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Disclaimer

United States Transuranium and Uranium Regqistries
(USTUR):

* IS not an epidemiological study

« focuses on actinide biokinetics for radiation
protection and dosimeftry

« 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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Genealogy of the USTUR

REGISTRIES MANAGEMENT ANALYTICAL SUPPORT
1968 National Plutonium Registry Rocky Flats Pacific Northwest
Hanford Environmental Health Foundation  Facility Laboratory

I
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
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USTUR Today

« The USTUR is a federal-grant program funded by the U.S.
DOE Office of Domestic and Intfernational 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
Reqistrants) by studying the biokinetics (deposition,
translocation, retention, and excretion) and tissue dosimeftry
of uranium and fransuranium 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
infakes of uranium and transuranium elements
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Primary Research: Biokinetic Modeling and
Infernal Dosimetry of Actinides

 Testing, iImproving and parameterizing biokinetic
models for radiological protection
v Human Respiratory Tract Model (ICRP Publication 130)
v Wound Model (NCRP Report 156)

v 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 (l)

* Voluntary tissue donors (posthumous)
whole- (46) and/or partial-body (310) donation
« Former nuclear workers from DOE sites
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USTUR Registrants (ll)

« Documented intake of actinide radionuclide(s)

« Acceptance criteria:
I. actinide internal deposition of 274 Bg (2 nCi)
ii. external dose to whole body 20.1 Sv (10 rem)

BY HANFORD ENVIRONMEN
OUNDATION ;

“GANG OF FOUR” NANOCURIES

~ Anyone who has potential for
‘transuranium deposition = 4nC

Health
Physicists

IMPROVED UNDERSTANDING OF HUMAN ACTI|
; 3

To provide registry informatio
X to potential donors VHANCED OCCUPATIONAL RADIOLOGICAI
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Primary Intakes

m Pu-238,239
Am-241

m U-235,238
Mixture
Thorotrast

m Others

B Inhalation
Wound

m Inhalation/Wound
Injection

®m No Recorded Intake
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USTUR Operation: Schematic

Tissue Radiochemical Biokineftic

collection analysis

modeling
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NHRTR: National Human Radiobiology Tissue
Repository

* USTUR tissue donations: 9,000+ frozen fissues

B Skeletal, 48%

B Muscle + Skin + Fat, 22%

Alimentary, 4%

B Circulatory, 4%

B Glands, 4%

B Respiratory + TB, 3%
Lymphatic, 3%
Nervous, 3%

Miscellaneous, 9%

« Argonne National Laboratory historical samples
v Radium dial painters
v Plutonium injection studies
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Plutonium in Tissues of Former Nuclear
Workers: Radiochemistry Results
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Unigue Data Resource

Work history

Exposure records

Medical records

Bioassay measurements

ah

Tissue analysis results
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&) Elemental Bioimaging: the USTUR Experience

Technique: available at/collaboration with
« Emulsion autoradiography: USTUR

* lonizing-radiation guantum 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

« Synchrotfron radiation micro X-ray fluorescence (SR-uXRF):
HASYLAB, Homburg, Germany/Gent University, Gent,

Belgium
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i) Elemental Bioimaging: Recent Studies

Paper

MAPPING ?*'Am SPATIAL DISTRIBUTION WITHIN ANATOMICAL BONE
STRUCTURES USING DIGITAL AUTORADIOGRAPHY

Cancer
Research

Molecuiar and Cellular Pathobiology
George Tabatadze,' Brian W. Miller,> and Sergei Y. Tolmachev'

Microdistribution and Long-term Retention of 2*°Pu (NO,), in
the Respiratory Tracts of an Acutely Exposed Plutonium

Worker and Experimental Beagle Dogs
Anal. Chem. 2010, 82, 3176-3182

Christopher E. Nielsen', Dulaney A. Wilson', Antone L. Brooks', Stacey L. McCord®. Gerald E. Dagle',
Anthony C. Jamesz-T, Sergei Y. Tolmachev®, Brian D. Thrall", and William F. Morgam1

Elemental Bio-imaging of Thorium, Uranium, and
Plutonium in Tissues from Occupationally Exposed
Former Nuclear Workers

Dominic Hare,' Sergei Tolmachev,! Anthony James,* David Bishop,' Christine Austin,’
Fred Fryer,® and Philip Doble*'!

Elemental Bio-imaging Facility, University of Technology, Sydney, Broadway, New South Wales, Australia, United
States Transuranium & Uranium Registries, College of Pharmacy, Washington State University, Richland,
Washington, and Agilent Technologies Australia, North Ryde, New South Wales, Australia Anal Bioanal Chem (2015) 407:1559—1566

DOI 10.1007/460216-014-8421-4

RESEARCH PAPER

Journal of Radioanalytical and Nuclear Chemistry

https://doi.org/10.1007/510967-018-6045-0 Stlldy of the distribution of actinides in human tissues llSil'lg
synchrotron radiation micro X-ray fluorescence spectrometry
C
@ Eva Vergucht - Bjorn De Samber - Andrei Izmer -

Determination of **Th and progeny in human reticuloendothelial Bart Vokemans - Katen Appel - Surgel Tolmachey
. . . . . . . aszlo Vincze - Frank Vanhaecke

tissues using alpha particle track autoradiographic microdosimetry

from Thorotrast

Nathan R. Schneider' - Tianyou Xie' - S. E. Glover' * Sergei Y. Tolmachev® - Zhongyum Dong? *
Henry B. Spitz'
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Plutonium in Lungs: USTUR Cose 040/
(LA-ICP-MS)
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£) Bioimaging of Pu, U, Zr in Paratracheal
Lymph Node: USTUR Case 040/ (SR-uXRF)
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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-uXRF)
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Bioimaging using iQID: ionizing-radiation
Quantum Imaging Defector

lonizing-radiation imaging and guantification:
* gamma/X-rays
« alpha particles
* beta particles

* neutrons

* fission fragments

/\—

Pacific Northwest
NATIONAL LABORATORY

THE UNIVERSITY
OF AR]ZONA@ Proudly Operated by Battelle Since 1965

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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IQID image

a. alpha-particle event

o.

background cosmic-ray event
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4 237Py Bioimaging in Bones: Injection Study

Durbin, P. (1971). Plutonium in Man: A Twenty-Five Year Review. Lawrence Berkeley National Laboratory.
LBNL Report #: UCRL-20850.

CHI-1(40-004) femur middle shaft:
a. unpolished 5-mm-thick section on IQID detector
L. IQID image after counting for 408 h

(b) . 10 mm
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241 Am Bioimaging in Bones: USTUR Case 0846

a. humerus proximal end counting for 1562 h
b. humerus proximal shaft counting for 400 h
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Tabatadze G, et al. Mapping 24*Am spatial distribution within anatomical bone structures using digital
autoradiography. Health Physics (2018) Published ahead of print.
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241 Am Bioimaging in Trabbecular Bone Region:
Effect of Sample Preparafion

a. unpolished 1-cm-thick bone cut (USTUR Case 0246)
b. polished 100-um-thick section (USTUR Case 0846)
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IQID Bioimaging Summary: the USTUR
Experience

« 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-um resolution for 23?Pu, 226Ra
and 24TAm in bone samples
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Actinide Bioimaging in Soft Tissues:
Autoradiography Techniques’ Comparison

Nuclear Instruments andl Methods in Physics Research A 767 {2014) 146-152

Contents lists available at ScienceDirect a1 o
Nuclear Instruments and Methods in T
Physics Research A SRS
FLSEN R journal homepage: www.elsevier.com/locate/nima =
The 1QID camera: An ionizing-radiation quantum imaging detector @::msmm

Brian W. Miller *“*, Stephanie ]. Gregory?, Erin S. Fuller?, Harrison H. Barrett "<
H. Bradford Barber "<, Lars R. Furenlid <
@ Prcific Norchwest Nartiona! Laboratory, Rickiand, WA 99352, USA

Y Center for Cemma-Ray tmaging, The {niversity of Arizona, Tueson, A7 83719, LSA
' College of Opiical Sciences, 1he University of Arizona, Tucson, A7 85719, U5A

@PLOS | ONE

RESEARCH ARTICLE

Actinide bioimaging in tissues: Comparison of
emulsion and solid track autoradiography
techniques with the iQID camera

Stephanie Lamart'*, Brian W. Miller®, Anne Van der Meeren', Anissa Tazrart', Jaime
F. Angulo’, Nina M. Griffiths'

1 Laboratoire de RadioToxicologie, CEA, Université Paris-Saclay, Arpajon, France, 2 College of Optical
Sciences, The University ot Arizona, Tucson, Arizona, United States of America
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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
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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 Consulfant)
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£ 2 National Council on Radiation
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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? 12t HEIR Conference, Fontenay-aux-Roses, France, October 8 - 11, 2018.
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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? 12t HEIR Conference, Fontenay-aux-Roses, France, October 8 - 11, 2018.
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i) Systemic Plutonium(Americium) in Brain
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Actinide Brain Dosimetry

INTERNATIONAL JOURNAL OF RADIATION BIOLOGY e Taylor & Francis
https://dol.org/10.1080/09553007.2018.1554923 Taylor & Francis Group

ORIGINAL ARTICLE M) Gheck for updates

Potential improvements in brain dose estimates for internal emitters

Richard W. Leggett?, Sergei Y. Tolmachev® and John D. Boice, Jr.¢

2Dak Ridge National Laboratory, Oak Ridge, TN, USA; PU.S. Transuranium and Uranium Registries, College of Pharmacy and Pharmaceutical
Sciences, Washington State University, Richland, WA, USA; “National Council on Radiation Protection and Measurements, Bethesda, MD,
USA; 9Division of Epidemiology, Department of Medicine, Vanderbilt Epidemiology Center and Vanderbilt-Ingram Cancer Center, Nashville,
TN, USA

ABSTRACT
Background: Element-specific biokinetic models are used to | Table 3. Summary of ratios of injection dose coefficients for brain in a refer-
from internal emitters. Typically, a systemic model for a radiony ayca male worker, based on systemic biokinetic models with or without an
ant repositories. Remaining tissues and fluids are aggregated i . .
the radionuclide is assumed to be uniformly distributed. In tH explicitly modeled brain.
radiation protection, the brain usually is addressed as an impli

than an explicitly depicted repository. Due to increasing inte Ratio of dose coefficients for
efforts are underway to improve brain dosimetry for internal rad Radionuclide brain Explicit Brain : Implicit Brain
Methods: We assessed potential improvements in brain dosim

modeling brain kinetics rather than treating the brain as a may Americium-241 0.13

10 elements for which brain kinetics can be modeled using pu Bismuth-207 0.57

coefficients were calculated for a relatively long-lived radioisoto, X '

versions of the ICRP's latest systemic biokinetic model for th Uranium-234 0.81

modified version differing only in the treatment of brain. If the | Plutonium-239 0.96

pool, the modified version depicted brain instead as a mass fra ——

included brain in Qther tissue, the modified version included an Mercury—203 (vapor) 1.4

on best available brain-specific data. Cesium-134 1.5

Results: The result for a given radionuclide is expressed as a 1 _

coefficients based on the versions of the model with and with Mang?nese >4 1'73

The following ratios A:B were obtained for the 10 radionuclid Polonium-210 1.7

0.57; 2**U, 0.81; 2*°Pu, 0.96; 2*Hg (vapor), 1.4; '*%Cs, 1.5; **Mil Radium-226 1.9°

These ratios indicate that a dose estimate for brain based on a Lead-210 33¢

contained in Other tissue may substantially underestimate or s
uglsits tha& re"‘*;“ bes; a"a"alble '})ral:n-sp‘zc'ﬁlc.b"’g‘.”fj'c ‘.’atj‘ Average ratio. Alternate explicit brain models were addressed (see text).
estlmate. epends ont eAqua ItyO tﬂe unaeriying |o-|net|c a b d d f 226R I . b H f d d
Conclusions: Where feasible, the brain should be depicted exp| ~Based on dose from a only; contribution from progeny not considered.
demiological studies addressing adverse effects of ionizing radia| “Average ratio. Alternate explicit brain models were addressed for *'°Po pro-

duced in the body after intake of 2'°Pb (see text).
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Physico-chemical Characteristics and
Distribution of Actinide Parficles(¢) in Brain

Ty 5,

‘\&P}')‘TFDH
§§c|' %?g? National Council on Radiation NOI'thWQSteI'n
%%@%:imgﬁ Protection and Measurements U].‘llVGI‘Slty

Argonne°

NATIONAL LABORATORY

The Bionanoprobe: Synchrotron-based Hard X-ray Fluorescence
Microscopy for 2D/3D Trace Element \Mapping

Si Chen''’, Tatjana Paunesku?, Ye YuanZ, Qiaoling Jin?, Benjamin Hornberger?, Claus
Flachenecker?, Barry Lai'!, Keith Brister®, Chris Jacobsen'3%5 Gayle WoloschakZ?, and
Stefan Vogt'>  Aicros Today. 2015 May : 23(3): 26-29.
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Thank you very much!

Questions?

stoimachev@wsu.edu
www.ustur.wsu.edu
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