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Overview

« Recent advances in infernal dosimetry

e Opportunity for low-dose radiation research

e Present and future challenges for low-dose dosimetry

e Research needs
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Radiation Dosimetry 101

Dose = Source term X Energy absorption term

External

D, =L°°c1>(ro,E)><dT(E)dE

Internal
to+7
D, =| A(t)xS,(r «r,t)dt

t
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Recent advances in internal dosimeiry
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Nuclear Decay Data for Dosimetric Adult Reference Computational Phantoms

S The ICRP Computational Framework for
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Internal Dose Assessment for Reference Adults:
Specific Absorbed Fractions
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« Use of whole-body, nhon-hermaphrodite voxel phantoms

ANNALS OF THE

PUBLICATION 143

Paediatric Reference Computational
Phantoms

e Improved energy-absorption models for charged particles in the alimentary tract, gall bladder,

and skeleton
e Improvements to biokinetic models
* Inclusion of whole-body blood as a source region

- Independent biokinetics for members of a decay chain 1 Cg 3 ¥ Xp 3 2|

e Improved nuclear decay data
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Opportunity for Low-Dose Radiation Research

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

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

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

Millton

Person Study

DOE Russian Health Studies

“Good quality studies in radiation epidemiology include a scientifically
sound and fransparent scientific approach to dosimetry or dose
estimation, preferably at the level of the individual study participant.”

E/I | UNSCEAR 2017 Report on Sources, Effects and Risks of lonizing Radiation
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NCRP REPORT No. 163 NCRP REPORT No. 164 NCRP REPORT No.178 NCRP REPORT No. 186
DERIVING ORGAN DOSES
APPROACHES FOR INTEGRATING
ANCHTHEIR UINTERTAINTY FOR INFORMATION FROM RADIATION
RADIATION DOSE UNCERTAINTIES IN EPIDEMIOLOGIC STUDIES BIOLOGY AND EPIDEMIOLOGY TO
ith a Focus on the One Million U.S. Workers and -
RECONSTRUCTION: INTERNAL RADIATION Veterans Study of Low-Dose Radiaion Health Efects F S B DO HERLT
PRINCIPLES AND DOSE ASSESSMENT
PRACTICES
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National Council on Radiation Protection and Measurements National Council on Radiation Protection and Measurements
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Challenge #1 - Quality and Quantity of Measurements

e 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 lIimifing

« Examples: Radium Dial Painters, Rocky Flats
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Total Ra-226 activity vs time for chronic intake

in 15y, 4y intake, caseno 03-429
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Rocky Flats
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Challenge #2 - What's the target and do we have a
model for it?

NCRP REPORT No. 183

RADIATION EXPOSURES IN
SPACE AND THE POTENTIAL FOR
CENTRAL NERVOUS SYSTEM j|

« We're still learning more
Most appropriate dosim:
responses.

EFFECTS: PHASE I
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Radium Distribution in Human Brain
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biokinetics or energy ab:
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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 biokinefic
transfer rates as constant from age 20 or 25 years through end of life

e Sex-dependent systemic biokinetics

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

— Systemic biokineftics of the male are applied to the female
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Radium dial workers: back to the future

Nicole E. Martinez®® (®, Derek W. Jokisch®*© (®, Lawrence T. Dauer? (®, Keith F. Eckermanb, Ronald E. Goans",
John D. Brockman_f ™, Sergey Y. Tolmachev® @, Maia Avtandilashvili¥ ), Michael T. Mumma™’ ®.
John D. Boice, Jr.” @@, and Richard W. Leggett
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Absorbed Dose Rate (Gy d'l)

1 Bqg ingestion of Ra-226

bone endosteum (intake at age 15y vs. 25y)
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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 variablility o quantity uncertainty in each term

« We have lotfs-o-phantoms which can be used to address the
energy absorption term

e 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

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

e Energy absorption data for new source-target combinations
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