24" Meeting of the Conference on Radiation and Health
Chicago, IL, September 23 - 25, 2018

The United States Transuranium and Uranium
Registries: Fifty Years of Contributions to
Understanding of Plutonium in Humans

Sergei Y. Tolmacheyv, Director
stolmachev@wsu.edu

United States Transuranium and Uranium Registries
College of Pharmacy and Pharmaceutical Sciences
Washington State University

1845 Terminal Drive, Suite 201, Richland, WA 99354
www.ustur.wsu.edu

College of

& ] g | Pharmacy and
2 5 ¥ | Pharmaceutical Sciences

WASHINGTON STATE UNIVERSITY




Disclaimer

United States Transuranium and Uranium
Registries (USTUR):

* IS NOt an epidemiological study

» focuses on acftinide biokinefics for
radiation protection and dosimetry

 supports radiation epidemiology through
the improvement of biokinetic models for
more accurate dose reconstruction

50 years of the USTUR: 1968 to 2018




U.S. AEC 1966 Meeting on Plutonium
Contamination in Man (Rocky Flats Plant
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National Plutonium Registry: 1968 Advisory
Committee Meeting

HANFORD ENVAIRONME NTA;L'N
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Standing left to right: Carlos E. Newton, Jr., W. Daggett Norwood, H.D. Bruner, Philip A. Fuqua
Seated left to right: Thomas F. Mancuso, J.H. Sterner, Robley D. Evans, Herbert M. Parker
Not photographed: Clarence C. Lushbaugh, Lloyd M. Joshel
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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 United State Transuranium and Uranium Registries

(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

- DOE Program Manager: Dr. Joey Zhou
* Faculty and staff:

« Budget: $5,500,000 (April 1, 2017 — March 31, 2022)
« 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

« Obtain, analyze, preserve, and make available for future
research, materials from individuals who had documented
infakes of uranium and transuranium elements

« 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
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USTUR Registrants (l)

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

« Documented radiation exposure and work history
« Acceptance criteriq:.
I. actinide internal deposition of 274 Bqg (2 nCi)
Ii. external dose to whole body 20.1 Sv (10 rem)

TIONAL DATA BANK
MORTEM ESTIMATES WITH

KINETIC MODELS
RELATE WITH EXPERIMENTAL DATA
ESS RADIATION PROTECTION STANDAR!

) UNDERSTANDING OF HUMAN A
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Unigue Data Resource

Work history

Exposure records

Medical records

/R

Bioassay measurements

Tissue analysis results
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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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i) Tissue Analysis: Backbone of the USTUR

Measurement
o- Or mass
spectrometry

Digestion/ Actinide

Dissolution separation

« 300 — 400 ftissue analysis for Pu/Am and U per year
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Plutonium in Tissues of USTUR Donors
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Primary Research: Biokinetic Modeling and
Infernal Dosimetry of Actinides

« Testing, improving and parameterizing biokinetic models
fOr rO d io | O g i C G | p rOTe C Ti O n Anatomical Regions of Respiratory Tract

v Human Respiratory Tract Model (ICRP 130) S >
/ Wound Model (NCRP 156) N
v Systemic models for U, Pu, Am (ICRP OIR3 & OIR4)

nnnnnn
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« Evaluating uncertainties in internal
radiation dose assessment

« Modeling actinide decorporation

CRH and RRS Posters Courtesy of W.J. Bair

a. Avtandilashvili et al. Four-decade follow-up of plutonium-contaminated
puncture wound treated with Ca-DTPA

L. Dumit et al. New compartmental model for plutonium decorporation therapy

c. Zhou et al. Update on Causes of Death among 354 Former Nuclear Workers in
the United States Transuranium and Uranium Registries
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IMBA Professional Plus® Software

« Developed: ACJ & Associates (USA) and Health
Protection Agency (UK)

« Funded: U.S. DOE, COG, and NIOSH

Dr. Anthony James
WSU/USTUR, Research
Professor & Director

Australia
D

IMBA i ) /
Professional U inlan

& Phis

¢

Dr. Alan Birchall
WSU/USTUR
Adjunct Professor
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Human Respiratory Tract Model: Plutonium
Bound Fraction

Deposition Deposition
v v 1-f
Rapid Slow
9 dissolution dissolution
(@)
Q l fy s, fe S l
O
,5 Bound material
ol
9
O (1-f,)s, Sp (1-1f,)s,
< v v
Body fluids

- Bound material fraction: f,
* ICRP 66, ICRP130 HRTM: f, =0
« OIR Part 4 (upcoming): f, = 0.002
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i) Soluble 23Py Retention in Lungs: fo = 0
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©

Soluble 237Pu Retention in Lungs: fo = 0.007

100

2Py activity in lungs (Bq)

0.01

10 |

0.1 |

o+ 4 b b

| ® Avutopsy measurement

— Model prediction: fb=0

— — Model prediction: fo = 0.007

Increase in lung dose: 600%
10 15 20 25 30 35 40 45

Time (y)
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New System of Models for Plutonium

Decorporation
Plutonium Systemic Model ASSU m pTIOhS
S S . I_F}’_l _, « Chelation in extra-
: : i: :i _____________ cellular fluid, liver,
¥ Ny e and skeleton in
: : i: . addition to chelation
| | r---é-----;;_gT;A ECF [ Blood] in blood
: T T
:%%{"_j_‘_fi_; _________ e « Same model
L L i E PDTPA structure for the
ECo-DTP:'*CO gCo-DTPA ! Co-DTPA T injec’red Ca-DTPA
O’r:mer EC::F E Urine |« Bladder Clﬂd Pu-DTPA
= — & : PU-DTPA Model chelate
— e - Different kinetics
Ca-DIPA Model for Ca-DTPA and
Pu-DTPA

RRS Poster: Dumit et al. New compartmental model for plutonium decorporation
therapy
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Collaborative Research Network

« Actinide biokinetic modeling and dosimeftry

- Radiation biomarkers EURHDOS
« Nuclear forensics MURR ;E

« Actinide nanoparticles —RREL
b NINBESEGS

» Chelation therapy modeling

* Beryllium and zirconium A

)
OAK ~7 - Los Alamos
RIDGE Pacific Northwest NATIONAL LABORATORY
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USTUR and Russian Health Study

Radiation Protection Dosimetry (2017), Vol. 176, No. 1-2, pp. 45 49

Advance Access publication 10 June 2016

THE MAYAK WORKER DOSIMETRY SYSTEM (MWDS 2013):
SOLUBLE PLUTONIUM RETENTION IN THE LUNGS OF AN

OCCUPATIONALLY EXPOSED USTUR CASE

el
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doi:10.1093/rpdincw1 36

S. Y. Tolmachev'™*, C. E. Niclsen?, M. Avtan
F. L. Miller', W. F. Morgan*" and A. Birchall
'"'US Transuranium and Uranium Registrics,
Terminal Drive, Suite 201, Richland, WA 993
“Mission Support Alliance, Richland, WA 99
Department of Toxicology, Centre for Radia
England, Chilton, Dideot OX11 0RQ, UK
“*Pacific Northwest National Laboratory. Ricl
*Global Dosimetry, Dideot, Oxon, UK

*Corresponding author: stolmachevi@wsu.ed

For the first ime, plutonium refention in human u
human respiratory tract proposed by the Internation
analytical work methodology, case selection crite]
plutonium distribution in the lungs of a former nuc|
Thirty-eight years post-intake, plutonium was found
alveolar—interstitial {Al) dosimetric compartments a:
activity was estimated to be 2333 £ 23 and 42.1 £
the extent of plutonium binding in the upper airways|

Radiation Protection Dosimctry (2017), Vol. 176, No. 1-2, pp. 117 131

Advance Access publication 19 August 2016

THE MAYAK WORKER DOSIMETRY SYSTEM (MWDS-2013):
ESTIMATION OF PLUTONIUM SKELETAL BURDEN FROM
LIMITED AUTOPSY BONE SAMPLES FROM MAYAK PA

WORKERS

doiz10.1093/rpd/ncw239

Tal Tasa? 1C NS

K. G. Suslova'*, A. B. Sokelova', S. Yu
'Southern Urals Riophysics Institute (S
2United States Transuranium and Urani
University, Richland, WA, USA
“Division of Radiobiology, Department
City, UT, USA

#*Corresponding author: suslova@subi.g

The method to estimate total skeleton plutoniul
ited bone 1 btained at psy is desd
from the mid-1950s to 2013. Plutonium was n
The method was validated using data from
Registries (USTURY). The developed algorithin
conservative estimation, Late-inife liver disea
ciated with significant ditferences in plutonium
ties are discussed and future studies will addr
data in support of the development of hiokinetig

Radiation Protection Dosimetry (2017). Vol. 176, No. 1-2, pp. 50-61 doi:10.1093 /rpd/new(183

Advance Access publication 24 April 2016

THE MAYAK WORKER DOSIMETRY SYSTEM (MWDS 2013): A
RE-ANALYSIS OF USTUR CASE 0269 TO DETERMINE WHETHER
PLUTONIUM BINDS TO THE LUNGS

M. Puncher'-*, A, Birchall® and 8. Y. Tolmachey?

"Department of Toxicology, Centre for Radiation, Chemical and Environmental Hazards,
?ublio Health England. Chilton, Didcot OX11 0RQ, UK

~Global Dosimetry, Didcot, Oxon, UK

3US Transuranium and Uranium Registrics, College of Pharmacy, Washington State University,
1845 Terminal Drive, Suite 201, Richland, WA 99354, USA

*Corresponding author: matthew.puncher@phe. gov.uk

Received 9 February 2016, revised 9 February 2016; accepted 28 February 2016

Radionuclides in ionic form can become chemically bound in the airways of the lungs following dissolution of inhaled particu-
lates in hing floid. The presence of long-term binding can greafly increase lung doses from inhaled plutonium, particularly if it
occurs in the bronchial and bronchiolar regions. However, the only published evidence that plh binding occurs in |

comes from an analysis of the autopsy and bioassay data of United States Transuranium and Uranium Registries Case 0269, a
plutonium worker who experienced a very high (58 kBq) acute inhalation of plutonium nitrate. This analysis suggested a hound
fraction of around 8 %, inferred from an unexpectedly low ratio of estimated total thoracie lymph node activity:iotal lung activ-
ity, at the time of death. However, there are some limitations with this study, the most significant being that measurements of the
regional distribution of plutonium activity in the lungs, which provide more direct evidence of binding, were not available when
the analysis was performed. The present work describes the analysis of new data, which includ ts of plute ac-
tivity in the alveolar—interstitial (AI) region, bronchial (BB) and bronchiolar (bb) regions, and extra-thoracic (ET) regions, at
the time of death. A Bayesian approach is used that accounts for uncertainties in model parameter values, including particle
transport clearance, which were not considered in the original analysis. The results indicate that a long-term bound fraction
between 0.4 and 0.7 % is required to explain this data, largely becavse plutonium activity is present in the extra-thoracic (ETy),
bronchial and bronchiolar airways at the time of death,
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USTUR and Million Person Study
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Trogram Arca Committees:

Basic Criterin, Epidemiology,
Radiobiotogy, and Risk
Gayle F. Woloschak
Northwestern University

Jonine L. Bernstein, Co-Chelr
Memorial Sloan Kettering,
Cancer Cenler

Operational Radiation Safety
Kalhryn H, Pryor
Pacific Northwest National Laboratory

Nucleer und Rudintogical Security

and Safety

Armin Ansari

Centers for Discase Control and Prevention

Brooke R. Buddemeicr, Co-Chuir
Lawrence Livermore National Laboralory

Radiation Profection in Medicine
James A, Brink
Massachusetts General TTospital

Donald L. Miller, Co-Chair
1.8, Food and Drug Administration

NATIONAL COUNCIL ON RADIATION PROTECTION
AND MEASUREMENTS

¢ Presicenr; Jerrold T. Bushbery: Executive Director; Kathryn T). Held

Prestdent: Tohm T, Boice, Ir.; Semior Fi
7910 Woodmaont Avenue, Suite 400, |

Patricia Worthington, PhD
Director, Office of Health an
Office of Environment, Healt,
U.S. Department of Energy
Washington, DC 20585
email: Pat. Worthington@hq.

Dear Dr. Warthington:

The National Council on Rad
would greatly appreciate hel
radiochemical lissue analysd
from the U.S. Transuranium
DOE studies. These data ar|
biokinetic models to estimatg
radioactive elements. This is
Alamos National Laboratory
Flats.

The Office of Environment, H
NCRP a grant to continue oy
Radiation Workers. One fog
obtained from bioassay data
estimation. We are working
regard. We have found it ext
Tolmachev to assess the po
available within the USTUR.
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NATIONAL COUNCIL ON RADIATION PROTECTION
AND MEASUREMENTS

Prexident: John T, Boice, Ir.; Senior Vice Presiden: Jerrold T, Bushberg; Fxecwrive Divecror: Kathryn [, Held
7910 Weodmont Avenue. Suite 400, Bethesda, Maryland 20814-3093 Voice: (301} 657-2652 Fax: (301) 907-8768

To: Board of Directors

A

From: John Boice
President

Jerrold Bushberg

Senior Vice-President
Chairman of the Board

Re: Request for Approval of NCRP Proposal (April 13, 2018)

Proposal Title: Development of Models for Brain Dosimetry for Internally Deposited
Radionuclides

Purpose: To prepare a commentary that describes new approaches to obtain dose to the brain following
intakes of radionuclides. This will help angoing efforts with regard to DOE and NASA grants focusing on the
effects of high-LET particles in the brain, as well as provide new knowledge on brain dosimetry relevant to
protection that is not heretofore available.

Background: The NCRP is coordinating the One Million Person Study of Radiation Workers and Veterans.
NASA is interested in cohorts of workers with intakes of radionuclides that provide a high-LET dose to brain
tissue from alpha particle emitters (low-energy helium nuclei) amid a low-LET dose from external gamma-rays.
This is a somewhat human analog to the fields in outer space although the high-energy and high-Z particles
are different. Of interest is to look at alpha particle dose to brain and subsequent risk of dementia and
Alzheimer's. Intakes of radicnuclides that provide a high-LET dose to the brain include polonium, radium,
plutonium, americium, and uranium. ‘Validation that these radionuclides cross the blood-brain barrier and
deposit energy in brain tissue comes from autopsy material within the U.S. Transuranium and Uranium
Registries (USTUR). Pclonium was previously measured in brain tissue during the Litvinenke autopsy.

Studies are about to beqin of brain tissues from workers exposed to several of these radionuclides using

50 years of the USTUR: 1968 to 2018




Contribution to National Council on
Radiation Protection and Measurements

« Report 164: Uncertainties in Infernal Radiation Dose Assessment
(2009)

« Report 163: Radiation Dose Reconstruction Principles and
Practices (2009)

« Report 156: Development of a Biokinetic Model for
Radionuclide-Contaminated Wounds for Their Assessment,
Dosimetry and Treatment (2006)

« Report 135: Liver Cancer Risk from Internally-Deposited
Radionuclides (2001)

« Report 128: Radionuclide Exposure of the Embryo/Fetus (1998)
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Contribution to International Commission on
Radiological Protection

« Occupational Intakes of Radionuclides - Part 4 (upcoming)
« Publication 137: Occupational Intakes of Radionuclides - Part 3 (2017)

« Publication 70: Basic Anatomical & Physiological Data for Use in
Radiological Protection - The Skeleton (1995)

« Publication 69: Age-dependent Doses to Members of the Public from
Intake of Radionuclides - Part 3 Ingestion Dose Coefficients (1995)

« Publication 66: Human Respiratory Tract Model for Radiological
Protection (1994)

« Publication 67: Age-dependent Doses to Members of the Public from
Intake of Radionuclides - Part 2 Ingestion Dose Coefficients (1993)

« Publication 56: Age-dependent Doses to Members of the Public from
Intake of Radionuclides - Part 1 (1989)

« Publication 48: The Metabolism of Plutonium and Related
Elements (1986)
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Health Physics Journal Special Issues

« 2019, upcoming: The United States Transuranium and Uranium

Registries (USTUR): Five Decade Follow-up of Plutfonium and
Uranium Workers

« 1995, 69 (3): 1976 Hanford Americium Exposure Incident:
Update

« 1992, 63 (1): Total-body Evaluation of a Thorotrast Patient

« 1985, 49 (4). The U.S. Transuranium Registry Report on the
241 Am Content of a Whole Body

VOL. 69, NO. 3, SEPTEMBER 1995
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USTUR Special Issues: HPJ PAP

MODELING THE SKELETON WEIGHT OF AN ADULT CAUCASIAN MAN

Abstract—The referenc
male (10.5 kg) recommyg
Radiological Protection|
dissected skeletons from
nranium and Uranium
tional C -

THE IMPORTANCE AND QUANTIFICATION OF PLUTONIUM BINDING IN
HUMAN LUNGS

Alan Bi
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height demenstrated

weight and body height
o (kg) = —10.7 + 0.

Abstract—Epidemiological
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EVALUATING PLUTONIUM INTAKE AND RADIATION DOSE
FOLLOWING EXTENSIVE CHELATION TREATMENT

Sara Dumit, Maia Aviandilashvili, and Sergei Y. Tolmachev'

Abstract—A voluntary partial-body don
and Uranium Registries Case 0783) was
***Pu via inhalation and wounds. This ind
ical treatment including wound excision
treatment with calcium ethylenediaminet
cium diethylenetriaminepentaacetic acid,
of ’Pu was measured in the wound site
Major soft tissues and selected bones we
and radiochemically analyzed for hpy, 7
mortem systemie retention of **Pu, *’Pu, 4
to be 32.0 + 1.4 By, 2,172 + 70 By, and 39
Approximately 3% of py whole-bedy a
in the lungs 51 y after the accident indica
ble plutonium material. To estimate th
radiation dose, urine measurcments no
treatment, in vivo chest counts, and po
cal analysis data were simultaneously f|
Modules for Bioassay Analysis Professio
currently recommended International Co
cal Protection Publication 130 human r
and National Council on Radiation Protec|
Report 156 wound model were used with d
intake, adjusted for Z%Pu removed by <!
estimated at approximately 79.5 kBq wi
inhalation and 32% from the wound. I
predominantly inseluble type S materia
plutoninm fragments deposited in the wo)
tion in radiation dose was achieved by clj
committed effective dose was caleulated to
data available for this case, the effeet of]
1 d. Urinary excretion enhancemeny

as 83 + 52 and 38 =+ 17 for initial and dela
aminetetraacetic acid treatments, respecti|
delayed calcium dicthylenetriamincpentaay
ment factor deercases proportionally to
time after intake, For delayed calcium eth;
acid treatment, with five consecutive

the enhancement factor increased from

THE PSEUDO-PELGER HUET CELL AS A RETROSPECTIVE DOSIMETER:
ANALYSIS OF A RADIUM DIAL PAINTER COHORT

Ronald E. Goans,! Richard E. Toohey,? Carol J. Iddins,> Stacey T. McComish,

Sergei Y. Tolmachey,” and Nicholas Dainiak

Ahstract—Recently, the pseudo-Pelger Huét anomaly in periph-
eral blond neutrophils has heen described as a new radiation-
induced, stable biomarker. Tn this study, pscudo-Pelger Hudt
anomaly was examined in peripheral blood slides (rom a cohort
of 166 lormer radium dial painters and ancillary personnel in
the radium dial industry, 35 of whom had a marrow dose of zero
above background. Members of the radium dial painter cohort
ingesied 226Ra and *®Ra at an early age (average age 20.6 + 54 y;
range 13—40 y) during the years 1914-1955. Exposure duration
ranged from 1-1,820 wk with marrow dose 1.5-6,750 mGy.
Pseudo-Pelger Huét anomaly expressed as a percentage of total
neutrophils in this cohort rises in a sigmoidal fashion over five de-
cades of red marrow dose. Six subjects in this eohort eventually
developed malignancies: five osteosarcomas and one mastoid cell
neoplasm. The pseudo-Pelger Huét anomaly percentage in these
cases of nepplasm increases with marrow dose and is best fit with
a sigmoid functivn, suggestive of a threshold effect. No sarcomas
are seen for a marrow dose under 2 Gy. These results indicate that
psendo-Pelger Huét anomaly in peripheral blood is a reasonable
surrogate for the estimation of alpha dose to bone marrow in his-
torie radiation cases. [Typotheses are discussed to explain late
(months to years), early (hours to days), and intermediate (weeks
to monthsy effects of fonizing radiation, respectively, on the ex-
pression of genes encoding inner nuclear membrane proteins
and their receptors, on the structure and function of nuclear
membrane proteins and lipids, and on ¢ytokinesis through chro-
matin bridge formation,

Health Phys. 115(00):000-000; 2018

Key words: hindosimeter; dial painter dosimetry; biomarker;
radium dosimetry

37

INTRODUCTION

ANATYSIS OF peripheral blood smears (rom a group of [ormer
radium dial painters and ancillary personnel in the radium
industry points to the existence of a long-term biomarker
for radiation dosc, pscudo-Pelger [yt anomaly (PHA),
The radium dial painter cohorl is a well-described group
of predominantly young women who incidentally ingested
"°Ra and “*Ra as they painted luminescent watch dials
in the [irst hall of the twenticth century (Toohey ¢t al.
1983; Rowland 1994, 1996). In the present study, the authors
present the dose response of the pseudo-Pelger Huét anomaly
in a large cohort of former dial painters. PHA has been re-
cenlly deseribed as a novel, permanent, radiation-induced
biomarker in circulating neutrophils (Goans et al. 2015,
2017, and it appears to be a surrogate for the estimation
of radiation dose to bonc marrow. Peripheral blood slides
prepared in 1960-1975 during patient follow-up at
Argonne National Laboratory and a satellite laboratory at
Massachusetts Institnte of Technology (MIT) were made
available in collaboration with the United States Transura-
nium and Uranium Registries (USTUR).

PHA was initially described by Karl Pelger (Pelger
1928) and later defined by G. J. Hugt (Huét 1931) as a mu-
latien with aulosomal dominant inherilance. PTIA is charac-
terized in myelocytes by bean- or dumbbell-shaped,

TR | 1 1 ') Tl L
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USTUR: Take Home Message

* In-depth study of actinide biokinetics and tissue
dosimetry

« Unigue resource of data and preserved tfissue
materials from former nuclear workers

 Significant conftributor to national and
Infernational radiation protection advisory bodies

« 50 years of research funded by U.S. DOE
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USTUR Special Session at 615" Annual Meeting of the Health Physics Society, July 19, 2016, Spokane, WA

Questions?e

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