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Disclaimer

United States Transuranium and Uranium Registries 

(USTUR):

• is not an epidemiological study

• focuses on actinide biokinetics for radiation 

protection and dosimetry 

• supports radiation epidemiology through the 

improvement of biokinetic models for more 

accurate dose reconstruction
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U.S. AEC 1966 Meeting on Plutonium 

Contamination in Man (Rocky Flats Plant)
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REGISTRIES MANAGEMENT ANALYTICAL SUPPORT

1968 National Plutonium Registry                     Rocky Flats   Pacific Northwest

Hanford Environmental Health Foundation     Facility                   Laboratory

1970 United States Transuranium Registry (USTR)
Hanford Environmental Health Foundation

1971 Los Alamos 

Scientific Laboratory

1978 United States Uranium Registry (USUR)
Hanford Environmental Health Foundation 

1987

1992 United States Transuranium and Uranium Registries (USTUR)
College of Pharmacy, Washington State University

Genealogy of the USTUR
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USTUR Today

• The USTUR is a federal-grant program funded by the U.S. 

DOE Office of Domestic and International Health Studies 

(AU-13)

• Operated by College of Pharmacy and Pharmaceutical 

Sciences at Washington State University under Central DOE 

Institutional Review Boards

• Faculty and staff: 

• Location: Richland, WA

• Website: www.ustur.wsu.edu
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Current Mission

• Follow up occupationally-exposed individuals (volunteer 

Registrants) by studying the biokinetics (deposition, 

translocation, retention, and excretion) and tissue dosimetry 

of uranium and transuranium elements, such as plutonium, 

americium, curium, and neptunium

• Apply USTUR data to refine dose assessment methods in 

support of reliable epidemiological studies, radiation risk 

assessment, and regulatory standards for radiological 

protection of workers and general public

• Obtain, analyze, preserve, and make available for future 

research, materials from individuals who had documented 

intakes of uranium and transuranium elements
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Primary Research: Biokinetic Modeling and 
Internal Dosimetry of Actinides

• Testing, improving and parameterizing biokinetic 

models for radiological protection

✓ Human Respiratory Tract Model (ICRP Publication 130)

✓ Wound Model (NCRP Report 156)

✓ Systemic models for U, Pu, Am (ICRP Occupational 

Intakes of Radionuclides (OIR) Part 3 and Part 4 )

• Modeling actinide decorporation

• Evaluating uncertainties in internal radiation dose 

assessment
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USTUR Registrants (I)

• Voluntary tissue donors (posthumous)

whole- (46) and/or partial-body (310) donation

• Former nuclear workers from DOE sites
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USTUR Registrants (II)

• Documented intake of actinide radionuclide(s)

• Acceptance criteria:

i. actinide internal deposition of ≥74 Bq (2 nCi)

ii. external dose to whole body ≥0.1 Sv (10 rem)
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Primary Intakes
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USTUR Operation: Schematic

Autopsy
Tissue 

collection
Radiochemical 

analysis
Biokinetic 
modeling
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• USTUR tissue donations: 9,000+ frozen tissues

• Argonne National Laboratory historical samples

✓ Radium dial painters

✓ Plutonium injection studies

NHRTR: National Human Radiobiology Tissue 
Repository
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Plutonium in Tissues of Former Nuclear 
Workers: Radiochemistry Results



Unique Data Resource

USTUR 
data

Work history

Exposure records

Medical records

Bioassay measurements

Tissue analysis results
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Elemental Bioimaging: the USTUR Experience
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Technique: available at/collaboration with

• Emulsion autoradiography: USTUR

• Ionizing-radiation quantum imaging detector (iQID) a.k.a.

digital autoradiography: USTUR/PNNL, Richland, USA

• Laser ablation inductively-coupled plasma mass 

spectrometry (LA-ICP-MS): Swiss Federal Institute of 

Technology, Zurich, Switzerland; Elemental Bio-Imaging 

Facility, University of Technology, Sydney, Australia

• Synchrotron radiation micro X-ray fluorescence (SR-µXRF): 

HASYLAB, Hamburg, Germany/Gent University, Gent, 

Belgium



Elemental Bioimaging: Recent Studies
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232Th

235U238U

U and Th in Parabronchial Lymph Node: 
USTUR Case 1060 (LA-ICP-MS)



50 years of the USTUR: 1968 to 2018

232Th

235U238U

Plutonium in Lungs: USTUR Case 0407          
(LA-ICP-MS)
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Bioimaging of Pu, U, Zr in Paratracheal
Lymph Node: USTUR Case 0407 (SR-XRF)

Plutonium Uranium Zirconium

Vergucht et al. Elemental imaging of actinides in human tissues using LA-ICP-MS and SR micro-XRF. 

2012 European Conference on X-Ray Spectrometry, Vienna, Austria, June 18-22, 2012
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Plutonium in Paratracheal Lymph Node: 
USTUR Case 0407 (SR-XRF)
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Bioimaging using iQID: ionizing-radiation 
Quantum Imaging Detector

Ionizing-radiation imaging and quantification:

• gamma/X-rays

• alpha particles

• beta particles

• neutrons

• fission fragments

Miller BW et al. The iQID camera: An ionizing-radiation quantum imaging detector; Nuclear Instruments

and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated

Equipment, A767 (2014):146-152
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iQID Cross-sectional View
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a. alpha-particle event 

b. background cosmic-ray event

iQID image
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239Pu Bioimaging in Bones: Injection Study

CHI-1(40-004) femur middle shaft: 

a. unpolished 5-mm-thick section on iQID detector

b. iQID image after counting for 408 h

(a) (b)

Durbin, P. (1971). Plutonium in Man: A Twenty-Five Year Review. Lawrence Berkeley National Laboratory. 

LBNL Report #: UCRL-20850. 
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241Am Bioimaging in Bones: USTUR Case 0846

a. humerus proximal end counting for 1562 h

b. humerus proximal shaft counting for 400 h

Tabatadze G, et al. Mapping 241Am spatial distribution within anatomical bone structures using digital 

autoradiography. Health Physics (2018) Published ahead of print. 
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241Am Bioimaging in Trabecular Bone Region: 
Effect of Sample Preparation

a. unpolished 1-cm-thick bone cut (USTUR Case 0246)

b. polished 100-μm-thick section (USTUR Case 0846)
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• Application – actinide microdosimetry

• iQID is an effective technique for studying the 

heterogeneous distribution of alpha-emitters on a 

microscale

• iQID allows for real-time quantitative

autoradiography at 20-m resolution for 239Pu, 226Ra 
and 241Am in bone samples

iQID Bioimaging Summary: the USTUR 
Experience



50 years of the USTUR: 1968 to 2018

Actinide Bioimaging in Soft Tissues: 
Autoradiography Techniques’ Comparison



Uranium in Brain: USTUR Case 1031
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Avtandilashvili et al. USTUR case study on accidental exposure to uranium hexafluoride.  

J Radiol Prot 35 (2015) 129 - 151



Plutonium(Americium) in Brain: USTUR Cases 
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NCRP Scientific Committee 6-12

Development of Models for Brain Dosimetry for 

Internally Deposited Radionuclides (2018 – 2020):

• Richard Leggett (Chair, ORNL)

• Sergei Tolmachev (Vice Chair, USTUR)

• Maia Avtandilashvili (USTUR)

• Keith Eckerman (ORNL, retired)

• Gayle Woloschak (NWU)

• Raymond Guilmette (Staff Consultant)
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Updated ICRP’s Biokinetic Model for 
Systemic Plutonium (OIR Part 4, upcoming)
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Leggett et al. Case studies in brain dosimetry for internal emitters: Is more biokinetic detail needed for 

epidemiology? 12th HEIR Conference, Fontenay-aux-Roses, France, October 8 - 11, 2018. 



Alternate Biokinetic Model for Systemic 
Plutonium with Explicitly Depicted Brain
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Leggett et al. Case studies in brain dosimetry for internal emitters: Is more biokinetic detail needed for 

epidemiology? 12th HEIR Conference, Fontenay-aux-Roses, France, October 8 - 11, 2018. 



Systemic Plutonium(Americium) in Brain
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Actinide Brain Dosimetry
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Physico-chemical Characteristics and 
Distribution of Actinide Particles(?) in Brain
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Questions?

stolmachev@wsu.edu

www.ustur.wsu.edu

Thank you very much!

50 years of the USTUR: 1968 to 2018


