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Introduction

In 1978, the Marshall Islands Radiological Safety Program (MIRSP) was

organized to perform radiation measurements and assess radiation doses for the

people of the Bikini, Enewetak, Rongelap, and Utirik Atolls. The two major

components of the MIRSP bioassay field missions are whole-body counting (WBC)

and urine sample collection for later analyses. Whole-body counting is used to

measure the quantity of gamma-emitting radionuclides present in individuals. Urine

samples are used to measure excreted nuclides, such as plutonium and strontium,

that are undetectable by WBC methods. A primary objective of the missions was to

establish the internal 137Cesium body contents among the Enewetak, Rongelap and

Utirik populations. Whole-body counting measurements were conducted on a

voluntary basis.

It is important to maintain statistical confidence and accuracy on the

measurements. The number of WBC measurements needed for each visited island

was determined using a coefficient of variation of unity. This assumed the

population's standard deviation of 137Cs activity was equal to its mean value; since
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this is at the minimum detection level, a larger variance may be allowed. For

example, Enewetak has a population of about 1000. If a mean with 90% accuracy

and a confidence-level of 95% is required, at least 387 people would have to be

counted. At the 90% confidence level, only 272 people would be needed. Thus, an

assessment of the quantity of the radionuclides in each individual in a population of

up to one thousand can be acceptable within 10% of error and at about the 90%

confidence level by counting 272 people. This will take 5.5 days with at 50 individual

measurements each day.

Bioassay missions took place in July 1989, February 1991 and June 1991.

Measurements on 916 persons were made in 1989. This group included 216 people

from Enewetak, 258 from Rongelap, and 414 from Utirik. Also included were 28

"others" (visitors, vessel crew, workers, and DOE personnel). In 1991, a total of

1,051 persons participated in the WBC; 311 from Enewetak, 272 from Utirik, 427

from Rongelap, and 41 "Others."

Counting Systems and Calibration

Whole-body counting was performed in two shadow-shielded chairs with a

single 11.5-inch diameter by 4-inch thick thallium-doped sodium iodide detector

mounted in a fixed position across the front of each chair (Figure X). New detectors

and multichannel analyzer (MCA) systems were installed in 1989. The old and new

detectors were produced to the same specifications by the same manufacturer,

Bichron. The MCAs are Canberra System 100 (S-100) with printed circuit boards

installed in IBM PS/2 Model 70 computers. Spectra analysis and isotope



identifications were performed using Canberra's GAMMA-AT software package.

System calibrations were performed with a bottle mannequin absorber

(BOMAB) phantom filled with either a KCI solution or a solution spiked with 137Cs and

*°Co activities. Efficiency vs. energy relationships were based upon four energy

peaks at 661.6, 1173.2, 1332.5 and 1460.8 keV. Counting efficiencies were

established for three geometries to allow for different body sizes. This was done by

selecting whole or partial sets of the BOMAB phantom. They were designated large,

medium, and small. The counting efficiency obtained with the large geometry

phantom was used to analyze spectra of persons weighing 60 kg or more, the

medium geometry phantom was used for all persons weighing between 40 and 60

kg, and the small geometry phantom was used for all persons age 4 or older

weighing less than 40 kg. Variation among the individual detector's counting

efficiencies was small. The minimum detectable amounts (MDA), based on NCRP

Report No. 58(1), of 137Cs and MCo were established as 60 and 52 Bq, respectively.

Quality Assurance (QA) Analyses

During daily WBC operation, two complete counting systems were running

simultaneously and independently. Counting time was 15 minutes per measurement.

A total of 50 to 60 measurements could be obtained in an 8-hour day. The QA

program for the two counting chairs was consisted of monitoring daily backgrounds

and the energy calibration using 137Cs and TOCo at the beginning and end of each

counting day. The monitoring of the energy calibration assured that both the

precision and accuracy of each unit was maintained during operation. To assure



consistency between the two WBC units, recounts (second counts on individuals in

the same chair) and cross-counts (second counts on individuals in the other chair)

were performed periodically during the day. For example, the 1989 mission involved

16 recounts and 25 cross-counts. The percentage difference between these pairs of

measurements were ranked and a linear regression was made with rank as the

independent variable. In both the recount and cross-count comparisons, the plots

showed about as many differences greater than zero as there were less than zero.

Wilcoxon's(1) distribution-free signed rank test for paired values indicated that, at the

97% confidence level, there was no statistically significant difference between the

values obtained by recounts. Furthermore, at the 99% confidence level there was no

statistically significant difference between the value obtained by cross-counting.

Whole-Body Counting of Infants

One task of the February 1991 mission was to obtain gamma-emitting

radionuclide deposition information on infants and young children aged three years

or less. Calibration for an infant geometry was obtained by placing the two legs of

the BOMAB phantom (about 16 inches tall, 9 inches wide, 4.5 inches thick; weight

18 lbs) side by side and upright in the counting chair.

In practice, the largest problem was keeping children still long enough to

acquire adequate spectra. Even the mother's presence did not always quiet the

child. Some children appeared to be intimidated by the massiveness of the

shielding when the detector was being positioned in front of them. To reduce their

anxiety, the detector was positioned first and then the child was lifted over the side



of the shielding and placed in the chair.

Parents were especially encouraged to bring small infants to be counted.

Unfortunately, the-water in the lagoon became fairly rough during our visit and it

became unsafe to transport children to the boat. Only four infants were whole-body

counted: one at Enewetak and three at Utirik. The spectrum from the Enewetak

infant reflected no 137Cs, but the three from Utirik did.

Discussion of Measurements and Dose Distribution

137Cs was the only gamma-emitting fission radionuclide detected in the 1,967

persons monitored in the WBC measurements. As observed in previous years, 137Cs

burdens tended to increase with age for both sexes.(2) This is most likely associated

with age-dependent dietary and metabolic changes. It is of interest that the current

data also showed a weak pattern suggesting that the cesium metabolic function may

not differ between male and female islanders of equivalent age. The Rongelap

people living at Mejatto specifically exhibited a relatively small difference in 137Cs

levels between males and females. For the Utirik population, males exhibited only

slightly higher 137Cs levels than females. At Enewetak, however, 137Cs measured in

males was about double that in females. Since studies indicate that coconuts and

coconut tree sap provide the major source of 137Cs in the diet(2i3), and since the

northern islands of the Enewetak Atoll are more contained, it has been suggested

that higher male cesium average values could be due to the fact that males have

harvested coconuts on the northern islands.

The highest body content of Cs measured on any of the three missions was



14 kBq in an adult male from Enewetak who had been camping in the vicinity of

Enjebi (a northern island in the Enewetak Atoll) a few weeks before he was counted.

The mean body content of 137Cs from the 1991 Utirik data, 1.2 kBq, is close to the

1989 mean of 1.3 kBq. The 1991 Enewetak mean is, however, almost double the

one determined in 1989 (0.48 kBq). Such an increase in 137Cs body contents at

Enewetak could indicate that the people are making greater use of food harvested

on contaminated islands, although the possibility that food now growing on their

home island (1971-1978) provide a source of contamination needs further

investigation.(4)

Dose conversion factors used in the computation were taken from ICRP

Publication 56.(5) Although the retention time for cesium was reported to be longest

in adults/2' the committed effective dose per unit uptake derived for 15 year-old

subjects (1.4 x 10s Sv/Bq) is higher than that for adult or younger age groups. To

be conservative, this dose conversion factor was used for all volunteers. Each of the

annual effective dose equivalents (AEDE) for each individual were assessed based

on the assumption that 90% of 137Cs in the body during the year were present at the

time WBC was performed. The 90% value is the fraction of 70-year integrated dose

to be delivered in the first year after cesium uptake.

Cesium half-life in the long-term compartment of about 110 days is used in

ICRP Publication 3O.(6) The dose from chronic uptake could be 2.8 higher than that

of a single acute uptake during a one-year interval according to the ICRP-30

retention function. Because of WBC detection limits, many measured values fell

below the MDA. Therefore, the median of WBC results appear to be a more



appropriate representation of the population doses. The accompanying table

provides the AEDE that an individual would receive due to uniform chronic exposure

throughout an entire year, based upon the population median values of WBC results

in the 1989 and 1991 missions.

Average 137Cs Annual Effective Dose [pSv]

Location 1989 1991

Enewetak

Mejatto

Utirik

11 ± 3

3 ± 2

39 ± 2

22 ± 4

2 ± 2

33 ± 3

Since 1985 the Rongelap people have been self-exiled to Mejatto. In theory,

the cesium body burden they accumulated while residing on Rongelap should have

been reduced to virtually 0 due to biological elimination. However, current annual

doses of 3 jiSv is seen throughout the northern hemisphere which results from

worldwide contamination of biosphere. In order to estimate what the average AEDE

would be if the people had remained at Rongelap, an estimate is possible by

considering the ratio of the level of cesium of the soil on Rongelap to that of Utirik.

This value combined with the 1991 average cesium soil concentration on Utirik leads

to a body content of 137Cs about 3.6 kBq and an AEDE of 99 nSv for the people had

they continued to reside on Rongelap Island. This estimated dose agrees with the

value reported by Kohn.*7* For comparison, 99 jxSv is less than 300 jiSv which result

from their natural background and is nearly equal to the radiation a traveler receives

flying round-trip from Majuro to Honoluiu.
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