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U.S. Transuranium and Uranium Registries
A unique resource for actinide dosimetry research 
from whole-body retention to radionuclide microdistribution



Advanced Digital Autoradiography
iQID: ionizing-radiation quantum imaging detector

Ionizing-radiation imaging:

• Gamma/X-rays

• Alpha particles

• Beta particles

• Neutrons

• Fission fragments
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iQID Imaging Capabilities
Single-event imaging and particle discrimination across radiation types

Alpha particles

From ²⁵²Cf and other alpha 

emitters

Fission fragments

From ²⁵²Cf spontaneous 

fission

Beta particles

From ⁹⁰Y and ¹⁷⁷Lu beta 

emitters

Particle discrimination

Event-by-event classification 

of particle types

① alpha particles (252Cf) ② fission fragments (252Cf)

③ beta particles (77Lu and 90Y) ④ particle discrimination

Fission 

Fragment
Alphas

KEY TAKEAWAY

• Imaging of individual events

• Particle discrimination

• Foundation for quantitative 

alpha imaging
Miller BW, et al. Nucl Instrum Methods Phys Res A. 767 (2014): 146–152



• Radiochemical analysis provides accurate radionuclide quantification

• Standard analyses consume specimens

• Archived NHRTR specimens support future research

• Non-destructive analytical methods can extend their scientific value

Drying and 

ashing

Digestion and 

dissolution

Actinide 

separation

α-source 

preparation
Actinide 

measurement NHRTR sample collection

Tissue blocks Frozen samples

Non-Destructive Analysis
Preserving the scientific value of archived tissues



Spatial Distribution
Feasibility studies at USTUR

• Microdosimetry and radionuclide microdistribution studies

• Radiopharmaceutical and targeted alpha therapy research

• Source characterization and quality assurance

• Imaging of tissues with minimal sample preparation

Tabatadze G, et al. Mapping 241Am spatial distribution within anatomical 

bone structures using digital autoradiography. Health Physics (2019)

Direct imaging with minimal sample preparation Thin sections enable higher 

spatial resolution



Quantitative Analysis 
Surface activity and activity concentration



How can geometric efficiency be 

accurately determined for heterogeneous 

tissue samples?

• Detector diameter: 40 mm

• Source: 242Pu, 239Pu, 241Am 

• Activity: 4.3 Bq

• Intrinsic efficiency: 92% 

• Spatial resolution: 19.5×19.5 μm
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Geometric Efficiency Challenge
From counts to activity concentration



Case 03-666

• Duration of employment: 6.7 y

• Estimated intake of 226Ra: 58.9 MBq 

• Estimated intake of 228Ra: 8.6 MBq 

• Age at the time of death: 24 y

Selected Bone Samples

K5C1: femur (L) middle shaft (MS)

Q8B1: 7th thoracic (T7) vertebral body

Radium Dial Painter Bones
Cortical and trabecular bone samples for quantitative ²²⁶Ra analysis



Femur (L) middle shaft (MS) 7th thoracic vertebral bodyK5C1 Q8B1

Digital Scan

Shadow Image

iQID Image

Imaging time: 15 h

Digital Scan

Shadow Image

iQID Image

Imaging time: 17 h

Image Acquisition
Workflow for quantitative activity mapping
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Image-Based Source Geometry Construction
Image segmentation and ROI-specific count extraction



Sample Geometry Modeling
From anatomical ROIs to sample-specific source geometries



Geometric Efficiency Calculation
Monte Carlo alpha-particle transport simulation



Results: Geometric Efficiency
Monte Carlo-derived geometric efficiency



Results: Activity Concentration
Geometry-corrected iQID measurements versus ICRP biokinetic model predictions



Key Findings & Future Work
This study demonstrates iQID-based quantitative analysis of radionuclides in human bone
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