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Overview

• Recent advances in internal dosimetry

• Opportunity for low-dose radiation research

• Present and future challenges for low-dose dosimetry

• Research needs
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Radiation Dosimetry 101

Dose = Source term × Energy absorption term
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Recent advances in internal dosimetry

• Use of whole-body, non-hermaphrodite voxel phantoms

• Improved energy-absorption models for charged particles in the alimentary tract, gall bladder, 
and skeleton

• Improvements to biokinetic models

• Inclusion of whole-body blood as a source region

• Independent biokinetics for members of a decay chain

• Improved nuclear decay data

125 125 125Cs Xe I→ → →
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Opportunity for Low-Dose Radiation Research

• Improvements to reference individual dosimetry 
reduce/remove the conservatism in the models

• Without the conservatism, these internal dosimetry models can 
be used with greater confidence in dose reconstruction

• Internal doses in cohorts result in chronic doses with non-
uniform dose rates across the body

DOE Russian Health Studies

“Good quality studies in radiation epidemiology include a scientifically 
sound and transparent scientific approach to dosimetry or dose 
estimation, preferably at the level of the individual study participant.” 
UNSCEAR 2017 Report on Sources, Effects and Risks of Ionizing Radiation
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Challenge #1 – Quality and Quantity of Measurements

• The quality and quantity of the measurements used to inform 
dose reconstruction vary by cohort, and even within a cohort

• Some measurements are very good while others are limiting

• Examples: Radium Dial Painters, Rocky Flats
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Rocky Flats
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Challenge #2 – What’s the target and do we have a 
model for it?

• We’re still learning more about which tissues, cells, etc. are the 
most appropriate dosimetric target for given biological 
responses.

• New targets will likely not have dosimetric models (either 
biokinetics or energy absorption.)

• Examples:

– HATM, HRTM geometries

– Skeleton

– Cognition

– Cardiovascular disease
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Location of source and target regions in the trachea from
ICRP Publication 145 – Adult Mesh-type Reference Phantoms, 2020

Image courtesy of Martin Sefl, USTUR, Washington St. Univ.
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Challenge #3 – Continuing to improve biokinetic 
modeling

• Age-dependency after reaching adulthood

– Current models used in radiation protection model an adult’s biokinetic 
transfer rates as constant from age 20 or 25 years through end of life

• Sex-dependent systemic biokinetics

– Although we have sex-specific energy absorption data, we don’t have 
sex-specific systemic biokinetics.

– Systemic biokinetics of the male are applied to the female
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from Jim Riddings’s Illustrated 
History of Ottawa’s Radium Dial 
Scandal
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Challenge #4 – Biological Variability in Biokinetic Models

• For dose reconstruction we need to address biological 
variability by either:

– Choosing custom models to match each member of a cohort

– Or, using the variability to quantify uncertainty in each term

• We have lots-o-phantoms which can be used to address the 
energy absorption term

• We need to expand the data and tools which can be used to 
address variability in the biokinetic term
– TR LaBone 2021, “Bayesian Calibration of the ICRP Zirconium Biokinetic Model and Use 

of Canned Priors for the Evaluation of Bioassay.” University of South Carolina 
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Mound (Ohio) and Los Alamos – Pu-238 inhalation
Individual and Site Variability in Biokinetics
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Research Needs in Dosimetry…in support of low-dose research

• Sex-specific biokinetic modeling

• Age-dependent biokinetic modeling beyond adulthood

• Biokinetic modeling based on growing experimental data and 
knowledge of mammalian/human physiology with an 
emphasis in quantifying variability

• Energy absorption data for new source-target combinations
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