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Abstract—Soonafter the Bravo nuclear test at Bikini Atoll in

the Marshall Islands on 1 March 1954, urine samples were

collected for analysis of excreted radioactivity from native

residents exposed to radioactive fallout on two atolls as well as

from U.S. military personnel on a third atoll. The earliest

acquired samples, obtained by the Los Alamos Scientific

Laboratory (LASL), were assayed for various radionuclides

and provided the first known measurements of ‘I in urine
following exposure to fallout from a nuclear test. Over the

course of 1954, many additional samples were collected by the

LASL,as well as by the Atomic Energy Commission New York

Operations Office’s Health and Safety Laboratory and the

Naval Radiological Defense Laboratory. Collectively, the

groups sampled included Marshallese exposed on Rongelap
and Ailinginae Atolls, American military weather observers

temporarily resident on Rongerik Atoll, and sailors from the

Japanesefishing vessel, the Lucky Dragon. While the bioassay

measurement data and individual urine volumes have been

crucial to various attempts to assess intakes of radioactivity

and the related internal radiation doses among the Marshall-

ese, those data have never been published in any peer-reviewed

journal, but have been restricted to agency memoranda,

laboratory reports, and summaries in some publications and

book chapters. Reconstructions of internal doses to Marshall-

ese in 1954 and in later years have depended onthese data and,

hence, they have considerable historical importance as well as

importance to ongoing health risk projections for Marshallese.

This paper presents much of the original data on urine

volumes and radioactivity from the various assays of urine for

radionuclides, and compares estimates of *'I intakes madein
1954, 1985, 1987, and 2008.
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INTRODUCTION

Tue Bravo nuclear test on 1 March 1954 (local Pacific

time) resulted in early fallout on neighboringatolls in the

Marshall Islands lying primarily to the east of the test site

on Bikini Atoll (Fig. 1, Simon et al. 2010a). Exposure to

the fallout resulted in moderate to high radiation exposures

to small groups of native Marshallese and Americansliving

or staying on these nearby atolls (64 Marshallese on

Rongelap Island of Rongelap Atoll, 18 members of the

Rongelap community on Sifo Island, Ailinginae Atoll, 159

on Utrik Atoll, and 28 American military men on Rongerik

Atoll). In addition, but not considered here, were 23 sailors

on the Japanese fishing vessel, the Lucky Dragon.

The Marshallese exposed to Bravo fallout on the

atolls directly downwind were, collectively, one of the

first populations to be exposed to both high levels of

internal and external radiation from radioactive fallout,

the first population to provide information regarding

late-effects of acute to moderately-protracted environmental

exposures, and the first population to give information

about the health effects of exposure to radioiodines. In

companion papers, Bouville et al. (2010) and Simonetal.

(2010b) provide an assessment of external and internal

doses received by natives of all atolls of the Marshall

Islands from all tests conducted in the Marshall Islands,

including those highly exposed from Bravo fallout. The

estimated internal doses of Simon et al. (2010b) are

based, to a large degree, on the assay data reported here.

The primary pattern of high deposition from Bravo

as reported by numerousreferences (e.g., Conard 1975;

DNA 1979; Martin and Rowland 1982) was cigar-

shaped, 32—64 km wide, and extended eastward towards

Utrik Atoll docated 570 km east of Bikini) with a slight

northward curvature (also see Lessard et al. 1985). The

atolls of Rongelap, Rongerik, Ailinginaeall lay at inter-

mediate distances to Utrik and had either permanent or

temporary resident populations at the time of the Bravo

test. Much lower depositions were also receivedat atolls
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lying at more southern latitudes, e.g., Kwajalein, Majuro

and others (Breslin and Cassidy 1955; Becket al. 2010).

Prior to the Bravo test, there was little experience

with assessing internal contamination from exposure to

fallout or predicting the related health consequences. One

central reason that investigators from the Los Alamos

Scientific Laboratory (LASL) conducted the urine sam-

pling was to correlate data collected during Operation

Greenhouse (Enewetak 1951) and in the UK on deter-

mining the relative hazards of external and internal

exposure to radioactive debris from atomic weapons.*

The data obtained from bioassay were also believed to be

potentially useful for radiation safety purposes in the

future, particularly since the weapons testing program

was envisioned to continue for years to come.

Soon after the exposures took place from the depo-

sition of Bravo fallout, investigators at LASL realized

that urinary excretion of radionuclides by the Marshall-

ese could be used as an index of internal contamination,°

and plans were madeto obtain 24-h urine samples from

the islanders and the military weather observers stationed

on Rongerik.* On the 15th dayafter fallout, the first urine

collection was conducted by LASL.Otherinstitutions, in

particular, the Naval Radiological Defense Laboratory

(NRDL), and later Brookhaven National Laboratory

(BNL), also collected urine samples in 1954; however,

their purposes were primarily to documentthe effects

and responsesto, at that time, levels of environmental

exposure without precedent (Bond et al. 1955; Conard

et al. 1956).

The earliest report on radioactivity assays in urine

samples collected from Marshallese was from one of us

in the form of a laboratory memo referred to here as

Harris (1954)**. In that document, summary results of

assays (countrates and activity concentrations) of '*'I in
urine from the exposed adult population on Rongelap

Island and on nearby Sifo Island on Ailinginae were

reported and simple estimates of thyroid doses from '*'1
estimated. As will be discussed, the LASL urine samples,

while obtained from individual adults, were mixed to

form “pooled” samples from which aliquots were

assayed for '*'I activity and other radionuclides. At a
later date, a modest change in detector efficiency for

* Telex communication (memorandum). Los Alamos Scientific

Laboratory to USAEC, Washington, DC. 10 March 1954. Availableat:

http://www.hss.energy.gov/healthsafety/ihs/marshall/collection/data/
ihp1d/400045e.pdf.

** Harris PS. A summary of the results of urine analysis on
Rongelap natives Americans and Japanese fishermen to date. Memo to
AEC. Los Alamos, NM: Los Alamos Scientific Laboratory; 1954.
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'S!T measurements was determined.’’ Neither the mod-
ifications, nor the original data, however, were ever

published.

In addition to collections by LASL, urine samples
were also collected by the Atomic Energy Commission

(AEC) New York Operations Office’s (NYOO) Health

and Safety Laboratory (HASL) (Bouville and Beck

2000) and the NRDL (Cronkite et al. 1956; Woodward et

al. 1959). There does not appear, however, to be any
single source of information on all urine samples ob-

tained by the different laboratories. From the sparse
historical record, it appears that some of the sampling

efforts were partially coordinated. For example, urine
samples collected by Navy personnel on 24 and 25

March 1954, under the NRDLauspices, were distributed

to HASL, LASL, and NRDL.** In 1958, the Walter Reed

Army Institute of Research (Department of Nuclear
Medicine), in conjunction with the Department of Pathol-

ogy of BNL reported on the determination of internally

deposited radioisotopes from urine samples collected in
1954. Those data appear to be counting data from which the

radionuclide excretions (in terms of activity per day) were
reported in 1959 by Walter Reed Army Institute of Re-

search.
Possibly because of the poor documentation avail-

able on the various urine samplings conducted by differ-
ent laboratories, James (1964), for an estimation of doses

to Rongelap children, mistakenly assumed and reported

that the pooled urine samples collected by LASL were
20.1% urine (by volume) from ages 5-16 y and 4.8%

from ages <5 y. Those volumes described the Walter

Reed samples reported by Woodwardet al. (1959). The
LASLsamples, in fact, only included urine from adults.

In later years, dose assessments for the Marshallese

on Rongelap, Ailinginae and Utrik (Lessard et al. 1985)
and the American military on Rongerik (Goetz et al.

1987) were conducted, though none were published in

peer-reviewed journals. Lessard et al. (1985) estimated

external and internal thyroid doses to the Marshallese on
Ailinginae, Rongelap, and Utrik from the Bravo test
using data of Harris** and other kinds of information.

Other authors later cited Lessard et al. (1985) as that

analysis was easily the most thorough and best docu-

mented analysis at that time. However, all of the above

reports incorrectly reported that the pooled urine sample
collected by LASL included urine from children.

It is unusual, given the significance of the primary

bioassay data, that after 55 years, it is so poorly docu-

mented in the open literature. However, one of us

** Harris PS. Bravo fallout. Written circa 1980, unpublished

manuscript.
** Memorandum from E.P. Cronkite (NRDL) to Merril Eisenbud

(NYOO), 4 April 1954.
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(P.S.H.) conducted the very first urine sampling and the

measurements of '*'I and has personal knowledge that
explains those unusual circumstances. Within the first

few days to weeks after the exposure took place, there

was an immediate need for estimates of intake and

radiation dose so that the medical community could plan

for the appropriate care of the exposed Marshallese,

based on their expectations of the late effects that might

occur as a consequence of the exposures (Bondet al.

1955). To assist in understanding the extent of the

contamination and for estimating exposures, urine sam-

ples were collected and radionuclide analyses made.

However, the initial report by Harris** was marked for

“official use only” making publication of the data at that

time impossible. That classification was maintained until

the mid-1980’s. Other data useful to reconstructing

doses, e.g., the urine volumes of the NYOO samples,”

were contained in memoranda notdeclassified until the

mid-1990’s. While all the memorandareferred to in this

publication are now unclassified, the 1954 '°'I bioassay

data are difficult to locate, even from documentarchives.

The importance of the LASL urine sample measure-

ments is underscored by the fact that no estimates of

intakes have been published that are independentof those

data. More recently, Musolino et al. (1997) and Taka-

hashiet al. (2001) discussed simple strategies to estimate

intakes from other tests and at other atolls, generally

based on assumingthe total contemporary '*’Cs deposi-
tion was due to the Bravo test, an assumption shown to

be incorrect in Beck et al. (2010).

While one purpose of this paper is to correct the

misconception that urine from children was included in

the LASL pooled urine samples measured for '*'I, the
primary purpose of this publication is broader and

includes: 1) to clarify, as well as possible, the historical

record on the various sampling efforts, 2) to publish, for

the first time, the available bioassay measurement data

from the urine sampling conducted by LASL and, to a

lesser degree, the other institutions that collected urine

samples, 3) to provide a summary of the 1954 interpre-

tation of the assay data (in terms of '*'I intakes), and 4)
to provide a comparison of various intake estimates that

have been reported (Harris**; Lessard et al. 1985; Goetz

et al. 1987; Simonet al. 201 0b).

METHODS AND REVIEW OF LITERATURE

Urine sampling
One of us (P.S.H.), on behalf of the H Division of

LASL, conducted the first collection of urine samples

from the Marshallese adults exposed on Rongelap and

Ailinginae (°*******; Langham 1954) who had subse-
quently been evacuated to Kwajalein Atoll for decontam-
ination and medical care (Bond et al. 1955). The LASL

sampling strategy called for collection of complete 24-h

urine samples as that was the standard method used at

Los Alamos at that time for assessing body burdens of
plutonium among workers.’ However, during the plan-

ning stages, it was not known whether individual or

pooled samples would be most amenable to the measure-
ment technology available and to the level of activity in

the urine.
The first LASL urine collections (16, 17, and 19

March 1954, see Table 1) were carried out with assis-

tance from the medical practitioner of the Rongelap

community.""’ Details about the collection efforts on
other days and by agencies other than LASL have not

been found.
Four composited urine samples, each a mixture of

urine from several persons, were assayed to produce the

'S'T excretion data upon which all retrospective thyroid
dose estimates from Bravo fallout have been based. The
urine samples from individuals were collected by LASL

from adults and mixed to form the four pooled sam-

ples.** One sample was from 35 Marshallese adults on
Rongelap Island and was obtained on 16 March 1954

while a second sample from 31 Rongelap adults was
obtained on 17 March 1954. A third sample from 9

Rongelap adults exposed on Sifo Island (Ailinginae
Atoll) was obtained on 19 March 1954, and a fourth from

9 U.S. military weather observers temporarily resident on

Rongerik was collected on 18 March 1954.7**885 In
addition, nine individual urine samples for plutonium

analysis were collected from the American weather
observers on Rongerik and a pooled urine sample was
obtained on 28 March and 14 April from twosailors of
the Japanese fishing vessel, Lucky Dragon No. 5,*****Ss
that was in the vicinity of Bikini Atoll at the time of the
Bravo detonation. The collection of these samples was
briefly noted by Harris in 1954.** Table 1 summarizes

the various urine collections which totaled at least 19 in
1954. The summary was developed from all literature

that could be presently located.

** Shipman TL. LASL Health Division Progress Report, Nov.
20—Dec. 20, 1954. Los Alamos: Los Alamos Scientific Laboratory

(declassified in 1978). Available at: http://www.fas.org/sgp/othergov/
doe/lanl/doe_marshall_isl/0671_a.pdf. Accessed 2 June 2010.

"¥ The medical practitioner was a man named Jabwe(P.S. Harris
personal notes, also see Sharp and Chapman 1957). At that time,
Marshallese typically went by a single name.

== Harris PS. Laboratory notebook, 6465. Verified for declassi-

fication, February 1980. Los Alamos, NM: Los Alamos Scientific

Laboratory; 1954.
888 Harris PS. Laboratory notebook, 6742. Verified for declassi-

fication, February 1980. Los Alamos, NM: Los Alamos Scientific

Laboratory; 1954.


