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INTRODUCTION

Mission: Provide measurement data and dose assessments 
to characterize current radiological conditions and minimize 

exposure of resettled and resettling populations.

Plutonium Bioassay & the Marshall Islands Program

Two central issues;

1. Dose delivered by the BRAVO event on 1 March of 1954, 
healthcare and cancer surveillance

2. Rehabitation of affected atolls including environmental 
characterization and individual radiation protection 
monitoring





Enewetak Atoll

Main Residence 
Island (world-wide 
fallout deposition 

densities)

Soils ~ 100-5000 Bq kg-1 Pu, dry soil

Lagoon water ~ 1 Bq m-3 Pu (significantly 
elevated over open ocean)

Biota ~ 1-5 Bq kg-1 Pu, tissue dry wt.



Low-level plutonium measurements at LLNL

We have developed a heavy isotope accelerator mass 
spectrometry system at LLNL

Specifically designed for the measurement of actinides
Initial applications have centered on plutonium bioassay 

bioassay samples



LLNL Heavy Isotope AMS System: Low Energy 
Spectrometer

90° bend spherical electrostatic deflector with 0.75 m bend radius

90° bend injection magnet with 0.5 m bend radius and an insulated magnet 
magnet vacuum box for rapid injected-mass switching



LLNL Heavy Isotope AMS System: High Energy 
Energy Spectrometer

45° Danfysik cylindrical electrostatic deflector

Fast isotope switching through displacement of beam at upstream slits by 
slits by electrostatic steering at exit of 30° bend switch magnet

Two anode gas ionization detector



Radiochemical procedures
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2nd NIST Intercomparision exercise on Pu measurements 
in synthetic urine

DOE Office of International 
International Health supported 
supported NIST study: µBq 
quantities of Pu in synthetic 
urine

Blind measurements of 
synthetic urine samples: 239Pu, 
239Pu, 240Pu and natural 
uranium (U at typical urine 
background levels)

239Pu and 240Pu AMS 
measurements are consistent 
with the NIST levels

AMS measurements met the 
the ANSI N13.30 criteria for 
precision and bias at all 239Pu 
239Pu and 240Pu levels



Urinary excretion of plutonium from Rongelap 
resettlement workers

Consistently seen very low Pu
levels in bioassay samples  (< 1 
μBq per 24-h void, N > 300)

Improved internal and external 
QC and documentation procedures

Standardized collections 
protocols

Vastly improved quality and 
reliability of plutonium exposure 
assessments in the Marshall 
Islands



National Research Council (NRC) recommendations for 
post-resettlement monitoring on Rongelap Atoll 

To ensure continued well-being of a resettled population on Rongelap Atoll, the 
NRC have noted a number of deficiencies in former efforts to provide individual 
radiation protection monitoring in the Marshall Islands.

The committee expressed concerns about the being able to meet the sensitivity 
requirements for establishing a reliable plutonium bioassay, and providing adequate 
‘oversight, review and testing techniques to ensure optimum precision and accuracy 
of the assay’ (NRC, 1994).

National Research Council (1994). Radiological Assessments for Resettlement of Rongelap in the Republic of the 
Marshall Islands, National Research Council (NRC), National Academy Press, Washington D.C. 1994, 108 pp.



External Quality Control

External quality control for the LLNL Marshall Islands Program is 
presently provided by researchers from ORNL under the direction of Dr. 
G. Payne.

Spiked human urine samples are provided on a regular basis and 
analyzed with the routine samples.
239Pu and 240Pu solutions used for spiking urine samples were prepared 
through serial dilutions of NIST Standard Reference Materials:  SRM 
4330B for Pu-239 and SRM 4338A for Pu-240.  Mass measurements 
were used. 

Each set of spiked urine QC samples contains 6 spiked samples at
different concentrations (nominally 30-300 μBq) and blank samples 
each containing 1000 grams of urine to sample bottles provided by 
LLNL.

Results of analyses are reported to ORNL and a QC report provided 
electrically in pdf format.



Results of external-prepared  QC sample analyses 
for 239Pu in human urine



Summary Remarks
The heavy isotope AMS system developed at LLNL has 
has vastly improved the quality and reliability of routine 
routine plutonium exposure assessments in the Marshall 
Marshall Islands.  
These findings are supported by externally validated QC 
QC test data and the operational experience of CAMS 
researchers
Background levels for 239Pu and 240Pu are equivalent to 
to <5 X 105 atoms per sample far exceeding the 
requirements stated in 10 CFR 835 for occupational 
monitoring of plutonium
AMS allows the use of routine (and simple) sample 
preparation procedures
The LLNL AMS system offers a potential new ‘cutting 
‘cutting edge’ technology for monitoring of internal 
dosimetry compliance standards for occupational and risk 
risk management at LLNL, and elsewhere around the DOE 
DOE complex.  
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