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USTUR SAC Meeting 2022: Enriched Uranium Study

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

• Involved in enriched uranium processing 
operations for 17 years

• Handled large quantities of uranium material

• High potential of chronic inhalation

• No acute inhalation incidents documented

• 25-year monitoring: urine, feces, chest counts

• 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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Worksite Evaluation
• Inhalation of HEU: 93% 235U assumed

• Five employees with unusually long retention   
in lungs: Biological half-lives of 550 – 1,510 d

• Possible exposure materials characterized
Steckel and West 1966. AEC Report Y-1544-A

• Most likely material: Process combustion   
oxides containing U3O8

• Average particle size: 0.7 – 1.6 µm 

USTUR SAC Meeting 2022: Enriched Uranium Study
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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 tissue samples analyzed by mass spectrometry for 236U and 234U/238U and 
235U/238U atom ratios

USTUR SAC Meeting 2022: Enriched Uranium Study
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Uranium Distribution in the Body
• Estimated total 234,235,238U activity in whole body:  46.6 ± 0.6 Bq

USTUR SAC Meeting 2022: Enriched Uranium Study
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Material Composition Retained in Tissues

USTUR SAC Meeting 2022: Enriched Uranium Study
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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

USTUR SAC Meeting 2022: Enriched Uranium Study
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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

87%: Case-specific, ‘Adjusted M/S’

solubility between M and M/S
13%: type S

• Possible U compounds involved:

Type M – UF4

Type M/S – U3O8

Type S – ‘high-fired’ UO2 ?? 

USTUR SAC Meeting 2022: Enriched Uranium Study
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Model Parameter Adjustment: HRTM
Effect of smoking

• Default Int → LNTH transfer rate 
overestimated post-mortem 
activity by factor of 32

• Rate adjusted to fit the 
measurement

USTUR SAC Meeting 2022: Enriched Uranium Study
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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 9; and

• Underestimated activity in 
kidneys by factor of 8

Transfer rates adjusted to fit data

Model Parameter Adjustment: Systemic

USTUR SAC Meeting 2022: Enriched Uranium Study
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‘Best fit’ Long-term Retention in Tissues

Chronic intake

Acute intake 1

Acute intake 2

USTUR SAC Meeting 2022: Enriched Uranium Study
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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 3.6 22.7 45

Acute 1 3,234 M 5.5 11

Acute 2(i) 6,238 M/S adjusted 15.4 119

Acute 2(ii) 6,238 S 2.4 50

Cumulative 0 6,319 46.0 225

∗ IMBA estimate using ICRP60/68 dose coefficients

USTUR SAC Meeting 2022: Enriched Uranium Study
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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 (58.2%) > skeleton (38.4%) > all other tissues (3.4%)

• 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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QUESTIONS?

m.avtandilashvili@wsu.edu
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