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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.



Urinary excretion of radionuclides @ P. S. Harris ET AL. 219

(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.
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Table 1. Summary ofcollection dates of urine samples in 1954, sample size, and related information.
 

 

Institution Date of

responsible Group collection Days post No. of subjects (age Description of

for sampling Group sampled code* (1954) detonation category) samples References

LASL? Rongelap LA316R 16 March 15 35 (adults of 48 24-h #eTEESSS and personal

evacuated) notes of P.S.H.

LASL Rongelap LA317R 17 March 16 31. (adults from 24-h #22588 and personal

same group of 48 notes of P.S.H.

evacuees)

LASL American military LA318A 18 March 17-9 (adults) 24-h #22588 and personal

weather notes of P.S.H.

observers on

Rongerik

LASL Rongelap group on LA319S_ 19 March 18 15 (adults) 24-h #22588 and personal

Sifo, Ailinginae notes of P.S.H.

Unknown Japanese fishermen LA328J 28 March 27 ~—-.2 (adults) Unknown volume, but *******5 and personal

of Lucky assumed as 1 L d™! notes of P.S.H.

Dragon

Unknown Japanese fishermen LA414J 14 April 44 2 (adults) Unknown volume, but **#558 and personal

of Lucky assumed as 1 L d7! notes of P.S.H.

Dragon

AEC-NYOO  Rongelap NY325R 25 March 24 29 adults‘ Unknown #22588 and personal

(HASL)* notes of P.S.H.,

also see footnote d

AEC-NYOO  Rongelap/PBM NY325RP 25 March 24 13 adults‘ of 16 Unknown #22588 and personal

(HASL) group® evacuees notes of P.S.H.,

also see footnote f
and #*#

AEC-NYOO Rongelap group on NY325S 25 March 24 15 adults‘ of 18 Unknown #22588 and personal

(HASL) Sifo, Ailinginae notes of P.S.H.,

also see footnote f
and #*#

AEC-NYOO_ Rongelap NY401R 1 April 30s 31 adults Unknown #eTEESSS and personal

(HASL) notes of P.S.H.

AEC-NYOO_ Rongelap NYS501R  ~15 May ~75 Unknown Unknown Cronkite et al. (1956)

(HASL)
AEC-NYOO_ Rongelap NY60IR  ~1 June ~90 Unknown Unknown Cronkite et al. (1956)

(HASL)
AEC-NYOO_ Rongelap NY90IR ~1 September ~180 Unknown Unknown Cronkite et al. (1956)

(HASL)
NRDL Rongelap and NY403RA_ 3 April— 33-38 26 total: 6 24-h Cronkite et al. (1956)

American 8 April Americans

military weather (adults), 20

observers Marshallese

(ages unknown)

NRDL Rongelap NR413R 13 April 43 27 total: 24-h Cronkite et al. (1956)

Marshallese: 8 <

5 y®, 13 of 5-16

y, 41 >16 y', 25

Americans (adults)

NRDL Rongelap NR416R 16 April 46 Unknown! 24-h Cronkite et al. (1956)

NRDL Rongelap NRSI5R ~15 May ~75 10 > loy 24-h Cronkite et al. (1956)

NRDL Rongelap NROOIR ~1 June ~90 10 > loy 24-h Cronkite et al. (1956)

NRDL Rongelap NR9OIR ~1 September ~180 68 total: 24-h Cronkite et al. (1956)

Marshallese: 8 <

5 ys, 15 of 5-16

y', 45 > 16 y™
 
* Similar to the codes originally used by Harris: institution abbreviation (LA for LASL, NY for AEC-NYOO, NR for NRDL), month,

day of month, group identifier: R (Rongelap), J (Japanese), A (Americans), S (Sifo, Ailinginae group from Rongelap).

>Los Alamos Scientific Laboratory (H Division).

© Atomic Energy Commission-New York Operations Office (AEC-NYOO, renamed HASL,i.e., the Health and Safety Laboratory, 1953).

* According to Woodwardet al. (1959), 141 samples were collected by NYOO from 24 March through 24 September and analyzed as 19 pooled

samples (aggregated by age) though the reference does not provide a breakdown of number of samples collected on each specific day.

* Marshallese group evacuated by seaplane,i.e., patrol bomber “Mariner” or PBM.

"Eugene Cronkite to Merril Eisenbud, 4 April 1954, Declassified Memorandum. Same as footnote **. Available from: https://

www.osti.gov/opennet/servlets/purl/16366538-uKs8tj/16366538.pdf. Accessed 2 June 2010.

© Seven from Rongelap, | from Ailinginae.

" Eleven from Rongelap, 2 from Ailinginae.

' Thirty-one from Rongelap, 10 from Ailinginae.

! The numberof persons sampled on 13 April and 16 April cannot be discerned due to inadequate explanations in Cronkite etal. (1956).

* Bight from Rongelap.

' Twelve from Rongelap, 3 from Ailinginae.

™ Thirty-three from Rongelap, 12 from Ailinginae.
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The most important urine samples from the point-

of-view of dose reconstruction were those assayed at the
LASLat the end of March 1954 for '*'I (see Table 1). No
other samples were obtained soon enoughafter exposure
to successfully measure '*'I. The value of the samples to
dose reconstruction requires careful consideration in

regard to their completeness and representativeness,
primarily because seemingly small volumes of urine

were obtained. The Marshallese health assistant, who

directed the collection, assured the on-site LASL inves-

tigator (P.S.H.) that complete 24-h urine samples could
be collected, and afterwards, were collected. The original

interpretation of the urine data by one of us (P.S.H.**)

was that urine samples collected were complete 24-h

collections. Herein, as well as in Simonetal. (2010b), we

support the interpretation that, on average, those are
legitimate conclusions.

Radioactivity measurements
Several types of measurements and assays for dif-

ferent radionuclides were performed in 1954 though
some of the radiometric analyses were rudimentary by

today’s standards and, in some cases, the measurement

techniques were non-specific or had insufficient detec-
tion sensitivity (Table 2 and Appendix). Table Al

summarizes the various assays conducted on urine sam-
ples collected in 1954. Here again, this summary was

developed from the collection of literature available to
us. Because of the importance of the LASL '°'T measure-
ments to dose reconstruction, we emphasize those mea-

surements, though in Table Al, we also briefly review

the methods and findings of the other various radionu-
clides measurements based on descriptions that can be

found today in archival documents.

LASL samples and measurements. Iodine-131 in

adult urine samples following the deposition of Bravo

fallout was measured at LASL.*#7>**#*588 There were
primarily two types of measurements: measurements of

Table 2. Bioassay measurements reported by investigation group

(Y indicates that assay was conducted).
 

 

LASL USNRDL Walter Reed

(eeTangham (Cronkite (Woodward

Radionuclide 1954) et al. 1956) et al. 1959)

81Cs Y — Y
Sr Y Y —
Sr — — Y
BRy Y — —

13 ly Y — —

“Ba Y Y —
Ca Y —
239,240Dy, Y Y __

Gross beta-activity Y Y —

Pu Y — —
 

gamma-ray emissions made on raw samples and on the
volatile fraction.******5> Only the earliest samples col-
lected by LASL and measured for ''T within 30 d of
exposure have offered quantitative measurement data
useful for reconstructing doses to the thyroid gland from
radioiodines.

Gamma activity measurements used a

photomultiplier-based scintillation detector (Fig. 1) de-
veloped at LASL coupled to a 100-channel spectral

analyzer. The detector system was referred to as the
“scintillation arm counter” (SAC), because the operator’s

arm could be inserted into the chamber that held up to

two 500-mL bottles. While no records have been found
of the dimensions, wall material, and scintillator thick-

ness, we believe the scintillation fluid to have been
diphenyl oxazol (PPO) plustripheny! dioxazol (POPOP)

in toluene as used in the construction of a whole-body
counter at Los Alamos (Anderson et al. 1956) with a

similar but larger design.

The detector system was used for measurements of
'S'T in liquid form. Measurements of both the raw urine
sample and the volatile fraction were made.*****55* Tt
was found near the end of March 1954 that 77% of the

gamma emissions were in the volatile component and it

was identified to be '*'I through determination of the
half-life.******55 However, the measurements of activity
of '*'T in urine used for all subsequent intake calcula-
tions** (Lessard et al. 1985; Simon et al. 2010b) were

REAR END VIEW OF SAC

  

 

Array of *

PM tubes

Detector shell containing liquid scintillator

FRONT VIEW OF SAC

etCae
bottle

 

Fig. 1. Drawing of front and rear views of “scintillation arm

counter’ (SCA) developed at LASL for gammaactivity measure-
ments and used to assess ''I activity of pooled urine sample in

1954.
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madeonthe raw (1.e., unseparated) sample. The detector
efficiency for measuring gammaemissions from '*'T was
estimated to be 39% at the time ofthe first reporting of

results******% and later modified by Harris to be 35%."
Analyses of other radionuclides were also conducted

at LASL as described by internal LASL reports from

1954.***** These included beta ray measurements of
dried urine samples and analyses of plutonium in urine.

Analyses for plutonium were based on an unidentified

means of chemical isolation which was the procedure in
use at LASLatthat time, followed by alpha counting for
80 min.****

Assumptions for estimation of radioiodine intake
Intake and internal radiation dose calculations can

be made with varying degrees of complexity and realism,

and though few parameters are needed to makeestimates
of intake, calculations generally require assumptions,
some that can be made with good assurances and others
that can be difficult to verify. One assumption inherentin

the interpretations of the ''I assay data by Harris
(1954**), was that the excretion followed a single intake

of radioiodine from Bravofallout. This appears as a good

assumption because the last test depositing fallout at
Rongelap prior to Bravo wasthe Kingtest in 1952 (Beck

et al. 2010), and there were no further tests depositing
fallout before the urine samples were collected in mid-
March of 1954.

While the simplest assumption concerning time of

intake is to assume that intake occurs at the onset of

deposition, other assumptions are clearly possible. For
example, the total estimated intake could be partitioned
into fractional intakes at various time following deposi-
tion, e.g., at meal-times. Though differences in assump-

tions about time of intake are not extremely important for

‘ST, partitioning the total intake may be modestly impor-
tant for dosimetry of the shorter-lived iodine isotopes.
For example, Lessard et al. (1985) calculated total

intakes based on the assumption that one-third of the '*']
wasingested 5.5 h post-detonation (H+5.5 h or ~12:15
pm) and two-thirds at H+12 h (~6:45 pm). In the

earliest LASL assessment by Harris,** no such assump-

tions were made. In the work of Simon et al. (2010b),

intake was considered to occur at the midpoint of the
period of deposition which typically takes place for a
period of time somewhat less than the elapsed time

between detonation and onset of fallout (Simon etal.

2010b).

#2 Tog Alamos Scientific Laboratory, Memo R3574, “Data on

plutonium results from urine samples collected in the Marshallese.”
Undated. Declassified by Atomic Energy Commission, 3/23/1972.
Obtained from archives of U.S. DOE Environmental Measurements
Laboratory.
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Another assumption made in 1954 was that inges-

tion was the primary modeof intake.** This conclusion
follows from various arguments including the relatively

large size of particles deposited at Rongelap, which
would tend to preclude inhalation and has been subse-

quently supported by Lessard et al. (1985) and Simonet
al. (2010b).

Based on these various assumptions, the intake (Bq)

of radioiodine on the day of intake can be simply
estimated by the quotient of the '*'I activity measured in
the total daily urine output (decay corrected from time of
measurement back to time of collection) and the frac-

tional excretion on the day of collection per unit of intake
(unitless).

The urinary fractional excretion on any single day
following intake can vary, however, among individuals

due to differences in individual metabolism, differences

in ambient temperature, and differences in water losses

from the body, primarily through the skin (Maoetal.
1990, 2001; ICRP 2002). There are few reported long-

term empirical data (beyond a few days) of '*'I excreted
in urine from an acute intake. Hence, for the most part,

the daily excretion fraction must be predicted from a
biokinetic model.

Various radioiodine biokinetic models have been
published over the years. For example, the International
Commission on Radiological Protection (ICRP 1989)

published basic metabolic data for iodine in the body
based on the description by Riggs (1952) and used that
data to develop a three-compartment model with explicit

representations for blood, thyroid, and the rest of the

body. These models, however, were not available at the

time of the exposures to Bravofallout.
The estimated excretion fraction from an acute

intake of '"'T (i.e., fraction of original intake excreted on
day f) used by Harris in 1954** was 0.001 on H+16 d

and H+17 d based on the advice of biokinetics expert,
Joseph Hamilton (see, for example, Hamilton and Soley
1939, 1940; Hamilton 1948). However, because good

data on the long-term excretion of radioactive iodine

were not available at that time, the value of 0.001 was

recognized as only an estimate and radioactive decay
between time of intake and time of sample counting was

accounted for in the decay factor of eqn (1).

Values of the excretion fraction of '*'I used by later
investigators have varied within a range of two-fold;
however, all these implicitly included radioactive decay
between day of intake and day of sampling. For example,

Lessard et al. (1985) provided an estimate of 1.4 < 10*

for the early LASL samplesas derived from ICRP (1979)

and Johnson (1981). Goetz et al. (1987) estimated that

the excretion fraction for the American military men on

Rongerik was 3.07 X 10* on day 17 as derived from
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Dunninget al. (1979, 1981) after making an adjustment
for ingrowth of '°'l. In the work of Simon etal. (2010b),
the best estimates of the excretion fraction for the

Marshallese were about 1.70 X 104, 1.65 X 10“, and
1.43 x 104 for days 16, 17, and 19, respectively (see

Table Al, Simon et al. 2010b). The estimates in that

work were based on a biokinetic model that simulates a
relatively high daily water loss through the skin. Decay-
correcting the estimate of the iodine excretion fraction of

0.001 originally used by Harris in 1954** for the elapsed
time between intake and sampling gives an excretion

fraction of 3.0 X 104, a value very close to those used

in the other assessments discussed.

While estimates of thyroid dose were presented by
Harris in 1954** and others to follow, here we only focus

on the data necessary for estimating intake. The readeris

referred to Simonet al. (2010b) for a comparison of the

dose estimates made over the 55 years since the acute
exposures from Bravo fallout took place.

Estimating radioiodine intake
The earliest thyroid dose estimates** used simple

estimates of '*'I intake derived directly from gamma
spectrometric measurements of the count-rate of '°'I in
each of the LASL pooled urine samples.******’> The
intake (Bq) of '*'I can be estimated as shown in eqn (1)
from the gamma-ray counting results and other parame-

ter values provided in Table 3. Using the available
counting data, only the average intake, Q, among adults
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whose urine was sampled (or others for whom the data
are a suitable surrogate) can be estimated:

CRXKXV

EF) X ec (1)Q(T) =

where

Q=acute intake of ''I intake (Bq, group
average);

CR =background adjusted count rate (c s') of
''T per mL of urine;

K =correction factor corresponding to the ra-
dioactive decay of ''I between time of
sampling and time of counting;

V = 24-h urine volume (mL) averaged over the
sampled population;

EF(t) = urinary excretion fraction for '*'I on day of
sampling, ¢ being the time elapsed between
intake and sampling; and

Ec = gammadetector counting efficiency (count
per decay).

If the estimated excretion fraction is derived from

data from stable isotope experiments or is based on
short-term observations, the decay correction may need

to accountfor the total time between intake and counting
to properly assess the intake of the radioactive isotope.
This was the method used by Harris in 1954.** If the

excretion fraction pertains specifically to '*'I and is
derived from reliable measurements or a_ validated

Table 3. Bioassay data from Harris (*******S) used in 1954 assessment of ''l intake.
 

Number of Number of ''I counting

Estimate of

Assumed urinary average

 

Group sampled and days from days from results Counting excretion on day daily urine

date of sampling in intake to sampling to (cs! per Decay efficiency’ of collection volume

Group ID 1954 sampling counting" 500 mL) correction? (%) (%)* (mL)

LA316R Rongelap adults, 15 14 70 13.5 35 0.1 500

16 March

LA317R Rongelap adults, 16 13 76 13.5 35 0.1 500

17 March

LA318A Rongerik 17 12 20 13.5 35 0.1 500°
(American

military weather

observers), 18

March

LA319S Rongelap adults 18 11 33 13.5 35 0.1 500

exposed on Sifo,

Ailinginae, 19

March

LA328J and Japanese fishermen 27 and 49 Unknown 0 (not ~13.5 35 0.1 1L

LA419J (Lucky Dragon), detected (assumed)

28 March and above

April 19 bkend)
 

“Counting date was 30 March 1954.

> Based on elapsed time from intake to counting of approximately 30 d and a half-life of 8 d.

‘ Original estimate estimate was 39% (**), later corrected to 35%".

‘Excretion fraction estimate from J. Hamilton (see text) based on data from short-term observations.

* Actual mean 24-h urine volume was 1,072 mL (Table 2).
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model, the decay correction need only to account for the
elapsed time between sampling and counting. This was
the method used by Lessard et al. (1985), Goetz et al.

(1987), and Simonet al. (2010b).

RESULTS AND DISCUSSION

Urine volumes
The distributions of individual urine volumes in the

three groups of samples collected by LASL from

Rongelapese on March 16 (n = 35), March 17 (n = 31),

and April 15 (2 = 21) in 1954 are presented in Table 4

and Fig. 2.***5** The mean urine volumes from the LASL

collections in mid-March 1954 were similar; the average

values were 427 mL (March 16, Rongelap), 448 mL
(March 17, Rongelap), and 385 mL (March 19, Sifo).

The distributions and mean urine volumes of the HASL
samples (Fig. 3) from March were similar in magnitude
to the LASL samples, but slightly higher, 596 mL

(March 24, Rongelap), 523 mL (March 25, Rongelap),
756 mL (March 24, Sifo), 603 mL (March 25, Sifo), and

573 mL (April 15, Rongelap) (Cronkite et al. 1956).**
Individual urine volumes from two groups of the

American military weather observers resident on

Rongerik at the time of Bravo whoprovided samples in
1954 on March 19 (n = 9 for beta activity measurements

and n = 10 for Pu activity measurements) are shown in
Fig. 4 and are also summarized in Table 4.***SS

The urine volumes collected from the Marshallese

were, on average, small compared to the usual range of

800 to 2,000 mL d' reported for populations with a
typical fluid intake of about 2 L d| (MedlinePlus 2002).

Not all Marshallese sampled, however, excreted these

extremely small samples. For example, of those sampled

on March 16, the volume for one urine sample was
greater than 800 mL, of those sampled on March 17,

three (12%) were greater than 800 mL, and of those

sampled on June 15, six (30%) were greater than 800 mL.
Lowerthan average urine volumesare, in general, a

result of either reduced fluid intake and subsequent
dehydration or high water losses through feces or, more
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Fig. 2. Empirical cumulative probability distributions of urine

volumes obtained from two Los Alamos Scientific Laboratory

(LASL) samplings of Rongelapese greater than 16 y old at time of
exposure (see Table 4 for a summary of the data).

commonly, through the skin. Hence, one possible expla-
nation for low urine volumes among the Marshallese was

a well documented drought that had been underway in
the northern Marshall Islands for a number of months

prior to the Bravo test. Sharp and Chapman (1957)
reported that “for many weeks prior to 1 March, the

natives had been rationed to one pint cup per individual

per day.” The shortage of fresh water would have also
affected those on Ailinginae and Utrik. The average
urinary excretion for the American weathermen on

Rongerik was significantly greater compared to the
Marshallese (Table 4) and averaged about 1,100 to 1,200

mL per day.***’°* However, Rongerik, where the Amer-
ican military weather observers were located, had a water

distillation unit and drinking water was available in

5-gallon cans at the time of evacuation (Sharp and
Chapman 1957).

Anotherplausible explanation for the small average
values of urine is the reduction of daily urine volumein

Table 4. Summary statistics of sampled urine volumes (see Table | for references). All values are nominally mL per
24 h (na = not available).
 

LA316R LA317R LA319A LA319AP*
 

No. of samples 35 31 9 10

Minimum 90 140 730 760

Maximum 990 850 1,345 1,525

Mean 427 448 1,072 1,197

Median 360 415 1,130 1,250

Std Error 42 37 71 86

Group ID

LA319S NY324R NY325R NY324S NY325S NY416R

15 40 43 12 15 21

na 70 95 320 90 47

na 980 980 965 985 980

385 596 523 756 603 573

na 653 480 805 750 540

na 47 44 57 76 59
 

“LASL sample on March 19 from American (A) military for plutonium (P) analysis.
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Fig. 3. Empirical cumulative probability distributions of urine

volumes obtained from Rongelap and Ailinginae groups by the
Health and Safety Laboratory (HASL AEC-NYOO)(see Table 4

for a summary ofthe data).
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Fig. 4. Empirical cumulative probability distributions of urine

volumes obtained from two Los Alamos Scientific Laboratory

(LASL) samplings of American military weather observers on
Rongerik (see Table 4 for a summary ofthe data).

the tropics that occurs as a consequence of perspiration and

insensible water losses through the skin due to high humid-
ity and temperatures. It is known that urine volumes in
humid, tropical climates are typically much smaller than

more temperate climates (Elebute 1973; Latham 1997); see

the Appendix of Simon et al. (2010b) for a detailed

discussion of that phenomenon. For these reasons, we
believe that the relatively small volumes obtained from the

Marshallese were, on average, reasonable.

'S'T count rates and estimates of intake
Gamma-ray count rates per 500 mL from each ofthe

four pooled urine samples (Table 3) and the related

estimates of intakes in 1954** are presented here (Table
5). Urine samples were counted on numerous days to
check for consistency of the decay rate.****** The count
rate data reported here were specifically from 30 March

1954. Count rates from '*'I in the pooled urine samples
obtained from adult Marshallese on March 16 and 17 on
Rongelap were nearly identical: about 70 counts per

second (c s') per 500 mL obtained on 30 March 1954.

The count rate from the pooled sample of Rongelapese
on Sifo Island, Ailinginae Atoll, at the time of the Bravo

test was 33cs! per 500 mL, about one-half of the value

for the adults exposed on Rongelap.****Ss
The count rate in a pooled urine sample from the

American military weather observers on Rongerik, made

on an equal volumeof urine as that for the Marshallese
samples, was less than one-third of that of the Rongelap

samples, about 20 counts per second per 500 mL,*****85§
though when adjusted to the approximate 1 L per day
urinary excretion of the Americans, the count rate per

24-h excretion was 40 cs', higher than on Ailinginae.
This is explained by the two-fold higher deposition of

'’Cs on Rongerik compared to Ailinginae (see Table7,
Simonet al. 2010b).

The intakes of '*'I originally estimated in 1954 by
Harris** were 2.1 MBq (56 pCi) for the Rongelapese

and 0.65 MBq (17.5 mwCi) for the Rongerik group.
Revised estimates by Harris" that included minorrevi-
sions for detector efficiency were 2.8 MBq for the
Rongelap group, 1.3 MBq for the Ailinginae group, and
0.78 MBq for the Rongerik group (Table 5).

Comparison of estimates of intake of radioiodines
A comparison of adult male and female average

intakes of '*'T for Marshallese exposed on Rongelap and
Ailinginae to Bravo fallout is made in Table 6 from
estimates derived by Harris in 1954** and later modi-

fied,’* Lessard et al. (1985), and Simon et al. (2010b).
Similarly, a comparison of estimates of intake for Amer-

ican military weather observers exposed to Bravo fallout
on Rongerik is made in Table 6 from estimates presented

by Harris in 1954,** Goetz et al. (1987), and Simonetal.

(2010b).

Average estimates of intakes of '*'T among adults,
depending on the assessment, ranged from 2.8 to 3.5

Table 5. Original and revised estimates of intakes (MBq) of ‘I
by Harris.*
 

Original estimates Revised estimates

 

Sampled group (**) (")

LA316R and LA317R 2.1 2.8

LA318A 0.65 0.78

LA319S nt 1.3
 

a ¢énr” is not reported.
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Table 6. Comparison of estimates of average acute intake (MBq)

of '*'I among exposed Marshallese and American groupsfollowing
deposition of Bravo fallout. All values are rounded to two

significant digits.
 

Group and source of

 
estimates Gender(adults) S81 (MBq)

Rongelap Island group

Harris (**'") Male-female average 2.8

Lessard etal. Male-female average 3.4

(1985)

Simonet al. Male-female average 3.5

(2010b)*

Sifo, Ailinginae group

Harris (**") Male-female average 1.3

Lessard etal. Male-female average 0.69°

(1985)

Simonet al. Male-female average 1.2

(2010b)*

American military on Rongerik

Harris (**") Male 0.78 (1.7)*
Goetz et al. Male 0.56 (1.2)°

(1987)

Simonet al. Male 1.7

(2010b)
 
“Intake estimates here use the Simonet al. (2010b) model assumptions and

the Table 3 bioassay data (Harris 1954, footnote *) from 3/16/54 and

3/17/54 for Rongelap, while intake estimates for Rongelap in Simonetal.

(2010b) used a weighted value of intake per unit deposition from Rongelap

and Ailinginae.

> Theintake estimate by Lessardet. al. (1985) at Sifo is not solely based on

urinary '*'I measurementbut is weighted by fallout particle sizes, external

exposure rate measurements, and considers meal times, and time-of-arrival.

“ Intake estimates here use the Simonet al. (2010b) model assumptions and

the Table 3 bioassay data for Ailinginae while intake estimates for

Ailinginae in Simonet al. (2010b) used a weighted value of intake per unit

deposition from Rongelap and Ailinginae.

4500 mL urine volume (same as for Marshallese) was used in this

calculation; use of 1,100 mL urine volume for LA319A (see Table 2)

would have given 1.7 MBq.

* 500 mL urine volume (same as for Marshallese) was used; use of 1,100

mL urine volume for LA319A (see Table 2) would have given 1.2 MBq.

MBgfor the adults exposed on Rongelap, from 0.7 to 1.3
MBgfor the Rongelap adults exposed on Ailinginae, and
from 0.6 to 1.7 MBq for the American military weather

observers exposed on Rongerik (Table 6). In this context,
“average” refers to the mean value for the group of adults
sampled and that contributed to the pooled urine

sample. Those data can be reasonably assumed to be
applicable to other adults on the atoll who were not

sampled on that day.
An average of male and female intake estimates is

presented in Table 6 for comparison with estimates from
other investigators. The estimated intake of ''I among
adults on Rongelap was 2.8 MBq by Harris, 3.4 MBq by

Lessard et al. (1985), and 3.5 MBq by Simon etal.
(2010b). The primary differences can be attributed to the

assumed volume of urine excreted in 24 h and the
fractional excretion on the day of sampling (eqn 1). A

comparison of the estimated intakes of '*'l among the
military weather observers on Rongerik by Harris, Goetz

et al. (1987), and Simonetal. (2010b) showedsignificant

August 2010, Volume 99, Number 2

differences but can be primarily attributed to the volume
of urine assumed to have been excreted in 24 h. The

actual average urine volume for American military

weather observers was 1,072 mL (Table 4). Harris in

1954** and Goetz et al. (1987) both used 500 mL, while

Simonet al. (2010b) used the actual mean value.

Quality of assays of radionuclides other than ''I
Table Al of the Appendix summarizes some infor-

mation about the assay methods for other radionuclides

as implemented by LASL, Walter Reed, and the NRDL.
Little detail on these methods could be found. We have

attempted to evaluate the reliability of those measure-
ments from sparse documentation with the following
conclusions (adapted from Ibrahim 2007°"):

1. Walter Reed data on '*’Cs and the Harris data on '*'1
are good due to the specific measurements employed.
Both data sets are likely to have modest-sized mea-

surement uncertainties;
2. Sr data, analyzed only at Walter Reed, are also good

due to the specific radiochemical separation used;
3. Sr measured by NRDL and LASLissatisfactory

within a modest range of uncertainty;
4. 'Ba measured by LASL wasnotsatisfactory due to

interference from '“°La ingrowth;

5. '°Ru measured by LASL during the initial phase of
the work was notsatisfactory, but improved some-

what afterwards. Even at best, the associated uncer-

tainty with '°’Ru measurements was high; and
6. Plutonium measurements conducted in 1954 were not

reliable and were recognized as such in 1954.5

Various counting results from these assays can be

found in some of the historical documents previously
noted. Tables A2 through A6 present these data, though
we do not attempt use or interpret these data since many

of those data were either already described or, in some
cases, found to be unreliable. This documentation is
primarily for historical purposes.

CONCLUSION

For the first time in the refereed literature, the

bioassay measurement data on '*'I and volumesof urine
samples collected are presented for samples collected in
1954 following exposure of Marshallese and American

military weather observersto radioactive fallout from the
Bravo nuclear test. The data reported here include indi-
vidual and group-average urine volumes, count rates

"YT Tbrahim SA. Summary of urine bioassay conducted at the
Marshall Islands in the 1950’s and evaluation of reliability and quality
of measurements techniques. Report to the National CancerInstitute.
10 October 2007.
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from "I gammaspectrometry measurements, and esti-
mates of concentration of various radionuchdes, im par-

ticular, Im pooled urme samples These data, though
long overdue m easily accessible literature, are vitally
importantto assessmgthe doses recerved by Marshallese
and Americans from the Bravo nuclear test of 1954

In addition, herem, we have corrected the erroneous

assumptions first presented by James (1964) that the
LASLurine samples were partially composed of urme
from children Limited data were acquired on children in
other samplings leadmg to estrmates of excreted ’Cs
and “Sr For completeness, we also present most of the
available bioassay countmg data from the HASL and
NRDLpreviously available only m laboratory reports,
though wedo notmterpretall of those data as there were
many methodological- and imstrumentation-related lim-
tations to the data

Urme volumes, on an individual or population-
average basis, were smaller than expected based on
bioassay experience in locations with temperate climates,
but are, nonetheless, reasonable when considering per-

spiration and insensible water losses through the skin
whichtypically occur at much higherrates in a tropical
chmate Moreover, there was considerable consistency of

the distributions of urme volumes over many different
sampling dates and by four different institutions, partic-
ularly when the limitations imposed by relatively small
numbers of samples are considered

Estimates of mtake of radioiodmes and 1odime-
precursor radionuchdes for the Marshallese groups do
not vary greatly among several assessments conducted
over the period of 55 y and all appear within the range of
the hkely uncertamty of estimation These radioiodme
assay data are a particularly cogent example of the
importance of bioassay data followmg events mvolving
environmental contammation and exposure ofthe public
and clearly mdicate that the uses of such data may
continue well beyond the mmediate events that caused
the exposure
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APPENDIX

Several types of measurements and assaysfor different
radionuchdes were performed m 1954 though someofthe
radiometric analyses were rudimentary by today’s standards

and m some cases had chemical interferences or the mea-
surement techniques were non-specific or had msufficient
detection sensitivity (see Tables Al—A6)
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Table Al. Summary of analytical methods used for radionuclide assays of urine from Marshallese (adapted from ****),

Chemical

Year of separation method Comments on

Source of data Radionuclide collection (where applicable) Counting method measurement methods Data quality

LASL BI 1954 None Gammacounting with Satisfactory, with

(heTay SAC counter (see low to

text). moderate

uncertainty

LASL By 1954 Urine aliquots Total beta activity Correction for self Satisfactory, with

(eeTe) evaporated to counting and decay absorption/or use of moderate

dryness after rate measurements calibration standard uncertainty

adjusting pH to (8-d half-life) to were not mentioned.

8-9 confirm '*'T. Other beta emitters

Counting will interfere.

instruments not

specified.

Extraction/isolation Total beta activity Yield for extraction was Only satisfactory

method (not counting and decay thought to be about within an order

specified). rate Measurementto 60% ofall isotopes, of magnitude

Method used for confirm }°'1. SIT had the most due to

limited data sets significant activity in uncertain

on 100 mL urine. chemical yield

urine aliquots

Sr Dry or wet ashed Total nonvolatile beta Sr/**Sr ratio of 0.1 is Satisfactory, with

urine of 100 mL activity and decay assumed. Other beta moderate

urine aliquots rate Measurements emitters ('°’Cs) will uncertainty

(no chemical (55 d) to confirm interfere.

separation Sr. It was

predominant isotope

after the decay of
1317

Extraction/isolation Total beta activity and Chemical yield High degree of

method (not decay rate uncertain due to high uncertainty

specified) measurementto variability.

confirm *Sr.
®Ca Extraction/isolation Total beta activity Data corrected for self High degree of

method (not counting, absorption and decay. uncertainty

specified) instruments not Other beta emitter

specified. can interfere.

Ru(likely '°Ru) Extraction/isolation Total beta activity Uncorrected for self Unreliable

method (not counting, absorption. Levels of

specified) instruments not ‘Ru in urine are

specified. expected to be low

due to poor

absorption in humans

(likely introducing

large error in

measurements).

Plutonium 1954 Alpha counting None known. Lack of required Unreliable

sensitivity and

non-specific to

plutonium.

Walter Reed ICs 1954-1957 Precipitation on NaI well counter with Spectral analysis Satisfactory,

(Woodward nickel 20 channel gamma calibrated with reliable set of

et al. 1959) ferrocyanide spectrometer to standard source data

from urine made count precipitate. Reported measurement

strongly alkaline error of + 5%

1958 No chemical Urine counted directly Large sample volume Satisfactory,

separation on 8X4 cm NaI (2.5 L) reliable set of

crystal. Gamma-ray spectral data

analysis

S) 1954-1958 Precipitation as Precipitation counted Specific separation for Satisfactory,

carbonate, °°Y using thin-window St reliable set of

was separated gas flow counter. Data corrected for data

and identified

by its half-life

decay to time of

collection

Low to moderate degree

of uncertainty

(Continued)
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Chemical

separation method

(where applicable) Counting method

Comments on

measurement methods Data quality
 

Year of

Source of data Radionuclide collection

U.S. Naval 8Sr

Radiological

Defense

Laboratory

(Cronkite et

al. 1956)

Ra

Gross beta

Oxalate

precipitation

using a small

urine aliquot

Alternative

method:

Carbonate

precipitation of

the entire 24-h

urine sample, if

collected later

than 2.5 mo past

detonation

Mentioned, but no

information was

provided

Mentioned, but no

information

provided

Precipitate counted

using thin-window

G-M counter

Standard source was

used for calibration

of counter

Self-absorption

correction was made

using Sr standard

The method eliminates

the normal “°K

The precipitation

method is

non-specific and ”°Sr

could interfere if

present

Satisfactory if Sr

activity is

much greater

than °°Sr

(likely to have

been the case)

Not evaluated

Not evaluated

 

Table A2. Summary of USNRDL and HASLurine analysis (volumes in mL and grossbeta activity in d m7’) at four

times post-detonation (Cronkite et al. 1956).
 

Approximate time post-detonation and bioassay data

 

 

 

1 1/2 mo 2 1/2 mo 3 mo 6 mo

Population Number Ave.vol. Number Avg.vol. Number Ave.vol. Number Ave.vol.

and age of (mL) per Avg.dis of (mL) per Avg.dis of (mL) per Avg.dis of (mL) per Avg.dis

group subjects 24h min™' subjects 24h min™! subjects 24h min™! subjects 24h min“!

Rongelap

<Sy 7 165 404 — — — — — 8 360 12
5-16 y 11 439 758 — — — — — 12 510 5
>16y 13 581 1,208 10 824 705 10 379 339 33 625 0

Ailinginae

<5 y 1 150 217 — — — — — — — — —
5-16 y 2 275 126 — — — — — — 3 400 0
>16y 10 722 553 — — — — — — 12 655 0

American 25 1,158 309 — — — — — — — —

military

weather

observers

(adult)
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Table A3. Gross beta activity in urine of individuals from Table A4. Gross beta activity in urine of individuals from

Rongelap, sampled at 46 d post-detonation in USNRDL analyses Rongelap people on Ailinginae and American military on
(Cronkite et al. 1956). Rongerik sampled at 46 and 44 d post-detonation, respectively, in

Urine vol. Beta activity USNRDLanalyses (Cronkite et al. 1956).

Age and case no. GmL per 24 h) (dis min!) Ailinginae (H+ 46 d)

<5y Age group and Urine vol. Beta activity

2 120 712 case no. GmL per 24 h) (dis min‘)
3 150 894
5 155 313 Age <5y
23 40 223 6 — —
33 260 0 8 — —
54 80 385 44 150 217
69 455 301 Mean = 150 217

Mean = 165 404 Ave 6-15

6-15 48 180 164
20 265 1,900 53 _ _

24 550 0 81 370 88
26 650 1,032 Mean = 275 126
35 255 0
36 190 236 Age >1l6y
39 280 1,100 I 900 765
47 650 1,705 16 880 827
67 450 674 28 680 1202

72 110 507 29 780 0
75 440 0 31 260 846

76 980 1,180 41 920 62
Mean = 439 758 43 610 754

45 850 680
Age>16 51 410 400

4 455 634 70 440 0

7 810 1,700 Mean = 722 553
9 355 201

10 980 549 American military weather observers on Rongerik (H+44 d)
11 450 1,583

13 340 1,677 Age group and Urine vol. Beta activity

14 780 2,460 case no. GmL per 24 h) (dis min” ')
18 455 1,670
22 47 77 Adults

20 960 438 1 1,970 0
34 750 570 2 650 0
37 480 792 3 1,224 820

40 550 1,450 4 440 78
46 330 495 5 735 0
49 425 0 6 900 248
52 780 0 7 1,340 0
55 320 1,080 8 1,410 1,260
56 700 3,220 9
57 550 1,095 10 — —
58 750 2,170 11 1,580 385
60 810 580 12 1,460 0
62 980 1,985 13 1,810 965
63 635 2,260 14 720 438
66 855 1,715 15 1,380 830
68 300 2,010 16 1,930 0
71 290 1,450 117 945 —

73 230 0 18 1,520 0
78 965 52 19 1,300 466
79 465 2,038 20 1,070 0
80 540 1,353 21 550 353
82 670 2,140 22 — —

Mean = 581 1,208 23 1,180 0

24 1,160 750

25 1,380 187
26 510 323
27 565 —
28 1,220 0

Mean = 1,158 309
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Table A5. Radionuclide analysis of urine from Rongelap people Table A6. Urine bioassay counting (d m7’ L~') data for plutonium

45 d post-detonation (H+45) in NRDL analyses (Cronkite from Rongelap adults.****
et al. 1956).
 

Collection dates, disintegration rates, and urine volumes* 
 Beta activity (dis min7')

 
 

 

 

 

3/24/1954 3/25/1954
Sample no. Gross beta “Sr ‘Ba Rare earth activity , ,

Urine Urine

I 1,370 490-120 197 Subject dis min™! volume dis min”! volume
2 1,260 510 130 244 No. Li} lo (mL) L! lo (mL)
3 1,020 480 120 324
4 1,210 626 150 284 1 | 2 965 0 z5 670
5 1460 328-110 474 4 0 25 0 —~ na ~
6 1,200 727-170 353 ; ; OO 5 ST
Mean = 1,253 562-134 312 10 0 25 7 1 > 7
Percent of total 100 42 10.7 25.5 il 0 25 _ 0 25 _

beta activity 2 0 25 _ 1 > _

14 4 2.5 — 0 2.5 —
16 0 2.5 955 0 2.5 800
18 — na — 5 4.5 —
19 0 2.5 — — na —
22 7 2.5 — 0 2.5 —
25 0 2.5 — — na —
26 1 2 — 0 2.5 —
28 0 2.5 810 0 2.5 785
29 1 2 565 0 2.5 845
30 — na — 0 2.5 —
32 — na — 3 2.5 —
33 — na 70 2 4 210
34 0 2.5 685 0 2.5 895
35 0 2.5 250 — na 155
37 0 2.5 550 0 2.5 385
39 — na 175 — — —
40 0 2.5 700 0 2.5 650
41 1 2 950 12 3 985
43 0 2.5 720 0 2.5 7715
44 — na — — na 90
45 0 2.5 680 0 2.5 935
46 — na — 0 2.5 205
47 0 2.5 975 0 2.5 540
49 17 3 980 — na 130
50 1 2 765 100 8 770
51 8 2.5 320 0 2.5 230
52 — na 0 2.5 285
53 3.5 2.5 530 — na 105
55 0 2.5 400 0 2.5 720
56 — na — 0 2.5 595
57 — na 360 0 2.5 830
58 3 2.5 665 0 2.5 640
59 0 2.5 800 0 2.5 430
60 4.5 2.5 900 — na 150
61 0 2.5 250 0 2.5 480
62 0 2.5 560 0 2.5 755
63 0 2.5 840 2.5 2 420
64 2 2 685 1 2 550
66 0 2.5 785 7 2.5 950
67 0 2.5 500 — na —
68 3 2.5 940 1 2 590
69 1.5 2.5 160 — na —
70 — na — 75 2.5 750
71 0 2.5 225 0 2.5 210
72 — na — 0 2.5 265
73 1 2 450 — — —
74 — na 380 0 2.5 630
75 0 2.5 300 — na —
76 0 2.5 980 0 2.5 470
77 — na — 2.5 2 965

78 0 2.5 640 0 2.5 340
79 0 2.5 915 0 2.5 480
80 2.5 2 690 0 2.5 560
81 6 2.5 815 0 2.5 450
82 — na — 1 2 205
 

“Dash (—) indicates no data; “na” means not applicable.


