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Introduction

* In 2018 we showed that a recycling biokinetic model can be
simplified by displaying it on the surface of a cylinder

* We show 4 recycling biokinetic models
= plutonium (Leggett et al. 2005)
« uranium (ICRP 137)
« americium (ICRP 2016 draft of OIR-4)
= iodine (ICRP 137)

» 2-dimensional visualizations can be wrapped around a cylinder to
make the recycling pathways continuous

» Different chemical forms can be distinctly represented




Leggett et al. 2005 Plutonium Model
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Leggett, R. W., Eckerman, K. F., Khokhryakov, V. F., Suslova, K. G., Krahenbuhl, M. P. and Miller, S. C.
2005. Mayak Worker Study: An Improved Biokinetic Model for Reconstructing Doses from Internally
Deposited Plutonium. Radiat Res 164:111-122.




i Cyhndncal Visualization of the Leggett et al. 2005 Plutonium
=~ Model :
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ICRP 137 (OIR-3) Uranium Model

Occupational intakes of radionuclides: Part 3

Table 15.4. Transfer coeflicients in the model for systemic uranium.

From To Transfer rate (d™')
Other Intermediate Rapid Slow Plasma STO 10.5
S_Of‘l turnover turnover turnover Plasma RBC 0.245
tissue (ST1) (STO) (ST2) Plasma Urinary bladder contents 15.43
‘|‘ \l/ /l\ Plasma Kidneys (urinary path) 2.94
Plasma Kidneys (other kidney tissue) 0.0122
Plasma Right colon contents 0.122
Skeleton Plasma Liver | 0.367
[ Plasma STI 1.63
Nonexch Exch < Cortical Plasma Liver Plasma ST2 0.0735
cortical < cortical surface - Plasma Trabecular bone surface 2.04
volume volume K e_l Liver 2 I Plasma Cortical bone surface 1.63
’|: 4\ STO Plasma 8.32
Liver 1 ] RBC Plasma 0.347
Nonexch Exch <| Trabecular Kidneys (Urinary path) Urinary bladder contents 0.099
trabecular & trabecular | | surface Kidneys (Other kidney tissue)  Plasma 0.00038
volume volume K | /]\ Liver 1 Plasma 0.092
l Vo Gl tract content Liver 1 Liver 2 0.00693
Liver 2 Plasma 0.00019
Kidneys RBC STI Plasma 0.0347
Other Faeces ST2 ‘ Plasma 0.000019
k|dney Trabecular bone surface Plasma 0.0693
Urinary tissue Trabecular bone surface Exch trabecular bone volume 0.0693
Urine <! bladder Urinary Corgcal bone Suri\ace Plasma A 0.0693
Content < path Cortical bone surface Exch cortical bone volume 0.0693
Trabecular bone volume Plasma 0.000493
Cortical bone volume Plasma 0.0000821
Fig. 15.1. Structure of the model for systemic uranium. RBC, red blood cells; GI, gastro- Exch trabecular bone volume - Trabecular bone surface 00173
. . Exch trabecular bone volume Nonexch trabecular bone volume 0.00578
intestinal; exch, exchangeable; nonexch, non-exchangeable. ST0, ST1, and ST2 represent Exch cortical bore volume Cortical bone surface 0.0173
soft tissues with fast, intermediate, and slow turnover, respectively. Exch cortical bone volume Nonexch cortical bone volume 0.00578

RBC, red blood cells; exch, exchangeable; nonexch, non-exchangeable. ST0, ST1, and ST2 represent soft
tissues with fast, intermediate, and slow turnover, respectively.




o) Cylindrical Visualization of the ICRP 137 Uranium Biokinetic
= Model
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Draft ICRP Biokinetic Model for Americium

Table 23.6. Transfer coefficients in the biokinetic model for systemic americium.

Transfer coefficient

Other Intermediate Rapid Slow
soft turnover turnover turnover
tissue (ST1) (STO) (ST2)
)
Skeleton
| v _
Colrtical Cortical ortical Liver
volume |€ rf -
e = < Liver 2
% N
Liver 1
Trabecular| | Trabecular| |Trabecular Blood
volume € surface —> marrow
I ) éGI tract contents
Kidneys
i oI Gonads| | Faeces
Urine | [Urinary Ry
| bladder :
contents Kidneys 1<

ICRP. (2016). Consultation Draft of Occupational Intakes of Radionuclides. Part 4. (OIR-4).

From To dh
Blood Liver 1 11.6
Blood STO 10.0
Blood ST1 1.67
Blood ST2 0.466
Blood Cortical bone surface 3.49
Blood Trabecular bone surface 3.49
Blood Kidneys 1 0.466
Blood Right colon content 0.303
Blood Kidneys 2 0.116
Blood Testes 0.0082
Blood Ovaries 0.0026
Blood Urinary bladder content 1.63
Liver 1 Blood 0.00185
Liver 0 SI content 0.000049
STO Blood 1.386
ST1 Blood 0.0139
ST2 Blood 0.000019
Cortical bone marrow Blood 0.00253
Cortical bone marrow Cortical bone surface 0.00507
Cortical bone surface Cortical bone marrow 0.0000821
Cortical bone surface Cortical bone volume 0.0000411
Cortical bone volume Cortical bone marrow 0.0000821
Red marrow Blood 0.0076
Trabecular bone surface Red marrow 0.000493
Trabecular bone surface Trabecular bone volume 0.000247
Trabecular bone volume Red marrow 0.000493
Kidneys 1 Urinary bladder content 0.099
Kidneys 2 Blood 0.00139
Testes Blood 0.00019
Ovaries Blood 0.00019




o) Cylindrical Visualization of the Draft ICRP Biokinetic Model for
= Americium

[Iniake Comparfmeni]
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Transfer coefficient

No. Pathway (day™) Notes
20 1 O ICRP 1 3 7 I o 1 Blood 1 to Thyroid 1 7.26 a
Leggett O‘ I 1 I l e 2 Blood 1 to Urinary bladder .
contents
M : 3 Blood 1 to Salivary glands 5.16
( I 4 Blood 1 to Stomach wall 8.6
O e‘ 5 Blood 1 to Other 1 600
6 Blood 1 to Kidneys 1 25
7 Blood 1 to Liver 1 15
Ao 8 Salivary glands to Stomach 50
: lodide £ contents
Sa"vary < in blood S | 9 Stomach wall to Stomach contents 50
glands il lodide 10 Thyroid 1 to Thyroid 2 95
(Blood 1) | 1 11 Thyroid 1 to Blood 1 36
1 N/ 12 Thyroid 2 to Blood 2 0.0077 b
| o) 1 ‘ 13 Thyroid 2 to Blood 1 0 c
— rganic
T 14 Other 1 to Blood 1 330
Stomach |_ Stomach |_ _ _| iodine 2 | — —
contents wall Organic 16 Other 2 to Other 1 56
iodine 17 Kidneys 1 to Blood 1 100
. 18 Liver 1 to Blood 1 100
N in blood 19 Blood 2 to Other 3 15
Small (BlOOd 2) 20 Other 3 to Blood 2 21
intestine : L 21 Other 3 to Other 4 1.2
Lomset:.:}s L Organic | 22 Other 4 to Other 3 0.62
| iodine 2l 23 Other 4 to Blood 1 0.14
24 Blood 2 to Kidneys 2 3.6
lodide =T 25 Kidneys 2 to Blood 2 21
‘; — 26 Kidneys 2 to Blood 1 0.14
Colon = 27 Blood 2 to Liver 2 21
contents < 28 Liver 2 to Blood 2 21
29 Liver 2 to Blood 1 0.14
- 30 Liver 2 to Right colon contents 0.08
Urlnary 31 Stomach contents to Sl contents 20.57
bladder 32 Sl contents to Colon contents 6
33 Sl contents to Blood 1 594
i — contents 34 Urinary bladder contents to Urine 12
Feces ~ Organic a Depends on the ratio Y/S, where Y (mg day™?) is dietary
J e AL intake of stable iodine and S (mg day™) is the rate of
_| iodine 2 . N :
gL = J s secretion of hormonal stable iodine by the thyroid.
dnave Urine b For high intake of stable iodine the outflow from Thyroid 2
is split between Blood 2 and Blood 1 as described in the text.

¢ Non-zero only for high dietary stable iodine. See text.

Leggett, R. W. (2010). "A physiological systems model for iodine for use in radiation protection." Radiat Res 174(4): 496-516.




The Leggett 2010/ICRP 137 Iodine Model Is Unusual:
[t Simultaneously Shows Two Chemical Forms of lodine

* Jodine has 2 chemical forms in the model
« lodide (I-)
= Organic iodine

* This approach is useful for visualizing 2
chemical forms of Pu of interest to USTUR

= lonic Pu
= Pu-DTPA complex




i

Visualization of Leggett 2010/ICRP 137 Iodine Biokinetic Model
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Iodine Model Transfer Coefficients
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Conclusions

* Recycling biokinetic models may have many pathways
» Traditional representations may be difficult to comprehend

* Recycling biokinetic models are simplified by being projected on the
surface of a cylinder

* Two or more chemical forms can be explicitly represented

- Chemical processes affecting radionuclide biokinetics can be
illustrated

» Chemical kinetics (chemokinetics?) are not yet illustrated




But wait! There’s more!

* Watch the next few slides closely
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Leggett, R. W., Eckerman, K. F., Khokhryakov, V. F., Suslova, K. G., Krahenbuhl, M. P. and Miller, S. C. 2005.
Radiat Res 164:111-122.

Mayak Worker Study: An Improved Biokinetic Model for Reconstructing Doses from Internally Deposited Plutonium.
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of the Leggett
et al. 2005
Plutonium
Model




Comparison of two alternative views
of the recycling biokinetic model
for plutonium in the human system

» Circular sector blocks arise naturally in a polar coordinates

representation
Representation Recycling Arrows Intake-to-Excretion
Arrows
Cylindrical circumferential downward

Plane Polar clockwise radially outward
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