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ABSTRACT

A nuclear device, code-named Bravo, detonated at Bikini Atoll at 6:45 a.m. on 1 March 1954,
unexpectedly released a large amount of radioactivity. Over 40 years after this incident, the study of
its impact on the radiological health and environmental safety of the residents of Rongelap and Utirik
Atolls continues. In 1987, researchers at Brookhaven National Laboratory established a fission track
analysis (FTA) method tbr low-level "--_gPuurinalysis. Two years later, a new shipboard protocol was
developed for collecting 24-h radiologically clean urine samples. The purpose of this paper is to

update information on the FTA method for measuring low-levels of plutonium, and to summarize
results on the distribution of-_gPu in the populations of Rongelap and Utirik between 1981-1991.
Plutonium detection levels (99% confidence level) in these samples were 2-3 _Bq, which is equ'valent
to 0.2-0.3 mSv effective dose equivalent (EDE) to age 70 tbr Marshallese. The latest 1991 FTA data

indicate average EDE of 0.62 mSv and 1.6 mSv fbr the people of Rongelap and Utirik, respectively,
which both are the highest values since 1988.
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INTRODUCTION

On the morning of 1 March (U.S. time, i.e., 28 February for the Central Pacific), 1954, a
thermonuclear device (code named Bravo) was detonated at Namu Island, Bikini Atoll, the Republic
of the Marshall Islands (RMI) (Committee on Natural Resources of the U.S. House of Representatives,

1994). There was an unexpectedly large weapon-yield and, consequently, a large area of coral reef
was contaminated and destroyed. The fallout cloud dropped radioactive ashes over an area
approximately 350 km long and 30 to 65 km wide (Cronkite and Bond, 1956). Bravo's radioactive
ashes contaminated Rongelap Atoll and Utirik Atoll so that the ambient radiation levels rose

dramatically in many islands in the northern RMI (Tipton and Meinbaum, 1981; Robison et al., 1982).
The Rongelap and Utirik atolls are about 100 and 275 nautical miles (185 and 500 km) east of Bikini

• This work was supported by the U.S. DOE under contract #DE-ACO2-76CHO0016 and prepared
for the International Symposium on Plutonium in the Environment, Ottawa, Canada, July 6-8, 1994.
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atoll. Two hundred and ninety people were exposed directly to fallout and, subsequently, evacuated
from their homes: there were 239 Marshallese (AEC, 1956), 28 Americans (Phillips, 1982), and 23
Japanese fishermen (Kumotori et al., 1980). A comprehensive report on the radiation injuries to the
Marshallese and Americans was published by the Atomic Energy Commission (1956). This report
stated that within four days after the Bravo detonation, all residents (64 Rongelapese and 157 from
Utirik) were relocated by the U.S. government to other atolls in the southern Republic of the Marshall
Islands. Individual exposures estimated from external fallout radiation were 1.75 Gy in the Rongelap
Atoll and 0.14 Gy in the Utirik Atoll (Sondhaus et al., 1956). The people of Utirik and Rongelap
were returned to their homelands three months, and three years later, respectively. In 1985, the
Rongelap people chose to move to Mejatto Island in Kwajalein Atoll because of their concern about
additional exposure to fallout radiation, including plutonium (Noshkin et al., 1979; Kohn, 1989). The
Rongelap people are waiting for further scientific confirmation on radiological conditions before
returning to the atoll.

Since 1954, the Medical Department t)f Brt)t)khaven National Laboratory (BNL) has been evaluating
the radiation dose and providing medical care tt) all the people of the northern RMI (Cohn et al., 1956,
Conard et al., 1956; Conard et al., 1975; Conard, 1992; Adams et al., 1989). In 1974, the BNL

Radiological Safety Program was initiated, then under the Safety and Environmental Protection
Division, and at present, within the Department of Advanced Technology (Greenhouse and
Miltenberger, 1977; Greenhouse et al., 1980; Miltenberger et al., 1981; Lessard et al., 1984; Sun et
al., 1992). The current BNL Marshall Island radiologicai monitoring and bioassay sampling program,

named "Radiation Protection Marshall Islands (RPMI)," is funded by the U.S. Department of Energy
Office of Health. The objectives of RPMI are to determine the radionuclides now present in the body
of the Marshallese people and to assess the dose they received.

Plutonium is perceived as the major radiological concern because it has a half-life of 24,065 years,
remains in the body long after intake, and, at the levels of interest, can only be detected in urine and
feces. Following an intensive investigation, BNL determined that the levels of plutonium in the
Marshallese' urine samples were so low that the available methods for quantifying _gPu were

inadequate. In 1987, a fission track analysis (FTA) rnethod was developed by Moorthy (Moorthy et
al., 1988) and used for plutonium urinalysis for the Marshallese; all the plutonium data discussed in

this paper were obtained using this method. The few data reported by Lessard et al., (1984) are not
included in this assessment because the samples are suspected of being contaminated.

This paper focuses on the collection experiences and results t'rom the bioassay missions conducted in
RMI in September 1988, July 1989, February 1991, and June 1991.

MATERIALS AND METHODS

Fi_si0n Track Analysis fFTA) Procedures

The FTA procedure is a four-step process (Moorthy et al., 1988). It begins with (1) wet-ashing the
sample, reducing it to a white, inorganic form. Then, (2) this white powder undergoes a series of

chemical separations to recover plutonium and to remove uranium. The removal of naturally occurring
uranium is essential because the -__U isotope fission cross-section is comparable to that ofZ_gPu (Bansal

et al., 1992). Next, (3) an aliquot of each sample is placed on a quartz slide, dried, and then exposed
to a total of 10tt thermal neutrons to induce fission. When fission occurs, about 90% of the energy
yield from fission events appears as kinetic energy of the fission fragments. The energetic fragments
damage the quartz surface, leaving etchable tracks. Finally, (4) after etching the quartz slides with a



solution t_f hydrotlut_ric acid, the damaged sites are t_bserved as tracks (Fig. 1) and counted under a
microscope with 160 x ma,31zfication.

Each quartz slide has spaces for three samples, so that 30 FTA measurements can be obtained from
the 10 slides that constitute one batch. These 30 measurements are divided as illustrated in Fig. 2.

One sample space is reserved for flux monitoring (FM) measurenaents. The neutron flux monitor is
made of a constant known "-_'_Puactivity used to monitor neutron exposure during irradiation in the

reactor and to provide a comparison between separate irradiations. Each of the remaining two spaces
has an evaporated aliquot of a chemically processed sample, either a urine-blank, a urine spike (Sp),
or a urine sample (numbered from 1 to 10 see Fig 2 - 1 to 10). The results from the urine blank give
a level on the total FTA system's noise, while the spiked samples constitute calibration check points

for interpreting the data. Among the 30 measurements in a batch, 10 are urine samples, 10 are
performance evaluation monitors, and 10 are neutron flux monitors. Of the ten performance evaluation
measurements, five (two blanks and three spiked samples) are used as described, four are duplicate

urine samples processed in another batch, which evaluate the consistency between two batches, and the
last one is a second aliquot from one of the 10 urine samples currently being processed which evaluates
the overall reprt_ducibility of results. Hence• the precision anti reliability of FTA measurements can
be assessed from the readings of the neutron flux monitors and the results of the performance
evaluations.

A group of 10 slides is irradiated in the Brookhaven Medical or High Flux Beam reactor. Quality
control (QC) between two batches are illustrated in Fig. 3. Fig. 3 shows an arrangement of a group
of 10 slides; eight of the slides are from a current batch, and two are from the previous batch. The
term "batch" is used for all ten quartz slides resulting from the chemical separation preparations; they
are shared within the dotted box in Fig 2. The term "group" is for those ten quartz slides arranged
for neutron irradiation; they are shown within a dotted box in Fig. 3. Therefore, every irradiated

group of slides has two slides identical to the last two slides from the previous irradiated group. The
time for processing a batch of 30 samples is about 30 days.

FTA Calibration and Sensitivity

Before 1 January 1989, urine blanks were drawn from a composite urine sample collected from one
BNL employee with no known occupational or accidental exposure to plutonium. Later, urine blanks
were taken from a composite synthetic urine solutitm prepared according to a formula from Battelle
Memorial Institute (MacLeilan et al., 1988). The :'a°Puspikes were at six different concentration levels

(3.7 to 36.7 p.Bq per sample) in 1987, and five different c¢_ncentrations (3.7 to 18.4/zBq per sample)
in 1989. Table 1 (a and b) summarizes the tt_tal nurnher (n), the mean (u,), and the standard deviation
(tr) of all 1987, 1989, and 1991 blank and spike samples are summarized in Table l(a) and l(b),
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Figure 1. The fissitm track images.
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Fig. 2. The arrangement of a batch of ten quartz slides, used in BNL's FTA method. The eight slides
(top tour rows) in the dotted box are irradiated tt_gether; the last two rows are duplicated at
step 3; the bottom row of two slides is irradiated with another batch shown in Fig. 3 (FM =
flux monitor, Sp# = spike number, I to 10 = urine sample I to 10).
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Fig. 3. Illustration tbr a group of ten slides during neutrt_n irradiation for BNL current FTA method
(N = number t)f batch).

Table l(a). Statistical summary of FTA calibration results in tracks.

Spiked 1987 1989

Levels std
(,uBq) number mean std dev cv (%)* number mean dev cv(% )

36.7 4 592 511 93 0 ....

18.4 17 320 125 39 15 463 56 12

15.7 20 228 90 40 12 361 47 13

11.0 21 .174 46 26 I1 293 42 14

7.3 21 134 37 28 13 212 28 13

3.7 21 88 31 35 11 113 15 13

Blank 76 54 29 54 44 36 15 42

std dev
*cv (%) = 100 x

I_leatl



Table 10,_), Statistical summary _)t'FTA calibrati()n results in tracks.

Spiked 1991-1992
t.evels

(IXBq) number mean std dev cv (%)

19.5 21 491 71 15

15.6 15 376 80 21

11.7 17 313 59 30

7.8 19 200 41 21

3.9 13 114 41 36

Blank 60 39 22 56

Calibration was pert'ormed using the int't_rmation shown in Table 1. From an unweighted linear
regression of tracks vs. plutonium activity, a function of the form:

Y_,B,_: b (x,,,,,_ a ) (1)

was obtained, where the constants a and b have units t_f tracks anti #Bq per track, respectively. For
example, the 1989 calibration function is:

y (x) -- 0.044 (x 36 ). (2)

The constant 0.044 IxBq/track may be considered as a calibration constant. The 36 tracks represent
the expected total system background from blank urine samples, additives in chemistry, and the quartz
slides.

In Table 1, the coefficients of variation (CV) were calculated from standard deviations divided by
means. The CV values for blanks and spikes data increase or decrease nonlinearly (relative to the
mean). The CV values for urine blank data especially are displayed at around 50%. Therefore, the
common statistical practice is to report the estimated variance function (the relationship between the
variance and the mean rather than the CV w_lues). From the CV values, it is easy to recognize that
the 1989 calibration data had the best precision.

The variance function a (in IXBq)of a unit standard deviatit_n (SD) tbr the 1989 measurements can be

estimated from a regression of o vs. ix:

o(/z) : 0,044 (../z . 7 ). (3)9.3

Both the above equation and the CV values in Table i imply that most FTA measurements had an
uncertainty of between 10-30%. The number 7 in Eq, (3) implies that an average of 7 tracks can be
expected from any quartz slide after neutron irradiation: this is the background noise for the quartz
slides. From the 1989 calibration function, y(x), and the uncertainty equation, o(x), a sample with 121
tracks yields 3.7 + 0.9 (SD) ixBq of -_°Pu.

During 1991 and 1992, new spike solutions were used that were intended to match the old spikes.
However, they were slightly different in concentration (see Table l(b)). Similarly, Table ICo) shows
the 1991 and 1992 blank and calibration data; the corresponding functions tbr calibration and variance



functions are y(x) = 0.043 (x - 30) and a(p.) = 0.043 (#/8.9 + 26), respectively. Also, between 1991
and 1992, FTA was in the development _f an attttmaatic track counting system. The new track
counting system was mt_dified to cover a larger area than bet'_re: theref_re, both calibration and
variance flJnctit_ns have different otltconaes than in pi'it_r ye;,irs.

Urine-blank samples 500 mL each were drawn individually t'r_m a large composite pool. Therefore,
the variability of the tracks in these urine-blank samples is expected to be normally distributed. Table
1 also contains the tabulated values of the mean (#) and the standard deviation (a) l\_r urine-blank

samples analyzed by FTA methods. For example, the 1991-1992 urine-blank data has a mean of 39
tracks and a of 22 tracks. The conventional MDA formula based upon counting (Poisson) statistics

with a fixed mean value 0, presented in NCRP Report 58 (1985), is inappropriate tbr determining the
confidence level of FTA measurements (Boecker et al., 1991; Brodsky and Gallaghar, 1991). To
diff¢"entiate the limits described from counting statistics, the term "minimum detectable level" (MDL)
is used tbr the FTA z_"Pusensitivity. In a normal distribution, a MDL _f _t + 3a was selected, which
indicates a 99.9% confidence level. Thus, tbr 1989 the MDL was 82 tracks, which indicates about

2 #Bq of-_gPu. Therefore, in 1989, the probability ¢_fa 4 ,uBq spiked sample registering less than 36
tracks was 10"'_. The corresponding probability for a 7.3 #Bq spiked sample was 10"_. The chemical

processes involved in the FTA analysis are heavily oriented toward removing uranium which, as a
fissile element, would mimic the _-"_Pu. Thereft_re, any errors in the processing would be most likely
to give a false positive result. To minimize this possibility, the QA protocol requires a confirming re-
analysis of a sample, or analysis with new urine, for any result above the MDL.

The MDL of the FTA methodology was established at 6 p.Bq in 1987, 3 p.Bq in 1988, and 2 p.Bq in
1989. New procedures for plutonium separatitm were implemented in 1991 and 1992 for speeding up
the FTA through-put (or output); this resulted in a sensitivity at 3.2 p.Bq.

The Urine Sampling Prot¢_CCH

The protocol for selecting urine samples used t_n the 1981-1984 missions involved distributing two one-

liter-size collectit_n brittles directly to volunteers wht_ ct_llected their samples at home and then placed
their bottles in collection boxes at the seashore for pick up. There was almost no provision for keeping
dust and sand out of the bottles, and no guarantee that the samples represented a full 24-h elimination.
Indeed, if a volunteer's daily elimination exceeded the volume of two collection bottles, it was left up
to the individual to request additional bottles.

In 1985, urine was collected from the Enewetak and Bikini pt_pulations. There were no field
collections conducted in the Marshall Islands in 1986 and 1987. In 1988, urine samples were collected
from volunteers by a dt_t_r-to-door method. Two twt_-Iiter bottles were distributed to each volunteer
at his or her home and picked up 24-h later. This pr¢_tocol ensured that all samples were collected
within 24 hours, but there was no simple method to verify that the samples contained all the urine
output over that 24 hour;s, or of knowing that the name on the bottle was the actual donor. Most

individuals used only one bottle and kept the second one.

The collection methods used in 1981-1988 caused concerns about the quality and reliability of the
samples, related to issues of whether the sample was a full 24-h collection and also of radioiogical
contamination, in response, a new prt_t¢_colwas deveh_ped whereby urine samples were obtained from
individuals who remained on the mission vessel tbr an entire 24 h_urs. This reduced opportunities tbr
contamination and ensured a 24-h sampling time. The t'tdh_wing protocol was tested during 1988 and
fully implemented subsequently: (!) a ctHlectitm hottle was n_ longer distributed to volunteers at
home, (2) all participants had to sht_wer and change intt_ clean clothes provided by the staff, (3) all
samples are taken on the mission vessel during a 24-h stay, and C4) samples were acidified within 4



hours of collection (Sun et al., 1993).

Interpretatio,n,,,._ffFTA Data and Plutuniu_m..DuseE_i!_a,tiun

The rate of plutoniunl excretit)n in urine can be related t¢)the am(rant of plutonium present in the body.
Moreover, intbrmation on plutonium in 24-h urine and feces samples can be used to estimate an intake
and the subsequent dose (ICRP-54, 1988: NCRP-87, 1987).

Langham et al., (1980) datahave been used frequently as a basis tbr models uf human plutonium
metabolism; there are reviews and extrapolations by Beach and Dolphin (1964), Durbin (1972), Moss

et al., (1983), Leggett (1984), and Jones (1985). Because Leggett and Jones incorporated the
long-term plutonium clearance rate reported by Rundo et al. (1976), Sun (1987) indicated that there
are practically no differences between the two models for describing long-term plutonium excretion in
the urine. In Fig. 4, the plutonium urinary excretion functions given by Leggett, Jones, and Sun
predict that about 10"+(100 ppm) of plutonium in the total body will be eliminated daily to I00 days
after a single uptake. The rate further decreases, approaching 10"_(10 ppm) after 10,000 days where
ppm is the acronym tbr parts per million. Theretbre, Fig. 4 shows that the change in rate of urine
excretion is about 100 days. It is certain that plutonium moves and eliminates more slowly once it
reaches _he liver and bone in the body.

1CRP-56 (1990) gives the age-dependent dose ct)efficients ( fi)r both dose equivalent and effective dose
equivalent). Due to "--_"Pu'slong half-life and excellent retentiun in the body, the age-dependent
ingestion dose coefficients from 1 year to adulthood shuw small variation. They can be rounded to
about 1.0 x 10.6Sv Bqj with a gastrointestinal tract absorption f_ value of 10:_. The calculated uptake
dose coefficient is I mSv Bq"_(10+ Sv Bq"_+ ft). If the dose coefficient I mSv Bq "_is used, each 3.7
_Bq of z3_Pu in a 24-h urine sample indicates a 0.37 mSv (i.e., i mSv Bq "_ × 3.7 #Bq + 10"s)
effective dose equivalent (EDE) to age 70 based un a single acute uptake scenario.
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RESULTS AND DISCUSSION

.1981-!984 Urine Sarnples _.tntlFTA R_s._llts

Up to December 1988, measurements had been made t_n 535 samples, 207 from Rongelap and 328
from Utirik using the FTA method. These samples were collected between 1981 and 1984 from the
people of Rongelap and Utirik, living on their respective atolls. Table 2 gives the plutonium
distributions and the statistical parameter values (size (n), mean (/t), and standard deviation (o)) for

these measurements, by islands. More than 50% of the urine samples had more than the MDL of 6
p,Bq. Again, a 24-h urine sample with 37 #Bq of'-'_gPugives a total EDE of about 3.7 mSv to age 70.
Twenty-three measurenaents were greater than 37 p.Btl.

The average -_'_Puactivities along with the age and sex of the dtmors are shown in Tables 3 and 4 for

the people of Rongelap and Utirik, respectively. Both Tables provide values for the age-specific
statistical parameters (e.g., number of sample, mean, and sigma). In addition, their coefficient of
variance and the maximum of values are given to show the spread of the plutonium measurements.
The minimum values for all categories are ab¢_utor below a MDL of 6 p.Bq. Of the 207 measurements
in Table 3, 90 were from female donors and 117 were from male donors; the urine plutonium
averages are 21 and 14 p.Bq, respectively. Similarly, in Table 4, of 328 measurements, 170 were from
females and 158 were from males, and the plut¢mium averages are 6.6 and 5.6 ,uBq, respectively. In
both cases, the average value for females is higher than that of males.

The overall average plutonium concentration tbr the 207 Rungelap measurements is about 17 ,uBq, and
that of 328 Utirik measurements is 5.6/_Bq - about three times lower. Coincidently, a ratio of three
also was obtained for cesium burdens using in-vivo whole-body counting measurements (Lessard et al.
1984). In 1981-1984, over 50% of the urine donors were from ages 4 to 12. In most cases, children

and the oldest people had a much higher average than the people between ages 13-60 in both
populations.

These urine samples were collected in the home, in plutonium-contaminated environments; hence, these
535 FTA measurements were considered questi_mable. Members of an Independent Scientific Advisory
Committee recommended that the FTA data obtained before 1989 should not be used for dose

assessment (Hall et al., 1990). Despite their uncertain quality, these measurements still played an
important role in developing and aiding in the resolution of three cri:ical issues for the dose assessment
in the Marshallese: (1) the data narrowed down the level of plutonium activity expected from the
urine samples, (2) a critical population was identified for resarapling for a confirmation study, and (3)
it was demonstrated that the FTA method could determine plutonium activity below 10 #Bq.

_1_988Urine Samples and'FTA Results

One hundred and tbrty-six measurements (67 Rongelap and 79 Utirik) were obtained from urine

samples collected during the summer of 1988 using a doter-to-door collection protocol. Sixty-seven
Rongelap samples were collected on Mejattu Island, which is located north of the Kwajalein Atoll.
This site was chosen by the people of Rongelap to escape the fallout radiation on their home island.
Table 2 shows the plutonium distributions and the statistics parameter values of these FTA

measurements. For Rongelap, 7 out of the 67 data points were above the MDL of 3 ,uBq; the highest
value was 5.7 p.Bq of :_Pu. For Utirik, 6 out of 79 data points were above MDL with a dose
distribution similar to those of Rongelap. Unlike the results of the previous 1981-1984 samples, less
than 10% of measurements were above a MDL of 3 #Bq and none was over 37 #Bq. The overall



average can be contrasted with that of the 1981-1984 urine samples. The one Utirik sample that
yielded 31 #Bq t_f "_3"Pumay reflect an error in the FTA process because the other 24-h sample
collected from this individual was less than 3 ,uBq. In adtlitbn, a record of this individual's 1981
sample also showed it was below 6 _Bq.

.!989 Urine Samples anti FTA Results

Two hundred and nine FTA measurements were repurted for the urine samples collected during the
summer of 1989. Thirty-tbur were from samples collected in Mejatto, and 40 from samples collected
on Utirik. (The remaining 135 samples were collected on other atolls.) For the first time, all the
samples were collected over a 24-hour period following our newly developed protocol for shipboard
collection. Table 2 gives the plutonium distributions and statistical parameter values of the FTA data.
The highest value, from a Utirik donor, was in marked contrast to the result of his 1988 sample.
Therefore, this individual was resampled in 1991; the FTA value was 5 p,Bq. The highest z39Puactivity
measured in the 1989 Rongelap samples was 2.8 _Bq.

Individuals whose -_gPu readings, based on the 1981-1984 samples, had been greater than 10 #Bq were
identified and resampled in 1989. Only two were abtwe the MDL of 2 p.Bq (viz., 2.8 and 2.4 #Bq),
The pairs of new and old data provide an excellent, pt_sitive feedback favoring the protocol for
shipboard collection (Sun et al., 1993).

1991 Urine Sam.ple_ _lnd FTA Results

One hundred and thirty-two results were rept,rted fr,,m the 1991 urine collections: 96 samples from
Mejatto Island, and 36 samples from Utirik Island. All the volunteer donors followed the 1989

shipboard protocol with a 24-h stay t,n the missit,n vessel. Table 2 shows the FTA results, together
with information from prior years. The MDL in 1991 was abt_ut 3.2 _Bq, and about 48% of the 1991
samples were above the MDL value. Eight samples were higher than 37 p.Bq. The donors of these
samples were recalled tor another collection of urine to recheck their plutonium uptake. The highest
value for these populations is 138 _Bq from Utirik, and 86.5/zBq from Mejatto. The estimated EDE
to age 70 tbr these individuals are about 14 and 8.7 mSv, respectively, but the corresponding
population averages are about one-tenth of the highest values.
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Table 2. Distribution of :a"Pu activity (,uBq) and corresponding statistical parameter values (n =
a) for the people of Rongelap and Utirik.

_')Pu 1981-1984 1988 1989' 1991*

Activity

[p.Bq] RongelaD Utirik Mejatto Utirik Me.jatto Utit'ik Mejatto Utirik
,,,, ,.... ,.......... ,.......... _ ........ .

< 1 0 4 39 47 23 27 26 6

1-3" 12 131 31 25 11 12 29 7

3-5 27 85 5 4 14 4

5-7 36 43 2 2 10 6

7-9 26 19 6 2

9-11 23 15 1 4

11-13 9 12 2 1

13-15 11 2 1 0

15-17 12 2 0 0

17-19 9 5 1 0

19-21 2 2 1 1

21-23 3 4 0 O

23-25 6 i 0 _' 1 0 1

25-27 ! 0 0 0

27-29 2 0 1 0

29-31 2 0 0 0

31-33 1 0 1 0 0

33-35 2 0 0 0

35-37 2 ! 0 0

>37 21 ' 2 0 0 4 4
...... , ,, ,,

n= 207 328 67 79 34 40 96 36

,u= 17 5.6 1.2 1.2 0.66 1.2 6.2 16

or= 23 8.7 1.3 3.6 0.92 3.7 14 31
,, ,

• 1-3 bin means equal and greater than 1, but less than 3, and so on.
t Shipboard urine collection



Table 3. Distribution of :3'_Puactivity _LBti) t_btained frtml 1981-1984 urine samples collected
from Rongelap pt_pulation.

Mean

Age Number (/.tBq) Sigma CV (%)* Maximum

Female 90 21.4 30.9 143

0to4 0

5 to 12 33 31.6 34.7 110 159

13 to 19 10 9.6 4.6 48 18

20 to 40 21 19.5 37.2 191 173

41 to 60 20 14.4 21.6 150 101

61 and up 6 15.4 13.6 88 46
_,. m w,,._ 4.=

Male 117 13.5 13.6 101

Oto4 0

5 to 12 68 16.9 14.3 85 63

13 to 19 27 !!.7 13.7 il7 68

20 to 40 13 4.0 1.6 40 8.0

41 to 60 5 3.8 1.6 42 6.4

61 and up 4 10.4 3.6 35 15

100 x sigma....* CV (%) =
mean
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Table 4. Distribution of '-_Pu activity _Bq) t_btained from 1981-1984 urine samples collected

from Utirik population.

Mean

Age Number (/_Bq) Sigma CV (%) Maximum

Female 170 6.6 1!.4 173

0to 4 0

5 to 12 68 9.1 16.2 178 136

13 to 19 20 5.5 7.3 133 37

20 to 40 40 4.9 6.3 131 38

41 to 60 27 5.3 6.0 113 20

61 and up 15 5.6 3.2 57 15

Male 158 5.6 3.7 66

0 to 4 1 1.3

5 to 12 82 5.0 4.5 90 22

13 to 19 17 4. I 1.9 46 8.4

20 to 40 22 3.9 3.4 87 16

41 to 60 20 4. I 2.8 68 13

61 and up 16 7.1 i.0 14 5.8

CONCLUSION

Table 1 is a statistical summary of FTA calibration results from 1987 to 1992. In 1987, the urine
blanks were drawn from a pooled human urine; since 1989, they were taken from synthetic urine. The
primary reason for the change was to allt_w the University ¢_f Utah and BNL to make an FTA

comparison study. The detection sensitivity reported in this paper is at the 99% confidence level and
is expressed in a unit of total activity per 500 ml. In 1989. the lowest detection sensitivity was 2 #Bq.

Table 2 shows the distribution of a total -_Pu activity per 24-h sample over tour collection intervals.
For 1981-1984, over 60% of the total measurements were below MDL. Similarly, about 90%, 97%,
and 52% of the total were below their respective MDL tbr 1988, 1989, and 1991, respectively. Means
and standard deviations were calculated based on net activities, even though some may be negative or
measured zero, based on the appropriate calibration curves.

For the Rongelap population, the average _Pu in urine significantly dropped from the 1981-1984
samples (17 #Bq) to 1988 collections (I.2 _tBq). In 1988, the urine collections were taken on Majetto
Island, whereas the earlier samples were collected t_n R_mgelap. This sharp downturn may be due to
contamination t_f samples by plutonium in the still and enviremment tJf the two atolls. The decline in



average value from 1988 to 1989 may be a result of ).heuse t)f the shipboard protocol. Also, because
of the shipboard protocol, the age group for urine collection participants is limited to those who are
not married and do not have domestic duties. This age group is generally between 8-18 years old.
At this time, it is difficult to identify the cause t)f the higher "__')Puaverage and standard deviation in
both populations from the 1991 collections.

An independent Scientific Advisory Committee (Hall et al., 1990) recommended that FTA results from
all samples collected from 1981 to 1988 should not be used for dose assessment because of the
likelihood of contamination. Starting in 1988, the average _-_)Ptlof the population on Utirik was
consistently higher than that of Rongelap. BNL is investigating the reason for this difference. It could
be due to a diftbrence in the particle size of falh)ut dust on the two atolls. Utirik has a distribution of

smaller sized particles that are more easily resuspended and likely to be inhaled or ingested by people
(AEC, 1956; Phillips, 1982).

Interpretation of the urine data for estimating dose is complicated. In addition to the physical and
chemical properties of plutonium, comprehensive demographic information about the individuals is

required, including the location and duration of residences, and tbod and dietary patterns. The dose
coefficient of ! mSv Bq"_in a 24-h urine sample is on!y approximate and applicable at about 1,000
days after intake, it is certainly not suitable for chronic exposui e nor tbr a single acute uptake within

100 days because the rate of plutonium excretion in the urine decreases so markedly with time after
intake (see Fig. 4). The EDE calculated f()r chronic exposure populations, which may apply to the
Marshallese, is even smaller than current estimates.

To better assess plutonium uptake in the body, the protocol to obtain clean urine should be fine-tuned
constantly. One 24-h sample may not be truly representative of a typical 24-h excretion. Field
experience shows that some donors can and did restrict their urine elimination over this time, and such
incomplete samples could result in an underestimation of dose or intake. To overcome this concern,

we are planning to evaluate creatinine levels in the urine samples as an additional quality assurance
check on complete sampling.
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