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

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

1968

1970

1978

1992

REGISTRIES MANAGEMENT

ANALYTICAL SUPPORT

National Plutonium Registry (NPR) Rocky Flats Pacific Northwest
Hanford Environmental Health Foundation Facility Laboratory
I
United States Transuranium Registry (USTR) Los Alamos
Hanford Environmental Health Foundation Scientific Laboratory 1971
United States Uranium Registry (USUR)
Hanford Environmental Health Foundation 1978
1989
I
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United States Transuranium and Uranium Registries (USTUR)

College of Pharmacy, Washington State University
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USTUR Mission: Then and Now

* Initial mission was “to protect the interests of workers, employees,
and the public by .... the acquisition and provision of the latest and
most precise information about the effects of the transuranic
elements on man’

* By the end of 1970s, the mission of the Registries moved away from
epidemiology

» Today's mission is to follow up occupationally exposed workers by
studying the biokinetics and tissue dosimetry of the actinides [in

support of radiation epidemiology studies] = em e
:_'i % Epidemiology
l Yes

Improvement of

biokinetic models; — Better dose
reduce assessment

uncertainties
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USTUR Registrants

Individuals with documented history of exposure to the actinides

» Selection criteria: 22 nCi (internal deposition) or 210 rem (external)
* Mainly former nuclear workers from DOE sites

* Voluntary tissue donors (posthumous):

whole- (48) and/or partial-body (317) donations
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Unique Data Resource

'ﬁ‘ 1 'ﬂ‘ 2E3 Work history

Medical records

Smoking historyt

Chemical exposure recordst

I

Radiation exposure records
Bioassay measurements

Tissue analysis results (Pu, Am, U)

T - self-reported
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National Human Radiobiology Tissue Repository
(NHRTR) at the USTUR

USTUR research: frozen and acid-
digested tissues (acid solutions)

Radium Dial Painter study: frozen

/_ plastic-embedded, and dry tissues
NHRTR
materials .

\_ Los Alamos Environmental study:

ac/d solutions

Plutonium Injection study: p/astic-
embedded bones
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Primary Research: Biokinetic Modeling and
Internal Dosimetry of Actinides

* Testing, improving and parameterizing biokinetic models for
ra d i O | Og ica | p rOteCt i O n Anatomical Regions of Respiratory Tract

v Human Respiratory Tract Model (ICRP 130) T a
 Wound Model (NCRP 156)
v Systemic models for U, Pu, Am (ICRP 137 & 141)

 Modeling actinide decorporation

* Evaluating uncertainties in internal radiation
dose assessment
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Human Respiratory Tract Model: Plutonium
Bound Fraction

Alan Birchall (PHE, UK)

Radiation Protection Dosimetry (2007), Vol, 127, No. 1-4, pp. 449-455
Advance Access publication 28 January 2008

USTUR WHOLE BODY CASE 0269: DEMONSTRATING
EFFECTIVENESS OF L.V. Ca-DTPA FOR Pu

A. C. James'-*, L. B. Sasser', D. B. Swit', 8. E. Glover? and E. H. Carbaugh’

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

*Department of Mechanical, Industrial and Nuclear Engineering, University of Cincinnati,

598 Rhodes Hall, Cincinnati, OFH 45221, USA

“Pacific Northwest National Laboratory, PO Box 999, Richland, WA 99354, USA

doi: 10,1093 /rpd /nemd 73

Paper

THE IMPORTANCE AND QUANTIFICATION OF PLUTONIUM BINDING IN

HUMAN LUNGS

Alan Birchall,"* Matthew Puncher,”* Alan Il()d}_:smm.2 and Sergei Y. Tolmachev*

Health Phys. 117(2):133-142; 2019

Ab-rmf—t.pldemnologwal sludm have shown that the main risk Kev words: dosd v, internal; inhalati lungs, h

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

doi: 101093 /pd/mew]
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

S Y. Iolman.hcv *, C.E. !\ulscn M. Avtandilashv ili', M. Puncher®, F. Martinez', E. M. Thomas',

F. L. Miller', W. F. Morgan™' and A. Birchall®

'US Transuranium and Uranium Registries, College of Pharmacy, Washington State University, 18435
Terminal Drive, Suite 201, Richland, WA 99354, USA

*Mission Support Alliance, Richland, WA 99352, USA

“Department of Toxicology, Centre for Radiation, Chemical and Environmental Hazards, Public Health
England, Chilton, Didcot OX11 0RQ, UK

*Pacific Northwest National Laboratory, Richland, USA

*Global Dosimetry, Dideot, Oxon, UK

asdelng Funvs de Le lume cansee aelsh

Radiation Protection Dosimetry (2017), Vol, 176, No. 1-2, pp. 50-61
Advance Access publication 24 April 2016

doi: 10,1093 /rpd /new083

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 S. Y. Tolmachev?

'Department of Toxicology, Centre for Radiation, Chemical and Environmental Hazards,
Public Health England, Chilton, Didcot OX11 0RQ, UK
'(;Iobal Dosimetry, Didcot, Oxon, UK

*US Transuranium and Uranium Registries, College of Pharmacy, Washington State University,

1845 Terminal Drive, Suite 201, Richland, WA 99354, USA

Matthew Puncher (PHE, UK)

ANNALS OF THE

PUBLICATION 141

Occupational Intakes of
Radionuclides: Part 4
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Human Respiratory Tract Model: Scar Tissue
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Particles in initial state

Particles in transformed state
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Paper

Long-term Retention of Plutonium in the Respiratory Tracts of Two
Acutely-exposed Workers: Estimation of Bound Fraction

Deepesh Poudel,' Maia Avtandilashvili,” Luiz Bertelli,' John A. Klumpp,' and Sergei Y. Tolmachev’

10P Publishing | Society for Radiological Protection
J. Radiol. Prot. 41 (2021) 940-961 (22pp)

Journal of Radiological Protection

hiips:/idoi.org/10.1088/1361-6498/abcadd

Modelling of long-term retention of
high-fired plutonium oxide in the human
respiratory tract: importance of scar-tissue
compartments

Deepesh Poudel'* (), Maia Avtandilashvili®, John
A Klumpp', Luiz Bertelli' and Sergei Y Tolmachev’

! Radiation Prolection Division, Los Alamos National Laboratory, Los Alamos, NM.
United States ol America

* U.S. Transuranium and Uranium Registrics, Washington State University, Richland,
WA, United States of America

E-mail: dpoudel@lanl. gov

Radiation Protection Dosimetry (year), Vol. 0, No. 0, pp. 0-0 SECTION TITLE HERE

DOI: 10.1093/rpd/nc0000

MODIFIED HUMAN RESPIRATORY TRACT MODEL TO DESCRIBE
THE RETENTION OF PLUTONIUM IN SCAR TISSUES

Deepesh Poudel'*, Maia Avtandilashvili2, John A Klumpp!, Luiz Bertelli!, Sergei Y Tolmachev?
'Los Alamos National Laboratory, PO Box 1663 MS G761, Los Alamos, NM 87545, USA
2Washington State University, 1845 Terminal Dr. Suite 201, Richland, WA 99354, USA

*Corresponding author: dpoudel@lanl.gov

Deepesh Poudel

MODELING THE LONG-TERM RETENTION OF PLUTONIUM
IN THE HUMAN RESPIRATORY TRACT USING SCAR-TISSUE
COMPARTMENTS

L# Maia Avtandilashvili’, John A Klumpp', Luiz Bertelli' and Sergei Y Tolmachev?

'Radiation Protection Division, Los Alamos National Laboratory, Los Alamos, NM, USA
>United States Transuranium and Uranium Registries, Washington State University, Richland, WA, USA

*Corresponding author: dpoudel@lanl.gov
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Evaluating Uncertainties in Dose Assessmen

Martin Sefl

Criteria for urine bioassays

Health Physics database

a-Pu/#®Pu urine bioassay

measurements zMDA

Criteria for Pu tissue concentrations

192
Skeleton

=0.1 Bg kg

PLOS ONE

RESEARCH ARTICLE

Plutonium in Manhattan Project workers:
Using autopsy data to evaluate organ content
and dose estimates based on urine bioassay
with implications for radiation epidemiology

Martin Sefl ', Joey Y. Zhou?, Maia Avtandilashvili', Stacey L. McComish’, Sergei

Y. Tolmachev'

1 United States Transuranium and Uranium Registries, College of Pharmacy and Pharmaceutical Sciences,
Washington State University, Richland, Washington, United States of America, 2 Office of Domestic and
International Health Studies, United States Department of Energy, Washington, DC, United States of America

* martin.sefl@wsu.edu

Radiation Protection Dosimetry (veat), Vol. 0, No. 0, pp. 0-0
DOI: 10.1093/rpd/ncO000

LATENT BONE MODELLING FOR ESTIMATION OF PLUTONIUM
CONCENTRATION IN SKELETON OF FORMER NUCLEAR

WORKERS

Martin Sefl!, Joey Y. Zhou?, Maia Avtandilashvili!, Sergei Y. Tolmachev!"
United States Transuranium and Uranium Registries, Washington State University, Richland, Washington, USA
2Office of Domestic and International Health Studies, United States Department of Energy, Washington, District

of Columbia, USA

Received month date year, amended month date year, accepted month date year

The skeleton is a major plutonium retention site in the human body. The estimation of the total plutonium activity in the
skeleton is a challenging problem. For most tissue donors at the United States Transuranium and Uranium Registries, a
limited number of bone samples is available. The skeleton activity is calculated using plutonium activity concentration
(Cuwer) and skeleton weight. If limited number of bone samples was analysed, Cica must be estimated. Data of 13 non-
osteoporotic whole-hody donors were used for principal component regression (PCR) and the results were used to estimate
Caer for seven cases with four to eight analysed bone samples. PCR was compared to arithmetic mean estimate. This analysis
suggests that PCR offers significant reduction of uncertainty of Cae estimate for the studied cases.
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Abstract—This whole-body tissue donor to the United States
Transuranium and Uranium Registries was occupationally exposed
to plutonium nitrate-dioxide mixture via chronic inhalation. This
individual was involved in the Manhattan Project operations and
later participated in medical follow-up studies. Soft tissues and
bones collected at autopsy were analyzed for 2**Pu, 2*****py,
and **'Am. Fifty-three years post-intake, 700+2 Bq of 2*"4'py
were still retained in the skeleton, 66111 Bq in the liver, and
282+3 Bq in the respiratory tract. Bioassay measurements and or-
gan activities at the time of death were used to estimate the intake
and radiation doses using the TAURUS internal dosimetry soft-
ware. For this individual, an ICRP Publication 130 Human Respi-
ratory Tract Model with case-specific particle size of 0.3 pm,
ICRP Publication 100 Human Ali 'y Tract Model, and
ICRP Publication 141 P ium Systemic Model de-
seribed ]ong-term plutonium retention and excretion. The total
cumulative 2*2*Py intake of 31,716 Bq was estimated, of which
24,853 Bq (78.4%) were contributed by inhalation of plutonium
nitrate and 6,863 Bq (21.6%) of plutonium dioxide. The commit-
ted equivalent doses to the red bone marrow, bone surface, liver,
lungs, and brain were 0.71 Sv, 6.5 Sv, 8.3 Sv, 3.8 Sv, and 0.068 Sv,
respectively. The committed effective dose was 1.22 Sv.

Health Phys. 120(6):661-670; 2021

Key words: biokinetics; human organs; inhalation; plutonium

Paper

Inhalation of Soluble Plutonium: 53-year Follow-up of Manhattan Project Worker

Martin Sefl, Maia Avtandilashvili, and Sergei Y. Tolmachev'

Scientific (now National) Laboratory in the 1940s was orig-
inally selected for medical follow-up (Hempelmann et al.
1973). This group is informally known as the “UPPU
(You Pea Pu) Club” (Inkret and Miller 1995). They worked
in plutonium purification, fluorination, reduction, and re-
covery operations, and most likely were chronically ex-
posed to plutonium via inhalation. These workers handled
plutonium in quantities from milligrams to kilograms
(Hempelmann et al. 1973). Summaries of their 27-, 32-,
37-, 42-, and 50-y follow-up examinations were previ-
ously published (Hempelmann et al. 1973; Voelz et al.
1979, 1985, 1997; Voelz and Lawrence 1991).

Thirteen individuals from this group donated their bodies
to the US Transuranium and Uranium Registries (USTUR) for
scientific research. The USTUR was established as the Na-
tional Plutonium Registry in August 1968 by the Atomic
Energy Commission with the original goal to correlate acci-
dental intakes of plutonium with workers” subsequent health
records (Bruner 1968; Norwood 1972). Since the very begin
ning of the program, tissue samples have been collected a
autopsy and radiochemically analyzed to understand pluto,

%,
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Misclassification of Cause of Death: Autopsy

Report vs Death Certifica
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MAIN FINDING

- 240 cases with both death certificates (DC) and full

autopsy reports (AR).

- 27.9% underlying causes of death (UCOD) on DCs did

not match the ARs.

- Respiratory disease and other causes of death had
statistically significant mismatch rates after adjustment.

MOTIVATION AND IMPORTANCE

+ Types of public health study based on radiation exposure

- Epidemiclogical study
+ Rodiationrisk assessment

. Radiation-relatedregulatory standard developmentfor the worker and public

- Death certificate diagnosis may prove incomrect orinadequate

compadred to autopsy reports

» Small and declining undergoing autopsy proportion of deceased persons

« High autopsy rate in enrolled individuals following USTUR protocol

©kN

Joey Zhou
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Contributions to ICRP and NCRP

Contributed to eight ICRP and six NCRP documents, including:

« NCRP Commentary 31. Development of Kinetic and Anatomical Models
for Brain Dosimetry for Internally Deposited Radionuclides (2022)

* |CRP Publication 141: Occupational Intakes of Radionuclides - Part 4
(2019)

Y
ISSN 0146-6453
1SBN 9781526440167

ANNALS OF THE
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DEVELOPMENT OF KINETIC AND

* |CRP Publication 137: Occupational Intakes of Radionuclides - Part 3

(2017)
Volume 46 No. 3/4 2017
DOSIMETRY FOR INTERNALLY I‘R

DEPOSITED RADIONUCLIDES PUBLICATION 141 Annals of the ICRP

o Occupational Intakes of
""""" Radionuclides: Part 4 ICRP Publication 137
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Health Physics Journal’'s Special Issues

2019, 117 (2): The United States Transuranium and Uranium Registries
(USTUR): Five Decade Follow-up of Plutonium 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 241Am
Content of a Whole Body

HEALTH HFALTH HEALTH HEALTH PHYSICS
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PHYSIC PHYSICS PHYSICS
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