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« 12 Reference Animals and Plants (RAPs)
= Population Health (Not Individual)

 Reference Animals and Plants were selected in order
to be references which could be used for related
species

* ICRP 108 present simple ellipsoid/geometric models
for all the reference animals and plants

* Homogenous distribution of radionuclides
* Modelled composition of human tissue
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‘?f/ Two Model Development Pathways
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3D
Doctor’

Voxelizer?

‘ MCNP3 ’

3D Slicer?

FSO
Phantom?

. (Condon 2019)
(Caffrey and Higley 2013)
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Images curtesy of Delvan Neville, Oregon State University
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* Deer
» Rat
* Duck
* Frog
* Trout

e Flatfish
Accurate Geometric Models
 Bee Developed

 Crab
 Earthworm

 Pine Tree
 Wild Grass
 Brown Seaweed
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Public Domain Photograph: U.S. Fish and Wildlife Service

* Investigate complex
geometry and composition
model compared to
simplified ICRP 108 model

* Electrons can act as
penetrating radiation in
small organisms, contrary
to how we conduct human
dosimetry (caffrey and Higley 2013)

* Results vary significantly
with changing organ mass
and density
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* Developed to compare accurate
geometry and density with more
simplified geometry

* Determined that there was generally
good agreement (within a factor of 2-
3) for absorbed fractions from ICRP
108 compared with the voxel
phantom results (Ruedig, Caffrey et al. 2014)

* Voxel phantom models should be
used for dose response estimates

Public Domain Photograph: U.S. Fish and Wildlife Service, Eric Engbretson
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* Modelling accurate geometry
and composition for absorbed
fractions

* Hot particle modelling in lungs
for different sized particles in
different anatomical sections
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e Surface Mesh
Models of

= Branch with
Needles

= Roots

= Trunk
= Large Branch

* Accurate
composition and
geometry
compared to

ICRP 108
ellipsoid model
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Small Branch Sectional Model Absorbed Fractions for
Example Source-Target Pairings (condon 2019)
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Northwest 108 Composition and Sphere for Small Branch Sectional Model Divided by Mass

Absorbed Fraction/Mass (1/g)

(Condon 2019)
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From all 4 Models and Multiple Modelling Scenarios:

« Simplified geometric models were not consistently conservative for all
sectional models compared to more physiological accurate scenarios and
models

« Simplified ellipsoid models were conservative for Cs-137 dose comparisons
when working from similar concentration ratios

* Working from full ICRP assumptions underestimated doses for all models
when compared to results using more accurate geometry, composition, and
concentration ratios
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* End points of interest (anthropocentric vs. biocentric): ellipsoidal and
simplified models may be appropriate for demonstrating regulatory
compliance but not for remediation decisions (rRuedig, Beresford et al. 2015)

* Accurate geometric modelling is being utilized to determine strengths and

limitations of Slmpllfled ICRP 108 models (Caffrey and Higley 2013, Ruedig, Caffrey et al. 2014, Caffrey,
Johansen et al. 2016, Condon 2019)

* Accurate dose response relationships are critical:

» Underestimate dose — overestimate dose response

= Overestimate dose — underestimate dose response

19
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