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WITH GRATITUDE

To our Registrants — whose foresight and generosity built the scientific

foundation of the USTUR and continue to inform radiation protection today.
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Rocky Flats, July 25-26, 1966
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HISTORY

United States Transuranium and
Uranium Registries (USTUR)

1949 Hanford autopsy tissue study

1966 U.S. Atomic Energy Commission ‘Plutonium in Man’ meeting — the idea of a registry

1967 7' Annual Hanford Biology Symposium — the registry proposed

® ® ® ®
1968 1970 1978 1992
Plutonium Registry Renamed U.S. Transuranium U.S. Uranium Registry (USUR) USTR + USUR = USTUR
established Registry (USTR) established consolidated
Hanford Environmental Scope broadened Administratively Moved to Washington State University
Health Foundation contract beyond plutonium separate registry research grant

Analytical and management support: HEHF, Los Alamos Scientific Laboratory, Pacific Northwest Laboratory, Rocky Flats
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HISTORY
Mission

THEN - 1968
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 the 1970s, the mission moved away from epidemiology.

NOW - 2026
To follow up occupationally exposed workers by studying the biokinetics and tissue
dosimetry of the actinides — refining dose-assessment methods that support epidemiology,

risk assessment, and regulatory standards.
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FOUNDATIONS

Why human data matters

Biokinetic models can be built on four kinds of
evidence. The USTUR provides the strongest —
H1: humans, exposed to the element of interest.

"Greater confidence can be placed in a biokinetic model
based on H1 data than on H2, A1, and/or A2."

Leggett, R. W., Bouville, A., & Eckerman, K. F. (1998). Reliability of the ICRP's
Systemic Biokinetic Models. Radiation Protection Dosimetry, 79(1-4), 335-342.

Human study

Animal study

Element of interest

USTUR

H1

Humans - element of interest

Al

Animals - element of interest

Chemical analog

H2

Humans - chemical analog

A2

Animals - chemical analog
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THE RESOURCE that’s 7
radiant

By CRAIG TROIANELLO

THE MOST FAMOUS REGISTRANT | prosseR — v heen sy 4

decade since an explosion at Hanford
turned Harold McCluskey into the
world’s most radioactive man.

He still gently shakes his head

L}

11 1 when describing the events leading to
that Aug. 30, 1976, accident that
changed his life and opened a new

frontier in the treatment of radiation

victims.
At the time of the accident, Mc-

Cluskey worked at a Hanford waste-

recovery facility producing

The largest recorded americium intake: the 1976 Hanford || iz anons ts es ue

tors.
A five-month strike was ending

lon-exchange column explosion released ~100 g of #4'Am. e o At g

strike, an americium-soaked resin

ERESSSS-

had sat in the vessel in which the ex-
traction process took place.
McCluskey’s job included adding
nitric acid to the solution. But this |
ESTIMATED UPTAKE time he objected. Operating rules ||
clearly stated resin should not be
allowed to sit more than 90 days, he
said.
McCluskey says he warned his |
supervisor.
“I got out the rule book and I show-

ed them,” he said.

But word came back to override
the rules, he said.

Moments after adding the nitric

acid, the mixture exploded. Violent-
ly.

Shielding materials designed to
withstand pressures of 1,150 pounds
per inch shattered into shrapnel.

The effect was not, McCluskey
says, unlike a hand grenade. Hun-
dreds of shards of leaded glass,
metal, Lucite, and resin — all con-
taminated with radioactive
americium — ripped through his face

— Extensive Ca/Zn-DTPA chelation therapy -

When transported to a special
hospital room in Richland, Mec-
Cluskey was considered so hot that
he was handled by remote control. At

M Y ~ . .
first, his only contact was with doc-
— Systemic deposition after treatment =0.5 MBq IR
respirators.

Not only was his face impregnated
with radioactive debris, but Me-
Cluskey also had inhaled lungfuls of
contaminated air while lying on the
floor after the explosion. Every time
he exhaled, he expelled americium,

Harold McCluskey, peppered with radioactive shrapnel in an accide
almost a decade ago, survived but is still is ‘hot’ enough to make a G

. e i . Recovery was slow and unpredict-
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THE RESOURCE

A unigue material and data resource

Two linked repositories allow exposure records, bioassay data, work histories, medical records,
and post-mortem tissue measurement results to be connected for the same individual.

National Human Radiobiology Tissue
Repository (NHRTR)

Health Physics Database

Decades of bioassay results, work and exposure histories,
and dosimetry and medical records — the documentary record
paired with each donor's tissues.

The NHRTR preserves whole-body and organ tissues
from donor Registrants — a physical archive available for
analysis and re-analysis as methods advance.

Work history - exposure records - bioassay Frozen tissues - pathology slides

()
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RESEARCH

Primary research: actinide dosimetry

Developing, testing, improving, and parameterizing actinide biokinetic models

4 K, = B 8 N A N ' STy

0
Al

1. Systemic 2. Wound 3. Human 4. Actinide 5. Individual
models for model respiratory decorporation organ
actinides tract model dosimetry
model
. N I N SN I N J
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RESEARCH

Actinide dosimetry from macro to micro and nano

Level 1: Level 2: Level 3: Level 4:

Systemic Regional Organ-Level Spatial

Averages Retention Heterogeneity Microdosimetry
o [

The closer we look, the less adequate historical averages become.
Precise radiation protection requires biological reality at every scale.

S. Y. Tolmachev Il 2nd Joint Workshop on Initiatives of Low Dose Research Coordination | June 23—24, 2026, Washington, DC, USA e




11

THE OPERATIONS

From autopsy to dose estimation

-
Tissue collection Radiochemical analysis Biokinetic modeling
Storage at the NHRTR Tissue activity measurement Intake and dose estimation

[Bioassay and tissue | [Posterior organ-activity [Absorbed
measurements] | estimate + uncertainty] | organ dose]

Every step carries uncertainty that must be quantified, not hidden.
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THE SCIENCE

Site-specific uncertainty: material type

Different production processes produced plutonium of different physical form — and therefore
different absorption behavior in the human body.

Hanford Los Alamos Rocky Flats
1943-1989 1943 -present 1952-1992
P =
/E\ ﬂ o
P > ( :

o000 o
Large-scale plutonium Plutonium research and Trigger production and plutonium
production for nuclear weapons processing supporting nuclear recovery with distinctive material
during the Manhattan Project weapons and scientific applications  chemistry
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THE SCIENCE

Defining site-specific plutonium solubility

p < 0.000001 (Kruskal-Wallis test)
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THE SCIENCE

Model uncertainties: organ activity

as a proxy for radiation dose
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scientific reports

Validation of Bayesian modelmg y‘;’
approach of uncertainty in ﬁ#‘
organ doses using post-mortem 3

measurements ®
Maia Avtandilashvili**, Martin Sefi2, JoeyY. Zhou? & Sergey Y. Tolmachev
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Generate 10,000 unique
realizations per case to
construct the posterior
probability distribution.
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prior distributions.
Scale: 2. Estimation
10,000 distinct Calculate intake using maximum
realizations generated likelihood fit of the individual
for every worker's historical urine bioassay.
single case. (Assumption applied: Chronic inhalation
over the employment period).

3. Prediction
Predict the specific 25°Pu
organ activity at the exact

time of death based on that
estimated intake.

Measured
Autopsy Value

97.5% Quantile




NEXT STEP = Elex

print('Hello, world!') # Code help requested

Al agent as a supervised coworker

Implementation of supervised Al agents to enhance the reproducibility of
research (Anthropic released Claude Managed Agent to the public in April 2026).

<]

4 >

01 Organized materials; reviewed source documents and code Traditional AIIAsZistadnc§=lPrompting for
isolated code help.

02 Developed Python analysis scripts

03 Executed model runs and summarized outputs <> " %
: : Python V’)“V zZP
04 Compared results across analysis scenarios SeeiptEy I)f“‘g&ﬁ\\ Achivedp
The DoseCodex

05 Drafted reports and manuscript text for review ’ )“‘ working folder !l

N

Paper.pdf Charts.csv

Agentic Coworker: Supervising a project

Investigators retained responsibility for the final scientific conclusions. g ipie S S AN At
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THE QUESTION

scientific reports P
o P _ @urEe’

Validation of Bayesian modeling &:%}'t:f..
approach of uncertainty in SRR

2 Ao
organ doses using post-mortem %&ﬁ
measurements @xaar
Maia Avtandilashvili*~, Martin 5efi*2, JoeyY. Zhou?® & Sergey Y. Tolmachev?

Study reproduction: conceptual framework

Can a supervised Al coding agent provide reliable support for an internal dosimetry workflow?

Independent
Reproduction
(DoseCodex)

12/20
4/20
0/20
214%
40%

Published Study

(USTUR-iRAD)

10/20
9/20
2/20

250%
36%

Respiratory tract within 95% interval
Liver within 95% interval

Skeleton within 95% interval
Respiratory-tract median error

Liver + skeleton median error
e

G-
.JW e

_J

findings, not exact numerical equivalence.

8 %
A AveRAGE swoT

The difference was in the methods, not the conclusion. The goal was to assess consistency of
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THE FUTURE

Changing the way research is conducted

TRADITIONAL MODEL Al-AGENT-ASSISTED MODEL

‘ ‘ . ‘ Students/Team ?k‘
Human ‘\\\\\\;E>¥
ﬁ g m - Bl |5| Investigator Agent

(PI)

Raw Code Data

When Al agents allow one principal investigator to do the work of an entire team, how must our
models of collaboration, supervision, and training change?
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IN CLOSING

Takeaway message

The USTUR is a unique worldwide resource for the comprehensive
study of actinide elements in the human bodly.

It continues to provide the scientific evidence needed to ensure safety
standards remain adequate for these radioactive elements.

With Al-driven modernization, the USTUR will serve as a foundation for
the next generation of actinide research and beyond.
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Sulfur
32.07

Erbium
167.26

Ge

Germanium
72.63

Yttrium
88.905
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