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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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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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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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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

50 years of the USTUR: 1968 to 2018



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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Unique Data Resource

USTUR 
data

Work history

Exposure records

Medical records

Bioassay measurements

Tissue analysis results
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Actinide Particulate Material in 
Occupationally Exposed Individuals

Route of intake

• Inhalation, wound

Material type

• Insoluble: actinide oxides

• Soluble: Pu(NO3)4 , UF6

Retention site

• Respiratory tract, wound, lymphatic system; brain?

Typical study

• Distribution in tissues and organs

• Physico-chemical characteristics

Ultimate goal

• Estimation of radiation dose over time to 

tissue/organ/body
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Microdistribution of Plutonium in the Lungs: 
the Mayak Experience

• Non-uniform distribution of 

plutonium among 

anatomical compartments of 

the lungs
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Macrodistribution of Plutonium in the Lungs: 
the Mayak Experience

• Distribution:

✓ independent of lung pathology and 239Pu material solubility

✓ non-uniform among anatomical lobes

• 239Pu normalized to weighted-average concentration in the 
lung: 1.48 , 0.98, 0.69 for upper, middle, and lower lobes
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Plutonium in Respiratory Tract: the USTUR 
Experience
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LNTH-to-Lung Concentration Ratio: Effect of 
Smoking
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Biokinetic Modeling: Anatomical Region vs 
Dosimetric Compartment

• ICRP 66 human respiratory tract 

model(HRTM) divides thoracic 

region of the lungs into three 

compartments:

I. bronchial (BB) 

II. bronchiolar (bb)

III.alveolar-interstitial (AI)

• Each of the anatomical lobes 

contains tissues from all three 

dosimetric compartments

What about plutonium distribution among 

dosimetric compartments?

Courtesy of W. J. Bair
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Plutonium in Dosimetric Compartments of 
the Respiratory Tract

Externally funded

• EC SOLO (€16,000) – soluble plutonium (Case 0269)

• US DOE ($75,000) – soluble plutonium (Case 0631 and Case 

0745) and refractory plutonium (Case 0407)
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BB region: 

generation 2

BB region: 

generation 3

AI region

Excision of BB from 

the rest of the 

lobe’s tissue (bb 

and AI). There are 

no ‘left-overs’ 

(contamination) of 

AI once BB is 

completely 

excised.

Lung Dissection: Left Superior Lobe (I)

• USTUR Case 0269



Lung Dissection: Left Superior Lobe (II)
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Some of the last 

generations of 

the bb region 

(terminal) are 

infiltrated into the 

AI. Due to the 

miniscule size of 

these it is difficult 

to get them fully 

separated from 

the AI. As a result, 

the AI region 

contains a small 

fraction of bb 

(terminal 

bronchioles) 

along the pleura.

AI region

bb region: respiratory 

bronchioles

Cigarette 

residues (black)
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Lung Dissection: Left Superior Lobe (III)

BB region: 
generation 4

BB region: 
generation 5

BB region: 
generation 6

BB region: 
generation 7

BB region: 
generation 8

bb region: primary and 
terminal bronchioles

Portion of the 
bronchial tree 
starting at 
generation 4. To 
dissect each region 
(BB, bb, AI) from 
HRTM we started at 
the bifurcation 
(generation 1) and 
counted down to 
generation 8 and 
separated this 
portion from the 
rest of lung. 
Continued as far as 
we were physically 
able to for the bb 
region. This is why 
the AI may have 
very small portions 
of the terminal 
bronchioles (part of 
bb).
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Lung Dissection: Complete

BB: 78.57 g 

(21%)

bb: 26.62 g 

(7%)
AI: 268.18 g 

(72%)

• BB excised with no contamination by AI region

• bb has very little if any AI contamination

• AI region is fairly pure with some terminal bronchioles (part 
of bb) which were too small to excise infiltrated along the 

pleura
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0269* 0631 0745* 0407

BB 25.7 ± 0.2 4.6 ± 0.3 19.4 ± 0.8 745 ± 28

bb 28.9 ± 0.2 6.1 ± 0.5 19.2 ± 0.8 898 ± 39

AI 22.8 ± 0.2 5.7 ± 0.2 24.3 ± 0.6 759 ± 47

Lung 23.8 ± 0.1 5.6 ± 0.2 23.5 ± 0.5 771 ± 37

239+240Pu concentration, Bq kg-1

239Pu in Dosimetric Compartments of  
Respiratory Tract: Individual Case Results

• Plutonium distribution (* smoker)
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Mean ± SD GM (GSD) GM 95% CI

BB 0.93 ± 0.12 0.92(1.1) 0.75 – 1.13

bb 1.07 ± 0.18 1.06(1.2) 0.79 – 1.41

AI 1.00 ± 0.03 1.00(1.0) 0.95 – 1.05

239+240Pu normalized concentration

• Plutonium distribution is independent of smoking 

status and plutonium material solubility type

• Plutonium is uniformly distributed among dosimetric 

compartments

239Pu in Dosimetric Compartments of 
Respiratory Tract: Summary and Conclusions



Plutonium(Americium) in Brain: USTUR Cases 
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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



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

USTUR Special Session at 61st Annual Meeting of the Health Physics Society, July 19, 2016, Spokane, WA  
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