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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.




Rocky Flats, July 25-26, 1966
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HISTORY

United States Transuranium and
Uranium Registries (USTUR)

1966 Registry conceived (U.S. Atomic Energy Commission ‘Plutonium in Man’ meeting, Rocky Flats)

1967 Registry proposed (7" Annual Hanford Biology Symposium, Richland)

® ® ® ®
1968 1970 1978 1992

Plutonium Registry Renamed U.S. Transuranium U.S. Uranium Registry (USUR) USTR + USUR = USTUR

established Registry (USTR) established consolidated into a single entity
Hanford Environmental Scope broadened Administratively Moved to Washington State University
Health Foundation contract beyond plutonium separate entity under a research grant
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Analytical and management support: HEHF, Los Alamos Scientific Laboratory, Pacific Northwest Laboratory, Rocky Flats Plant <\




HISTORY
Mission

THEN
“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.” (Bruner 1967)

By the end of the 1970s, the mission had shifted away from epidemiology.
NOW
To advance understanding of actinide biokinetics and tissue dosimetry in occupationally
exposed workers, refining dose-assessment methods that support epidemiology, risk

assessment, and regulatory standards.




FOUNDATIONS

Why human data matter

Biokinetic models can be built on four types of
evidence. The USTUR provides the strongest:
H1 — data from 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

A1

Animals - element of interest

Chemical analog

H2

Humans - chemical analog

A2

Animals - chemical analog
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BEST-KNOWN REGISTRANT that’s
radiant

By CRAIG TROIANELLO
Of the Herald-Republic

“ = , , | PROSSER — It’s been nearly a
decade since an explosion at Hanford
turned Harold McCluskey into the

world’s most radioactive man.

He still gently shakes his head
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 [f
victims,

The largest recorded americium intake occurred during s |
. . . americium 241. Among its uses, the
the 1976 Hanford ion-exchange column explosion, which %
when McCluskey arr@ved at hi.s work |
released ~100 g of >¢'Am. e o
R PP i |
nitric acid to the solution. But this |
time he objected. Operating rules

ESTIMATED UPTAKE e fon o R b ol
ml&;:cmskey says he warned his |
superviso;

T. i
“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, |

— Extensive Ca/Zn-DTPA chelation therapy et ™" e |
~ respirator and became embedded in §
hifh’%::‘ transported to a special i

— Systemic deposition after treatment ~0.5 MBq L
he was handled by remote control. At
first, his only contact was with doc-
tors and nurses wearing rubber suits
1 . mﬁmi]r;t;x; his face impregnated
T First-year absorbed dose (Gy): lungs 11.3; liver 10.7; endosteal with rudiactive debris, Dt e
uskey also had inhaled lungfuls of §

bone surface 8.8 e renroptordys Lt @ umla gl s,

T d McCluskey, i ioacti i i

O hecxaied e plledamericum. 0 1 P e s e

able. No one had ever been exposed crackle,
{See RADIATION, Page 2A) _




RESOURCE

Health physics database

395 total cases

52 whole-body, 332 partial-body, and 11 special-study cases

208,836 total records

USTUR data

1 - self-reported

/—.

\—.

Work history

Medical records

Smoking history1

Chemical exposure records

Radiation exposure records

Bioassay measurements

Tissue analysis results
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RESOURCE

Tissue analysis results

239+240 py) activity concentration (Bq kg ™)
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RESOURCE

Beryllium at USTUR

106 cases 85 cases The autopsy cohort
Self-reported occupational Confirmed exposure 16 whole-body,
exposure to Be durations 69 partial-body

e 1 36 ; ; . : T
2 Cohort demographics N o
Age: 79 £ 10 years (range: 55-99) o
5 6
Primary co-exposures: |
Pu(78), U(6), Am(1) ‘
0 10 20 30 40 Y::rs 60 70 80 90 100
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UNIQUE SCIENTIFIC ASSET

United States Transuranium and Uranium Registries

The USTUR allows exposure records, bioassay data, work histories, medical records, and
postmortem tissue measurement results to be linked for the same individual.

The Estimation
i —
al [
a

URINE

WORK EXPOSURE  ANNUAL | BIOASSAY | YEAr YEAR  RETIREMENT
HISTORY EVENT ~ MONITORING | _ 10 20

LUNG

ACTIVITY )

LIVER
ACTIVITY

="

SKELETAL
ACTIVITY

|

‘ The Registries fills a major gap in dosimetry by providing human data for model

validation and development at a scale unavailable elsewhere.
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OPERATIONS

From autopsy to dose estimation

Autopsy and tissue collection Radiochemical analysis Biokinetic modeling
Organ preservation Tissue activity measurement Intake and dose estimation

Absorbed

Bioassay and tissue || fit > Posterior organ-activity || out
organ dose

measurements estimate £ uncertainty

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

Primary research: actinide dosimetry

Developing, testing, improving, and parameterizing actinide biokinetic models

8 =% % N . ™

7 |
= ;—0&5 o
/)G’r’
1. Systemic 2. Wound 3. Human 4. Actinide 5. Individual
models for model respiratory decorporation organ
actinides tragtl model dosimetry
mode
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BIOKINETICS AND DOSIMETRY

Actinide dosimetry at every scale

Level 1: Level 2: Level 3: Level 4.
Systemic Organ Organ-Level Spatial
Averages Retention Heterogeneity Microdosimetry

The closer we look, the less adequate historical averages become.
Accurate radiation protection requires models that reflect biological reality at every scale.
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BIOKINETICS AND DOSIMETRY

Site-specific uncertainty: material type

Different manufacturing processes produced plutonium in different physical forms, resulting in
different absorption behavior in the human body.

Hanford Los Alamos Rocky Flats
1943-1989 1943 -present 1952-1992
e~
ili °
> (@

oooao o
Large-scale plutonium production Plutonium research and Pit (trigger) production and
for nuclear weapons, beginning processing supporting nuclear plutonium recovery with

with the Manhattan Project weapons and scientific applications  distinctive material chemistry
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BIOKINETICS AND DOSIMETRY

Defining site-specific plutonium solubility

p < 0.000001 (Kruskal-Wallis test)
' Pu(NO
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WORK IN PROGRESS

Quantifying the limits of site-specific modeling

Los Alamos

. National Laboratory
2. Materials n=10
Hanford Site
n=15
4 tissue donors
(n=35)
Rocky Flats Plant
n=10
3. Method 4. Results
. Intersite Intersubject
Liver + skeleton = )
Chronic intake 31% B 96.9%
Natural _ .
Model-predicted |°garithm Measured — Chronic + acute 2.5% l 97.5%
organ activity ) organ activity Y7 i
(predicted / 42 Respiratory tract
Urine Default ICRP Bayesian measured Respiratory tract, USTUR s _
bioassay biokinetic models analysis ) liver + skeleton post-mortem Chronic intake 26.3% 73.7%
data

Chronic + acute  48.7% I 51.3%
Withers et al. (2026) Descriptive partition using one-way ANOVA. 3 Meeting of Chronic intake Chronic + acute intake
the International Society of Radiation Epidemiology and Dosimetry (abstract). Typical assumption in epidemiological dose reconstruction.  Better reflects intakes for selected USTUR casg
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RADIATION EPIDEMIOLOGY

USTUR contributions to radiation epidemiology

Radiation epidemiology often relies on indirect measures of exposure and health outcomes

Dose Assessment

Standard Approach:
Bioassay data and
biokinetic models
(intake)

The Vulnerability:
Theoretical model
predictions often serve
as unverified proxies
for actual radiation dose
absorbed by organs.

Health Outcomes

Standard Approach:
Death certificate and
ICD coding system
(causes of death)

The Vulnerability:
Administrative records
are treated as clinical
endpoints, creating
substantial potential for
epidemiologic
misclassification.
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Avtandilashvili et al. (2025) Validation of Bayesian modeling approach of

uncertainty in organ doses using post-mortem measurements. Sci Rep 15: 20476

RADIATION EPIDEMIOLOGY

Biokinetic model uncertainties: organ activity
as a proxy for radiation dose

Skeleton Respiratory tract

Study assumptions:
1. Chronic inhalation
2. Urine bioassay

4. Output

Generate 10,000 unique
realizations per case to
construct the posterior
probability distribution.

1. Input

Latin hypercube sampling
of parameters from the

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 !nhalation
over the employment period).

3. Prediction

Predict the specific 23°Pu
organ activity at the exact
time of death based on that
estimated intake.

26 of 35

Measured activity was
outside the model's
95% credible interval.

Systemic retention

Stable, reproducible estimates with
relatively low uncertainty, even
without autopsy data.

41% 29%

Liver median Skeleton median
deviation deviation
\/ Supports systemic organ-dose
reconstruction.
o

310f35

Measured activity was
outside the model's
95% credible interval.

iy

T,
ol

90f35

Measured activity was
outside the model's
95% credible interval.

Respiratory tract

Posterior distributions were extremely wide,
yet frequently missed measured organ activity.

lo 997

Median ratio of 97.5th
to 2.5th coverage
interval

Wide uncertainty did not ensure
coverage of the measured value.




RADIATION EPIDEMIOLOGY

Cause-of-death misclassification: death certificates

versus autopsy reports

What increases the match rate?

Odds ratio when the

34

294%

autopsy report was used

Odds ratio when clinical history
was in the autopsy report

2.8

Overreporting - false positives

0% 10% 20% 30% 40%

12.2%

of death certificates
misclassified

the underlying cause
of death at the
ICD-10 chapter level.

Circulatory system

Neoplasms 4.3%

Respiratory system 6.4%

Nervous system

External cause

50%

Underreporting - false negatives

0% 10% 20% 30% 40% 50%

Circulatory system 25.6%

Neoplasms 13.3%
Respiratory system 47.4%
Nervous system

External cause

McComish et al. (2024) Misclassification of causes of death among a small all-autopsied group
of former nuclear workers: Death certificates vs. autopsy reports. PLOS ONE 19(5): e0302069.
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Liu et al. (2026) Inference under outcome misclassification in health risk models
RADIATION EPIDEMIOLOGY using a simulation study with a validation dataset. Sci Rep 16: 11981.

How outcome correction changes the results

Common heuristic: correcting outcome misclassification strengthens the estimated association.

Why this matters: in low-dose radiation epidemiology, health effects are often small and conclusions
are inherently marginal.

21

Large effect No association Small effect No association

| |
| |

Before | —o—] Before | =]
| |
| |
b I L I

After | | . | After . |
| |
| |
| |
O Estimated dose-response slope O Estimated dose-response slope

95% CI remains above 0 95% Cl crosses 0

Findings: correction increased point estimates on average and widened the 95% confidence intervals
in our analyses, potentially altering statistical conclusions. A larger corrected effect estimate does
not necessarily mean a more statistically convincing association.




NEW HORIZONS

Use of Al: Changing the way research is conducted

Use Al for continuity. The agent
connects literature, code, data, model
runs, checks, and reporting into a
traceable, accelerated workflow.

S

Models require biological truth.
Postmortem tissue measurements are
essential to evaluate the
accuracy of estimated organ activity.

Model predictions
4 @ Actual postmortem
tissue data

ot
wn

Model predictions
e o o o
T T

0 02 04 06 08

Postmortem tissue data J

Keep the human in the loop.
Investigators must define scope,
rigorously challenge computational
assumptions, interpret results, and
retain ultimate responsibility.

&

e
P

N
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IN CLOSING

Key takeaways

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

The USTUR provides the scientific evidence required to ensure that
safety standards remain adequate for these radioactive elements.

The USTUR supports radiation epidemiology by providing data needed to
quantify uncertainty in dose estimates and health-outcome
classification.
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Sulfur
32.07

68

Erbium
167.26

Ge

Germanium
72.63

39

Yttrium
88.905
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