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Learning from Plutonium and 
Uranium Workers” 



Registries’ Administrative History 

• 1966: US AEC meeting “Plutonium Contamination in Man” 
• 1968: founded National Plutonium Registry at  the Hanford 

Environmental Health Foundation (HEHF) 
• 1970: name changed to the US Transuranium Registry (USTR) 
• 1978: founded the US Uranium Registry (USUR) 
• 1987: USTR and USUR administratively merge into the US 

Transuranium and Uranium Registries (USTUR ) 
• 1992: a 3-y DOE grant to Washington State University for the 

management and operation of the Registries 
• 1992: Creation of National Human Radiobiology Tissue Repository 
• 1996 - 2010: NHRTR holds National Radiobiology Archives (NRA) 
• 2009: USTUR/NHRTR new facility in Richland, WA 



USTUR Mission 

• Follow up occupationally exposed workers, from exposure through 
full lifespan, by studying the biokinetics (uptake, translocation and 
retention), and tissue dosimetry of the actinides: 
 Evaluate health outcomes, causes of death, and life expectancy 
 of former nuclear workers (volunteer Registrants) 
 Obtain, preserve, and make available for future research, 
 samples of tissues at autopsy 
 Conduct radiochemical analyses of autopsy tissue samples  
 Apply USTUR case study data to refine dose assessment methods 
 Assess adequacy of historical and current US regulatory 
 controls and practices in limiting tissue doses to workers 



USTUR Registrants 

… former nuclear workers, mostly from DOE-owned or leased 
facilities, with known history of exposure to actinides (74 Bq internal 
deposition or 0.1 Sv external dose) voluntarily donated their entire 
bodies (whole-body donors) or tissues (partial-body donors) for 
scientific research 



USTUR Today 

• Living Registrants: 60 
 Whole-body donors: 8 

 Partial-body donors: 46 
 Special studies: 6 

• Deceased Registrants: 345 
 Whole-body donors: 42 

 Partial-body donors: 298 
 Special studies: 5 

Number of
Registrants

1-9
10-99
100

15/104

1/4

2/10

1/0

0/3
0/2

1/4

0/4

2/3

1/2

0/1

0/1

1/4

0/1

1/2

2/7

0/1 1/1 1/4

1/1

1/2

1/1

0/2

0/1

0/1

1/1

0/26

2/12

5/14

1/2

1/3

0/1

18/120



Primary Radionuclide of Exposure 
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National Human Radiobiology Tissue Repository 

• Tissues from: 
 Whole-body donors: 41 

 Partial-body donors: 101 
• USTUR Case 0102: 



USTUR/NHRTR Tissues 

• NHRTR holds 8,963 frozen tissues from 142 donations 
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Inside NHRTR 



NHRTR: US Radium Studies 

• Frozen tissues, dry/plastic-embedded bones, pathology slides 
 Radium Dial Painters: NJRRP   MIT  ANL 
 Medical Exposures (Radiothor) 



NHRTR: Plutonium Injection Studies 

• Dry and plastic-embedded bones 
 CHI-1: 6.5 µg (14.9 kBq)i.v. injection 239Pu4+- citrate; M 68 
 HP-2: 5.1 µg (11.7 kBq) i.v. injection 239Pu4+- citrate; M 49 
 HP-4: 4.9 µg (11.2 kBq) i.v. injection 239Pu4+- citrate; F 18 
 HP-9: 6.3 µg (14.5 kBq) i.v. injection 239Pu4+- citrate; M 66 



NHRTR: Los Alamos Environmental Study 

McInroy JF, Campbell EE, Moss WD, Tietjen GL, Eutsler BC, Boyd HA. Plutonium in 
Autopsy Tissue: A Revision and Updating of Data Reported in LA-4875. Health Physics 
37: 1-136; 1979. 

• Acid digested tissues (acid solutions): ~2,000 samples 



How to Request 

• Provide a brief summary of the proposed sample usage 
• Sign a confidentiality statement  
• Provide a copy of Institutional Review Board approval for 

protection of human subject 



How to Publish 

• Registries as a co-author:  
 Unpublished data -  bioassay, in-vivo counting,  analytical 
 results, use of tissue samples or other materials 
 Collaborative effort by Registries staff 

• Acknowledgment to the Registries: 
 Loan or provision of tissues or other materials 
 Only published Registries’ data or evaluation 
 Manuscript exclusively prepared by other investigators 
 without consulting the Registries 



Microdistribution and Long-term Retention of 239Pu(NO3)4 

Nielsen, C. E., Wilson, D. A., Brooks, A. L., McCord, S. L., Dagle, G. E., James, A. C., 
Tolmachev, S. Y., Thrall, B. D. and Morgan, W. F. Microdistribution and Long-term Retention 
of 239Pu (NO3)4 in the Respiratory Tracts of an Acutely Exposed Plutonium Worker and 
Experimental Beagle Dogs. Cancer Research. 72, 5529-36 (2012). 



Carcinogenic and Inflammatory Effects of 239Pu(NO3)4 

• Analysis: to determine genetic and inflammatory response 
pathways following plutonium exposure 
 Possible pathways - tissue injury, apoptosis, and gene 
 expression modifications 

• Immunohistochemistry: to characterize lung lesions, visualize 
interstitial fibrosis, and other pathology 

• RT-PCR: to quantify the expression of chemokine/cytokine 
regulatory genes thought to be involved in inflammation and 
carcinogenesis 

 BCL-2, CASP-3, FASL, IL4, IL8 and TGFß-1 

Nielsen, C. E., Wang, X., Robinson, R. J., Brooks, A. L., Lovaglio, J., Patton, K. M., 
McComish, S. L., Tolmachev, S. Y. and Morgan, W. F. Carcinogenic and inflammatory 
effects of plutonium-nitrate retention in an exposed nuclear worker and beagle dogs. 
Int J Radiat Biol. 90, 60-70 (2014). 



C. E. Nielsen et al. (2014) Int J Radiation Biology 



Actinide Elemental Bioimaging 

Hare, D., Tolmachev, S., James, A., Bishop, D., Austin, C., Fryer, F. and Doble, P. Elemental 
Bio-imaging of Thorium, Uranium, and Plutonium in Tissues from Occupationally Exposed 
Former Nuclear Workers. Anal Chem. 82, 3176-82 (2010). 

Pu exposure: Paratracheal LN U exposure: Parabronchial LN 



Ra-226 Bone Microdosimetry 

• In 1926: therapeutic injection to heal vague arthritic                 
pains and nervousness 

• In 1957: 1,350 nCi of 226Ra was measured in whole-body 
Estimated intake of 226Ra: 250.2 µCi (250.2 µg of 226Ra) 
Whole-body dose: 2,236 cGy from 226Ra 

• In 1958: died from osteogenic sarcoma with metastases,    
radium necrosis of bone   



Digital Autoradiography 

B. W. Miller. Alpha-particle Imaging Applications with the iQID Camera. Presentation at 
USTUR Scientific Advisory Committee Meeting (2014) 

• iQID: ionizing-radiation Quantum Imaging Detector 
• Imaging Time:  235 h 
• Activity Concentration: 8 - 50 μBq μg-1  
• Total Activity:  63.95 mBq 



Beryllium in Human 

Lariviere, D., Tremblay, M., Durand-Jezequel, M. and Tolmachev, S. Detection of 
Beryllium in Digested Autopsy Tissues by Inductively Coupled Plasma Mass Spectrometry 
using a High Matrix Interface Configuration. Anal Bioanal Chem. 403, 409-18 (2012). 
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