
Sergey Y. Tolmachev, Research Professor and Director
United States Transuranium and Uranium Registries
1845 Terminal Drive, Suite 201, Richland, WA 99354
stolmachev@wsu.edu

The United States Transuranium and Uranium Registries:         
55 Years of Experience in Actinide Research and 

Radiochemical Analyses

PNNL Radiochemistry Group Colloquium
December 11, 2024 

ustur.wsu.eduUSTUR-0696-24P



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y U.S. AEC 1966 Meeting on Plutonium 

Contamination in Man (Rocky Flats Plant)

“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.”
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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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Individuals with documented history of exposure to the actinides
• Primary exposure: 239Pu, 238Pu, 241Am, Unat, HEU, DU (244Cm, 237Np, 147Pm)
• Criteria: 4 nCi (10% of the then-Maximum Permissible Body Burden of 40 nCi)
• Mainly former nuclear workers from DOE sites
• Voluntary tissue donors (posthumous)
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Lungs

Liver
Blood 

stream

Skeleton
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• Worked with unsealed 241Am source for 2 years

• 241Am was detected later in routine urine samples

• Contemporary estimate of intake: 8 – 40 kBq

• Systemic deposition: 82% skeleton, 6.3% liver; 11% other tissues

• In vivo calibration phantoms of skull, torso, arm and leg 
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Largest recorded Am intake !!!
• Explosion of ion-exchange column with ~100 g of 241Am

• Estimated uptake > 40 MBq

• Extensive Ca/Zn-DTPA chelation therapy

• Systemic deposition after treatment – 0.5 MBq
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REGISTRIES MANAGEMENT ANALYTICAL SUPPORT

1968   National Plutonium Registry (NPR)                                            Rocky Flats                            Pacific Northwest
Hanford Environmental Health Foundation                          Facility                                     Laboratory

                                                                                                                             
1970   United States Transuranium Registry (USTR)                                           Los Alamos 

Hanford Environmental Health Foundation                                             Scientific Laboratory                1971
                                                                                                                             
                                                                                                         

1978               United States Uranium Registry (USUR)
           Hanford Environmental Health Foundation                                                                             1978

                                                                                                                             
                                                                                                                             1989

1992                  United States Transuranium and Uranium Registries (USTUR)
                      College of Pharmacy, Washington State University                                                          1993

Genealogy of the Registries
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• Follow up occupationally-exposed individuals (volunteer Registrants) by 
studying the biokinetics (deposition, translocation, retention, and 
excretion) and tissue dosimetry of uranium and transuranium elements, 
such as plutonium, americium, curium, and neptunium

• Obtain, analyze, preserve, and make available for future research, 
materials from individuals who had documented intakes 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 public

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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• Funded: U.S. Department of Energy, Office of Domestic and International 
Health Studies (EHSS-13)

• Managed: Washington State University, College of Pharmacy and 
Pharmaceutical Sciences (Award: DE-HS0000073)

• Operated: Central DOE IRB #WASU-68-50181
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LaboratoryOffice

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y Registrant Statistics

Status Number Age (y)
Living

partial-body donors 13 84±14 (53–97)
whole-body donors 3 89±9 (81–100)

Deceased
partial-body donors 319 69±13 (25–100)
whole-body donors 49 78±11 (49–96)

Total 384 70±14 (25–100)

Primary nuclide Number
239Pu 306
238Pu 12
241Am 5
Uranium (NU, HEU, DU) 49

12

372
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USTUR data

Work history

Medical records

Smoking history†

Chemical exposure records†

Radiation exposure records

Bioassay measurements

Tissue analyses results
† - self-reported
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(NHRTR) at the USTUR

NHRTR 
materials

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

Radium Dial Workers study: frozen, 
plastic-embedded, and dry tissues

Plutonium Injection study: plastic-
embedded bones

Los Alamos Environmental study: acid 
solutions

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR

† - from Argonne National Laboratory 
‡ - from Los Alamos National Laboratory

(†)

(‡)
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Autopsy Tissue 
collection

Radiochemical 
analysis

Biokinetic 
modeling
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Human study Animal study

H1: element of interest A1: element of interest

H2: chemical analog A2: chemical analog

USTUR: H1-type study !
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Internal Dosimetry of Actinides
Testing, improving and parameterizing biokinetic models 
for radiological protection
• Human Respiratory Tract Model (ICRP 130)
• Wound Model (NCRP 156)
• Systemic models for U, Pu, Am (ICRP 137 and 141)
• Brain dosimetry (NCRP Commentary 31)
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Drying and 
ashing

Digestion and 
dissolution

Actinide 
separation

α-source 
preparation

Actinide 
measurement
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• Vacuum-assisted extraction chromatography
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S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y USTUR 350: Pu/Am/U Separation

9)  Pu elution: 20 mL
0.1M HCl – 0.05M HF – 0.04M rongalite

5)  Beaker rinse: 2 × 5 mL 3M HNO3
6)  Separate cartridges         
7)  TEVA rinse: 30 mL 3M HNO3 8)  Rinse: 20 mL 9M HCl (Th)

1)  Sample in 40 mL 3M HN03 – 1M Al(NO3)3
2) Add 0.75 mL 1.5M sulfamic acid + 6 mL 0.75M ascorbic acid
3) Add 2.5 mL 3.5 M sodium nitrite
4) Sample loading (1 mL min-1)

1 mL TEVA resin
(50 – 100 µm)

1 mL TRU resin 
(50 – 100 µm)

Alpha spectrometry

Electrodeposition 

1 mL DGA resin 
(50 – 100 µm)

Discard (4 – 8)

(6)

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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10)  Am to DGA: 15 mL 4M HCl
11)  Separate cartridges         

Discard (10)

1 mL TRU resin 
(50 – 100 µm)

1 mL DGA resin 
(50 – 100 µm)

14)  Am elution: 10 mL 0.25M HCl

Alpha spectrometry

Electrodeposition 

12)  Rinse: 3 mL 1M HNO3
13)  Rinse: 10 mL  0.1M HNO3 (U)

Discard (12,13)

1 mL DGA resin 
(50 – 100 µm)

(14)

TRU – DGA cartridges from Step 6

(11)
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TRU cartridge from Step 11

15) Rinse: 12 mL 2.0 M HCl – 0.2M HF (Th)
16) U elution: 15 mL 0.1M ammonium bioxalate

Alpha spectrometry

Electrodeposition Discard (15)

(16) Kinetic phosphorescence analysis        
(α-spec recovery corrected)
Mass spectrometry (ICP-MS/TIMS)
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• Phoenix® EP-12 Series electrodeposition unit

• In-house electrolytic cell
• Na2SO4 electrolyte solution
• 1 hr electrodeposition @ 0.75 A 
• α-source: ∅=5/8″ stainless steel disk (planchet)
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• ORTEC: Ensemble (4) and Octête PC (3) systems

• Detector: ENS-U450 (56)

• Calibration: E&Z Analytics (1); USTUR in-house (8)

• Background count time: 300,000 s

• Sample count time: 150,000 s

• Detection limit: 0.03 Bq (130 fg 239Pu; 2.4 fg 241Am)

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y Data Quality Objectives Document 

• Addresses the sample collection and data analysis needs in support of 
the USTUR mission
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ICRP human respiratory tract, human alimentary tract and systemic models:

Well predict respiratory tract and skeleton, underestimate liver, and overestimate whole body

×6

÷8

Model Prediction vs Measurements

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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• Low intakes and isotopic composition: 239Pu and 239Pu /240Pu

• Minor actinides: 237Np (T1/2=2.144×106 y) and 244Cm (T1/2=18.1 y)

• Short-lived β-emitters: 241Pu (T1/2=14.35 y) and 147Pm (T1/2=2.623 y)

• Non-radioactive metal analyses: Be and Zr

• Analyses of keratinoid materials: hair and nails

• Radionuclide distribution in individual organs: lungs, brain, heart, etc

• Uranium isotopic composition:

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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Liver
11.3 ± 0.2 µg (24.5%)

Lungs

Skeleton
28.2 ± 0.1 µg (61.0%)

Other soft tissues
0.328 ± 0.002 Bq 
(0.71%)

• Self-reported exposure duration: 6 y
• Estimated total 9Be content in whole body: 46.3 ± 0.2 µg

Brain
0.258 ± 0.002 µg (0.56%) Thoracic lymph nodes

3.26 ± 0.01 µg (7.1%)

0.94± 0.01 µg (2.0%)

Pancreas
0.0073 ± 0.0002 µg (0.02%)

Spleen
0.025 ± 0.001 µg (0.05%)

Muscle
1.65 ± 0.09 µg (3.6%)

Fat
0.25 ± 0.04 µg (0.55%)Testes

0.0018 ± 0.0004 µg (0.004%)

Beryllium in Human Body: Single Case Analysis

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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https://w
w

w
.pnnl.gov/people/dana-arbova

https://chem
istry.m

issouri.edu/people/brockm
an

Li et al. A compartmental model of U in human hair for protracted ingestion 
of natural uranium in drinking water. Health Phys. 96(6): 636-645; 2009
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• 226Ra activity in brain: 5.7 ± 0.2 Bq

Cerebrum grey matter

Cerebrum white matter

Brainstem

Cerebellum

Corpus callosum
6.2 ± 0.4 mBq kg-1

26 ± 1 mBq kg-1

6.8 ± 0.2 mBq kg-1

4.8 ± 0.1 mBq kg-1

3.3 ± 0.1 mBq kg-1

Radium Distribution in Brain
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• 9Be content in brain: 0.27 ± 0.01 µg

Cerebrum grey matter

Cerebrum white matter

Brainstem

Cerebellum

Corpus callosum
0.81 ± 0.06 µg kg-1

0.54 ± 0.04 µg kg-1

0.73 ± 0.05 µg kg-1

0.46 ± 0.04 µg kg-1

0.50 ± 0.05 µg kg-1

Beryllium Distribution in Brain
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• Systemic Pu (n=7): <2 – 33 nCi
• Ra uptake (n=2): <0.004, 272.7 µCi

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR
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Binary mixture: 𝑓𝑓 =
𝑅𝑅𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑅𝑅𝑁𝑁𝑁𝑁
𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 − 𝑅𝑅𝑁𝑁𝑁𝑁

Case 1028: Highly enriched U3O8

Occupational Uranium in Human Tissues

S. Y. Tolmachev at PNNL: Radiochemistry at the USTUR



W
A

S
H

IN
G

T
O

N
 S

T
A

T
E

 U
N

IV
E

R
S

IT
Y Faculty Research Interests

Drug Discovery and 
Delivery

(Nanomedicine, Medicinal 
Chemistry)

Translational 
Pharmacology and 

Toxicology
(Drug-natural product 

interaction, PBPK, Metabolism, 
xenobiotics) 

Molecular 
Pharmacology

(Computational modeling, 
GPCRs)

Inflammatory 
Diseases

(CVD, Stroke, Arthritis, 
Immunotoxicology)

Cancer Biology
(Telomerase repression, 

tumor-stromal interactions, 
environmental carcinogens)

High Impact Publications

Salah Ahmed
Associate Dean of Research & 
Graduate Education
Professor, Pharmaceutical Sciences
salah.ahmed@wsu.edu

For more information on collaborations 
and research reach out to:
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Admission Requirements
• Bachelor’s degree or equivalent
• GPA of 3.0 or higher (out of 4.0)
• 3 letters of recommendation
• Statement of Purpose which should include:
 Professional goals
 Why they are interested in attending our program
 A description of their research experience, if any.
 Include the names of our faculty members whose research interests them
 Note: this is broken out in the application 

• Transcripts
 Unofficial transcript is acceptable for application review process. 
 If attended WSU, transcripts not needed

• International students: must meet Graduate School’s 
minimum English language proficiency (see website) 
https://gradschool.wsu.edu/international-requirements/ 

https://gradschool.wsu.edu/degrees/doctor-of-philosophy-
pharmaceutical-sciences/

• Priority deadline: December 5th 
• Application review begins: December 5th 
• Final deadline: January 10th

Courtney Bilodeaux
Graduate Program Coordinator
courtney.bilodeaux@wsu.edu 

For more information reach out to:

PhD Student Achievements
• Three F31 NIH Predoctoral Fellows

• Several NIH Diversity Supplements

• National Science Foundation Predoctoral 
Fellowships

• Foundation Fellowships or Preceptorship Awards

• Travel Awards and Fellowships from Scientific 
Societies

• Successful careers in Pharma Industry and 
Academic Jobs 

https://gradschool.wsu.edu/international-requirements/
https://gradschool.wsu.edu/degrees/doctor-of-philosophy-pharmaceutical-sciences/
https://gradschool.wsu.edu/degrees/doctor-of-philosophy-pharmaceutical-sciences/
mailto:Courtney.Bilodeaux@wsu.edu
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Thank you for your attention
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