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Uranium: Environmental Exposure

• Main route of natural uranium intake: ingestion (diet)

• ICRP Reference Mana

✓ Total body content: 90 µg

✓ Skeleton content: 59 µg

✓ Daily intake:  1.9 µg d-1

• UNSCEARb

✓ Total body content: 54 µg

✓ Skeleton content: 31 µg

✓ Average intake rate: 1.5 µg d-1

a ICRP Publication 23, 1975
b UNSCEAR Report 2016, Annex D 

238U
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Uranium: Occupational Exposure

https://www.nrc.gov/images/materials/fuel-cycle-fac/nuclear-fuel-cycle-02.jpg
Courtesy of Eugene Carbaugh

Main route of intake: Inhalation
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United States 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 (DOE) Office of Domestic and 

International Health Studies (EHSS-13)

• Studies biokinetics and tissue dosimetry of uranium and transuranium 

elements in occupationally exposed individuals

• Voluntary tissue donors (posthumous)

whole- (49) and/or partial-body (319) donations
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Uranium at the USTUR

https://en.wikipedia.org

Total: 368

Total: 94

12 356

• 94 USTUR tissue donors with exposure to uranium

✓ 49 cases with U as primary nuclide

• Worksites: URW, FER, OAK, PAD, NFS, LOS, HAN, ROC

• Wide range of U materials with different enrichment levels
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Uranium Tissue Radiochemical Analysis 

Soft tissue and bone samples from 74 USTUR donors measured using:

• Alpha spectrometry (AS)

• Kinetic phosphorescence analysis (KPA)

• Inductively-coupled plasma mass spectrometry (ICP-MS)

U exposure 
based on 
records:

94 cases

Tissues 
measured 

for U:

74 cases

41
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Uranium in Occupationally Exposed Humans
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p = 0.0002

8

Uranium Miners vs. Nuclear Workers

p = 0.0031

p = 0.5405
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Uranium in Human Body: USTUR Studies

• Uranium organ content and distribution in six whole-body tissue donors 
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Studied Whole-Body Cases

a Tolmachev SY, Avtandilashvili M. Long-term retention and distribution of highly enriched uranium in an occupationally exposed female. Radiation and 
Environmental Biophysics 63(1): 109-123; 2024.
b Russell JJ, Kathren RL. Uranium deposition and retention in a USTUR whole body case. Health Physics 86(3): 273-284; 2004
c Avtandilashvili M, Puncher M, McComish SL, Tolmachev SY. US Transuranium and Uranium Registries case study on accidental exposure to uranium 
hexafluoride. Journal of Radiological Protection 35(1): 129-151; 2015.
d Kathren RL, Tolmachev SY. Natural uranium tissue content of three Caucasian males. Health Physics 109(3): 187-197; 2015.

USTUR Case
Occupational: Inhalation Environmental: Ingestion

1028a 1002a,b 1031a,c 0213a,d 0242a,d 0425a,d

Sex F M M M M M

Age at death, y 86 83 87 68 77 83

Smoking Yes No No No Yes Yes

U intake:

Mode Acute+chronic Chronic Acute Chronic Chronic Chronic

Composition HEU NU LEU NU NU NU

Compound U3O8 Oxide UF6

Post-intake, y 31 20 65

Whole-body U, µg 40.3±2.5 373.8±14.5 94.7±3.9 62.1±0.4 61.6±0.4 108.5±1.4
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Uranium Distribution in Human Body

Males (n = 5)Female (n = 1)

†GM (Min–Max)
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Uranium Systemic Distribution

†

‡ Enriched
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Systemic Organ Content Distribution Pattern

>> ≈> > ≈≈

>> ≈> > >>

Males (n = 5):

    skeleton >> spleen > kidneys >   liver   ≈    brain  >  heart  >  thyroid

Female (n = 1):

  skeleton >> brain  ≈  kidneys > heart  ≈   liver  >  spleen ≈ thyroid

1090 60 30 1620 4 1

160 4 4 22 1 1
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Case 1028: Highly enriched U3O8

Retention of Occupational Uranium in Human Organs

Binary mixing equation: 𝑓 =
𝑅𝑇𝑖𝑠𝑠𝑢𝑒 − 𝑅𝑁𝑈
𝑅𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 − 𝑅𝑁𝑈

Case 1031: Low (0.86%) enriched UH6
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ICRP Recommended Biokinetic Models

Uranium Biokinetic Model: ICRP 137 Human Respiratory Tract Model: ICRP 130
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Testing ICRP Model Predictions

Acute inhalation of UF6 Chronic and acute inhalation of U3O8

Chronic intake

Acute intake 1
Acute intake 2

Avtandilashvili M, Puncher M, McComish SL, Tolmachev SY. US Transuranium and Uranium Registries case study on accidental 
exposure to uranium hexafluoride. Journal of Radiological Protection 35(1): 129-151; 2015.
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 63(1): 81-95; 2024.
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Summary and Take-Home Message

• USTUR: unique resource of data to study uranium in human body

• Uranium concentrations in lung and skeleton significantly higher for 

uranium miners compared to nuclear workers (p=0.0002 and p=0.0031). 

No significant difference found for kidney (p=0.5405) 

• Uranium whole body distribution published for one female and five males

• No significant difference found in systemic uranium retention for female 

and males

• USTUR data used to develop, validate and improve biokinetic models for 

radiation protection



QUESTIONS?

m.avtandilashvili@wsu.edu

www. ustur.wsu.edu

https://brand.wsu.edu/imagery/
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