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U. S. Transuranium and Uranium Registries
• Established by U.S. Atomic Energy Commission in 1968

• Since 1992, operated by Washington State University as a research grant 
funded by U.S. Department of Energy

• Follows up occupationally-exposed individuals (volunteer Registrants) by 
studying the biokinetics and tissue dosimetry of uranium and transuranium 
elements, such as plutonium, americium, curium, and neptunium

• Tissue donors (posthumous): whole-(48) and/or partial-body (317) donations

Unique 
data 

resource

Work history

Radiation exposure incidents

Bioassay measurements 

Medical records

Tissue analysis results

12

353
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USTUR Case 1028: Summary
• Female whole-body tissue donor

• Involved in enriched uranium processing 
operations for 17 years

✓
235U: from 20% to > 93%

• Handled large quantities of uranium material

• High potential of chronic inhalation

• No acute inhalation incidents documented

• 25-year bioassay monitoring

• Heavy smoker for 38 years: 2+ packs per day

• Died at age 86 from acute myocardial infarction

https://www.atomicheritage.org/history/women-and-bomb
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Bioassay Follow-up
Years since employment start

0 5 10 15 20 25 30 4035 45 50

In vitro Removed from U work

In vivo
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Tissue Radiochemical Analysis
• 129 samples from right side of body: 45 soft tissue and 84 bone samples

• 234U, 235U, and 238U measured using alpha spectrometry

• 20 samples analyzed by mass spectrometry for 236U and isotopic ratios

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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Uranium Distribution in the Body
• Estimated total 234,235,238U activity in whole body:  48.0 ± 0.8 Bq

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary

•

Respiratory tract

28.4 ± 0.8 Bq (59.2%)

•

Other soft tissues
1.59 ± 0.03 Bq (3.3%)

•

Kidneys

0.28 ± 0.01 Bq (0.58%)

Skeleton
17.7 ± 0.2 Bq (36.8%)

•

Liver
0.059 ± 0.005 Bq (0.12%)

•
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Material Composition Retained in Tissues

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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Biokinetic Modeling
• IMBA Professional Plus: USTUR research version

• Bioassay used: urine, chest counts, post-mortem activities 
in lungs, liver, kidneys, skeleton

ICRP 137 uranium systemic model ICRP 130 human respiratory tract model

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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‘Best Fit’ Intake Scenario

• Chronic inhalation, type M

• Two acute inhalations:

I. Year 9, type M

II. Year 17, mixture of materials

86%: Case-specific, ‘Adjusted M/S’

solubility between M and M/S

14%: type S

• Possible U compounds involved:

Type M: UF4

Type M/S: U3O8

Type S: ?

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary

‘High-fired’ UO2 and/or Scar-tissue encapsulation 
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Model Parameter Adjustment: HRTM

Effect of smoking
• Default Int → LNTH transfer rate 

overestimated post-mortem 
activity by factor of 9

• Rate adjusted to fit the 
measurement: 3×10-5

→ 2.3×10-6

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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Default U systemic model mostly 
based on data from males and 
may not reflect female physiology

• Predicted post-mortem activity 
in skeleton 

• Overestimated activity in liver by 
factor of 7

• Underestimated activity in 
kidneys by factor of 6

Transfer rates adjusted to fit data

Model Parameter Adjustment: Systemic

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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‘Best fit’ Long-term Retention in Tissues

Chronic intake

Acute intake 1

Acute intake 2

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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Intake and Dose Estimates

Inhalation
Time (d)

Material
Intake

CED (mSv)
Start End Rate (Bq d-1) Total (kBq)

Chronic 0 6,319 M 3.4 21.8 43

Acute 1 3,234 M 4.9 10

Acute 2(i) 6,238 M/S adjusted 15.0 115

Acute 2(ii) 6,238 S 2.5 52

Cumulative 0 6,319 44.1 220

 IMBA estimate using ICRP60/68 dose coefficients

6th European IRPA Congress, 30 May – 3 June 2022, Budapest, Hungary
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Conclusions
• First time, distribution of highly-enriched uranium was studied in whole 

body of female worker

• Long-term retention of inhaled uranium:
respiratory tract (59.2%) > skeleton (36.8%) > all other tissues (4.0%)

• ICRP models adequately describe uranium biokinetics except retention in 
liver and kidneys

• Manuscripts in preparation

Tolmachev SY, Avtandilashvili M. Long-term retention and distribution of highly 
enriched uranium in occupationally exposed female. Radiation and Environmental 
Biophysics; 2022
Avtandilashvili M, Tolmachev SY. Forty-eight-year follow-up of a female worker 
exposed to highly enriched uranium via chronic and acute inhalation. Radiation and 
Environmental Biophysics; 2022
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