 
the intraventricular conduc1ion lime was pro­
longed to 0.12 sec in only one individual, age 81, 
who had a marked degree of hypertensive and 
arteriosclerotic cardiovascular disease and cardiac 
enlargement. Among 29 individuals in the older 
unexposed group, two showed intraventricular 
conduclion limes of 0.12 sec without the typical 
QRS complex of bundle branch block. In all other 
subjects 1he intraventricular conduc1ion time 
ranged from 0.06 to 0.09 sec in 1he younger groups 
and 0.08 to 0.09 in the older. 

3. Electrical Axi1 Deviation and Electrical Poti­
tion of the Heart. There were few variations. The 

Table 15 

Electrocardiugraphic Abnormaliues 
(Percent Incidence in Younger and Older Age Groups) 

Exposed Unexposed 

Age Age Age Age 
'.!0-49 ;;.50 20-49 ;;.50 

Abnormality (24)* (1-l) (55). (29) 

Rhythm () 21 2 14 
A-V 12 7 2 3 
1-V 0 7 4 7 
RST 0 7 ! 1-l 
Twave () 21 II 34 

•Number examined. 
------ -------



.1xis dt·viation was normal or to the rnl"hl in most 
iudividuJls. I .di axis deviation. and only of mod­
erate del(rec. wJs prnent 111 "x indinduals. tl'.O in 
th.- y<>umi;er 1111t·xposed l(rnup. three in the older 
unexposed l(•oup. JtHI one in the older exposed 
l(roup. The electril'Jl position of the heart in a 
l(r<:"at maioritv of both the unexposed and ex1.>0s<'d 
'ubject> wa' \Tllical. 111 ·2·2 subjetts I! was inter­
mediate a11d in l) I all unexposed) it was moder­
.1tely horizontal. Rotation <)f the heart ekctricallv 

Ill the urn1bined l(roups was cluck wise 1t1 2') sub­
jt'c!S and l'ount<:"r< i<i<·kwtse in .llJ, wHh about equal 
distribution between the exposed and unexposed 
l(r<JUps. 

4. RSTand T Waves. :\bnormal variations were 
• ardully 11otcd li>r rndi.:ations ofcornnarv or lll}U­

•·ardial insut!iciencv <111d; or mvocardial disease or 
damal{e. Deviations of the RST sel(ment from the 
"'"·lennc line 'here li>und to be minimal. thev 0<:­

' urred in 1rnh tj,,. oft he IH unexposed subjects 
.ind in only one of the :Hl exposed subjects. T wave 
.ilmormJlit ies were of appreuabk del(ree Ill onlv a 

I"" instaH<'t'.s in the okkr l(roup. The abnormalities 
\\tTt' chiet!,· ia lower TY.aves J!ld wtore related to 
ltvpertensive disease. T wave chanl(es were most 
111arked in a'> 1-vear-old male ( .;:;:80) of the ex-

1uised i;ruup. who had <1rteriosderutic htoart d1s­
··ase and auricular tilxillation. Marked RST and 
r wave chani:cs were noted in an 81-vear-old 

111.ale ( .:461 of the exposed l(roup. who had 

111arked h\'pertensi\'e and aneriosdero!lc cardio­
' asc ular disease. <1nd had prolon,l(ed auriculo­
"' rllricular condut:tion time as noted above. 
\moni: the unexpostod population there was cvt-

• dence of myocardial insutliciency accurdin,g tu 
RST and T wave change" in a cl I-year-old male 

, .:'H 7 ), a h4-vear-old le male ( ;:t8ti 1), a 55-year­
, ,jd male I ;;~l'J:l). a ti4-year-old female ( #8'."J8), 
.ind a h-!-year-old male ( :;;:8!H); the last had 
, han.l(eS su llicient to indicate a healed anterior 

·«ptal cardiac infarct. 

Other Cardiovascular Observations 

1. Peripheral Vascular Findings. Clinical el<ti-

111a1um was made of the degree of arterial 1·hanges 
111 the p«ripheral \'l'S.'it'b (radial. brad1ial, and dor­

•. dis pcdi' ). The ckti;rt'« of almonuality was i;radcd 
11\' I) 10 l+ '4.:krosis (see "·ction 011 al(ini: 'tudies). 
\rlt'rio!'oi<:lero~i'.'-1 \\as ~tTn chiefh in ~uhjt'cls '/'.•O 

'1·.1r of ,tl(t' lll both l'X!l<N'ci .111d lllll'Xl)tl.'>('d ~fOll[>S. 
It \\a' 1101 111arked t'Xtept in ti1ur 111di\Jdu.ds 711 

years of al(" Ill the exposed l(roup. and then to a 
deii;ree 1ompatible 'hith al(e Since there l'.t·n· no 
individu<tls examined in the un<-.xpused l(roup 
," .. .> 71) years of ai;e for comparison. anv assumption 
that the arteriosclerosis was increased in thelie lour 
mdividuals by their exposure to fallout radiation is 
unwarranted. Otherwise the presence and the 
amount of anerioscleros1s was fairly well distrib­
uted between both populat1ons, as can be seen in 
Table 14. It was not observed in a degree pre­
mature or advam·ed lor thto given ai;e. 

2. Arterial Blood Pressures. Blood pressures 
greater than 140 systolic and 90 diastolic were 
considered abnormal. On this basis in the exposed 

l(roup none of the 24 subjects <'JOofage and seven 
of the lti subjects >50 had hyptortenswn, but 
mostly of mild degree. Thtore were 17 cases ofhv­
pertension 111 the untoxpostod group, '2 in those < 50 
years of al(e and 15 in those >50. Thto diastolic 
blood µressure showed only infrequent increase 
..ibove the level uf90 mm; as would be expected, 

this ci<:curred chietlv in the older group. The over­
all incidence of hypertension for the total popula­
tion examined was 9.2'Yt. 

3. Oscillometry Readings. ( )bservations were 
taken on the lel{S at the mid-calf. In almost all 

subjects the pulsation was sutlicient tu indicatto 
normal blood flow. Althoul(h the readinl(s w.-re 
lower in th.- Marshallese than mil(ht be expected 
in Caucasians, it appt:ared that peripheral vascu-

()phthalmolo~ic.:al Fi11din,l{~ ( r r ln<:idcnu~) 
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lar disease was probably of lower incidence in the 
Marshallese. There were two low readings in the 
exposed group, one in a ti'.l-year-old woman with 
abdominal carcinosis and ascites of ovarian origin 
and the other in an 81-year-old man (#<lo) with 
marked hypertensive and arteriosclerotic cardio­
vascular disease. 

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

5. Other Cardiac Candition1. No patients were 
observed with luetic, metabolic, or nutritional 

Table 17 

Incidence of Individuals \\/ith X-Rav Evidence 
ofOs1eoarthrius in Rongelap, bv Age and Sex 

(Only those rated as 2 +or higher are included) 

.-\ge, yr 

0- 'l 
10-19 
20-29 
30-39 
40-49 
50 19 
>tiO 

0- 9 
10--19 
20-29 
30-39 
40-49 
.'i0-59 
>tiO 

Nu. m 
age group 

'28 
23 
I 7 
9 

16 
8 
5 

Total 106 

23 
I 7 
16 
12 
3 
6 

II 

Total 88 

Persons with 2 + O<Steoarthritts 

Number 
-------~~ ---

Males 

0 
0 
0 
2 

5 
4 

12 

Females 

0 
0 
I 
0 
0 
4 
8 

J:.I 

Males Plus Females 

I). 9 51 0 0 
10-19 40 0 0 
20-29 33 3.0 
30-39 21 2 9.5 
40-49 19 I 5.3 
.)0-59 14 9 6-U 
>hO 16 12 75.0 

Total 194 25 12.9 
------· ------

25 

forms of heart disease. One evident case of inactive 
rheumatic heart disease ou: urred in a hoy of l '1 
years ( ::+ 7ti) with typical signs of mitral valvular 
involvement and moderate cardiac enlargement. 
He was symptom-free and his electrocardiogram 
was normal. 

OPHTHALMOLOGICAL EXAMINATIONS 

Table 1 ti 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 mcidence of pterygii, pinguet:ulae, 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 arteriosclerosis, squints, 
and congenital diseases was very low. No cases of 
basal cell carcinoma of the eyelids or of retinitis 
pigmentosa were seen. 

The degree of changes in a<.:commodation. vis­
ual acuity, arcus senilis, and retinal arteriosderosis 
have been plotted against age. The plots show no 
obvious differences between the exposed and un­
exposed populations. (See Figures 19 to 22 and 
further discussion in the section on aging.) 

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

ARTHRITIS SURVEY 

1. Osteoorthritis 

The incidence of osteoarthritis. as indicated by 
the hand and wrist x-ray survey, is shown, by age 
and sex, in Table l 7. The small number of indi­
viduals in the susceptible age groups precludes an 
accurate estimation of the prevalence; however, it 
does not appear to be grossly different from that 
found in the United States white population 
studied by Or. Alice Waterhouse and cited by 
Blumberg et al." In accordance with general clini­
cal experience, there was no close correlation be­
tween x-ray findings and clinical symptoms of 
arthritis, i.e., subjects with quite advanced osteo­
arthritis as determined by x-ray often had no com­
plaints referable to their joints. 
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2. Rheumatoid Factor in Sero 

The prn·;dern t' of srra posit i\T for "rhrumatoid 

1;wtor·· hv rlw hrnto111tr flocnilation trst 1 IHTr is 

sl""' n in I alilr I H. lndi,·idual <Llla ar<' liq I'd in 
.\ppcndix h according rn ag<' and srx f"hc total 

p1t'val .. nct' 11f l"""i'·" sera is not great Iv dillrrrnt 
fr111n that rq)(1rtnl liir "- hite . \rrwrican popula­

r ions. rlwrt' ""' 110 apparrnt diff,.rrncc in arthritis 
i11cid<'nn· lwl\\.Cf'n thf' f''\Po"cd and uncxpoo.;('d 

gro111" Tlir<T indi,iduals. all in thr uncxposrd 
t.:roup. had ddinitclv positi,·r srra (Tahir l'lr. hut 
"rt h nn n rdcncT of joint disease. ( lrw I .;::'l:·i I! had 

l1rn11. Iii.ii asthma and prost<llic hvp<"rtrophv. hut 
the\<' f1ndi11~s. since thcv \\C'rr n1n1rnon in fhc 

l"1lllil;llin11. \\ .. n· prnhahlv coincidrntal. Thrrr is 
1u1 apparrnt r·xplanatron fiir rlw prrsenr<' ol rh<'t1-

111atrnd fa< tor 111 th,.sc i11div1<iuals. 

3. Clinical Evidence of Arthriti$ 

.\ .-i'l-vcar-old male ( .:::H7HJ had sonw dini1·al 

lindint.:' n1mpatd1lr \\ith rheumatoid arthritis. He 
had complarnrd of pain anci swrllini;: in his hands. 

\\Ti'''· and knrrs for"> to 10 vrars. hut with no 
limitation of function. Physical examination 

'dlO\\ f'd t·nLHl!(' llH' II I of I he j>fll\i 111.d <Lnd d1 ... 1;d 
tfllf'r pt1;;1/ .t11gt· .1 I 1• 1111 I...; .1 t11 I 11l 11.1r <I~·\ 1,1111111 111 1f11· 
l1.111d \°(1 1 h1w111.tf111d ri11d1il"" \\1·rc p11· ... f'nl I lw 
,.,,\\I IJ,1111..'.f' ... \\('ff' I tlfl~l ... f('flf \\lfh ,l d1,t~flfl\hllf 

1P.,ff·11.1r1h1111...; <if the li,1r11J .... h11t th<·rT \\,t' no f'\1-

ckrn ,. lor rlw11rnalo1d ,1r1h1111.' (he llFT w.1s 

11<'1,!"<lfl\C l'h1.., I.\ prohctbh a< .L"i(' 11f11,(poar1hr111s. 

h111 r/1r·11111;itoid .1r1hri1i' 1 a11110{ lw co111plf'trl\ 

rnlcd our 

4. Unu$UOI Skeletal Findings 

:\s noted pr<'viouslv. hanrl and wrist x-ravs had 

shcl\\ n rongenital In poplasia of the n11dcilr pha­
lanx in some rhildren. Thr 'amr condition was 
nott"d in somr of I hr aciults ( Fig11re 1'21. f"he mid­
dk phalanx oft hr fifth linger was shortcnrd and 
slightlv hroacknrd. This was 1(1unci hoth unilatrr­

allv and hifatrralh· and was occasionallv a'Soci­
ated with lrni;:thrning oft hr ulna. Twrntv s11hjffts 
showrrl rlrfimte chan[[rs. and some additional onl's 
had onh r11ndrrat<' shorrening of the phalanx. 

DENTAL SURVEY 

Majuro Children 

Thirtv \fajuro rhildrrn Wl'rr rxaminrd. rang­
ing in ,1gr from '.2 t" I .l yrar<; and sclccteci at ran­
dom. \\°idesprrad canes werr pr<'Sl'nt in 7y;.of 
thr childrt'n / 12 n·ars old. Manv rrupting pcr­
rnarwnt treth showrd rrtai1wd root fra.gments in 

rhe arljacent g1ng1val crevice. Altho11gh th<' oral 
hvgirnr could lw rated fair to good. the incidrn«e 
ofcarrcs remained high. R11nching oft he lowrr 
incisors was a common linding in mal .. s and lr­

maks in lh<' 7 to '1-yrar agr [[rnt1p. Eruption timr> 
of1he hir11sp1ds app«arrd acivanced. possihlv hr­
causr of premature loss of rhr deciduous molars. 

.\II thr childrt'n m this agr gro11p showed signs of 
rrtarcirci jaw dn·clopmcnt in comparison with 

children in th<' continental Cn1ted States. 

Rongelop Children 

>lo si.[[niticant diffrrencr was founci in carirs 

incidrncr. nuption timr. and morphologv of the 
teeth, or growth oft he jaws. lx·t\~(Tn the exposed 
anci the 11nrxposcrl childrrn. In 1-ioth groups ahout 
2w;. showed retarcird ja"' dcn·lnpment which had 
resulted in narrov.ing oft hr archrs plus bunching 
oft hr lower antrrior rreth. Thr Rongclap chil­

cirl'n had a much lowrr incidence of carr .. s than 
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Subject No. 

841 
886 
953 

Age 

41 
49 
42 

Table 19 

Subjects With Positive lkntonne Flocculation Test 

X-rav evidence 
Sex BFT 1i1er of arthnus 

F 1/256 None 
M I ;64 Not tested 
M 1/64 None 

...,,;, 

27 

Clinical findings 

Neg in 1957, '58. and '59. 
Mild osteoarthritis in l 959. 
No Joint findings; bronchial 

asthma; 2+ prostatic hy­
pertrophy . 

Figure 12. Roentgenograph of hands showing coa tliJt('., 5th finger . 
. -:f't.""t ·.\ , ·fi .... -])" - -

the Majuro group, although the general imp~ fl. ~en slightly hi~:~. ~d group, al­
sion was that their standards of oral hygiene were c$ ~h there was no signl~i: difference in the 
lower. In both the exposed and unexposed Ronge- ··?"incidence of caries. In you.lg adults, subgingival 
lap children, areas of hypoplastic enamel in dccid- calculus was usually present in the form of cervical 
uous teeth were not an unusual finding. ringlets accompanied by marginal gingivitis, and 

Adults 

Only about l 0% of the Rongelap people prac­
ticed good oral hygiene. Peridontal disorders may 

very little supragingival deposition was observed. 
In subjects > 35 years of age, loss of alveolar bone 
was quite apparent, and supragingival calculus 
was more prevalent than subgingival. Only 2% of 
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lho"ir ··~-,.exposed and unf'xpo1.;rd. \ .. rrc frf'rof 

c linicallv drt1·ctahlr perirlontal di'<·a"· In tlir 
agcrl. manv of!lw remaining tr1·1h \\Trr sirnph· 
twirl in position f), thr gmgi,al attachment 

.\lm"'t all the Rongrlapese rxh1hitrd markrd 
xrrn'lnrnia The oral rn11cn'a frlt damp llllt not 
wrt During the dental rxan11nar1on. marupula­
tinn of tht' t1ss11es hv rnnuth mirror and rxplorrr 
faikrl to -ri1n11latr thr Jlrm_ofsaJi,·a. For pH read­
ings. tht' paper strip had In rt·rnain in contact \\ith 
tht' floor of the mouth lfir l~> to .\0 "'c in ordrr 10 
absorb 'Jdficicnt saliva. In n111't instancrs it was 
ditlicult for thr s11h1ect to prnducr thr '> ml nf 
saliva nt'cr"arv for /1H determination 111 a period 
•. I 0 to I 'i rnin. The pH values ranged lrorn ti.0 to 
7 .->.with an avrragr offi .l 

Utirik Population 

The Utirik µopulation exhibitt'd oral findin1.,TS 
similar to those of the Rongelapesc. Their stand­
arrls of oral hvg1ene were somt'what s11pt>rinr. but 
the incirlcnce of peridontal rliseasr anrl carirs in 
adults was practicallv irlcntical In thf' Utirik 
children lrss cvidt'n<t' was St'f'll of lrnnching oftht' 
lowrr antrrior trt'th. anrl jaw rlevt>loprnent was rn 
harrnonv with general IJOch· growth. 

Conclusions 

Thesr examinations led to the following con­
clusions. 

Tht>rr was no significant dilTt>rrncr in cithrr 
carirs rate or rncidenct' of peridontal disrasr he­
twern thr cxposrd and tht' unrxposed people of 
Rongrlap. The lrvrl 1;f oral hyE(ient' app<"ared to 
be somewhat lwttrr in the childrrn e.xamined at 
Majuro and at L1tirik. but th!" ineirlence of canes 
was abo111 thr sarnr in thr two E(roups. and hiE(her 
than in I he Rongrlapese childrrn. 

l. Thr poor oral hvgienr general Iv observed in 
the Marshallese proplt> harl it.s usual results: a 
high cari<'s ratr in tcrn-aE(r childrrn. srvt'rt' i:x-ri­
dontal lrsions in adults (he an cakulus. loss of alvr­
olar honrl. and rdrntulous nwuths in the agrd. 

.1. No differrn"r was f>t'ff<'ptible in the clinical 
apiwarann· of dr\'rloping dentition arnonE( the rx­
posrd d1ildrrn. tht' norwxposed. and those born to 
irradiatl'd parrnts. 

STUDIES OF AGING CRITERIA 

Thr rrsults of al(int.~ criteria studies are plotted 
in FiE(tires I l to :l 1. lnrlividual reading<; are plotted 

!open nrdrs. rxposrd iwople: closrd cir\'lrs. llllf''<­
posrd pro pl<' I Io show t hr spn·ad of I hr data. ,rnd 
t lw 1t1ra11 'al""' arr also plot trd I squarr«) fi>r rach 
-,_"•ar age gro11p "ith cxposrd anrl unrxP""·d 
pn•plc c·o111f>1ncd Thr trrnd nfc•ach criterion with 
incrrasing ag•·" rcprrs<'ntrd hv a Jin<' of approxi­
mate best lit fl\ eve. The ,·alut•s of tht' critrria 
generallv rithcr 1ncrrasr or decrr-;1se with increas­
rng agr. :..,fanv changrs. such as greving of thr 
hair. ba~ding. Mtniosclrrmis ( prriphnal and 
retinal). anrl skin loosf'nrss and retraction. are not 
,1ppeciahlv rnanif1·s1 111 thr :..,farshallcst> until aftrr 
ai::c .l'i to !O. Thrn· is a tendrncv for values of 
critrria such as blood pressurrs. grrving of thr 
hair. loss of visual acuit v. and accommodation to 
lrvrl off. or t'\'rn to show slightlv rt>duced values 
in the oldest groups. Thr nnmher of peoplt> in 
th<'sr groups 1s too small to rnak<' this observation 
certain. Howrvrr. American statistics on blood 
pressure (svstolic and rliastolic) also show a plateau 
clTect bevond ahout (iO vears of age and even a 
slight tendrnrv to lowering of hlood pressurrs be­
vond this age -" Hv t hi" agl" of fi5 to iO. arcus 
senilis in al I Marshal Iese showed a 4 + change 
anrl. thrrrfor!". thr platt"au was at a maximum. 
Sorn<' curvrs showed lowrr maxima. For example, 
baldness in women showed only a :l5'!n maximum. 
and artenosrlnosis of the rl"tina onlv 4'i''!, .. The 
dilTerences in maxima prohablv were due lan~ely 
to dilTert>nces in the degrre of change associated 
with the varin1Js critrria hut also partly to the 
arbitrarv nattirt' of thr snirin'(. The sexual dilTer­
rncrs in hand strrngth and haldnrss were rx­
pected. In thr neuromuscular function test, sli'[ht 
muscle fatigue may havr heen a factor in the lowt>r 
frmale scores, necessitating separate <"valuation. 
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Figure 14. Skin looseness, l 9.'>8-1959. 
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Figur.!' 16. Grayness of hair, 1959. 
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Figu"' 18. Baldness in females, 1959. 
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Fi~ure I .'l Senile ch an~"" of skin, 1959. 
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Figure 17. Baldncs.. in males, 1959_ 
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Figure :!6. Peripheral arteriosderos1s, 1959. 
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Figure 28. Hand grip, females, 1959. 
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Fi~ure JO. Neuromuscular func.:cion 
I hand 1allv count J, le males, 1 lJ59. 
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Figure 29. Neuromuscular function 
(hand tally count), males, 1959. 
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Tht> various chan_ges generally assoZiated with 
physiological senescence arc known to show w1d .. 
vanabilitv amo11g individuals of the same age, and 
this was horne out by these <lata. However, some 
uf the criteria aµµ.:are<l to be l){'tter in<lit-c\ of ag­
ing than otlwr,, judging by the degree of change 
and th<' variability of the data obser\Td. (This 
stateml'nt IS not based on statistical analvsis.) 
Some of the liettn criteria appeared tu be .iccom­
modation of the eyes. visual ;u.:uitv, >kin retral"t1on, 
arcus senilis. greying of the hair, and hand 
strength. The measured criteria would be ex­
f){'Lted to bt' 111on- reliable than the estimated ones 
1n view of the subjective element and less µreuse 

')uhjt"(t 

:\io. ~t·x .\~e lJe~·rip11011 

17 F 

.!h 

~·· 

F 

td 

,,, F 

\I 

1t Sli~hr dcJ .. H~nieuteJ ~ca1~. ld-t ,tr1Le­

cubllctl to~ac. 

Iii i\1011kd spots ol µi~nu·1Hat1011 and 
dt'f>ll{Illt'Hlalltm. dur,um ol Jcel 

IH ~far~cd ~carn1u('i1etv.t·1·n l11'il <.111d 
't't ond lot·s, nght lt>t•l. "'llh lund111~ 
10 .,utx:u1anc--1H1S ll~'iucs .. :\n·a~ of 1e~~­

<"r 11nolvcnw111 penpht·1al 10 du~ 

,JJt'...l ~" t·v1de11n· of dHonH: radi..t­
t1011 dtTlll<Ulli!l 

!(I Sl11~ht mouled pi~me1H.ll1011-dcp1i.;--
111c11to:ttiu11 with little· ~carnn~. do1-

'\lllll of feet. ~1oukd h\ pt'l fHl{ment­

nl "IX)h pt"l"il\l on hJ'-k of neck . 
.!I lilJck molt'"'i lu·lic\.t·d to hd\T 111-

crca ... ed rn numlx_·r 11\C"r l"ll{liL ..,jcJe 111 

11nl, .li~OSt"\.Tl.tl llOlt'd 111 ldt anlt'­

l ubn.d l"o\SJ. 

llJ r\lnttkd r1111~hn11n~ dnd p1.~mc111 

\"J.11.1L11J1J, hack of nn k. 
L! ~1ot1led µ1.~11wnt~tl11Jt1, lc:ft \It.le' of 

llt'l k, 'IA·llh ~Jjf{fll fOlU{ht·fllllf{ of ... klll. 

:.!U I h·JHl{fllt.'lltc.·d 'icarn·d areas "Ith 
..,Ji~lll J.lruµhy of skin over dorsulll of 
fc:cl. p.nticularly at sitr ol rlec:per 

"'JI oil ld.t loot. Sonw dreas 41djat r·ut 

to "t J.f"' .... ho\.\. int rc.t~etl p•.t.:1nt·111a­
t1u11 

l ~ Pi1!1111·ntnf 111olt-s ..i.µpt.·ar lo h1nc m­
t 1<·.1..,c-d 1n 11u111hcr O\t•r It-ft '\HI«- of 

11n l ,111d fl) ko,;st·r t'Xlt'lll 011 llL:hl 

..,1dc· .11 ..,lln1 uf r.llht'r dct'p lwl.l 

li11111;-, 

l-1 B.u l 111 !dr c,1r ..,J11m-. dq1ll.(lltt"tllnl 

-.t ,II \\ ttll "(lllH" fi111dti1L! dil\\ II (Cl t .II· 

!d,11.!,I "\11~\1dn11 I" t1/ f111·.1h.d11\\ll 

scoring of the I alter. This apµeared l(enerallv to 

be the case, but the estimated values for greving 
of the hair and arc us sc111lis correl.itnl rnrµnsingly 
well with .ige. The amount of '"bcutaneuus fat 
probably influenced measun·ments of skrn loose· 
ncss, but, since loss ofsulK11tannius fat is some-
1'.hat age dependent, probablv 111 the right direc­
tion. It is hoped that in the future statistical treat­
ment of the data may furnish a weighting !actor for 
each criter11in based on the degn·t' of age-associ­
ated change and the variabilic' oft he data. It is 
not .dways possible to run the completr battery of 
trsts 011 cat h individual, and use of sud1 weighung 
f.ictors would lt'nd tu n11nim1ze the disparity due 
to the unussions. 

The data presented muse be considered as pre­
liminar} i 11 nature and to repre>ent onlv a >mall 
fraction of 1he 111a11v varied changes assouated 
with the aging procc". Under the conditions of 
examinat1011s of the l\larshalkse, the batten' of 
tests emploved is nt'cessarilv limited. :\s more ex­
periencr is gamed, some of the tests may be elimi­
nated and new ones added. The tl'sts of vigor are 
thought to be extremely important in asse>Sing 
agmg, and II is huµcd that more tests of this nature 
mav bt· added. :\t this time the data arc prt=nted 
to introduce an approach to a feasible means of 
.issaying "biological age" which might be of use in 
studving the possible dlects of radiation on the .ig­
ing phenomenon i11 human be• ngs In the case of 
the exposed :Vlarshallese, resu"' of further agmg 
surveys will be carefully evaluated. and the re.uh> 

1"1~lirt· )~ R1·..,1d11al ..,, .11 r111i.: bC"l\\11·11 ln..,1 .u1d ~1·1 iJ11d 

\~w-. 11i..:h1 !11111. /111111 lwl.t l>1111l;-,, -i \t",lf" pu~l t"\.lh'"'lill" 

'1'iul11nt =..'.ti, 
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in the exposed population will be compared with 
those in the unexposed for differem:es that might 
indicate possible premature aging effects . .-\s 
purnted out, such differences have not been ap­
parent thw, far. 

RESIDUAL BETA BURNS 

Ten people continued to show residual skin 
damage from beta burns sustained ti years pre­
viously. Mos! of the residua consisted of very mild 
changes. such as varying degrees of pigment alter­
ation ,giving a mot!led appearance, sometimes ac­
compamed by a roughening of the skin (increased 
rugosity ). Some showed more pronounced changes, 
such as atrophy and scarrini;-. None of the more 
severe residual lesions showed any gross evidence 
of breakdown with the development of chronic 
radiation dermatitis or any premalignant or ma­
lignant change. No biopsies were taken. Several 
women who had sustained more severe neck lesions 
seemed to be showing an increase in pigmented 
moles in and around the affec!ed areas. However, 
this is not certain, and these mules will be ob­
served carefullv in the future for any suspacaous 
changes. In Table :ware listed des~riptions of the 
residual beta burns seen in 1 'JtiO. Figure J:! shows 
healed beta burns of the feet 5 years after exposure. 

LABORATORY EXAMINATIONS 

Hematological 

In Appendices I and '2 are presented summaries 
of the mean blood counts of the exposed popula-

Tl 

tion and various comparison populations since 
exposure tn March 195-l. In Appendices J and -l 
are listed the individual blood counts for 1'!59 and 
1960. The data are also summarized graphically 
in Figures :l:l. JS, and .l!!. The blood data have 
been classitied as in the past .lccording to age and 
sex. The results of blood counts 111 the 1959 and 
1960 surveys may be summarized .iS follows. 

Wltite llood Counts. Th;- mean W BC in 1959 
showed a further trend upward in both the ex­
posed and unexposed populauons. being slightly 
lower in the former (see Table 21 and Fil(ure :.1:3). 
The 19ti0 WBC level of the exposed people 
showed a considerable drop from a mean level of 
9.~00 in 1959 to 6500 in l 9bll as compared with 
the trend during the previous two vears (no counts 
were made on unexposed people in l'Jb<Ji. The ex­
planation for this is not clear. The percentage dis­
tribution of the various white cell levds was not 
very different, however, lrom that of 1he previm1s 
values. 

Neutropltils. The neutrophils in 1959 (Table 
21 and Figure J'.l) showed an increase correspond­
ing to the increase in WBC in both exposed and 
unexposed populations, the 111ea11 level also being 
slightly lower in the expost'd . .-\ scat1ergram 
(Figure J-l I of the age distribution of tht> counts in 
1'!59 shows a greater tendency lur the younger 
~roups to have lower mean counts in the exposed 
than in the unexposed pupulations. This was 
noted also in l '!58. In I 9tj() the average of neutro· 
phil counts was '.!500 for the exposed ~Tuup com­
pared with 4800 in 1959. This decre.ist> correspond­
ed with the decrease in the total white count. 

Tablf'21 

Mean Lt·ukonte .rnd Platelet C:uunts, 1959 and 1 'ibO, by .·\Ile and Sex 

Ailingnae expo""d 

1959 1%0 1959 llJW 

1\'HCiXIO '), al(e ·'i 9.5~ '.l.:! 0 (60) 00 b5:+:1.!I (54) 9.7!_2.-l(Lii 7 J !cLS I I 4 i 
:'>kut IX Ill 'I, "~" /.'"> 4.H:': 19 (60) 3.5:!-l.5 (54) 5.1 :'::2.1 (I Si :S.h:':: I Ii\ I.Si 
1.vmph. ( X Ill I. age ..>'.> 4.0":':: u (60) 2.7 :'::0.8 ('ii) J. 7 :'::I I I 15J .S.O.:<:_ 1.2 ii Si 
\fonu. IX Ill i. .Jge _........) :!.U:::!: 1.8 (tiO) O.ti:+:U.'l (54) J.'.!~'.!.'.'"> (IS) 0.h:'::O.li I l:S) 
Eo>m.1X111 ), age >:l 5.0:':: :u (tiO) 2.7:!:0.8 (54i ti.0:+:4.2 ( 15i 4.0:+:ll.'l I I :SJ 
H""''· (XllJ ·), a'le __.5 0.4:!: Oti (60) 0.4":'::0.11 (54) 0.5:+:0.!I ( 151 IU:'::IUil.S) 
l'l.ite. IX 10 '), Males age '.1 10 l'Ll !: IOU ( 7) 40.'I ( 2) 

>IO 2H:':: 'J 9 i '20) 21d-t:::li.IJ( 41 
Fe ma Jes >i :!7.li:':: 10.5 I 2~1 I 2h.H:!":S.7 I 'Ji 

·~1.uufard de\.iauon. 
••·1he11u111btTS in parc:11lht'~t'S .1rr the 11u111lx·r-; of µeoplt" 111 the· ~TtJU?i. 

1959 

10.1 :!" . .J. I 112:!1 
·12..:: '2 I I I 2:S) 
l I .':: I I ( 12:!) 
2.4>:,2 . .J112l) 
t>1l >: 'J.'J I 12:l) 
ll'.1 !: IJ.H( IDJ 
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Figure J9. Individual platelet counts of expo>ed males 
plotted against age, 1959. Solid line represents mean level 
of comparison mal~ population. 
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Figure 40. Individual platelet counts of expooed female. 
plotted against age, 1959. Solid line represents mean level 
of comparison female population. 
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lymphocyt... The mean level of the lympho­
cyte counts (Table 21 and figure J5) in 1959 
showed a slight increase over the 1958 values. The 
mean levels were about the same in the exposed 
and unexposed populations. A scattergram (Figure 
36) of the age distribution of the lymphocyte 
counts in the exposed group for the tirst time 
showed about an equal distribu.t1on m the exposed 
population of <:ounts above and below the mean 
levels ufthe unexposed people. The cumulative 
percentage distribution curves of the exposed and 
unexposed (Figure J7 J showed close approxima­
tion. The 1960 absolute lymphocyte counts also 
showed a decrease corresponding to the WBC de­
crease, the mean dropprng from ·WOO in 1959 to 
'2700 in 1960. 

Eosinophils and Monocyfes. Eosinophil and 
monocyte counts showed a slight im:rease in 1959 
over the 1958 levels and were slightly greater m 
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 J9% 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 
diS<.:ussed below in connection with leukemia.) 

Platelets. Mean platelet counts in 1959 (Table 
2 I and Figure J8) were slight! y lower than in 1958 
in both the exposed and unexposed populations. 
The mean deticit in platelets in the exposed popu­
lation was about the same as last year ( - 9.J% for 
the males and - 11.3% for the females). Age dis­
tribution scattergrams for the individual platelet 
counts in both males and females of the exposed 
population showed more counts below than above 
the unexposed mean curve (Figures J9 and 40). 
This was also borne out by comparison of the 
cumulative percentage distribution curves for the 
exposed and unexposed populations: the latter 
showed continued displacement to the left {Figure 
41 ). The significance of the continued platelet de­
pression in the exposed population is also indi­
cated by the finding of levels <250,000 in 37% of 
the exposed group but in only 24% of the unex­
posed. 

Erythrop-fic Function. Because of technical 
difficulties, the he matocrit levels were not con­
sidered reliable for the 1959 survey. Sam pies con­
taining ethylenediaminetetraacetic acid as an 
anticoagulant appeared to have a lower hemato­
crit than untreated venous or tinger stick blood. 

---.. -------, 
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I lit' ,-,pl.rn.1tio11 is llot dear. Hownt·r. it '>.ts ti-It 
li,1t 1 lw en I hroc~ 11· counts dunl' 011 the Coulter 
lt't t'""" < t>lllltn. and 1he ht·mu"(lolun and retit:­
dol·\ l« cou11t."), \\l'IT ~utlicient indic~s for cvalua-
11ir1 of t'rythrcJpt)(~tll" function. 

Erythrocytes and Hemoglobins. The mean 
., "Is "r nvtlnon tt·s aud hemoglobins ( T.tbk 2~) 

><'IT gt·1wr,dlv so111<'\\ hat below tho'c accepted as 
'nagt· for .\lllericans ,111d were only slil(htlv 
''"'r in thl' '''l)(ised Ron"(elap population than in 
ht' 1111cxposl'd l(roup. Scatt<:rgrams I Fi_i;ures -1'2 
11d Ut of the i11d1v1dual rl'd cell cou11ts plotted 
'' .1g•· !or t'Xposnl people 111' both Sl'Xes sho" more 
I rll<' nJ1111t' below the avera"(e level of the unex-

d l(rnup than above it. and a plot of1x-rcent-
1111111l,1tivt' distribution of counts I Fi!(ure -l-l) 
, ilw < 11rve i(Jr the exposed group distinetly 
.1u·d to t ht· il'ft. 
lingnae Blood Counts. Counts in the .\ilin"(­
peopil' I a group of I 0J who had received an 
i.111·d 1>'! r from fallout) .ire summarized in 
'"' 21 and '2'2 and in ;\ppe11dix '2, and the in-

'' 1du.il «Hill ts .tre shown 111 .-\ppendices :i and -l. 
I lint' t <11111h l(t'lll'lallv averagt'd slightly higher 
11,111 i11 1lw ,.,pmed R1111gelap people hut lower 

li.111 111 ilw 1111<''1""''" f><'tJf>l... 
Price-Jones Curves. l'nu·-Jont·s ,. 111·v..s for de-

' 1111111a1irn1 "' n·cl n·ll si/t' distribution 011 17 
{<111c_:t·l,1p f'<'"I'"' I ('\('O"'d ,111U Ulll''j}(JSl'd) Wt Tl' 

\ c·1.u.~1 d .t11d ( 011tpdr<'d \\ 11h i.tll ,l\TLL~t'd Cllf'\"(' 

ir -J) .\1111·1"1\ .tth ut llic ..,,l111c .lt.,:t' t.,:l"Plljl ( Fi~111t· 

I l1t· ,\l,u,fr.rlln.- <Ill\•''' di,pl.unf ,l11~l11h lo 

the ldt. "hich indic.ttes a slight tendenn toward 
1111<. rocytosis. 

Serum Iron. s .. runr iron "'"els Wt'rt' < [()() µg, 
100 rnl scrum in onlv '>persons . .111 unexpos<'d. 

Serum Protein. Scrum prote1 n levels in I <J'.'J'l 
'><'IT al(ain higher than rwrmal in manv cases. 
The ra11l(t' in the e:1.poscd group was ti.u to B -lg 
"ith a mea11uf7.-15. a11d in the uncxpusrd group 
from ti.ti to 'I 0 "(with a lll<'all of7.35. 

Comments. The penphnal le\'dS of blood ele­
ments h.1ve shown .:onsiderable lluuuation from 
vt'ar to )l'ar. The explanation is not know11. ()nt' 
lllll(ht speculate that, s111ce upper re,,piratorv .111d 
l('-"'trointt-stinal intections are commu11. the tempo­
ral rdatwnship of the he111atolugit al examinations 
to periods of bat:teri.11 inlection mu.;ht strongh· rn­
lluence the "(<'llcral len·l uf certai11 eleme11ts. par­
ticularly the leu~ocytes. It ts not known whether 
the drop in l'ltiO leukocyte lt-vels was so intlt1-
e11.:ed. As pointed out, the inllul'nza epidemit: in 
early 1 lJtiO appare11tly spared Rungelap Atoll. 
Since hematolugi.:al examinations were not done 
on the u11exposed _grot1p in I 'lt10. 1t \\as not pos­
siblt· to t'V.tluate <:'.\posed lc\'t'ls with relation to 
radiation l'ikns. 

The unh blood d1· 111t·r1Ls at -, 't'ars post t'Xpo­
surt' that sho\\l·d sligh1h lo\.H'r lnTb 111 the ex­
posed group ""'IT tht' platt'lt'ts .111d t·nil1rontes. 
Er\ thruc~ tt· t oullh liL1d nor hl'cll dnnt: lwfon· 

Ill->() Kt.'-<'\,u11111.lliu11 ol r.nli('r lu·111~l1()t"J"ll len·I:-.. 

,,, ( 1>11:-0.ll llC(ll.lll 11f ... ( .11ter ~Lllll\ .111d ( lllllllLJ.tl\T 

di ... 111bu11011 l llf\("\ ..,)H1\\('tl ,1 ... lll~lil ll"IHklH \ lor 
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Figure 42. Individual red blood counts of exposed males 
ploued agamst age at 5 years post exposure. 1959. Sohd 
line represents mean values for cumpansun male popula­
tion. 
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Figure 44. Cumulative distribution curve, 
Rongelap red blood counts, 1959. 

57 

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

The Rongelap people generally have a slight 
anemic tendency (very slightly microcytic) com­
pared with Americans. The cause is unknown. 
Apparently it is not due to iron deficiency, since 
serum iron levels are generally normal. It may 
possibly be based on another type uf nutritional 
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Figure 4:J. Individual red blood counts ufexpused females 
plotted against age at 5 years post exposure, 1959. Solid 
hue represenls 1nean values for comparison ft:male popu­
lauun. 
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Figure 45. Price-Jones sizing of red cells showing mean of 
17 Marshallese curves (from both exposed and compari­
son groups) compared with mean curve of 5.l Americans. 

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

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

Hematol09ical Leukemia Survey 

Dzjfermtlal counts showed no increase in im­
mature leukocytes that would cause one to suspect 
leukemia in either the 19'.>9 or l %0 survey. Alkaline 
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pl11opl111/11Y 1/11111111i: of neutrophils >howed a gen­
rrallv 11or111al di>trihut1011 of positive cells, a" in 
the previuu" vear 811;1Jpi11l <1JU/l/J uf ·llJllU (l'l/J 

,ho"-t'd no increase in lt-vds abovt' tht' normal per­
' n1t.1ge 111 an\ 'ubych. ,·it her exposed or uncx­
pmt·d, in the I '!'>'I and i 'HiO >Urveys, except tor 
onl' b-vt'ar-old t'Xj>o>ed hoy I ;:;-:!).* The mean 
perccril b.isupl11I t ount (counting -WOO white cdls I 
for thr '''l""ed Ron>(elap group was 0.42'·; in 
I <,ir,•1 ,1nd 0.'i:S'; in l 'lhO; in the :\ilingnae group, 
() .!'I'·; in I 'l'J'l and lUllJ'!, in l 'lhO. Hasophil mums 
on the 1111e'-p<ised >(roup arc not yet complete for 
1 'Vi'I. The mdiv1dual values for .ilkaline phos­
phatase ,rnJ hasophd counts are presenteJ in 
:\ppeudix .~. 

Complement Fixation Tesh 

The re"dts uf the co111plement tixation tests are 
shown in Tahk Ll. In discussi11g these resuhs Or 

R. J I kulrncr m.ide the following uirumcnts: 
"I suppost· the most intnestill>( thing is that 

there 1> ev1tk11ce of infection w11h almost all the 
groups of virUSt'> that we testt'd for. It is 1111portant 
to point out that complt'ment-tixing a111ihodies are 
ger1t·rallv less pn,istt'nl than are ht:.magglutina-
11011 inh1bit1on and nt'utralizing antibodit's. Therc­
ti1rt', the high levels ofadenovirus and H:\ I eom­
plt·n1<·nt-lixing antibodies rdlect euher recent m­
lt-ction or 111Ult1pk inkctious "Ith variou> mem­
ber' of thl' parainiluerua family of viruses. The 
low lncls olit.iin<'d for other agt·nb, such as inilu­
l'llza .\. 111tluen1.a B, IL\~. CA. mumps, L(;V, 
.rnd <.l !t'\TI rrta\ n·tlet t low '""els of inftot:l ion with 
t hne .i~cnh, hut more likelv mi~ht reflect the fact 

·.11 such agents have not llt't'n prevaknt in recent 
u·s. Thus, one mi~hr t·onclude from the data 
ti thl' .\sian irdluenza virus has not yet seriou,ly 

"'""' the \larshall Island populations, or else, 
. ourse. that the co111plemt'nt-fixin~ antibody 
•duuod fl\ the .·\sian intlucnza has not persisted. 
·I would rather suspect from the age distribu-

11 that .\sian intluenza slill has not reached 
Ill'"' people, .111d that 011e might look forward !o 

"'''if lhl'v an· i11\olved al soruc future date. Sim­
d.1rh. tlw a~e di,tnbution ofi11tlue11za H anti­
In 1dic~ 'llH~~c~h I hat iL ht.ts uol O<.TlHTcd fi>r i.ll lt•asl 

'''"(ii ,, .• u, f'11c ;il,,,.·rHT of H.\ 2 antibodies su~­
~1·..,i.... 111.ll t lw \ lfll"' li.l~ not been pr<"L1k111 inn:-

·111 1' 1 .'I 1,1, /, l'"ld1.I' "dlll \' .. L ... ~; \\ IH :·.1,1HJ .111d . .ll..1-

1.J,, "I 'J1.rl .1'>l llr L:.L( I'' •'II ... -,, 111 f 'liill !11'> l1,1-..1111l1d \ •!11111 

\\ 1;1 •. 1,111 .• 1 •• 1 .• 11...d,1·< 1,J, ..... f.i1.1l.l'I II' ...:.111\! \I II--

ce11t years. Huwevt'r, the total .disence of anti­
bodies even in persons over ·10 >uggests the p<»­
sibility that it has not occurr<"d in 1his population 
al ,ill. but the hrst interpretation 1s equally g<xxJ. 
The same co111111ents would refer tu the C:\ virus 
or parainlluen.ta ·2, but lwre the rnure likel} u1ter­
pretatio11 is that the virus has not l>t"cn pn·sent in 
the recent past, but the pre>enu- of antibodies rnay 
su~~t'st that ll had been present I bur rnorc yt'ars 
earlier. Since there is somt' overlap in antigt'ns and 
antibodies llt't ween 111umps and tlw paramiluenza 
~roup, the C:\ rt'actions a11d, or rhe 111umps reac­
tions could conceivablv merely rdlect infections 
with other members of the par«1ntluenza group. 

"It would he interesting !O !ind out to what ex­
tent the psittacosis group and Q fever represent a 
threat to I hi> popul.itiun, and of course 111 the 
birds and domestic ani1nab as well." 

llr. Heubner's forecast of :\sian 1111iueuza i11 the 
'.\1arshall Islands from the Rongelap data is mter­
t'strng 111 that an cpidt'1111c of serious proportions 
did occur al Kwajalein :\toll in Januar} l ')ti() re­
sultin'l' in si.gnilieant mortality. 

The average antibody titers for 1he dilferelll age 
groups in the exposed peoµle were, in nearlr all 
cases, lower than in the corresponding unt'xposcd 
a~e groups. It 1s not kuown whether this is a sig-
111lica11t ti11di111~. further studit's "'ill be done to 

detcrmtnc tlus. :\t three vcars aflt'r exposure, the 
primarv re>ponse ro tetanus antitoxin averag·ed 
slightlv lcss in 1hc exposed p<'ople than Ill the un-
1·xposed. · Ho\\'ever. because of the small numbers 
of peoplc studied, this finding could no! be con­

siJ..red sigmlicam. 

Sodium and Potassium Levels, 1959 

Potassium intake a pp•:ared to apµroximate that of 
.-\mcricans, namely, :::!Oto 100 mEq_. day. Salt 
intake varied wide! v as JUd.ged by urine excretion, 
ranging from 2 to Ill g;day. The relatively high 
salt consumption of some indinduals is undoubt­
edly related to the irregular cousurnpuon of 
canned C rations, to "hich 2', NaCl is added 
routinely durin~ preparation. The median intake 
ot salt appt'an·d to ,1pprnxi111ate that of llli<lt- clll­

plo} ei·s at Brook ha VI' n :'Ii ational L.1hor atory, 
nan1dy.::::: Ill g da\. Tl11s 1111du11btedly rq.1rt-st·nts 
~•11 i1i..1Ta...,t· un-r Liu· intake 111 earlic:r )t:Jf"> \\lit'rt 

u11h 11,l(I\ 1· lood~ \\t'IT l'~Lll'll. IL \\di h(' of illll'l"t"'.'.l 

t" 11011· \\ lwdwr I Ill' i1H 1dt·1u 1· ol Ii\ 1wrct·11~io11 .11. ... u 
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for all age groups. a relatively Tow figure com­
pared with that for Japanese and American 
societies. 

Thyroid Metabolism 

Table 24 shows results of protein bound iodine, 
total iodine, and 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 1958 
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 and four females (all in the unex­
posed group) were found to have glucosuria; all 
but one of these also had an elevated fasting blood 
sugar level• (see Table 25 ). These individuals 
were considered to have mild diabetes mellitus. 
Later during the year one of these cases ( #854, F, 

•we are gra1eful 10 Dr.WW Ft",.nel .t.l KwaJaJein t(,.- having 
the blood su!Jar anaJyzed. 

39 

age 54) died of a genitounnary 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
sistently.) 

Table "26 compares the mortality from diabetes 
in the United States' 1 and tht> Mar·shall Islands. 
The incidence appears higher in the Marshall 
Islands and on Rongelap Island (based on its 
small population). It should be noted that, since 
only routine urine examinauons were done on the 
Rongelap people, the incidence of diabetes may 
actually be higher. The gTeater rncidence of deaths 
due tu diabetes in the Marshall Islands than in the 
United States in 1956 and 1957" is statistically 
significant (0.0 I >P >U.00 I). 

Serum Vitamin 8 1 1 

Analysis of the 15 serum samples obtained in 
1959 agarn showed, as 1n 1958, vitamin B,, levels 
slightly higher than normal. The mean value was 
714 µµg/ml, with a range of J 1'2 to 1500. A scatter­
gr am of levels for both years was plotted against 
white blood count, since it has been shown that in 
leukemia the white cells have a lugher B" binding 

Table 2:l 

Results of Complement Fixation Tests on Rongdap People, 1959, by Age and Sex 
( Pumive Reactions of Serum Dilutions 1-10) 

Long LGV 
HA I HA 2 CA (Respiratory (Psittacosis 

No. in Flu A Flu B ( Parainftuenza 3) ( Parainftuenza I ) ( Paraintluenza l) syncouaJ, CCA) Ade no Mumps group) 
age ------

group No. % No. "\, No. 3 No. % Nu. 
,., 

No. 1,{, No. o,; "lo. ''{, No. % "& 

Females 

() 

I 7 8 47 b .Li I-! 82 2 l~ I 6 
24 4 17 9 38 19 79 4 14 58 !ti 67 6 '25 j 13 
'lO 4 '20 7 35 16 BO 5 6 JO 10 50 I 5 

61 8 13 16 26 43 70 0 2 J 26 4:1 ·HJ 66 8 13 5 8 

Males 

I 100 
12 8 2 17 II 92 4 u II on I 8 
'.!I 4 19 !I l8 18 86 2 10 6 29 II 52 J 14 I 5 
I 7 ti 35 12 71 14 82 6 .'i 19 'l 13 5 29 3 18 

j( II 22 22 4J 4J H4 0 J n 15 ·29 J2 Ii:! 8 16 5 10 
-·--------------· -- ~---------------

Females l'lus Males --------
II:! 19 17 38 H Hti 77 () 5 4 41 n 72 u-1 !ti 14 JO 9 
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QF 

(Qfever) 

No. % 

2 IL 
2 8 
I 5 

5 8 

8 

2 

IJ 5 
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Prolctn Hound Iodine. Total hxJ1nt", 

an<l But .. 11101 Extrauable Jud.me in ~1arshallese Sera. I ~f)Y 

SubJt_'l t 

No PHI 

IIJ i II 
l'! 4.1 
:.!h ti'.! 
Pl lJ 7 
H b.7 

I\. lean h 7 

HIH lJ . .! 
8HJ b.IJ 
8td b 7 
Ht.(t -)q 

Hit - I 
) -

887 ti.! 
811 .-, .l 

~1ean ti .S 

µ~ '' lo<line 

L'.~1'.c'f><'se<l 

Total 

'i () 
2 l) 

1..-, 

llEl 

1.0 
2 7 
4 'J 
H 7 
H 

7 ·) 
4 t 
4 <) 

I 7 
4.IJ 
CH) 

l.S 

4 8 

Subjel h From Ron~el.<:tµ \'\"1th (Jluc.:o~una 

Subje< l 

No. S"' 

Wd M 
8."J4 F 
H'Jl F 
9.'"°>h F 
<J<ll F 

FJ.:,tin~ 

blood 
'ilJ~,u. 

.\g;e m~ I 00 ml 

.-,4 2(Jll 
'Jt 172 
41 312 
.-,11 l IJl 
"JI 278 

ABO 
Wcil(hl, lki~ht, bluuJ 

lb .. :m group 

17h ISO 0 
72 130 ll 

() 

t:H Li 1 0 
IB4 I .'"°>r1 .\ 

Table 2ti 

Ltble .!.7 

.-\l:H) Frequem v :\Jnon~ ~fJrsh.illr~ d.Ild Pol~ nt·~ian:, 

ft'JX>rt 

S1n11nuns 
~I aJ ·' 

Polvnc::s1an 

Sunmuns au<l 
( ~ra yd.on-' 

r l I U per'<>ns I I ti 7 8 per-.ms I 1, I J8 persons) 

Percent 
() W.7 -)..!'.!. lY I 
\ l'i 7 21 4 t)()'J 

ll l'i l ~l I () 

\B 4 5 -, s lJ 

(;t:'ne fre4ucnrv 
IJ.7b8 () 7 2J U.b~ti 

p l~H l.i"i lH 
q, l(J:l l.H u 

--~--- --------
Table !ll 

:\IN an<l Kdl-lloego Fr~quuin \moll'( 
~far-;haHese dnd Polyllt"!)ians 

Pcnf'.nl 

M 
MN 
N 

Ct'ne fre<..juency 

"' 

Others 
Kdl<KJ 
llie'lo tDi") 

Marshallcsc 

Present 
report 

8 
2'2 
70 

() 1'!4 
U.80ti 

() 

() 

~1n1mo11s 

et al ' 

10 
l<J 

71 

wno 
11.780 

p(,Jynes1an 

S11nn1011s 
and Cra)'don-~ 

19.ti 
17 8 
12.b 

IHlS 
IJ 5h5 

() 

u 

lleaths Reported as Due to Diabetes in 1he U S. and in the Marshall Islands llis1ric1 
of ihe Trusl Terri1ory of the Pacific lsla:lds i l'l'iti and 1457 Daia Combined 1• 

L' S 
~ lar>hJll hlJ11ds 

Population 

i:D5:J2,00U 
'27 .:.! I~> 

Toial deaths 

J, I ~17 J~H 
lhO 

Deaihs 
per IOOIJ 

9.5 
j·~' 

Diabe1es <lt·aths 

cd,Jh4 
Ill 

Diabeies deaths 
per HM IJ M Ml 
poµuldtion 

I'> 8 
Sh. 7 

IJ.111 ·p ,(I IKll 

Diabetes deaths 
per ltNNJ <lt:aihs 

ltd 
ti25 

• ! !11 p11pt1.ll!HJl1". 11,1,il de.uh:-.. ,11uJ d1.dx·t<'\dcatl1'.'I for lq d1 .uul 111-,7 \\CIC luLtkd lo ~cl the .ner,u.,:c dt·..ith'.\ per 100(1 

111<l ,l1.di<"I<"' d1'.1ll1-.. 1w1 11111 1111111111 till"'><" l\\~1\t'Olf\ l>-.tt.t lor tlw l. S ,ur IHHll 1dnt'IHT .!./ .ual lu1 the i\l..tr'ih..tll l~l.ul<ls 
!t11111 1>1 ti L .\1.11tl•n1.1l1l 1-..n· 1n.11 
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capacity. '.\lo correlation WQ!i seen. The explana- to the Amenndians. Monl{olians, and Eskimos,'' 
t1011 for the higher B" levels 1s not ·a.pj)lli.cit-:-i1TL among whom some Diego p~.4,iv<: people are 

tune. . . a·· . -·~ f~nd. . . "'• ;.;. ·'.;~; 
. . · . ~- . . . ·· . · •. ~- "" thct~illo~i"*~;~<lrp ~terist ics of JI 0 

Studies of Genetically Inherit rafts •t I II Rt .. L~~t d·11· 1·r 

Blood Groups. The laboratorv analyliis of 
blood groups was condulllied by fk L.N. Si!liltpan 
and colleagues and re~il!t~ows. The resuhs 
of the l'J58 and l'J!>-9,studies were comPiped, 
makinl{ a total of J 1 O..iw:lividual bloods. Calr:WMc 
taken to avoid dupllslJ1ion. The resulu ~ ~, 
broader sampling, co.ared to findings otSim- .·~ 
muns et al. for the sanif area" and for the~· 
nes1ans'" are presented in Tabl\;S 'l.7, 'l.~ g ... '." 
Data on all individuals•tia!~re givlnI~ 
pendix ti. The lindings"111flesumrnar:iz;a'°as 
follows. ,,, .. 

I .. 1 BO 1y1/em The bigR'.'frequerlf;y ut•:•ene 
is again <kmonstratcMl1,,_i11 i:',!n~ ~Mice . 
of B genes in the Polynesians. "f'tttr~ oi.A;-~:-

Polynesians are similar in thi, ""fl''.CL 111 contrast 

1~ ars 1a es<: represe '"'8·-· 1 erences om 
those or tlu:ir easter.J~!laJx>n,,(fylyoesians) and 

suggest a relatior~~.J*'.· >~thtast .-\>ians and 
Indonesians. - • .... · · 

1. A relatively hig. " ·g.;ne frequency. 

~. ~ high N lll!n~~~- • . 
:I. l~xtremely h1_sh -~'f!!M_Ircif-U<'IH v 
4. Total abse~~antf Qil:go factors. 
Hapfoglobiai( and W:n;f.,~in~ .. , The distnbu-

tion of th<: hVJ!oglubin types in the l 7ti Rongdap­
ese tested :ii.shown in litWe. ~IO •• l(ata on all indi­
viduals tested may be-lbt;~d in ~pp<:ndix b. This 
sa:tdple included some farnilies,Jlith two or more 
offspring, in these. all siblings ~ut one were re­
moved hy random selection to3ivr a 'arnple or 

. IH illdiwi~·~ich tlu; .. ies included. at 
most, parents and one child·."·;~ distribution of 

the haptoi:lobin types in this group did not difler 
si.gnilicantlv from that in the total l{roup. In each 
case, agreement with the Hardy-\\'einb<:rg pre­
dictions was good, sul{gest1111{ that the population 
was honwgeneous for this tr ·~ ... Q.v.•.~lli tile two 
sera with no ha .. . "'•" he 

Hp' gento is 0 
frequtoncy of l 
West Europea· 'iii· 'llllitlil 

Four Ron "' 
globin either 

many sera onl~ ..... ·~···' .iii~i--'.»: 
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Table JO 

Distribuuon of Haptoglobm Types in Micronesians From Rongelap Aioll 

Type 1-1 T~pe 2-2 Type 2-1 
-------- U and rare types, 

Observed Observed Observed Observed 
No. in ---- Expected, 

Group group S7t1 No. No. % 

All Rongelap 176 J'.l.5 59 59 18.2 
Selected• Rongelap 1"24 :n1 41 15.3 

•family groups include only one child (see text). 

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

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

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

It is 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 time. (In this 
case, the interval was 2 years.\ Examination of the 
ahaptoglobinemic individuals gave no significant 
findings. With :::: 34 of the Rongelap population 
sampled, all the ahaptoglobinemic individuals fell 
into one family grouping. This did not help to 
elucidate the genetic pattern, except to make it 
appear unlikely that the Hp• allele, if such exisu, 
is not at the same locus as thl! Hp' and Hp' alleles. 
One of the sibs of an ahaptoglobinemic was a type 
2-l. 

IJ-Amino-iso-bufyric Acid (IAIBJ Levels. Figure 
46 shows the frequency distribution of BAIB ex­
cretion for the Rungelapese and that of a New 
York City white population for comparison. The 
two diMributions are essentiallv complementary to 

Expected, Expected, 
No. No. % No. No. % No 

32 
19 

31.5 47.2 83 85.5 I l 2 
50.0 62 16 2 

one another, and, if superimposed, exhibit bi­
modality with the anti mode in the neighborhood 
of l.75. With this point used as the division be­
tween high and low excretors, it is estimated that 
nearly 90% of the Rongelapese are high excretors. 
A breakdown of this population into exposed and 
unexposed groups shows almost identical mean 
BAIB excretion values for the two (exposed, 2.07 ::!:: 

::~ 
~25f .... 'WIERICAN ~HI TES 

~20 N•lOO 
r 
u 
z 
~ 15 
0 

"' 0: 
.. 10 

LO t.5 2.0 2 ~ 

MARSMALL ISLANDERS! RONGELAPI 
N;l98 

i.0 I 5 2.0 2.5 .3.0 

LOG-~ 
mqCAEAT-

Figure 46. Frequency distributions of urinary ~xcretion 
rates of #-«mi110-1w-butync acid of Marshall I.landers 
( Rongelap/ and U.S. whiles. 
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Figure !7 l '11n~tr~ B.\I B t·.x< n·l11111 1 llll,\"-/1-...i.nwHHw-but)ri' at 1d i.x·r 1111{ 

crc..tllninei vn\tt:o. hod~ lo...1.d ul ('.~ tµl:1, Ronl{t'lap inh.thilctnts, 19)q 

lJ Oti, unexpm,ed, .!. I()~() 0 I). ,.\ s<:<llter plot of 
( :, ' · levels <md H:\I H kvds ,hows nu correl.won 
I Figure 47 ), and neither dues a similar plot be­
t ween Zn'" levels Jtld B .. \I B le\ els. The Ill Call 

B.-\IB excretion levd for 18 Micronesians. who 
were on Utirik at the time of the at1>H1ic e.xplosiun 
and therefore not exp"sed tc> sii.:mlicant radiation. 
\<.as.! . .! I 2::0. I :1. which is extremely close lO thl' 
mean value for the Runi.:elape,e .. \moni.: the llti­
rik people 83'; "ere high excretors, which is not 
signilicantlv diflf>rent from the Rongelap i.:roup 
pt'rcentage. :\number of cumpletto families are in­
cluded in the Rongclap 'ample (i.e .. father, 
mother and Jl least onto child 1, of thtosto the high­
excrelllr by hil{h-excretor matings are the univ 
ones pruvidin.g significant genetic information. 
Then· were 11 such matings with 4 tu ta I of JI otf­
sprini.: 1 .!'I high excretors and'.! low excretors). One 
oft hi' low cxcretor offspring was illegitimate, as 
dt'ter111ined by blood i.:roup data, hut the other re­
mains as Jn unexplained exception to gcnetit· 
11\ pot hcsis. 

ical 
·a. , I c . sia1ic 

Ruhini et Ji. ·have rt·n·111h· demonstrated that 
B.\I B ""' rc:tion t·an he a sensitive indicator of 
1adi<1t1011 t'Xf)CJSlltT. Tilt' !llt'd1anis111 involved is 
prnl>.ti>h the san1t· ''·'that undt'rhi11~ th<· L'iktl ol 
11i11o~c·n mustard 011 B:\IB ''" 1<·tto11. St1< h 
. t~<'llh 111arkt·clJ, i11<rea"· ll'-1.\ luc·.ikdo\\11. tlw 
d1\ lllllH' 1hu~ rcit".J:\Cd 1-.. 1·lltTl1\cl\ ("(11\\t"J lctl LO 

()rJl~lll, ifthi' ;, tr11c .. 1 hil{h B.\IH le\'el ca11 he 
pn·dit·t!'d 1<11 tht' pupul.111ons "f that rn;ion . 
S1udit":-. ot :"llJlllt: .\-..iaLit. popul..uion!\ have l{ivc11 
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Figure -t8. Percent dismbu1ion of glucose-6-phosphate 
dehydrogenase deficiency in males and females (pcrcenl 
of persons versus decolonzacjon time J. 

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

Glucose-6-phosphate Dehydrogenas• Defenni­
n afion. One male ( # 11) decolorized at I 02 min 
and was classified as positive; three females ( # 18, 
22, and 851) decolorized at 80, 85, and 93 min, re­
spectively, and were classified as intermediates. The 
distributions are shown in Figure 48. 

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

Radionuclide Body Burden 
Evaluation 

INTRODUCTION 

In considering the evaluation of the radionuclide 
body burden of the Rongelap people, the follow­
ing facts should be kept in mind. During the two 
days that the people remained on the island after 
the fallout occurred in l~J5-! (prior to their evacua­
tion), they liv .. d in a radioat ttvely contaminated 

environment and made little or no effort to avoid 
inhaling the radioactive material or ingesting it in 
their food and water. The resulting internal radio­
active contamination was reflected by significant 
levels of activity in their urine detected by radio­
chemical analysis. Following their evacuation, the 
people lived for 3 years on the uncontaminated 
islands of Kwajalein and Majuro. The people of 
Uurik were returned several months after the acci­
dent co their home island, 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 
µ.C) as Sr••, 1.6; Ba"", 2.7; l'JI, 6.4, and the rare 
earth group together, 1.2. The contribution of this 
amount of internal contamination is small com­
pared to the 175 r external gamma dose received. 
In the first few months following this acute expo­
sure, Sr"" and !'" (plus the shorter-lived iodine 
isotopes) contributed the greatest internal radia­
tion dose. Sr•• contributed the major portion of 
the beta dose to the skeleton at this early time. 
The highest dose to an individual tissue (I 00 to 

150 rep) was delivered to the thyroid by I'" and 
the shorter-lived isotopes, l' 32

, ! 1
", and I'". 

In the spring of 195 7, 3 years after the accident, 
four Rongelap people, two Utirik people and one 
unexposed Marshall Islander were taken to 
Argonne National Laboratory, and gamma spec­
trographic analyses were carried out in a whole­
body counter. Distinct photopeaks indicating the 
presence of significant levels of CslJ' and Zn"' 
were detected in the spectra of exposed Rongelap 
people and the unexposed subject.'·" This experi­
ence demonstrated the feasibility of using m vivo 

whole-body counting techniques for estimating 
body burdens in these people. In the following 
year, 1958, a "portable" steel room and a whole­
body gamma spectrometer were constructed at 
Brookhaven National Laboratory which could be 
transported to the Marshall Islands for use in fur­
ther studies. 

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

iifl:S' l 



been reflened in an incn-ase in bodv burdens of 

'""'" radtonuclides . .-\, will br shown. the in­
Lrt',tses, thoui;h many fold. have remained lar be­
low maximum permissible levels. 

ESTIMATION OF THE INTERNAL 
RADIATION HAZARD 

The potential radiation et!Cns that may he pro­
duced bv spenlil' quanlllies of 111ternally-deposited 
radioisotopes !'an be only roui;hlv predicted from 
clinically observed effects of known amounts of in­
tnnallv-deposited radium. These dlt-cts do not 
appear 1111til a penod of Yt'ars ( 10 to I 'i) has 
elapsed. Thus, althoui;h 1t is possible to estimate 
the potential haLard in terms of the concentration 
of trllernal e111i11ers, clinical ohservatwns made 
within a li:w vears aftn con1aminat1trn vield 110 
data'"' the 1.ki;ree ufdamage that Illa} ulti111att"l\ 
il<.' produced. 

In cvaluatini; the lo!ll.(-term cl)i:cts produced bv 
an acutl' internal exposure and exµosure tu resid­
ual contamination. Sr"' ts ckarh the <rittcal elt:-
111e111. Particular dfort was therefore made 10 
dl'termine its levels in tltt' urine iiftht Marshal­
lne, and thus tu estimate the !Judy burdens. 

Of the _;:amma-emi11ini;: fission µroducts, Cs'·· is 
uf the Kr<'at<"st irllt'rest, nt·n thoui;:h it is of nunor 
sill"mlicance as an internal radiation haLard. Like 
Sr···. ( :s' ·· has a l(ast:ous precursor with a hall~lite 
'l1fficicntlv loni;: to avoid earlv condensation 111 the 
ltrel>all. (:,,' thus follows Sr'" into the strato­
'phcre. Since the lission yields and the half-lives 
of the tv'o radioelements are nearly equal, they 
Me present 1n the fallout in like quantities. While 
they have different ecolol(ical cyclt:s because of 
their dilli:rent chemical propertit"s, Cs'·' neverthe­
lt·" prm·idt's a useful tra,·er for studvinl( th<' move­
lllt'llt uf Sr''" throul(h the biu,phere, since its i;:am-
111a-elllHtini;- properties make it readily detectable. 

There is also 'ome interest in the neutron-in­
duced radiocl,.ment /.n"·. even though i1, 100, docs 
1101 aµpear in levels ha~ardous to human heinl(s. 
Tht· int<'rest <"l'nte.rs dii.-lly around 1he fact 1hat it 
i, ddiuitt'lv tra11>111itted thrnul(h marine lile, and 
I hus pn>Vt<ks .. 1 dear e>.arnple uf the transnussiun 
of a radioelement throul(h the lixid l'hain to man. 

( >thn fissttHI produn,, and rtt·11tro11-induced 
ltllivilH·~ i J;c •'', (:o·" .~ ''", ~111' 1 , (:t' 11 '-Pr 111 , 

/.1 -:\Ii'. and Ru'""-Kli''"') also appear"' "'"'II 

·"""""" i11 the 'oil and thl' food 1 h.1i11. and 1h11s 
111~1~ ~appear u11i1u"uely in 111a11. IJL1l 1ht'. lc\cb ~ue 

"'low that little effort was lll.ttle to <jUdlltify these 
eleme11ts in the Marshallese u11nl "lwle-IJtKly 
CllUntmg- techniques mad<' it li·asihlc. 

The bod\' burden of fissi"n pr1>duu' L"<HI 1,., 
determined in three ways. The method ol choice 
1~ rhe direct t!I l'il'u 1nt'asurc:na:n1 h~ "hoJe-body 
spel'trumt·trv. Th .. ltm1tat1ons uf th1' 111t·thod <ire 
1ha1 f<:w whole-boll) ( uunters .HT tn c\.Jstt·nce, 

thev require erwrmou,ly bulkv 'hit·ld111i.: and thus 
.He not easily transported tu various \Iles, .. rnd 
their absolute c<1libratw11 is dtfh< ult hmhn. this 
ml'thod is restrined to analysi' of i.:amllla-e1111ttinl( 
isotopes, '1tHe, tu date," wholt·-lm<h beta countl'r 
has not been dt'vdoped. 

.-\ '>eurnd 111ethod fur cakulatinll" brnh burden, 
particularly for ,·owlltni;: hl'ta t'lfllll<T'> '>uch a' 
Sr'", is thtc nt11uation of thl' 1ntn11al dqHJsition 
from data obtained bv radiod1t· n11< ;ii .111al v·si> of 
the urine. 

Finally, it is pos.ible to mak1· a L'o111plt-1clv in­
din·n estimate of the hum<111 bmh hurd<·n of 
rndioi>utopes bv what may lw t alkd the environ­
n1t·ntal .. 1pproach. In this metlwd. the ntt1nate ol 
!ht' hodv burden is l>a,,ed on thl' <"Ollt-crurat1tJ11S of 
I he f i'sion prod uns presc flt 111 the ,. 11v11 011 ment. 
chiefly the soil and the important ,-,J111pt>11t11ts of 
the diet. In order to make this esti111att'. <lata must 
be obtained on the transfer of the ll!>.\IO!l pn)(luns 
between sucLnsive elements of tht' ecoloi;:ical 
<"hain leadinl( from soil to l><rne Fur t·xample, al­
though Sr and Ca an· ch<"micallv similar and thus 
appear tol(ether in the various co111por1t·nts of the 
ecoloi;:ical chain, Ca is taken up prt'ferentiallv hy 
plants and animals so that it i" necn>ary to deter­
mint: the discrimination factor for each >ttµ. \\'hen 
these factors are known, it is possible to estimate 
the concentratwn of a radi1J1111clide in lllan from 
its concentratwn 111 any step of the ecological 
chain. 

All thrt'e of these approaches to the estimation 
of the body burdens in the M.trshallese people will 
he considered in this report. 

EXPERIMENTAL PROCEDURES 

Whole-Body Counting 

The l(illllllla-r.tv ac11vity frolll the internallv­
deµosited fission products and the ncutron-in­
dul"t'd ,1ctivit1n 111 :!.'.!.7 of the Marshallese p<'oµle 
"'ere 111casu1t'd \\lth a whol<--liody l(a111ma sciu­
ulla11011 'Pectromeler. Th .. tl'chnique of 1111·11·u 

.~.1111rna-1 ay 111ca~tHTlll«lll ol hu1u.i11 bt.·i11t4~ \\"~ts 

' 



Figure 49. Whole-body counier and electronic room 
mounted on iracter located on lank deck of Navy LST. 

Figure 50. Interior of dt"ctronic room showing I 00-
channeJ analyzer and as.suc.:rated eJec..:tronic circwtry. 

, ,. 

Figure 51. Marshallese subject in standard 
counting posuion ms1de steel roo1n. 

I 
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used to 'upple111rnt yuantitative radiothc1111c.d 
a11,1h1ical prou·dun·s, and ha, made pu"1bl1· 'nv 
rapid a11d po~itivt" identit1l ..tlHHl uf ~a111111a·t:1111111n~ 
rad1011uelides. The prinuplt·s of 111 1·11·11 l(..tlllllla 
'flt'l tru111t·t1 \ "' ..tpplied tu hu111<.l11 beilll(S have 
bn·n prev1"11sh· desnibed. 

The 'Lee I roo111 u111str11Lted at HN l. 111 I 'Vil ti1r 
the Marshallne stJJ\'t'VS has been desnil>t·d prc­
v1ouslv.'· The "portable" 21-ton steel ruum. 'JX.'i 
Xb-ft "ith -l-in.-thH.k st1·el W<.llb, was used w 
supplv the reyuirt:d sl11eldinl( (\t'e Fil(Uff -11!1. This 
steel ruum was mcrnnted on" larl(l' trader alonl( 
"1th " 7 X8 X l 0-ft air-nrnditioned wooden room. 
desil(ned tu house the eleu nJlllL cu111po1wnts uf dw 
counter (see Fil(ure '>O). The trailer "as llHJunted 
un the t,111k deck of the N.ivv I.ST, and the sub­
jects to be cuuntni wne broul(ht <.lhoard up the 
ship's ramp frolll the beach un eat h island visited 
.-\bo .ivaiiable on the t.u1k deck were shower 
facilities where each 'ub)t'l'I w.ished and thrn 
chanl(ed into an uncont.i1111nateJ paper sull to 

.ivoid the posS1iiic risk of mea.surilll( anv external 
cuntaminauon that mi.ght be present. 

.\ .'i-in. :-.<al (Tl) crystal (Harshaw J was placed 
u\er the subject at a distance-of l'I in. above the 
apex of the chair (see Figure J l ). The pulses from 
the pho!Ollluh1plier were fed 11110 a linear ampli­
tier (Cosmic Radiation Lab. Inc .. Mo<ld IOI), and 
thence 11110 a JOO-channel analyLer (TMC-P.-\ 
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ph.t1ll(JJ1l(lOllldllllll~IJblµ('/.r1 l . .!~/l(:(:.., ,,111d 
I 111 ~ t\. dJ~llt'd li1w i. I '1-,q 

l OtJ. <.luartL Lin1· Strn.t~<' PulSt:-l l1·11(ht .-\nahzn ). 
r .. o llllnpktc dc·tt'( tors .ind an.Jh/t·r, with the 
net t'~~...trv d~Sol i,1Lcd cleL tro111c ( 1n u11 r\. \.\'ere 

l'lke11 .don~. ,inn· c1111."dn.1bl,. ditlicult\ h.Jd been 
1·xpcr1<·ri<-<"d dlll'llll!; the pn·\11111.., \Tar in r11 .. t.111-

L.11 n111~ the "' hult"-bo<h ( ou ntlfll! 'I\ ~It' 111 opt·ra­

c ional under rhc Londit1011~ 1)J trop11 ..il heal ..ind 

hun11d1t~ llou:iin~ of the elct Ll•JllH t«p11p111ent in 
an air-< 1)11UitinneU, dchuru1d11ted ro1dll durin~ 

opcratlun \vJs of co11\1dt·r.J.hlt"' d.">'.'li<:,l...tlll ctn r11ain· 

t.J111111g its 'tabilit\. 
Since tht' pn111 ipal phottJp<"ab 111 1 Ji,.,,. pn,,.,11s 

\Vere kno\\.U fro111 the prT\IOlJ\ ... 1ud~ Lo be due lo 

C:.,• and l'.11" a11d S1nte the 11·\t·I' l\t'IT s11lfi­
nentlv hi~h. ii \vas only llClT'.\sary to l Ulllll the 
"'bt<'rts tor .'1 or (() 1111n "1th the IMrll< uiar l(t'o-
1netrical .Jrra1a;ernent tkstrilll'd abo\t' l'he data 
were pr11l!t:d tJUt on a pd per tape 1Jf a \'1ctor add­
iu~ mach111e, .wd tht· Ldp<'s "''IT rt'tlll 11nl to BNL 
tiir .in.ii v'is. 

Analy1is of Gamma-Ray Spectra 

The quant11at1ve interpft'tat1011 ot' tlw l(<ll11111a­
rav pulse-hei~ht d.ita l(1r tht' dht ret<' l(au1111a 
t'llt'r.l(ies i11volved the ~raphll al tl'<l111 tum of the 
data.:\ typical spectrnm or a !\lar,11.ill1·'it· "shown 
111 Fi~urt' 'i'2. The ordinate n·prnc·11ts 'tJUlll' per 
20-kev pulse-heil(ht 111cr1·Jllt'lll. ,ind the ,tbS<cissa 
repre,cnts ~amma t'nerl(\ 111 th,. ~raphical 'trip­
flllll( method employed,·' the a< ti\ it\' ol the 
highest energy l(alllllla-rav 1n tht' 1111.x111re. K'" 
(l.Hl-Mt·v1, is tktermined dire<tl\ from the 
ordinate v.Jlut· of its total alN1rpt1on pt·ak. Tht·11 a 
chan11el-bv-channel suhtractw11 of the distribution 
L<Jrrespundi111( to the .ibundance of this p.Jrllcular 
gamma-ra~ or radionuclide is made lrom the spec­
trum. \\/hen chi> subtrartio11 is tompit'tcd, the 
concentration of the l(am111a-r.iy of the next 
highest encrl()'. Zn"· ( l. l ·1-!\lt·v 1 ca11 be estimatt'd 
from the ordinate value of its peak. The distribu­
tion corresponding tu the cunu·11trauon of the 
second l(amma-rav 1s then subtr,1cted from the re­
maining distribution, .ind thl' pnict's.' j, conunued 
with Cs'" (0.hti-!\lev1 u11til all tht· thr!'e 111a1or 
gamma-ray-e1111tt1n~ con1ptJ11t·111s hax<' been deter­
mined. 

This strippinl( prncess is iilustrJted on a spec­
tru111 of the pl.Jst1e pha11to1111·ontaininl( kJHl\\n 
a111t1u11ts of K "'. ( '.s' " . .ind l'.n' ( Fil(1ire '>.I). It is 
to be nolc<l thal al the< 1HHT1ttral1011~ used ht:"re 

i .q)proxi111atl'lv th~ 11H·au ( IHll c:ntrations tl1und in 

the :\larsh.Jllne). the ('.0111pto111011t1ibu11unut 
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one isotope to the photopeak of the other isotopes 
of lower energy is very small. 

In order to carry out this stripping method, it is 
necessary to have calibrated pulse-height distribu­
tion spe<.:tra for each gamma emitter encountered. 
Fu rt her. these spectra must ideally be obtained 
from a subject of the same size arid body build. To 
obtain these spectral data, known amounts of 
C:s' .· and Zn'· were administered to subjects at 
HN L. and their spectra were obtained. Later in 
the study, a plastic phantom (REM AB-Alderson) 
.... as obtained and used for calibration I Figure 54). 
Spn·tra were also obtained from the phantom 
with known amounts of KC:I, Cs'". and Zn"'. 
From these spectra, an average spectrum for each 
isotope was obtained. The pulse-height distribu­
tion spectrum of one of the Marshallese subjects is 
compared with the spectrum obtained with the 
plastic phantom containing the same concentra­
tions of K. Cs'". and Zn''' in nearly identical 
counting geometry in Figure 52. In this way it was 
possible to simulate the multicomponent spectra 
of the Marshallese bv use of the phantom. 

Since It is not possible to measure a photopeak 
until the contrabut10ns of other peaks of higher 
energy and their Compton continua have been 
subtracted out, and since the presence of small 
antounts of unknown radionuclides is not always 
obvious in the presence of large concentrations of 
ut her radionudides, it is possible to miss the pres­
t'nce of vnv "nail amounts of other lission prod­
m·ts. However, when all the ma1or components 
lia\'e been stripped out, th<' presence of any re-
111arnin~ photopeak should "·rve to icknt1fy the 

presence and concentration of other components 
of the spectrum. 

This procedure was further complicated in this 
studv by several factors. In the field study the sub­
jects were measured with a 5-in. Nal <Tl I crystal. 
The calibration was originally carried out in the 
field with a Presdwood phantom, but when the 
Alderson plastic phantom later became available 
it was found to give a better approximation of the 
spectrum for each isotope, and therefore most of 
the calibration was repeated with it at BNL. 
However, the ,geometry in the held situation was 
rather difficult to duplicate exactly. Also, counting 
the subjects for 5 to IO min was su ffic1ent to esti­
mate accurately the levels of Cs'" and Zn" but 
not the K"' body concentration and trace amounts 
of other fission products in the presence of the rela­
tively large amounts of Cs' 11 and Zn"'. The lack 
of a statistically significant number of counts to 
measure K '" accurately is evident from the poorly 
defined K"' photopeak of the subject as compared 
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In future whole-body counting ufthcsc.- pc:upte., 
1l will be pm>ibie, by cou1,1L111g f,~r i<~11gt1 pt·flo<.b 

• t11d usint; au H-in .. Nai .ii.t. t'i>~mprovelae 
,disolute 111ca,ure1_u.1;111 uf)lli!tjliilUou11ts of other 
raJiolllH I ides that rna1· be -prt>s-~nl. 

Since a total of '!.'27 Marshall es<' p<'rso11s were 
\Urvcyed with the whok-boJy <ou11tn. in addit1u11 
to nu1nt:-rous controls, the spectral J.naly\e"i \'\tTt' 

performed with the aid of a 71H I HM ''""J>Utt'r. 

Radiochemical Procedures 

'[\,ent>-four-hour urine 'pecimens were col­
lecteJ in plasti<: bottles a11d se11t to HN L for r,1dw­
d1ernical aualvsis. :\ 11wdificatwn of tht' llletho<l 
of Farabee"' was ust'd liir the anal vs" of Sr· Sr 
was preupitated as the .tlkaline phosphate, ashed 
with HNO. and H/),, .ind di"olved in dilute 
HNO_. . .\herthssoiutiun Wilf brnul(ht upto.i 
\olume of ::::HOO cc, tht' alkali11e t'ar!hs were com­
plexed with El>T.\, .tnd the /'II w,ts .idjmted lo 
L.l l'hc soluuon was then pa-sed throut;h an um 

exchanl(e column ( Do\\t'~-'i() in the :\.i li1r111J. 
and the column was rinsed-with :lll() cc of" ,0Ju­
tio11 ,,f l' .; citrn: a<·id ~1d U. r,•,; EDT..\ al a pH ol 
-i.IL The combirn·d eltiuents containt'd .. lj)'.; ol 
th<: total Ca. Thi: co~un111 was then r111sed with ti 
_ \ H NO tci re mow the Sr"" Carrier Sr was added 
to the Sr"" fral'lion and pr<'rip11ated "ith /()',; 

li1mi1tl( H NO" Y tt rium-'10 "as milked and mu riled 
bv the 111cthud of the :\EC: llealth and Saletv 
I ~.1boratury. 11 

The supnnatant from tht' alkaline phosphate 
precip11a11011 '"" ml'asured and divided into two 
p<ntions. One portion was scavan~ed for cesrum 
"1th added carncr bv lllt'ans of a clouble precipi­
ldtion oft he <1lurr1111um Hilfatt: and the chloru­
platinate ''Th« second portion was analy.ced for 
K bv llamt' spectrophoto1netry. 

Food 'a111pks \\en· wt·ightod and drv-ashed in a 
111ullle furnact' at UllO'C. The ash was weighed, 
.111d a small pot tion was counted for t;ross beta 
,1niv11v. The ash was dissolved in dilute HNO, 
,111d proet-ssed bv the mt'thod described above fur 
urint: J.11al~."is. 

.\II <'<Hllltilll( ""' dont' in a lo\\-level beta ami­
' oi11cidr·nn• tvpt· of l'!Jltlll<·r, dcsil(nt'd a11d built .it 
B:\L S.i111ples \H'rt' n111u11t«d on '(la" lilwr tdtn 
d"<s \\ii h rl\ Jon nnl(S ,llld dis<s ,1nd J\I\ J.11· tiJn1. 
S;i111pk-.; \\t'rt" ltHlllll'd a!,!;ain:-it ,\JB~ st~111danl.., 

p1rn t·s~cJ ._tnd co1111lcd u11< .. kr idcntll.ti l!;<'l}lllt:ll\ 
11 

c - ~UAND DIKUSSION 

. .\ll tlitt1W1Lc.hc aboi,.-e mc:tlwds \\<:re us .. d for 
estimatin~-ifi~· hodvf>urd!'ns of l(amma- anJ beta­

cmittillf! riidit>nuclidc:s in th<' ~IMshallnc pt·upk . 
lndivit~.d ,-alut's for <1ll the l""'J>le «xan11ned in 
19'ilJ mllv be found 111 :\ppcndix 7 J(,r l(amrr1a 
sp .. u f0l(raph1!' an ah"" .ind i 11 .\ppt·nd1x B fr.r 
radiorht'mil'al an.ii'"'' 

Environmental Estimate 

One 1netl1ud u><·d (th•· kast q11.1111itatl\e J was 
tht' erl\'ironmental <:sti11i;11" 11f boch llllrderi. The 
l'll vi ro11 rr1ental !'St i mate of 1 n tt:r nal Iv -dqio>1ted 
Sr'" wa' made 1n two w<1vs. In the f1r,1 method, 
a111111als sub:-,1~l111~ on dieh ~11nilar lo hu111an dit'ts 
\\ere '"nilit·ed and therr t1"ues "-l'f" a11<1lvLed 
radioche111icalh .. \ 11umlier of rats""'"' colkned 
on Ronl(elap Island at:.!. ·l, dl1d 'i \c,us <1ffrr the 
i 'l'i-l aLCident. Ii the diet ol the"· rats, pnmanlv 
laud plant,, w<is sul!it ieutly sll111l.ir to the diet of 
human lx·1n11;s 1nhabit1111( th" .in·a, the ral .inaly­
ses mil(ht ser\'t' as mdic<1tors of 1h1· human internal 
radiJ.ll<Hl co11lJ.Jllllll.ltlon. ·1·1it: Sr"' ('..J 1al1o~of 

\ 1.n1ou~ ti~~ue~ oft he~e rats wc1T 111ca~u1 cJ din·t t­
h and colllpai·ed to the raw" of the fiirnl .l!IJ "'ii 
on Ront;clap collected al the ,,ll!lt' ti lilt', l hat is, tilt' 
env1ronnw11tal conta1nin . .:ttion wa~ (_(Hll(>Jrt.:d with 

the direnly measured contamination 111 arwnal 
tissut'. Extrapolaliou uf th" t'IJ\'Jrunrr1e11tal data 
1(1\'CS the equilibri11111 'ah1t· "l11d1 can be r-x­

Jl<Tl<'d. wh .. reas the dirt'l't 111t·astrrt·111t·nt 1(1\'t.,, the 
value at the time of rneasurt'lll<:nl I <ind thus the 
percent of the equilibrium value lur the 1ndiv1dual 
radi<111t1dides ). 

The Sr'".:( :a rati"' li>r dilkn·11t plan I li><ids on 
R<Hll(Ciap varit·d 11;reatly. and the diet of the rats 
""·as too uncertttin for au " .. t\"era~e" dit~l lo IX::" ..ts­

surnt'd. Tht'refon-, t<ir a bodv llurckn ntilllatt' it 
was ncce5'arv lo uS<· the Sr'" (:a valut's oftheSt1il 
ii self 

The "stronti um-caki u Ill ob'lTVl'd ratio" (OR) 
of Colllar'- "as 11st'd to de11ote 1he prekrenual 
utdi1.ation ohaluum i11 the li11low111_t; manr1t-r: 

()!{_,,,,,, .. I"' 
Sr <:.t •_il.'<unpk 

Sr ' ( :a of precursor 

The Sr'" disniminatiou ral 10 111 th" 1 h<1in from 
,oil ( 1 I lo bo11•· I /J J '1a pla11t' \ /J) '""1 be expre'-wd 
.l~ lollo\.\ "i. 

I >K,_ , =I< >R, . 11< lK,, ,.!=ill 71(tl 2.-i1==tl 18 

...___ 
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The value OR,_,=0.25 is an approximate value 
obtained experimemally on rats fed a stock labo­
ratory diet." The discrimination factor of 4 for 
calcium against strontium from diet to bone in 
man has been reported by Schulert" and Bryant." 
A more appropriate value for the rats in this situa­
tion might be the OR.00 • •••• =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,_.) 

=(8.4X 10')(0.7)(0. 16)=924 µµC Sr'"/g Ca. 

The value obtained in this manner is approxi­
mately twice the value -170 to 545 µµC Sr"'/gCa 
obtained by direct radiochemical analysis of the 
tissues of rats living on the island during the 2-
year period following detonation.•• This difference 
between the indirect environmental estimate of 
the body burden of Sr'" /Ca and the resul!.'i of 
direct analysis may reflect either errors in the dis­
crimination ratios or perha1 .1ck of equilibrium 
between the Sr""/Ca in tt: umals and in the 
soil at '2 years. The latter possibility exists, since, 
although the 13 adult rats anaJyzed by Held" at 
4 years had values close to the 2-year level, 443 :::+:: 

181 µµC Sr'"/ g Ca, the life span of the rat is only 
:::::2 years. 

his obvious that use of this technique to esti­
mate the Sr'" body burdens oft he Marshallese 
people is also complicated by the uncertainty of 
their diet. The estimates of average dietary intake 
of the Marshallese since their return to Rongelap 
are approximate, because the diet has varied dur­
ing the past several years. A study made in 1958 
yielded daily Sr""/Ca intake levels of67.5 Sr units 
(µµC Sr'0 /g Ca), provided that coconut crabs (see 
Figure 4) were excluded from their diet." •• The 
Sr"" /Ca levels in the various foods are shown in 
Table 31. This study was based on the analysis of 
various food samples in what may be considered 
an average diet. The data were obtained from a 
study of the diets of 14 males on Rongelap." It 
was assumed that half the calcium in the diet was 
derived from food not native to Rongelap Island. 
From the discrimination factor of 4 and the daily 
intake of67.5 Sr units, the equilibrium Sr•" body 
burden for the Rongelap people is calculated as 
::::: 17 mµC. This is very close to the equilibrium 
body burden (23 mµC) estimated by Woodward 
from the urinalysis data.'0 

Another effort was made in the l 959 survey to 
gather samples of meals to be assayed for Sr'°/Ca 
content. However, since the Marshallese were 
found to subsist to a large extent on foods not in­
digenous to the area, such as C rations, rice, and 

Table 31 

Meat from mature coconut 
Meal from drinking coconuc 
Milk from green coconut 
Pandanus, edible portion 
Arrowroot 

Br~adfruic 
Fish 
Clams 
Crabs, land 

Total 

Estimate of Sr"" m Diet of Rongelap Adults, I 958 

A B AXB D 
Daily Ca Daily Fraction 

intake,• g content, Ca of total 
fwetwt) mg/g intake, mg Ca intake•• 

89 0.075 6.7 0.008 
75 0.14 10.5 0.013 

116 0.15 17.4 0.022 
79 0.15 11.9 0.015 
58 2.10 1218 0.152 
45 0.60 n.o 0.034 

139 0.13 18.1 0.023 
45 4.00 180.0 0.225 
14 4.00 56.0 0.070 

660 H9 0.56 

The diec also included imporced foods. rice, 
canned C rations, tlour. tea, milk. :i.alt. and sul{ar. 

E DxE 
Sr'u \_.ontribution to 

content, total daily 
µµC/gCa Sr'" incake, µµCl~ Ca 

1,200 9.6 
210 2.7 

1,000 no 
930 14.0 

19 2.9 
260 8.8 
280 6.4 

5 I I 
(4,000) (28(J0) 

67.5 

-·------------------------------------------------
'H.L-.t·d 1111 ,1\1·1.u.w dJ1h d1(·1111 1 l Koiu;!!d.tp md.lt-' •· 

••B.1"'·d 1111 l111.li \.tit 111111 1111.J~c iii ti H l!, d..i' 
~ ----- -- ---------
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Ira. ir bream•· rvrn morr diffi(lilt '" t·xtrapolatr 
'" hodv h11rd<'n frn111 food. 

!1 is obvious !hat f11rthcr data arc rf'q11irrd "'' 
thr tramport of low kvrls of Sr" and ofh<-r prod· 
ucts 1hr0111~h thr tTolnl(ical cyclr in 1his and other 
cn111rnunirics to make possible assessment frorr1 

environmental data alone of the internal radia­
tion hazard to human beings living in a fallnut­
cnntamrnated area. 

!\lore rdiahle estimates of the Marshall~ bodv 
hurdrns can br obtained bv whole-bodv gamma 
spectromt'trv and hv radiochemical urinalvs1s. 

Radiochemical Analysis of Urine 

Strontium-90. The urinarv t'Xcretion lrvels of 
Sr'"' fort hr .'i vears following f'xposure to fallout 
arf' shown in Figure .'i.'i. The -t- and .'i-vear levrls 
Wf'r<" much higher. after the return of the Mar;hal­
lcs,. to Rongelap in July I <J.'i 7. the mean being 
highrr by a factor of '20 in March f lJ.'i8 than in 
March 1'1.17. 

:' 2 
z 
~ I 0 

~ 0.6 

0 ~00 600 900 1200 1500 1800 

TIME l"I DAYS - AFT(R MAPCH I, 1954 

Figure ).1. l~rinaryf'xrretion of Sr"' 
111 cxposrd Mar«hall.-sc. 

Thr •·xrrction rare of Sr'" rnav 1,.. rxpressed as 
th{' "inn of two c-'\ponf'nrial functions for the firsl 

l \Tars followonl( •·xp•"11rr Thi' major fraction of 
Sr ... " cxcrrrrd carlv. with,\ hiolog1cal half-life of 
Ill cLl\s Thr <mallrr fr;1r11on is rxcretcd with a 
half-life of -,on davs Thrst' rxrrr1ion rates cor­
rrspond to thost' rrported hv (:ow an ' in a ca.o;e uf 
acc1drntal inhalation of Sr"'. and wt"re used in 
extrapolating hack to the orw-dav Sr"' hodv bur­
den of the !\farshallcsr. " 

The I 'Vill Rongrlap bodv hurdrns of Sr"". Cs'", 
and Zn'·· are presented in Table l2. and also 
fil(Urt's for JJ<'fft'nt oft'quilihrium and t>quilihrium 
value. estimated hv Woodward·" from urinary ex­
cretion data. Tht'se values arc <uhiect to somt' un­
Ct'rtainties. <incc thcv are hast'd on a number of 
assumptions; howcvn. thcv can be checked hy use 
of other methods. For t"xample. the estimated 
hodv burden of Sr"' in ~larch JW18 was 2 µµC!g 
Ca, based on the 24-hr Sr'" output in urine (I liter 
per :n hr), and this appeart"d to he of the right 
order of magnitude compared with data from 
bone analysis. Two hone samples of vt"rtebra and 
ileum from a deceast"d l.'i-vear-old Rongelap male 
at this timr indicated a level of about J 7 µµC/g 
(:a. which gives. upon application of the normali­
zation factor of 2 from vrrtf'bra to average skele­
ton.·' an average skeletal valu!" of 2 µµC/g. Thus 
the mean bodv burden of Sr"" for <'xpost"d Rongc­
lap p<'ople in l'J51l was t'Stimalt'd to he ::::2 mµC. 
or about')"~ of the estimated equilibrium value of 
2.l mµC." 

The estimated Sr"" hodv burden incrcao;ed from 
2 mµC in 19.'ill to 6.0 mµC in fl)'.'1<.J, or 26'~ of the 
t>stimated equilibrium value. The 1959 Sr'"" mean 
urinarv valiw in the f'Xposed Rongelap inhabit­
ants was 6.3 µµC!I or 10 c, µµC;24-hr urine. based 

Table :12 

E.~timation ·"of B<xfv Bunkn. in mµC. of Ron~r-lap Population From lJrmarv Exc-rf'tion Lc"vf'ls, J<V)R 

Boclv burden 
Equilihratrd hodv lmrdrn 
Prrrrnt of equilihrmm 
I >ailv intake 

Sr"'. ExpoSf"d 

2• 
'2:l ,, 

0.011•• 

• ;7 Srronti11m units tSU) determin.-d by bone biopsy. 
•• 1 :-J Sll assumin~ daily cakium iruak~ = I ~· 

f:xpos<"d 

'100 
I l!Kl 

fi'l 

Control 

1200 
Ifill() 

71 

Zn·· 

Control 

!HO HO 
no li'.10 
H"l 8:1 

l (. 4.1 
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Table .n 

Urinarv Sr"' l..,vrls. in µ.µ.C. I. of Ma"hallr,.-. l'l"o'I 

Frmales 

o\l(e I - l'i A11e >lj Al(e 1-15 Al(e >15 

Ronl(dap expo«"d 2 l 121• 7 3 ::!:j. I 18) l'l(2) 5.4 :!::2.2 (9) 
Ronl(elap unexposed 7.1 :!::2.l)(l) 5.6 ±:2.8 (9) 4.2 :!::2.3 (6) 
Ailing nae 5.J (I) 3.0 ii) 
Utirik 15 :!::0.9 {5) l'Jil) 2.5 12) 
Ebeve 0.56 :!::0.37 (4) 11 70:±::0 70 (3) 

•The numbers in parentht"S<'s are the numbers of people in the l(roups. 

Table 34 

C:s' ,. Bodv Burdens, in mµ.1:, kg, of Manhallese as Measur<"d bv Whole-Bodv Gamma Spectroscopv. I CJSCJ 

Males Females 

A11e 1-15 :\gel-15 Age> 15 

Ron~lap expos..d 
Ronl(dap unexposed 
Aolini:nar 
l'tink 

12.4:'::6.2 
11 8 =LB 
8.9 
4.6:':: 1.2 

(9)• 

(20) 

(2) 

( 14) 

14.2:'::5.I (10) 
14 0 +:U (17) 
115:!::3 Ii 14) 
41c!:lli 115) 

ll'.l:'::2.7 
9.9±2.1 

10.0::':::3 I 
4 j::+:::l9 

( 12) 
( 15) 

(4) 
fl 4) 

l 10±3.4 ( J 6) 
9 Bc+:2.8 (33) 

11.4±4.5 (5) 
3.6::':::1.3 (15) 

*Thr numlx-n in parentheses are the numben of people in the l(rnups. 

on an averai:e 24-hr urine output of 1660 ml (see 
Table .11 ). No significant di ffercnce was found 
bt>twecn the Rongelap exposed and unexposed 
i:roup~. althou'!'h the exposed adult group had a 
slightly hight>r mean value than the unexposed 
group. Females tended to have a lower mean Sr"" 
value than males, but the dilft-rence was not sta­
tisticallv significant. Reiativdy few children < 15 
years of al(e were tested for urinary Sr'0

; therefore, 
it was not possible to compare their levels statis­
tically with those of the adults. The mean Sr"" 
urinary value for an adult inhabitant ofUtink was 
1.8 µµC/I. which is about '.l'.'i'7n that of the Ronge­
lap group. The control group on Ebeye Island (not 
contaminated) had still lower values, 0.62 µµC/I. 

The lack of significant difference between the 
exposed and unexposed o/oups on Rongelap seems 
to indicate that essentiallv no residual Sr'" from 
the initial exposure is dt"tectable in the exposed 
group. 

Cesium-I 37. The Cs'" urinary excretion levels 
of the Marshal Iese people for the p<>riod from 50 
to 180 davs following exposure can be expres.'ICd 
as a singl<" exponential function with a half-lite of 
iO davs (see Figure 56). This figure is nol in agree-

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

The estimates ofbodv burden of Cs"' in 1958, 
derived indirectly from urinalysis. are presented in 
Table '.12. 

The urinary excretion of Cs'" of 34 µµC/I in 
I 'Vi 7 indicates that the Rongelap people were ex­
posed to a continuing low le\·el of Cs'" from 
stratospheric fallout during 1956 while residing on 
Majuro. By contrast, the mean body burden of 
Cs'" in 195 7 of the Utirik people (who were re­
turned to their atoll in 1954) was 334 mµC, con­
siderably higher than that of the Rongelap people 
who were residing on Majuro at that time.-·" This 
higher burden among rhe Utirik people in 1957 
can be attributed to the higher level of Cs'" con­
tamination on Utirik than on Majuro at that time. 

Zinc-65. Zn'" urinary levels were not measured 
before 1958. With the assumptions that excretion 
of Zn·;·. is exponential and urinary excretion is 
I 0% of total excretion (urinary /fecal ratio= \<o ), 

the March 1958 urinary excretion level of 175 

1 
' ·j 

1 
i 
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1111<: I indicate' a l>orlv lrnrrft·n in lhc '''P""·d 
Rongclap group of 2110 1111« · ( '- J'I', I "i1 h ,111 

cqutlihralcd ho<h h11rd1'll or 11111111«: " J'lw /,n 
In-cl wast hcrcforc H-!' ol the 1·,f 11!la1<·d cq11rlil>­
r1111n level 111 /<J-,H ('1'<' T,tl>ic \21 

Whole-Body Counting With 
the Gomma Spectrometer 

Cesium- I 37. Th<· oodv burdnis of Cs' of the 
variot1s group' 'tudiffi d11ring the I 9Vl s11n·ev are 
pre"·nted in Table 11. The variations 1n lewis 
within each grot1p an· quite large. [f C:s'" hodv 
b11rd«n is rxpressed in units p<'r t1nit ho<lv weight, 
no sil\nificant diffrrenr:c is fot1nd between persons 
ol<ler and vounger than 15 vears. The mean C:s' ' 
level tends to he slightlv lcmcr !fir. females than for 
males. but al\ain the diffnrnce is not si.l\nilicant. 
It is to lw notrcl that no 'ignificant difference was 
found between the Rongelap exposed. the Ronl\e­
lap unexposed. and thr :\ilingnae groups. How­
ever. the mran C:s'" bodv bt1rden of the Utirik 
group I LI mµC:;kg) is1as in the case of Sr''") 
about one-third that of the RorH(elap expose<l 
group ( 12.0 mµC1 kg). 

The mean Cs',. bodv burden of the exposed 
Rongelap group in l'l'.i'l was 0.57 µC ( 1'2.0 
m1tC: kg) compared to 0 till µC: in 11158. The level 
has fluctuated over the vears since the original 
contaminating rvrnt. (See Figure .17. whi<"h shows 
values obtained hv whnle-hodv ,gamma spe<"trom­
etrv and bv extrapolation from urinalvsis data.) 

Unlike Sr"'. whi<"h i' firmlv fixed in the skeletal 
ti'5ue. Cs'" has a relativelv short biological half­
life. and thus readilv reflects thr environmrntal 

rooo ----------------

AOO 

FOO 

400 

'f - 70 DAVS 

•oo 

80 '----'---L---'---.L.----C.--.L.--~ 
0 30 60 90 120 •50 180 

T I ~ E f N Q.O.Y S - AFTER M Ai:t CH I, 195 4 

Figur(" :)ti. Ur1nary excretion ofCs 117 

in expooed l\farshalle<e. 
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/,·,Tl. Tlw slight increase in rnvironmental level 
of Cs' rl11r111g th<' l'l~1fi ,111d l'l'lH perwds ol 
\\Tapon le"irinl{ was rcllrctcd in an incr('a~<'d ho(h 
li11rdcn Ill the :\1a"halif'se .\s pointed 011t. a ven 
marked 111crrasc in Cs' "'"al'<• ohservrd in thc 
R"ngelap i'''"Pk afl<'r thn rrt11rrwd to their orig­
inal island in I '1-,/ thr bndv burden in I 'l"lll was 
about I) h!I µ( :. ,tliout l>O timrs as great as in 1957, 
and I he 11rinarv lrvrl rose hv a factor of I Hl. be­
causr of the ingestion of(:,•,. in li>od on Rongelap 
during the 'I months sincr tlwir return. Thr avrr­
ai.:e Cs'·· content of ~ 0J0 :\nwri<·ans stt1died in 
lqc,8 was fi.h m~1C nr 1•100 of the mean Rongela·p 
bodv burckn. 

The averagr dailv intake of Cs'" liir an inhabit­
ant of Rongelap in 11).c>ll ( avera.ge of 1:1 daih 
rations I was esttmatrd to he 3.9 mµC:." This is 
about I .:l'; of the nonindustrial maximum prr­
m1ssihle dailv intakr. which is the product of the 
maximum prrmissihle cnnct>ntration and the 
daily intake of water· 

i2XIO 'µC/ml)X(l.'.'JXIO' ml/dav) 

=300 mµC/dav. 

Zinc-65. Zn"·· was first detected by Miller· " in 
l<l57 in the 'even ~larshallese examined at 
Argonne '.'Jational Laboratory by whole-body 
spectrometry, although it had been observed in 
high concentrations in fish as earlv as one vear 
li1llowing the I 954 detonation.'· Bodv burdens of 
Zn"' in l<l57, measured directlv. aw·raged H 
mµC in live Ron,gelap inhabitants ( Fi~1re 57) and 
350 mµC: in two Utirik inhabitants. Miller. in 
I <J'l 7, det.-rmined an effective half-life of I I 0 days 
for the elimination of Zn"\ which ,gives a biologi­
cal half-life of 200 davs. However. a value of89 
days was obtained for the biological half-life in 
two patients over a 2-month period." 

The mran body burden of Zn"· estimated from 
whole-boclv counting data was 0 . .16 µC in 1958 
after the return of the Ron,gelap people to their 
island, or ll times thr 1957 value (Figure '>7 ). 

The estimated zn· · intake in food ( 2 to 4 mµC; 
dav) can be largely accounted for bv the Zn"' 
levels reported for fish. In I 95fi. fish from Ronge­
lap Lagoon were found to contain 0.6 mµC Zn"' 
per lb muscle. or 7 ':i mµC per lb whole fish.·"· 

The I 9'i9 bodv burdens of Zn" are presented in 
Table J5. As with Cs'". the variation within any 
group 1s large. and no significant difference· is 
found in Zn'·· per u111t body weight correlated 

• 

• • 
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1954 

1957 

1951 

1959 

I c"" 10 088) 

I 5'" 111 

IC•'" 0007 (0011) 

• Zn" 0 028 (0 044) 

I Sr" 0.0001 

.. Ce' .. (1) 

0.5 

l'OST REDWING 

0 9 (0 611) 

(0 57) 

IETUIN TO IOHGILAP 

10 1.5 

,.c 

I 6• I 
I n I 

20 

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. 

Table35 

Zn•' Body Burdens, in ffij&C/kg, of Manhallese as Measured by Whole-Body Gamma Sepectroscopy, 1959 

Males Females 

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

Rongelap exposed 
Rongdap unexposed 
.\olingnae 
U11rok 

I0.6::!::2.2 
7.9::!::2.U 
8.0 
2 ;"") t 0 8 

----------------

(9J" 
(20) 

('2) 

il·IJ 

9 9::!::3.1 
9.9:'.-:! 9 
IH ~'> 7 
4 !. _!__:I .h 

( 10) 
(37) 

I 4) 

i lh) 

8.6::!:::.!.6 
9.J::!:::.!.8 
8 I .::2 I 
"H :'::0 H 

( 12) 
(lti) 

14) 

I 141 

9.4::!::'..U 
8.7 :!::2.2 

105.::2.ti 
'2.S .!:O 6 

(16) 
(33) 

15) 
(l"l) 



Table 36 

Resid\lal Gamma Activitv, in counts/min/kg, 
in \iarshallese After Subtraction of K "', Zn", and Cs' i' 

Age. yr 

l-15 >JS 

Rongelap exposed 36.1 37.9 
Rongelap unexposed 21..t 35.0 
. .\ilin~ae l 7 2 43.0 
Ctirik 8.8 11. 7 

with age or sex. '.'l"o significant difference was 
found between the Rongelap exposed and unex­
posed groups. which implies that no residual Zn""' 
activity remains in the Rongelap people from their 
original exposure. 

The 1959 mean body burden of Zn"" was 0.44 
µC as compared to 0.36 µC in 1958. Thus Zn°·1 

body burdens do not seem to have reached a 
steady-state equilibrium with the environment, as 
is also the case with Cs'J'. Since the source of Zn" 
is fish, which continue to be a dietary staple, the 
Zn"' value can be expected to increase still further. 
The mean Utirik Zn"' level in 1959 was about 
one-third the _Rongelap mean value. 

Although Cs'" and Zn"·' comprise the major 
portion of gamma-emitting radionuclides present 
in the Marshallese (aside from the naturally oc­
curring K'°), residual gamma activity is still pres­
ent after subtraction of KH', Zn 6 5, and Cs 137 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 
· 1 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 more precise calibra­
tion of the phantom. 

Summary and Conclusions 

Continuing annual medical surveys of the 
people of Rongelap Island were carried out in 
March 1959 and March 1960, 5 and 6 years after 
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their accidental exposure to fallout. During the 
1959 survey 76 exposed persons, including their 
children, and 166 unexposed Rongelap people, 
who served as a comparison population, were ex­
amined. In addition, groups of children at Utirik. 
Majuro, and Kwajalein Atolls were examined as 
controls for the growth and development studies 
on the exposed Rongelap children. The l 960 sur­
vev was brief, only the exposed people being 
examined. 

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

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

The 5- and 6-year post-exposure surveys were 
aimed primarily at evaluating the general medical 
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status of the people in relation to that of the unex­
posed comparison population, particularly in re­
gard to any possible late developing 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 h1storus of the intervals between the ex­
aminations in 1959 and 1960 were, for the most 
part, uneventful and revealed no major epidemics 
of disease. Several deaths had occurred and new 
births were reported. In the exposed group, two 
deaths occurred and in the unexposed group, 
three. Two of the latter were due to influenza ac­
quired during an epidemic on Kwajalein. 

The four deaths that have occurred in the ex­
posed people since exposure represent a mortality 
ratt of 8.1 per I 000 population, compared with 8.3 
for the comparison population and 6.8 for the 
Marshall Islands as a whole. A review of the lnrth 
ratt of the exposed group over the past 6 years 
seems to indicate no noticeable effect of their expo­
sure on fertility. The 2.J. births represent a rate of 
.J.8 per 1000 population, compared with 37.3 for 
the Marshall blands ( 1957). The 20 births over a 
3-year period for the comparison population rep­
resent a rate of 62 per 1000 population. A some­
what greater incidence of m1s,-amagts and st1/lbirths 
has been noted in the exposed women, but be­
cause of the paucity of vital statistics in the Mar­
shallese and the small number of people involved, 
the data are not readily amenable to statistical 
analysis. 

Phvs1cal exammatwns 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 same in the exposed and unexposed 
groups. 

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

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

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

An ophthalmolog1cal survtv showed no remarkable 
differences between the exposed and unexposed 
groups except possibly a slightly greater number 
of cases of pterygii, pingueculae, and corneal scars 
in the exposed group. It is not know whether this 
finding is of any significance in relation to their 
radiation exposure. Slit-lamp observations showed 
no opacities of the lens characteristic of radiation 
exposure. As a whole, visual and accomodation 
levels in the Marshallese appeared to be above the 
average in the U.S. population. 

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

Latt tjfects of radzalion. Various parameters usually 
associated with agmg were measured or estimated 
on a 0 to 4 + scale (skin looseness, elasticity, and 
senile changes; greying of the hair and balding; 
accomodation, visual acuity, and arcus senilis; 
hearing; cardiovascular changes including blood 
pressure and degrees of peripheral and retinal 
arteriosclerosis; neuromuscular function; and 
hand strength). Comparison of these measure­
ments in exposed and unexposed individuals of the 
same age groups showed no apparent differences. 
A biological age score was calculated for indiviuals 
and groups by use of an average percentage score. 
lift 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 canar 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. ltuktmia surveys in­
cluding physical findings, studies of white cell 



'ounts and t VfX"S. alkaline phosphata"-' ,t,11ni111(. 
and ba,11phil counts "f HIOO "hue' <"lb shown] nu 
nitkIHT of k11kt·n11a or ln1ke1111c ln1de11cv. ( hw 
< hild 111 the irr.id1a1ed .l(r<>11p h.id :l' · basophils but 
no ol ht'r post ti ve Ii ndi lll(S. '!'he 111rr/w1·11,, u/11r and 
,,,1/m/1.1 'llr\T\'S, as \\('II .lS the l(<'llt'ral n·stdts Df th" 
ptnsical t>xan11natio11s. have 1101 sho"'n anv ap­
p,1reru iucrea..,ed uicidenct' of drf!,Oifr1llu't' dnt'(Bf\ 

in the exp<"ed people. No rad1at1<111-mdun'1:l 
cal11ra<l.1 h<ive bee11 ohsened in auv of the expo:,ed 
people. 

Gmt11< effects have not been sp<'< 1ticalh studied 
bet.a use ol the small number of peuplt· Ill\ <1lved. 
Nu apparent radiation-• nduced l(<'ll<'l 1c, hanl(es 
have been det('l'tt"d on ruullne phvs1< al e.,am111a­
llon i11 the lirst-generation children uf expoS<·d 
parents. 

!lrnu11ulue1uil \llTl'fY\ al(ai ll showed l'lJllsiderable 
tluctuation m thto year-to-vear mean levt·I of leuko­
cvtes in both the exposed and trnt·xpo"·d groups. 
The mean lrnAv, ~le level of the exposed l(roup 
showed a marked decrease at the lllltt: of l he I 'Hj() 

'urvev (no unexp<"ed people were exan11ned J. · l'he 
n:asons for these Iluctuations are not apparent :\t 
c, vears post expos1<re. exp<1'ed people still had 
mean pl11tdrt levels l O to I'>', below tho'<: uf the 
unexpo,ed group. However, /)'111ph1J1 yte levels ap­
peared fur the first time lo equal tho'e of the un­
exposed l(ruup. !\1ean ortlirocYI< lt-vds "ere also 
slightlv lower in the exposed people These blood 
elem.-nts in the .\ilingnae group also showed some 
slight depre>Sion below the unexposed levtols but 
not quite so marked as seen in the Rongelap ex­
posed l(roup .. \ general anemic tendency was 
noted in all the Marshallese, both exp°'ed and 
unexposed. Prllt-.Ju11n curl'n, on the avtorage. 
showed a slil(ht m1<Tocyti< tendencv. Strufll irun 

levels were generally normal. The fact that some 
of the blood demenls in the exposed group have 
not vet rt·turned to the levels in the unexposed 
group raises the pussibilu y that a residual radia­
tion etlect on the bone marrow ptorsists. but other. 
not immediately apparent, facwrs may be in­
volved. 

Stur/1n v/l{rT1el1wllr ///hrr1ll'J 1lwrtll/<n.1/u1. Blood 

~"'"/""~ 'tudies in the Manhallese showed a rela­
llV!'lv hil(h Ii gene frequt"ncv, a high N gent" fre­
que1Kv. an extre111elv hi.gh R' l(t>ne freqw·nLV, and 
total abse ll<e of Kell and l>iel(o factors. Thcs!' 
c haracl<'ristics ditler from th'"" uf l'ulvnestans and 
'ugg«sl relatwnship wtlh SuultH·,"t .\""'"and 
lndoues1ans. //,ipiu!.!,loh1n ll1uht \ ~ho\\t·d tilt' frc-

quem·v uf the Hp' gene to lw hight"r than 111 
European populatlom thu' far lntt·d and con­
'ilstt'lll with populatior1~ li\·ir11.{ rll·,tr the <"quatur 

Tlw dis1rilH1llon of h<1plol(lolHn [\ pes showed the 
population to ht· rel..ttin·ly h1>11HJl.{ent·ou~. ff(W.\­

/om11 111 all "·ra wen· 1 vpc ( :< :. dw < on1111<m Euro­
pean tvpe. /J-.l11ww-1.so-lntl~ru "'"/ unnan ln .. ls 
showed 1h.- Mar,hallese 10 be thl' h11.~hesl t•xtrt'­
lors of chi' acid of .111v population thus fa1 re­

portt"d. Ln,·ls 111 tilt' expos«d l!;IOUJl v.ere ,d,.>ul 
tbc sa1ne as 111 the 11nexpoo.;ed L{r oup, <lrHi no cor­

relall<lll was found with hod\ burdt'n it-Vt·I of 
radionuclidt:s: this indicates that there;, probahl} 
no cu1n·lat1on wuh rddiatton exp(1'H1n· (;/mu~r-tJ­

/1l11"pl111/e ,J,hrrlwenw.1<' uf 1tw red Cl'lls .ippean·d tu 
be delicient in the :\1arshall.:se ( :onsiderabk cau­
tiu11 niusl bt: t'Xt:rciscd in t"Valuatiu~ the re:--iult~ ol 

these studies on g«11e11calh 111heritnl < h.lra< ter­
i,ucs becau'e "f the Sill.ill 1111111ber of sarnples 
lesl«d. The data do seem 10 i 11d1< ,1tt· relative 
hu111oge1t} of th<' population ,111d closest kin,h1p 
with people of Soulht"ast :\sia. l'I"·"· data also 
ma\ be useful as a has" lme sht11ild ~t'llt'lll < hangt:s 
appt·ar 111 later l(en.-ratwns. possibly rt·l..ittod !O 

radiauon expusurt". 

Results of other lahoralurv st 11dws carried out 
dunnl{ the 'J-)ear survev included the follo\\inl(. 

Srrum prute111 levels. as has been noted bdi1rl'. \"·re 
l(l'tierally on the hil(h side ol normal. the reason 
fort his ls not d.pparrnr. C11111plnno1t /uatwn 1llulin 

for paraintluenza I, 2. and 3. respiratorv '"1citial. 
psittacosis. and <.2_ lt·ver showed anubodies to all 
groups of viruses except that for .\S1a11 inlluenza, 
which probablv had not yet se11ou'I\ involved the 
people uf the Marshall lslancb. Tlw an11bodv titers 
apfl<'ared to be somewhat lower in the expostod 
peupk . . \i1d1Um /ei't!. in the urine and liiod rndicated 
about the same co11sumpuon of:'-/,,( :1 as in .\mer­
icans. The ge11erallv lo"'t'r incidence of hvper­
tension in the Marshallese 1111l(hl Ix: r«lai«d to the 
fal'I that the former nativt· diet "as probably lower 
in salt content than the pr«st'tll, more wt'.slcrniLed 
diet. It "ill be interesllnl( to see w·hcther the inu­
dence of hvpert«11sion will later in..rt·a>e. Repeat 
~tudies ut'/nrJlrlll-hounti 1odm.t'. (11/a/ mdmr . .J.nd hu.ta1w/­

n/11u/11blt wrl///f of the sera 'h"""d kv«ls lo\\er 
than previouslv rcportt«I . ..ind the prn ious hii.:hrr 
n·adings ar« thought to Ix· in nror lxTallsr of con­
taminated gla""art", although son1r r«adings wne 
~rill ..,otnt·\vhat hi~h. Four case:--i of t.:luuHurrn asson­
a1cd \\llh elcvatl'd h/1111,/ \U~ru \.\it'fT louud 1n lht· 

""'"'posed f"'fllila1io11. wh1d1 111dirat«d" r<l!hn 
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high incidence of diabetes. Serum assay for vitamin 
B,, showed generally high levels; the explanation 
was not apparent. 

Rad1onuchde body burdm evaluation in the Marshal­
Iese people has been complicated by several things. 
The people were evacuated from their island soon 
after the accident and did not return until 3 years 
later. During the 5 years since the original con­
taminating event, additional weapons tests held 
in the area have contributed to the fission products 
in the environment. Finally, since the diet includes 
a variety of imported foods, the people are not 
living in a "closed" environment, and therefore 
may not be rapidly approaching equilibrium with 
the environmental fission products, as might be 
expected under other circumstances. 

Body burdens of gamma-emitting fission prod­
ucts (such as Cs'" and Zn") were measured in a 
whole-body counter and checked by radiochem­
ical analysis of urine specimens. Body burdens of 
Sr'" were estimated from urinary excretion as 
determined by radiochemical analyses. Both the 
external dose measurements on Rongelap Island 
and the levels of radioactive isotopes in the food 
on the island indicated that some increase in 
Cs'..,, Zn"', and Sr"" body burdens was to be ex­
pected when the people returned there in 1957. 
The Cs"' body burden in 1958 was about 0.68 µC, 
about 60 times as great as in 195 7, and the urinary 
Cs'" level rose by a factor of 140; the mean body 
burden for 1959 was 0.57 µC. The mean body bur­
den of Zn"' estimated from whole-body counting 
data was, in 1958, after the return to Rongelap, 
0.36 µC, 8 times as high as in 1957, and 0.44 µC 
in 1959. Thus, whereas the Cs'" levels appear to 
have reached a maximum and actually to have 
dropped in i 959, the Zn"' levels have shown a 
continued increase which is probably related to 
the long biological half-life of the. latter. The Sr"" 
level in 1958 estimated from excretion data was 
2 mµC, about 20 times as high as in 1957 before 
the return to Rongelap. The estimated body bur­
den in 1959 increased to 6.0 m/iC, about 20% of 
the estimated ultimate equilibrium value. Little 
of the body burden of the exposed group is ap­
parently due to their initial exposure, since at 
present there is linle 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 still be of small significance 
in terms of radiation hazard. 

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

• 
~-
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APPENDIX 2 

Ailin'!flac Group and Control Mean Blood Counts by Oay and by Age 

WBC N~utroph1ls Lymphocytes Platelets Munocytes Eosmophils 
(XIU ') (XlO ') (XIO ') (XIO ') (XIO') (X 10 ') 
---

Male Male Female Total 
I ,ostexposure day <5 >5 <5 >5 <5 >5 <JO >IO all ages group <5 >5 <5 >S 

·1 6.0 7.0 3.0 5.0 2.8 2.2 0.8 1.6 0.5 0.4 
5.5 6.8 

10 6.3 7.3 4 2 4.2 l.9 ·u 22.5 2:!.6 20.9 21.5 l8 2.1 2 6 I 6 
1 ·2 ti:l 7.6 1.8 4.7 :u 2 ., :u 5.8 4.4 2.6 
15 7 I 7.0 2.3 4.5 .J.2 22 29.0 20 2 24.6 23.9 :I. 7 26 2.3 1.4 
18 6.8 7.B 2.9 5.0 3.5 2.4 27.5 21.7 24.9 24.3 2.J 1.5 3.2 2.3 
l~ B.9 8.7 5.3 5.4 2.7 2.9 2:!.5 17.0 22.9 21.3 1.5 2.4 5.B 2.4 
!6 ll.4 7.0 4.8 4.4 3 ') 2.2 20.0 13.8 17.4 16.7 2.3 2.4 0.6 l.6 
10 96 8.6 5.3 6.2 3.7 2.0 19.5 12.8 18.2 16.8 1.9 I 9 4.1 2.0 
:n 7 7 7.B :u 5.2 3.5 2.2 240 158 22.7 17.6 2.8 2.2 6.0 1.9 
19 7 5 6.2 2.9 4.2 4.7 1.9 26.5 20.8 27.0 25.2 I I 1.7 '2.7 1.6 
-lJ 6.9 t).5 2.7 3.6 3.9 u 28.0 19.6 25.3 24.0 0.6 1.4 2.B 0.6 
47 7J 6.7 3.5 3.8 3.4 n 270 20.0 26.1 24.5 22 1.9 1.5 0.7 
'ii IU ti.J 3.8 3.6 4 ll 22 32.0 18.2 25.0 23.9 2.7 2.B 2.2 1.0 
'i4 -l.f) td 2.8 :1 5 12 25 'l7 0 19 H :!:IR 2.J.2 I 'i I 'I Ill OB 

'survey 7. 7 6.5 -Ui" 3.9 2 7 2.2 1:>.2 I ~J 2 :.!J.~j n.7 I I I 4 1.-. .!.!. 
-.urvey I I.I 7.8 4.2 4.7 6.5 5.6 38.7 2U '28.3 27.5 1.0 I l 1.7 2.2 
-.urvey 11.0 9.1 4.9 5.1 4.8 3.2 51 2 17.4 26.4 26.7 J.6 14 9.6 6.4 
... urvey 12.l 7.0 5.5 3.9 5.b 26 40 ll 22.4 31.2 :lll l) 7 5.3 3.7 
-..urvey 11.5 7.5 2.8 3.7 7 l) J.3 33.2 2-t.7 33.6 :!.~ I.I 1'2.6 4.2 
... urvey 'J. 7 'i.I l 7 HJ.'J '2td 2u.lJ S2 ti.U 

... urvey 7 l !.6 Ill O.h 40 

111ro controls 13.2 97 4.B 4.8 7.4 4.1 41.2 25.8 36.5 JJ.4 2.0 2.0 9.5 4.7 l 
I UHi lrols, :.! )T 14 I R.9 7.0 4.4 5.6 J.6 35.5 24'2 31.2 29.5 1.4 1.5 12.8 6.6 L >h.. 
:.!Clap controls, J yr 98 6.9 4.0 3.4 4.7 2.9 32.6 26.9 30.0 1.4 0.7 6.2 4.0 
-:_t'fap controls, 4 yr 11.2 11.0 4.0 3.6 6.2 J 7 38.8 30.7 34.0 Ll I.I 7.0 4.5 
:dap t:orurob, -1 vr 13.7 IU I ti.2 5.~ ti.2 ~.I 35.8 28.0 33.6 3.7 2.4 6.2 6.0 
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Hematological Findings. 1959 

:\l(e WBC: Neul. l.vmph. Eosin. Basu Mono. Plate. 
IXIO 'l 
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Rongelap and Ailinl(nae Exposed Population (continued) 
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Hema10I01(ical Findml(S, 1959 

Ai;e WBC N~ur. Lymph. Eusin. Bd.SO. Mono. Plate. 
and Sex IXIU 'I IXIU ') IXIO ') (XIO') (XIO ') IXIU 'l ( x lU ') 

Rongdap Control Populauon I continued) 

lb F 
H' 

JI F 
:!ti M 
UM 

\M 
·Hi F 
16M 
4UM 
!JM 
42 M 
WF 
59M 
27 M 
26M 
47M 
ti-IM 
50M 
HM 
34 F 
11 F 
llM 
41 F 
ti2 F 
29 F 
II:! F 
61 F 
65 M 

2 F 
2F 
2F 
IF 
lM 
2M 
l F 

ti9 F 
6F 
6M 
BM 

24 F 
:\5 F 
5M 

35 F 
4F 
7 F 
BF 

64M 
46 F 
3F 

24 F 
'>5M 
24 F 
hi M 
II "'1 
<JM 

8.J 
I U. 7 
10. 7 
ti.9 

II 1 
lb.2 
100 
9.1 
9.4 
9.5 
7.0 
7.9 
7 9 

II.ti 
117 
9.0 
9.1 

12.J 
I05 
7.3 
95 
lj 2 
ti.3 

llUl 
14.7 

12.ll 
8.9 
6.5 

18.4 
16 7 
lB.5 
117 
12.5 
15.:l 
1:\.3 
B.U 
ll.O 

13.5 
14.3 
6.8 

11.4 
JB.5 
H8 

13.9 
12.4 
'l.9 
8.4 
7. 7 

IL! 
9.8 
B.ti 

12.8 
8.7 
7.9 

lti.2 

4.1 
.1.9 
4.1 
J.I 
49 
5.2 
6.2 
4.4 
b.4 
5.8 
3.5 
4.J 
J8 
7. I 
ti.O 
4.3 
5.4 
6.3 
6.9 
3.9 
4.5 
4.5 
2.9 
ll. 7 
7.9 
7.9 
2.2 
3.3 
9 I 
70 
7.4 
5.4 
6.0 

IU.3 
5.2 
4.2 
3.B 
7.3 
99 
3.B 
6.9 

19.2 
6.5 
8.U 
6.7 
:1.3 
4. 7 
J.U 
6.7 
6.0 
4.6 
9.2 
5.1 
4.0 
ti J 

J.5 
60 
5.7 
3 () 
u 
B.3 
3.:1 
3.9 
2.6 
J.2 
3.0 
3.5 
3. 1 
4.2 
4.5 
4.3 
3 3 
4.9 
3.-l 
2.2 
4.1 
·U 
2.9 
1.5 
5.J 
5.7 
5 4 
2.9 
6.0 
9.1 

W.I 
5.5 
5.2 
4.1 
7.6 
3.5 
3.5 
5.6 
2.3 
2.4 
J.9 
8.5 
1.9 
4.3 
5.0 
6.0 
3.0 
-l.I 
7.1 
3. 7 
3.0 
2.9 
2.5 
J.3 
8.:1 

0.7 
U.5 
0.8 
0.7 
1.0 
2 7 
02 
O.:l 

0 
0.3 
0.1 
u 

05 
0.2 
1.2 
0.3 
0.6 
I.I 
0.1 
0.B 
0.9 
ll4 
0.3 
0.4 
1.0 
0 

11 
0.3 
2.0 
0.3 
0.-l 
0.5 
0.5 
0.3 
0.4 
0.1 
0.1 
0.5 
0.6 
0.4 
0.1 

10.0 
0.1 
1.0 
0.5 
0.4 
0.5 
U.2 
0.4 
(l.I 
0.9 
0.1 
0.5 
U.6 
02 

0 1 
0 

0 I 
0 
u 
I) 

0 
0 
I) 

() 

0 
() 

0 
() 

u 
0.1 
u 
u 

0.1 
0 
0 
() 

0.1 
0.1 

0 
0 

0.1 
0 

0.4 
0 
0 

0.2 
0.1 
0.5 

0 
0.1 
0.1 

0 
0.1 

0 
0.1 
0.4 

0 
0 

0.1 
0.1 
0.1 
0.1 

0 
() 

0 
0 
0 
0 

0.3 

0 
O.J 

01 
0 1 
0.9 

0 
0.3 
0.5 
U.4 
0.2 
0.3 
0.2 
0.5 
01 
I) 1 
I) 2 
I) 1 

0 
Ill 
0.4 

I) 

0.2 
0.1 
0.1 
0.4 
0.3 
0.2 
0.1 
0.5 
03 
0.ti 
0.1 
0.7 
0.2 
0.1 
0.1 
0.6 
0.1 
1.4 
0.3 
0.3 
0.4 
0.4 
0.6 
0.1 
0.1 
U.I 
0.3 

0 
0 

0.1 
05 
ll.7 

0 
I 1 

465.0 
250.U 
340.0 
2b3 0 
435.0 
375.0 
305.0 
190.0 
2B5 0 
300.0 
'240.0 
360.0 
2000 
2200 
205.0 
245.0 
3530 
3090 
590.0 
225 0 
JBO.O 
310.0 
228.0 
285.0 
485.0 
320.0 
236.0 
470.0 
470.0 
470.0 
292.0 
420.0 
380.0 
615.0 
473.0 
290.0 
325.0 
410.0 
:125.0 
305.0 
220.0 
207.0 
335.0 
462.0 
340.0 
304.0 
2100 
375.0 
442.0 
300.0 
205.0 
210.0 
250.0 
.l'JU.0 
l90.0 

RBC MCH. K 
Ix JU'') 'o Retie. Hl(b. I( ( x JU "J 

4.53 
5.16 
5 07 
5 19 
4.86 
4.!H 
4 29 
4.44 
445 
4.54 
5 42 
4 '2U 
4.76 
5.25 
4.% 
4117 
3.82 
4.46 
4 46 
4.40 
4.62 
4 45 
4.16 
4.:l5 
507 
4.06 
3.96 
5.20 
4.60 
5.07 
4.48 
4 66 
4 53 
6.13 
4.65 
4.03 
3.92 
46~ 
5.12 
4.77 
-l.01 
4.68 
4 27 
4.69 
4.92 
422 
4.2B 
3.66 
4.65 
4.:!7 
4 83 
4.56 
H2 
4.12 
'> 02 

0 
0.4 
0 1 

0 
06 
0.6 
I 0 
ll.B 
0.1 

0 
0.6 
0.1 
1.0 
0.4 
0.8 
O.J 
0.2 
I 4 
0.2 

0 
06 

0 
0.6 

0 
0 
0 

0 3 
0.4 

0 
0 

03 
0 

0.3 
0.1 
0.1 
0.6 
0.1 
0.6 
0.1 

0 
OB 
U.2 
0.4 
0.4 
il.4 
0.8 
04 
0 2 
02 
0 2 

I) 

12 
1 ll 
0.1 
OJ 

JS.I 
117 
15.0 
15.B 
l·U 
13.2 
ll7 
13.6 
lJ.4 
13 0 
17.7 
13.6 
12.6 
16 0 
16 7 
14.8 
15.4 
15.0 
1'2.9 
13.B 
14.9 
14.0 
12.8 
14.B 
15.4 
13.6 
14.2 
IJ.8 
)(),6 

11.2 
9.8 
7 .7 

12.2 
12.9 
12.2 
13.4 
11.4 
11.3 
12.7 
13.4 
12.2 
13.5 
11.9 
11.5 
11.6 
13.0 
1'5.4 
12.3 
11.:.I 
11.1 

16.2 
1:1.1 

15.0 
l'.l.6 
l:H 

no 
'Z:!.5 
29.5 
l0.5 
29.lJ 
27.0 
29.5 
30.5 
JlJ.O 
28.5 
32.5 
!2.5 
26.5 
30.5 
33.5 
J0.5 
40.5 
33.5 
29.0 
31.5 
32.0 
315 
Jl.O 
34.0 
30.5 
33.5 
36.0 
26.5 
'23.0 
220 
22.0 
16.5 
270 
21.0 
26.0 
33.0 
29.0 
24.5 
25.0 
28.0 
30.5 
29.0 
28.0 
24.5 
23.5 
31.0 

36.0 
33.5 
H.5 
26.0 
13.5 
28.5 

34.0 
J:l.U 
26.5 

BEST AVAILABLE COPY 
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tit"m.uolo'(Kal hn<lm~"'· 1959 

Subject \~e Wile '.\leuc I. ... mph fA>Slfl Ila><>. ~tono. Pia re. Kile MCH.g 
Nu J.nd Sex i X IU 'I iXllJ ') i X IU I IX 10 ') i X IU 'I I Xii! 'I IX 10 ·1 iXIO 'i Keltt._ H~b .~ IX iU ") 

l<.ongelap Control Populallun (UJ1H111ued) 

9H HM 100 44 4 '> () 7 II 0.4 I i.1 0 'i 87 u I) I) :!5.5 
946 9F 10 J '21 7b OJ u .! o I '.!90 0 4 84 II b I! b 2h.0 
947 '>IM !LU 7 J -L! IJ I IJ I) 1m.u 4.40 01 I.I b II U 
Y5! 4M IJ.'I .5 9 o.7 IJ 7 IJ I IJ b '>4U.O 4 '>I u 12.1 .!7 () 
91:1 H :\1 !~ 7 4 '> 48 II J IJ O! 111'>0 'i I) Oh lh II 11.0 
4:")) hF 7 8 4 I 12 UI IJ IJ 4 1711.0 4.~4 tJ !.!:! !9.0 
~J')b :JO F 'l I 49 JH tJ IJ IJJ JO) u 4 .H 118 IU 11.0 
958 !_7 \1 I !.4 7 j u I IJ IJ I 11 I 2:l5 IJ 4 ho () 2 I 14 ·29 .5 

'J5'i 11 f 11.5 -, 8 4.0 IJ.5 tJ IJ I 140.0 4 I ti II 12 2 !95 

YOO !J F Ill J 48 4J 0 '.) U.J () s 150.0 Li8 02 I! I 28 0 

'lhJ 41 M q ti :) ~ 2.J 04 0.2 ti 9 22.1.U 1 OJ 0.1 , -, 4 :10 5 

966 nM 72 ·18 I J 0 01 0 I 170.0 4 81 I) l'J.4 12 0 
%7 15 M I J b n 6 . .1 ii I II 0 .uoo 5 ll:l 01 14 5 '29.0 
9ti8 5 7 F 7 5 2 .l '>0 IJ 2 u 01 lbJ u 4 23 I 2 
%9 41 1\1 11.2 1 J s '2 OJ 01 0 :J l900 474 04 Ill I !15 
971 15 M 8.'.! ~.~I 4 I 02 0 IJ I J85 0 475 O . ..! I.I h '28.5 
97 l 50 M b.4 J.4 '2 b 0.2 01 01 ll0.0 4 'l9 u l IU 7 J:l.5 
976 l!M 11 0 b.U 41> 0 2 i) IJ 2 400.0 4 til 01 12 8 280 
'J77 IJ F 'J 4 - 'I 7 ).) ill tJ 0.2 J25.U 471:i IJ 7 14.2 JOO 
978 HF 7.J .!O :1.5 U.8 IJ.J U.ti J80.0 4.o'l 01 l.l I 28 5 
'179 IF '18 l .. 1 54 0 7 II 02 2950 4 ti2 IJ.b 1!.0 !b.0 
980 1>F 1·1u 7 4 48 05 0 04 :115 0 470 01 1:11 28 0 
YHY llM llJ b 5 I 4.5 09 0 0.1 J45 0 5.17 06 IHJ 27 0 
'~JI 'ii F 7b '>IJ 2. 7 0 I) Ill 178.0 508 ()_2 IS. 7 310 
9Y'2 2f 9.7 u 5.7 Ob IJ.l u ., tiJO.IJ 4.97 u 8.6 17.5 
'J'i:I 12 F 10.ti 5.6 44 0.4 0 0.2 ·!45.IJ .'l.25 l.2 l'l.8 2ti.O 
99ti 7 F II :l JY ) 7 I:.? 02 02 4100 4 lb 01 11.J 27.0 ~ 

1005 26 M 85 4b '3.2 03 0.2 OJ 200U ) 84 Ill 177 JO 5 --
1007 48 M 8.8 59 u 0.1 u 0.1 190.0 4.87 08 12 2 25 IJ 



APPENDIX4 

Hematolol(ical Findings, I YW. on Rongelap and Ailingnae Exposed Population 

Subject . .\ge WBC Neut. Lvmph. Eoson . Baso. Muno. 
No .lnd St"x 1xlO 'I IXllJ 'I IX 10 ') IXllJ 'I iX 10 'I (XllJ 'I 

I• GO F b.U 2.U .l.5 I) 2 U.l IU 
'.!. 7M Id '.!.4 :l.5 O.J 0 06 1)()6 
:l 7M j I '.!. 9 1.8 0 05 lll5 0.15 
4 H !\1 ti l l.2 45 () 24 006 IJ 18 
5 7M ti.I n 2 8 0.J7 006 0.12 
tj• 71\1 'l.6 .I.ti 5.1 077 O. l O.l 

42 M :"J.5 '.!. 6 2.5 0.l 7 0 I l 0.06 
8* ti F 87 '!..~ 6.0 0 35 0.09 0.09 

[() JllM 5.ti 35 l.9 0.17 0 0.06 
Ii 51i M 5.0 2.J 2.6 0 )() 0.05 0 
I'.!. '.!.4 F 7 J '").2 l.9 0 07 [) ll.15 
I.\ 1i4 F H 2.1 2.2 o:.m () 0.05 
14 Si F tl.2 LS 1.5 () 37 I) 0 
15 I'.!. F H 2.8 4.2 on 0.07 007 
I ti* 45 M 9.l ;a 2.6 0.55 0 U.09 
17 '! F ti.7 4 il 2.6 0 0 IJ.07 
IB '.!.7 F 59 s 7 1.8 IUO 0.12 0 
l'I II \1 4.5 l.9 24 ().(J9 0.05 IJ.!15 
20 J:lM ti.-1 2.9 :u () 32 006 0 
'.!.I 'IF ti.O J 7 '.!.I 0 24 0 () 
.!.'!. '.!..l F 7 5 4.7 2. 7 0.15 0 0 
~J IOM 7 ') '.!..8 4.l on 0 007 
·2-1 19 F Hi 2.1 2.1 0.41 0 0 
26 Ill M l 1.7 6.l 3.9 u 0.1'2 o.:t.1 
·27 121\1 h.7 l.I :u 0.!3 ().()7 IJ.07 
2H• HF ill.CJ 
)() ti5 F 5 5 .H l.J () 55 O.l I 016 
i'.!. 'JM :>.7 '.!..~.> 2.6 0.40 0.11 0.06 
u HF h.5 2.'2 Iii IJ.52 () 0.19 ____ ,j 

15 19 !I.I 5. l '.!..8 '!..'.! IJ.10 () 0.(16 
Hi I.JM ti.8 3.3 ·2.8 IU4 0.07 0.07 
.l'I ~I F 4.9 '.!..ti 2.2 0.10 0 0 
.\() 15 M 7 .'J 5.l 2.:.? 0 40 0 16 (J.IJ8 
II• -,oM 'J.I 'i.9 ·so U.47 u 0 
12 'IF 8.1 4.8 '.!.. 7 fl.32 0.011 0.24 
11· 7'.!. F 5 ti :u 20 ow 0.06 0 
H* llJM 5.5 19 J.2 0.J9 0.0.'J () 
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APPENDIXS 

Individual W BC, Basuphil, and Alkaline Phosphatase Determinations, l 95Y- I 9ti0 

1959 1%0 

'iubject WBC A.P, '7.. Baso. per WBC A.P., % Basa per 
No. ( X IU 'J "'"Neg. 4000-ceil count (XIU ') ';{i N~g. 4000-cell count 

Rongelae and Ailingnae Exposed Population 

1 • 6.9 59 U.35 6.0 72 2.10 
Ll 52 0.43 6.:1 81 0.30 

:1 8.6 79 2.1 5.1 92 3.30 
4 84 82 0.55 6.1 82 I.JO 

IU4 70 0.38 6.1 70 1.00 

~· 90 90 0.35 9.6 88 I.IQ 
ti.6 52 0.33 ).5 84 I 70 

o• 8.7 80 O.tiO 
9 9.o 94 0.45 

10 8.4 86 O.JJ 5.6 59 0.50 
II 7.5 82 (J.40 5.0 87 () 75 
12 89 63 0.30 73 96 fl 35 
n 79 40 0 55 4.6 82 0.48 
14 6.0 37 0.20 6.2 54 0.65 
15 1:1.fi 54 0.38 7 4 81 1.25 
10• 7 I 95 0.25 9.1 72 0.80 
17 91 74. 0-21:1 6.7 92 065 
18 10.:1 88 0.85 5.9 90 2.23 
19 1:1 u 95 0.55 4.5 90 0.70 
20 8.4 71 0.75 6.4 80 I 00 

21 10.J 78 0 JO 6.0 85 (J 85 
22 1:1.9 93 0.25 7 5 49 0.83 
n 11.2 82 7 2 67 0.55 
24 II 9 74 () 15 4.fi 89 0.48 
26 II J 84 0.38 11.7 70 090 
n 15. 7 7 0.50 ti.7 75 1.80 _ _..__. 
28° 15.0 91 0.23 10.0 
2y• 4.0 75 0.18 
.lo 7. 7 82 0.43 5.5 77 1.60 
J2 8.8 73 0.60 5.7 82 1.611 
J:I IJ.2 90 0.35 6.5 93 0.50 
:H 5.ti 80 0.5 87 1.88 

J5 111 98 0.23 5.1 70 0 45 
Jtj 7.0 77 till 1.23 
:l7 IU.7 84 0.15 
JS 82 
:19 124 5 0.05 4.9 77 0 Y5 
40 10.5 40 0.23 7.9 55 1.50 
41° 7.5 84 0.25 9.4 82 0.75 
42 14.0 87 0.55 8.1 83 1.28 
43• II.I 34 0.43 5.6 71 0.73 
H• 12.0 55 0.23 5.5 78 I 18 
45• 8.5 66 0.23 83 O.JO 
46 7.8 99 0.30 4.5 0.83 
47 10.8 64 0.40 52 80 0.78 
41:1• I:U 35 0.30 5 3 89 0.88 
49 ltd 4 0.45 1'2.9 l:IJ 0.611 
5u• 9.2 58 I) 28 

• Ailingnae exposed population. 
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lndi1.·1d11al \VRC:. Ra.<Wlph1I, .J.nrl \lkalmr Phnsph.tldSf' l'>rrrrrrnna11on~. I q:-)q.1 tUt4l 
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• .\ilin~nar ~xpo~ population. 
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lndivirlual WBC. Basophil, and .·\lkalinc Phnspha1a,..- lkterm1natmns, I 'l)'l- l 'lliO 
~~~~~~~~~~~~ 

Subj~t·t 

No. 

HOI 
802 
Ro:! 
ROS 
ROli 
807 
HOR 
Rll'I 
RIO 
H II 
Hl2 
RI I 
814 
Hl.1 
1!16 
81H 
81'l 
820 
B'2 I 
1!22 
8:.!:I 
R'.!5 
826 
827 
H2H 
H29 
Hiil 
H:ll 
812 
811 
B 14 
RT) 
831i 
H1H 
H'l'l 
8411 
841 
!Ml 
H-1 l 
llH 
H4S 
Hlh 
84'1 
W•O 
l!.11 
H'i2 
85.l 
8.14 
H.'>1 
8'16 
HSH 
HS'l 
860 
81il 
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IXIO 'l 

IH 
II II 
11.•1 

11.:!"" 
II I 
'20 2 
12 7 
11 R 
'10 

12 ti 
14 7 
lllli 
II I 
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II .H 
1'2.J 
b. I 

I 2.2 
'l I 
q fi 

I 0.4 

Ill 8 
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1118 
7 f} 
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Ill.I 

C) _ _r) 
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10 2 
q 7 

EU 
12.1 

11.'J 
11.B 
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7 Ii 
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fi'l 
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l:l 
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'>7 
70 
HO 
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7q 
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20 
'Ill 
91 
I 7 
59 
9'.I 
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94 
88 

74 
79 
41 
71 
86 
9fi 
81 

";. Raso. per 
ltMJO-n·ll enunt 

11.5 2 
() 60 
11 IH 
0 10 

() .l!I 
ll IJ 
or, 
0 )() 

() ·l'l 
on 
I OR 
!UR 
0 :,o 
I) 80 
0. IR 

O. ltl 

II .i 7 
II J~ 
() '.21 
11.18 
027 
fl :15 
IHI 
1141 
0.51 
0.23 
0 18 
() '27 
() 41 
() fij 

0.78 
0.52 
0 40 
OliO 
0 R5 
0.72 
() '> 7 
o ;o 
0. 72 
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() 12 
0 3H 
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Oli'.> 
(} 27 
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() li5 
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IUO 
IH3 
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'.'In 
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'l02 
903 
'l04 
90S 
<JOii 
'108 

411 

912 
41'1 

914 
'llfi 
92! 
922 
923 
925 
926 
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APflENDIX6 

Blmd Groupings and Hap1oglobins, 1958-1959, and BIT and Cholesierol Levels, 1959 

ABO MN Hapioglobin Cholc:s1erol, 
~roup type Rh-Hr Kell Outfy Oiego 1ype BFT• mg{,fo 

Rungelap Ex~d 

0 N Rh,Rh, kk + Neg 1-1 0 'L04 
0 N + 2-1 118 148 
:\, N + 2-1 0 184 
8 N Neg 2-1 1/4 
0 N 2-2 0 
A,B N kk + 1-1 IJ 148 
() M kk + 2-2 0 
() N kk + 2-1 (} 

() N kk + 2-2 () 155 
A.B N kk + 1-1 1/8 
A,8 N kk + 2-1 I) 140 
() N kk + 2-1 (} 207 
B N kk + 2-2 0 135 
B M kk + 2-2 0 162 
() N Neg 2-1 1/8 
A, N kk + 2-1 0 149 
0 N kk Neg 2-1 0 
A, N kk + 2-1 0 
() N kk - + 2-2 0 
A, N kk + 1-1 0 
() N kk + 2-2 0 IH 

A,8 N kk + 1-1 
0 N kk + 2-1 114 

0 MN kk + 1-1 0 
() N + 2-1 1/8 
() N + 2-1 1/4 l • ~ 
() N kk + 1-1 u -
() ,N kk + 1-1 
() N kk + 2-2 1 /4 
() N + 2-1 1/4 
.-\, N kk + 2-1 0 
() MN kk + 2-1 (} 

() N kk + 1-1 0 149 
() N kk + 2-1 
B MN kk + 2-1 1/8 
0 N kk + '2-1 0 
8 MN kk + 2-1 0 
0 N + 2-1 0 
A, N kit + 1-1 1/16 
0 M kk + 2-2 0 
0 MN klt Nrg 2-2 (} 

8 N + 2-1 0 
0 N kit Neg 2-1 1/4 
B N kk + 1-1 u 121 
u MN kk + 2-1 0 
() MN kit + 2-1 0 
A,B M kk + ·2 1 
B N kk Neg 2<! u 182 
0 N Rh,rh kk + 2-2 I) 112 .. 

>ILJf(" flt>( t 1J/J111111 t«~I. J->OSl(t\'C =I • :l2 or hu.:her dilution. 
-~ - --------· 

7~ 
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lilood {;roup1111(~ and Haplo~lobms, I '118-195'1. •nd !HT and Cholesterol Levels, I '15<J 

SulJjeU AllO MN Haptoglubm Chulesccrol, 
No !(ruup (~pc Rh-Hr Kell I luffV Diego t;pc IHT mg'!~ 

Rungdap Exposed ( contmuc:d I 

)) II MN Rh,Rh, + Neg () I 4J 

56 0 MN Neg I. 4 
i7 A, N 2- () 

'>B A, N kk + () 

59 0 M kk + -I () 

tJO A, N kk + I () 

61 () MN kk + I I H 

62 B N kk + -I IJ 

hJ 0 N kk + 1-1 IJ 150 -ti-I 0 MN kk + ·2-1 
65 1-1 u 
06 0 MN kk + I) 

68 () MN kk + '2- I 8 
ti<J B N kk + ·I I 16 # • ' 70 0 N kk Neg ·I ti l.l2 
71 A, N kk + I 4 
7'2 0 N kk Neg -'.! I 16 I J7 
7:1 () N kk + '2- l IJ 

74 A,B N kk + I I) 

I 7b B N kk Ne'! I I I 4 I J4 
77 2 I IJ 
78 A,B N kk + 1-1 u lb5 
79 0 N kk + 1-1 0 127 I 

80 !. ·2 IJ 

81 0 MN kk Neg 2 2 () 152 
82 0 N kk + 1-1 0 

Rongelae U nexposcd M • 1 ' 
815 A, N Rh,Rh, kk + Neg 2-2 u 
816 0 N kk + 1-1 u 
Bl 7 8 N kk + 2-1 0 
818 A, N kk + 2-2 1. 18 
819 0 N kk Ne~ 2-1 0 
820 A, N kk 1-1 () 

821 A, N kk + 1-1 

822 0 N kk + 2-2 

823 0 N kk Neg 2-1 I) 

824 0 
825 0 MN kk 2-1 118 163 

826 2-'l 0 
827 2-1 0 
828 0 N kk + 2-1 0 
829 0 M kk + 2-1 I /8 

830 A, N kit + u () 

8JI A, N kk + l-1 u 
8'.12 0 N kk + -I 0 
8:l:S 0 MN kk + I II 

HH 0 N kk + -I I) 

HJ5 0 N kk + 2- I II 
IlSo () N kk + ·I () 155 
a·s8 () N kk + I a 
a:s<J 0 N kk + (I 

840 . .\, N kk + I I (I 

IHI u N kk + I !5t> 2 IJ 
IH! () N kk + l 0 
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Blood Groupmgs and Haptoglobins, I 95H-1959, and BFT and Cholesterol Levels, 1959 

Subject ABO MN Haptoglubm Cholesterol, 
No. ~ruup tvpe Rh-Hr Kdl Outfy Oie'!'o type B•-r mg~{. 

Rongelae Unexposed (continued) 

!HJ () N Rh,Rh, kk + Neg 1-1 u 181 
8H A, MN Rh,rh kk + 2-1 0 H9 
845 () N Rh,Rh, Neg 2-1 1/4 
8-!6 N kk + 2-2 0 
8-!9 .\, N kk + 1-1 u 
850 () N kk + 2-1 0 164 
851 :\I N kk + 2-1 (/4 237 
8'.:12 () N kk + 2-1 u 162 
853 () N kk + '.!-2 u 
~*t'"l4 H N kk + 2-1 0 182 
8'i5 () N kk + 2-1 0 208 
856 () N kk + 2-1 0 172 
8.'i8 .·\,B N Rh,rh kk + 1-1 0 180 
1:69 A, N Rh, Rh, kk + I -I 0 202 
860 B M Neg 2-1 0 187 
861 () MN kk + 1-1 0 173 
Bfi2 0 N kk + 2-2 0 
84i:l r\, N kk + 1-1 0 
864 0 MN kk + 2-2 0 170 
8b5 A, N kk '.'leg 1-1 0 
Bbli 1-1 
867 () N kk + 1-1 
Bti8 () MN kk + 2-1 u 207 
869 0 \I kk + 2-2 0 
B71 0 \.IN kk + 2-1 0 157 
872 B MN kk + 1-1 0 
873 B M kk + 1-1 0 187 
8H B N kk + 1-1 0 
875 0 N kk + 2-1 0 181 
876 B N kk + 2-1 0 154 ,,.. ---- J 877 0 M kk + 2-1 0 
878 () MN kk + 2-1 0 
880 B N kk + 1-1 0 
881 () M kk + 2-1 0 
882 () N kk + 1-1 0 
l83 () N kk + 2-1 0 
184 2-1 1/-l 
IH5 B N kk + 1-1 u 
1116 2-2 1/64 
187 A,B N kk + 1-1 0 
188 B MN kk + 2-1 0 
\89 A, MN kk + 1-1 0 150 
191 A,B N kk + 1-1 0 

• d92 A,B N kk + 1-1 
893 0 MN kk + 2-1 1/16 
894 0 MN kk + 1-1 0 152 
895 B MN kk + 1-1 () 146 
896 () MN kk + 1-1 0 165 
898 {) N kk + 2-1 I ;4 
B9<J 'l-2 () 

908 A, N + 1-1 0 
'Ill () MN + 2-1 
'Jl2 :\, N + '2-2 1/4 
'Jll 0 N Neg 2-2 () 136 
'114 0 N 1-1 () 

'.Jlt) . .\, N + 'l-1 0 1'35 

j 
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Blood Grouµin!i{s d.11d Hapt11~lulun.s, IY~8- l 'J'iY. ,rnd B ~T .:1.nd Choleslrrol l.rvt:b, l~i:J9 
------------

~ub1et.:t \BO MN f laµw~l11b111 ( '.hulr~lerul. 
No. ~rcmp t\pe Rh-Hr K,-11 IJuffv l>ie~u l\"f>e IHT mi<'{ 

------- --- - --

K_1>~~~la~ U~~xpose~~c~J~tmu~~ 

Y:!I () MN Kh,Rh, + '.'le~ 2 () 

922 () M Neg 0 
925 () M'.'I II l.!9 
9'28 () N + I) 2:14 
lft_! () M + I) 

'J:l:I u I) 

'l:H () N '.'Ir~ I) 

'J.l5 () N Kh,Rh,. + I) 

~HY () MN Kh.Kh, + I) 

'HD A, .'I + I) 

'JH ll M '.'le~ IJ ...-...•. ,./'"'~ 

'H7 () N + IJ 
'113 () N Rh, '.'le~ I ·I I b-1 
~}')j 0 M Kh, Rh, I II 
'116 () MN '.2- I I) 

958 0 N + u 
9'.>9 () MN '.'le~ 2 II 
%0 0 MN + 2 II 
'JbJ A, N Ne~ () 

Y66 A, N 2-
~fb7 () N Rh, Rh,. + II 
468 lJ 
%9 0 N Rh, Rh, + -I I) 

971 0 N Ne~ 2-2 0 
9H () M + -2 () 

Yi6 () N + 2 II 
977 () N + 2 IJ 
978 A, N + 0 
980 ll MN + -I u 
'J8Y I) 

'j<)I A, N Neg () 

'193 () N + II 
4% () MN + I 4 

llJO:J A,B N '.'leg 0 
llJ05 .-\, N -I u 

~ajuru Controls 

4lMJO () N Kh,Rh. Neg 1 -:.! u 
4lKJ2 B N Rh, Rh, + 2-1 () 

-t<KJ:I 0 N I) 

ilKl4 0 N + -I u 
4lKJ5 ll M I) 

4(Ml6 () MN + 
40o7 .-\, N Neg II 
41KJ9 () M + II 
4010 .-\, N Ne~ II 
4<112 A, M Rh, Rh., + 
40I:l () N Rh, Rh, 
41115 B MN II 
41116 () MN Rh, Rh,, 
4017 ,\, N Rh,Rh, + () 

Hill! .\ N Ne~ 
H>:!tl l) :-,, + 
l0'2:.! ,\ N + 
Hr~~ () '.'I + lJ 
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Blood Groupings and Haptoglobins, 1958-19'>9, and BFT and Cholesterol Levels, 19'.\9 

Suhien .\BO MN Hapto!!'lobm Cholesterol, 

No g:roup I) pr Rh-Hr Kell Dutfy Diego type BFT mg 1i 

Majuro Controls 1contmucd) 

40'24 A, N Rh,Rh, Neg Neg 2-2 0 
4U2'.\ 0 N + 2-1 0 
to26 A, N Rh,Rh,, + 2-1 0 
4028 A, N Rh,Rh, Neg 1 I 0 
40'.IO () MN + 2-1 0 
40:11 () MN + 2-1 0 
40:12 () N 2-2 0 
401'.I B MN + 2-1 
40:14 A, MN + 2-1 
40:15 .-\, N 2-1 
4tr16 () M + 2-2 
4017 0 N 2-1 
-HJ39 fl MN + 2-2 () 

4040 0 MN Rh,rh 1-1 0 
4041 () M Rh,Rh,, 1-1 () 

40-12 () N Rh, 2-1 
41H:l () M Rh,Rh, + 1-1 
40-lb () N + 1-1 
4048 B M Rh,, Rh,, + 1-1 ---4049 fl N 2-2 
4U'iU () 'vtN Rh,Rh, + 2-2 
-Hl'.\5 0 N Rh,.Rh., 2-1 
405ti B N Rh,Rh, 1-1 
4057 () N 2-2 0 
41158 () M 2-2 
40'.\9 fl MN 2-2 () 

4tH>'.I ,.\, N Rh,rh 2-1 0 
40b4 () N Rh,Rh, 2-2 
40b6 () N + 1-1 0 
4(~,7 B N + '!.-2 
4068 .\, N 1-1 0 
4litilJ :\, MN Rh,Rh,, + 
41170 () N Rh,Rh, 2-1 
4117:! B N 2-1 () 

·Hl7:l A, N 2-1 
4071 () MN Rh,rh 2-2 
4078 () N Rh,Rh, 2-1 0 
4081 () M Neg 2-2 0 
401:!2 . .\, M 2-1 0 
40!:!:1 () MN Rh, Rh., 2-1 
4084 .'\,fl N Rh,Rh, + 2-1 
4UH5 fl N I - I 
4086 fl N 2-1 
4087 B N 2-2 
40BB () N 2-1 

Utink Population 

2101 A,B N Rh,Rh, + Neg 1-1 0 181 
2!04 2-1 0 20'2 
'.!10~ () N + 2~·2 21'.\ 
2107 B N + 1-1 I) !41 
2 lOH () MN Neg 2-1 IJ:l 
2110 () N Rh,rh + 2-1 0 
2112 B N Rh,Rh, Neg 2-2 1 •8 
2114 2-1 0 



jq 

Blood Croupinit• and Haptol(lobin•. 1'158-1919. and BFT and CholMtcrol Lcvrls. 1919 

Subject ABO M'.'11 Hapto~lobin Cholesterol. 
No. group tvpc Rh-Hr Krll Duffy Dirl(O type BFT m~f';;.. 

l)t_i_rik Population .!..:""~·~~eel_) 

2116 () MN Rh,Rh, + '.'le~ 2-2 0 
2118 1-1 I /128 
2120 () MN + 2-2 
2121 0 MN + 2-1 269 
2123 0 MN + 2-2 
2125 () MN + 2-1 1/4 225 
2126 :\, N + I - I 187 
2128 0 N + '2-1 0 
2129 A, MN + 2-1 0 217 
2112 0 N + 2-2 147 
2136 0 N Rh,rh + 1.14 176 
2119 () N Rh,Rh, + 2-1 () 

2140 A, MN + 2-2 1/4 216 
2141 B N + 1-1 () 172 
2142 2-2 
2144 0 N + 2-2 
2145 () N Rh,rh + 2-1 220 
2146 0 N Rh,Rh, + 2-1 0 187 
2148 A, MN + 2-2 
2149 () MN + 2-1 200 
2150 0 N Ne~ 2-1 0 171 
2152 0 MN + 2-1 212 
2154 0 MN + 2-2 
2156 A, MN + 2-2 
2157 0 N Rh, + 1-1 195 
2158 A, MN Rh,Rh, + 1-1 () 175 
2162 B N Rh,rh + 2-1 263 
2164 0 MN Rh,Rh, + 2-2 179 
2168 () M Rh, + 2-2 200 
2169 0 MN Rh,Rh, + 2-1 1/256 
2172 0 N + 2-2 

:j 2175 0 N + 2-2 '252 

::l 2176 A, N + 2-2 0 161 
2182 () N + 2-2 0 220 

n 2183 2-1 217 
>I 2186 B N + 2-2 0 202 

2188 0 N + 2-1 166 
e 2190 B MN + 0 271 

2193 0 N + 1-1 1/4 220 e 2198 0 N 2-2 251 + 
2199 A,B N + 1-1 

n 2202 B N + 2-1 
2203 0 N + 2-1 
2204 0 MN + 2-1 
2206 0 MN + 2-2 

I) 2214 2-1 
2216 .) N + 2-2 
2223 A, MN + 2-2 
2225 0 N + 1-1 140 
2229 0 N + 1-1 167 
2230 0 N + 1-1 245 
2238 0 N Rh,rh + 2-1 256 
2244 '1.-2 
2246 0 N Rh,Rh, + 2-1 197 
2247 0 N Rh,rh + 2-1 191 
2248 2-1 157 

!\ 
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Blood Groupings and Hapcoglobins, l 958-1959. and BIT and Choh:scerol Levels, 1959 

Sub1c:cc ABO MN Hapcoglobin Cholesterol, 
No. group tvpe Rh-Hr Keil DuffY Diego type BIT mg% 

Utirik Population (continued) 

2'52 0 MN Rh,Rh, Neg Neg 2- I 195 
2253 0 M + 2-1 148 
2256 () N + 2-1 179 
2257 0 MN Rh,rh + 2-1 
2279 0 MN Rh,Rh, + 2-2 150 
22BO 0 N + 2-2 237 



APPENDIX 1 

--- -------- -~-------- -----~ 

Mal.., 

Age I -15 

Subject 
No. Cs 111 

3 5.65 
s 

23 
32 
47 
54 
76 

14.0 
10.3 
23.9 
17.3 

.~ 
83 10.7 

""~<10.7 

Zn"., 

7 34 
14.0 
12.5 
tftO 
7.80 
8.92 
!1.16 

~-~" 

• ·:...~ 
4 

('.s' an<l Zn'· Bod\< Hur<kns. 111 mu(· k~. of r\.far;hall (,.land lnh.;1h1t.rn1"' 

Subject 
No. Cs 111 

4 
7 
9 

10 
tf 
26 

-: .27 
. .., 

... '_'~'..!l - .. .. 

'1: 
...... ~- ..... 

17.4 
16. 7 
3.67 

16.0 
15.2 
11.5 

~a 
Ui.4° 
19.4 

..~ t. 

Age 1-15 

Subject 
Znfio~ No. Cs 111 

Rongelap Exposed 

9.14 
13.8 
4.78 
8.09 
6.50 

13.1 
6.0~ 

10.l 
15.5 
11.4 

#'?/:. 
-~·:··,"'?';'" 

Females 

---~-----

~·· 

Subject 
No. es111 

12 
13 
14 
18 
22 
24 
30 
39 
19 
58 
60 
63 
64 
66 
17 
78 

145 
7 23 

11.9 
B.01 
5.71 

13 0 
12.1 
14.4 
7.95 

11.2 
<) 25 

17.8 
112 
10.5 

7.57 
14.1 

Zn 

A I 

14 I 
10.1 
fi 
7 I 
9.1 
ti.I 
C)I 

R ·. 
Iii 
6 .. 

II.'• 
15.• 
IO.~ 
II . 

~ IH ±6.15 IG.6 ±2.24 11.0::!::3.35 9 

6 7.53 
44 10.2 

Av 8.87 

813 R.18 
814 14.9 

5.38 
10.6 

7.99 

16 II .2 
29 8.35 
41 15.7 
50 10.6 

Ailingnae Exposed 

I 1.8 
9.11 

15.9 
20.9 

R 6.67 
48 13.1 
53 10.5 
81 9.68 

9.74 
7.67 
5.38 
9.41 

I l.5::!::357 14.4::!::5.72 9.99::!::3.12 R.05::!::2.11 

Rongelap Unexposed 

823 8.89 805 10.4 
830 10.4 810 6.49 

I R.70 
43 13 :l 
45 11.7 
59 16.9 
70 610 

R.c 
II.I• 
7. ·, 

13.f. 
12 p 

11 4::!::4.48 to.·, 

825 1()7 

829 6.1 I 
5. -,. 
8.1 

• 

815 9.25 
BIR 24.1 

8.18 
9 23 
7.93 
7.32 
9.63 
6.14 
7.80 
8.80 
6.04 
3.94 
8.70 
5.90 
8.70 
7.51 
6.21 

10.0 

831 15.0 
833 9.92 

I I.I 
10.5 
9.45 
8.74 

10.6 
10.3 
9.95 

812 
816 I 1.4 

6.04 
13.0 
10.1 
II .8 
8.50 
7.95 
6.45 

17.4 
10.3 
8.62 

832 6.24 
835 6.54 8 .. '•. 

9.(1 _________ .... _____ , 

819 14.3 
820 9.03 
822 R.08 
863 12.4 
869 10.6 
870 6.30 
874 21.5 
887 II .0 
892 7.76 
912 12.7 
921 9.04 
939 8.18 

834 21.3 
836 I 1.4 
838 5.13 
840 18.8 
845 9.84 
849 12.t 
850 18.8 
853 15.5 
855 19.3 
856 21.8 
860 9.49 
862 12.0 

13.0 
6.09 
9.92 

13.0 
5.01 
8.93 

l0.5 
4.75 
2.80 

81 

821 7.92 
891 12.4 
91 I 6.45 
955 9.86 
959 6.65 
960 9.91 
977 12.2 
978 10.8 
980 12.5 
993 10.5 
996 10.I 
998 I 1.3 

7.19 
10.8 
8.00 
6.58 
8.18 
8.26 

839 7 .92 
841 6.88 
843 6.53 
844 9.39 
846 11.8 
851 10.4 
852 9.59 
854 I 1.5 
858 6.76 
859 12.9 
861 6.06 
865 10.8 

I l.h 
4.~ .. 

II.I 
7.:l 

10.H 
IU 
11.0 
10.'I 

7.:1 
8. i 
6.11' 
7. ~ 
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Cs"' and Zn•' Body Burderu, in mµC/kg, of Marshall Island Inhabitants 

Males Females 

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

Subject Subject Subject 
CslH Zn11 ~ No. Csll7 Zn° No. CsLl7 Zn•~ No. es•Jl Zn•~ 

Ron~clae Uncxpoacd (continued) 

9.27 6.56 864 13.6 17.3 867 9.36 6.24 
14.7 11.9 868 9.72 6.61 871 17.2 5.96 
1).4 12.1 872 19.0 13.1 876 10.0 6.10 
8.31 4.89 873 19.2 7.23 889 20.5 12.7 

875 16.3 IU 893 9.29 7.75 
878 13.0 8.49 894 5.61 10.6 
880 16.3 13.7 895 8.81 5.87 
881 16.7 12.9 896 8.81 11.5 
882 9.12 12.0 908 11.2 7.60 
910 24.3 14.8 914 11.4 9.94 
935 11.2 15.9 916 7.91 12.1 
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.:1 957 8.03 ) 4-0 
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 

11.8±4.78 7.87±1.98 14.0±4.72 9.86±2.86 9.93±2.11 9 32±2.77 9.77±2.82 8.65±2.24 

Utirik 

2.65 2.35 '101 403 4.81 2113 2.78 3.21 2104 4.75 3.22 ........... --3.58 3.02 .03 7.82 4.26 2126 3.03 2.75 2!07 3.02 1.63 
4.83 1.35 ..'.105 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 
5.51 311 2112 2.79 3.23 2159 3.10 2.24 2139 7.07 3.53 
5.43 1.94 2114 1.67 1.39 2160 4.40 2.55 214-0 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 21)4 2.81 2.49 
5.12 1.85 2123 6.01 2213 9.04 3 11 2158 3.23 3.08 
4.29 2.46 2125 3.77 4.56 2218 5.20 2.88 2164 3.70 1.77 
4.35 2.58 2145 5.25 4.07 2225 3.23 2.63 2172 2.08 2.23 
4.51 2.36 2152 5.39 3.49 2227 8.09 5.15 2224 4.73 2.51 
2.75 2.05 2157 3.81 5.88 2228 5.43 263 2230 2.95 2.77 
4.24 4.03 2166 6.39 6.22 2256 1.73 2.58 2246 2.54 2.03 

2178 4.43 3.15 2247 3.17 2.50 
2185 5.06 3.43 

-1.55± 1.23 2.51 ±0.80 4.50± 1.60 4.18±1.55 4.52± 1.87 2.80±0.80 3.57± 1.26 2.50±0.58 
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Urinary Sr'" Values in Mar.halleo.:, 1959 

Ma lei Female. 

Subject No. Sr'", µµC Volume, ml Sr'•, µµC/I Subject No Sr'",µ.µC Volume, ml Sr"'. µ.µC, I 

Rongelap Expooed, Age J -15 

76 5.2 2160 2.4 IS 9.0 2160 4.1 
76 4.4 2100 2 I 36 8.8 2400 3.6 

Av 2.3 3.9 

Age >15 

7 105 1500 7.0 12 3.8 2160 1.8 
9 8.3 1700 4.8 12 4.9 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 4.5 115-0 3.9 22 12.5 1710 7.3 
27 4.5 1900 2.3 24 3.9 1500 2.6 
40 18 6 1700 10.9 39 12.8 145-0 8.8 
79 21.7 1290 16.8 66 14.2 1510 9.4 

66 7.3 2100 3.4 

.<\v 1690 7.3±5.1 1715 5.4±2 2 

Ailingnae Expooed, A~e > 15 

41 11.8 2200 5.3 45 4.0 1300 3.0 

Kwajalein - Ebeye, AS!> 15 

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 11• 0.5 320 1.5 
2416 0.4 340 I.I 
2414 1.7 465 
2410 0.13 385 0.33 

Av 0.56±0.37 0.7±0.7 

Ron~lae U nexpooed, A~ 1-15 

818 6.2 1100 5.6 
887 9.0 1000 9.0 
874 JO.I 1500 6.7 

Av 7.1 ±2.0 ':a. -
Age >15 

830 12.0 2200 5.4 843 3.5 2160 1.6 
830 8.0 1110 7.2 843 5.7 1710 3.3 
831 5.5 1400 3.9 865 7.6 2150 3.5 
838 24.1 2025 11.8 876 7.4 1000 7.4 
838 5.5 1490 3.6 893 11.5 2300 5.0 
849 13.4 1500 8.9 895 4.7 105-0 4.4 
963 6.4 1700 3.7 
963 7.8 1300 6.0 
882 3.4 850 4.0 

Av 1510 5.6±2.8 1730 4.2±2.3 

•Member of ori~nal exposed Rongelap group, living on Ebeye since 1958. 
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Subject No. 

2110 
2123 
2125 
'!145 
2152 

Av 

Sr'", µµC 

2.3 
1.7 
lti 
19 
0.14 

Urinary Sr"" Values in Manhallese, 1959 

Males 

Volume. ml 

1750 
1060 
1380 
680 
600 

Sr'", µµC/I Subject No. 

Utirik, Age 1-15 

2128 

1.3 
1.6 
1.8 
2. i 
0.23 

1.5:!:0.9 

2236 
2246 

Sr'". µµC 

I 7 

2.1 
1.0 

Females 

Volume. ml 

430 

660 
510 

Sr"', µµC/I 

3.9 

3.1 
1.9 

2.5 

--~ 



Addendum 

A NOTE ON THE VEGETATION 
OF THE NORTHERN ISLETS Of RONGELAP ATOU, MARSHAU ISLANDS, MARCH 1959 

8.S. 81.UMIHG* AND R.A. CONAID 

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

•National lrutitutes of Health, ~th~scla, Maryland 
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and to re-examine the vegetation. A helicopter 
was available for transportation, which permitted 
general and detailed air examination as well a' 
two short ground surveys. The northern islets were 
estimated to have received a radiation dose of 
:::3000 r. The islets of Naen and Gegen were ex­
amined in greatest detail. The most striking fea­
ture observed from the air was the generally gra} 
color of much of the vegetation, in contrast to it' 
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Figu"' A-1. Map of Rongclap Atoll showing position of major isl.,ts. 
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Figure A-2. Affected G1Utlarda specwsa with normal appearing Scaroola smcta. 

rmal .~reen color. Ground surveys revealed that 
uvula strlCta was· common and normul in ap­
arance. Many of the Gutltarda spmosa appeared 
be in poor condition (Figure A-2). In some, all 
nearly all the leaves were gone from the termi-
1 I to 12 in. of the branches, and other leaves 
re yellowed and shriveled. In other Guettarda, 
arly all the leaves were gone, and the bushes 
peared completely dead. More than 50% of the 
ettarda were affected in whole or part. In one 
.1 of Naen several hundred yards inland from 

ean beach, there was a field of ::::::30 Gutt-
111 of which were dead. Some young Pisonia 

' were seen which appeared to be in good 
ion. Mature P1sonia were seen which were 
lly defoliated, but these did not appear to be 
' different from those seen on Rongelap Islet 
southeast corner of Rongelap Atoll. None 

mistletoe-like clumps described by Fosberg 
1 e observed. Several Ochros1a ofJflositifolia were 
·n with nearly complete defoliation, which ap­
. ued dead. A small grove of coconut trees near 
e center of Naen Islet contained 4 to 5 dead 
es within a radius of ::::::300 yards, which were 
capitated at heights 5 to 12 ft above the ground 
th no evidence of axe or machete marks. Two 2-
.ided coconut trees were seen, one with fronds 
11 were mostly brown and appeared dead grow­
.( from the trunk :::::: 2 ft below the true crown of 

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 were similar to those he had previously 
reported. 

It is not possible to evaluate the cause of the 
changes from the present observations. More ex.­
tensive and detailed botanical and ecological sur­
veys will be necessary, both on the islands that 
received radiation and on those that did not, 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. 

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