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KIT - The Research University in the Helmholtz-Association

Karlsruhe Institute of Technology - KIT

« Founded in 2009 as merger of
= the former Research Centre Karlsruhe and
= the Technical University of Karlsruhe

» Mission of a state university with M
research and teaching P -

« Mission of a research institution of the
Helmholtz Association with
program oriented provident research




KIT - The Research University in the Helmholtz-Association

Karlsruhe Institute of Technology - KIT

« Founded in 2009 as merger of
= the former Research Centre Karlsruhe and
= the Technical University of Karlsruhe

Karlsruhe Institute of Technology

Figures and Facts 2018

5 Campuses — 200 haarea

21 Spinoffs and startups

366 Professors and executive

396 Trainees scientists
300 Buildings with a usable 25,1 00 Stidanie
area of 495,000 m?2 KIT budget
(preliminary)

3 ,200 Doctoral students | g

9,277 Employees

=
1,074 International scientists ‘ _ -
Status: May 2019

63 Patent applications




KIT — The Research University in the Helmholtz-Association

Radioanalytical Laboratories at KIT

* Quantification of radionuclides in samples and persons

= Chemical Analytics . ' Y ke '
= Physical Measurements \/ EiiN B |y f

= In-vivo Monitoring Laboratory

 Providing Service for internal and external customers

Deutsche
Akkreditierungsstelle
D-PL-11068-03-01

= Accreditation on ISO 17025 Sla/ii@e « DAKKS
« Education and Training
= Lectures at university part of KIT

= Teaching and research projects

KVSF curapos

nzverbund
rahlenforschung

KIT KIT




EURADOS e.V.

European Radiation Dosimetry Group e.V.

* http://www.eurados.org

« Mission since foundation in 1982
= Promote research and development in dosimetry
= Conftribute to harmonisation in dosimetric practice

* Institutional Voting Members (June 2018)

= 72 Voting Members from 30 counftries

« Associate Members
= Almost 500 scientists contributing

to the overall EURADOS mission b -
‘.‘o 3 ° o 0: °
« EURADQOS Councill R N
". o0 . °
- EURADOS Office .

= operated by HMGU, Germany °

© EURADOS



EURADOS e.V.

European Radiation Dosimetry Group e.V.

» Strategic Research Agenda

= Vision 1 — Towards updated fundamental
dose concepts and quantities

= Vision 2 — Towards improved radiation risk
estimates deduced from epidemiological
cohorts

= Vision 3 — Towards an efficient dose
assessment for radiological emergencies

= Vision 4 — Towards integrated personalized
dosimetry in medical applications

= Vision 5 — Towards improved radiation
protection of workers and the public

EURH DOS EURADOS Report 2014-01

uuuuuuuuuuuuuuuuuuuuuuuuuu v Braunschweig, May 2014

Under Revision
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Visions for Radiation Dosimetry over the

Next Two Decades - Strategic Research
Agenda of the European Radiation

Dosimetry Group

W. Rihm, E. Fantuzzi, R. Harrison, H. Schuhmacher,
F.Vanhavere, J. Alves, J.F. Bottollier-Depois,
P.Fattibene, Z. Knezevi¢, M.A. Lopez, S. Mayer,
S. Miljani¢, S. Neumaier, P. Olko,
H. Stadtmann, R. Tanner, C. Woda
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EURADOS e.V.

European Radiation Dosimetry Group e.V.
* EURADQOS Working Groups
« Harmonization of Individual Monitoring (P. Gilvin, UK)
= Environmental Dosimetry (A. Vargas, Spain)
« Computational Dosimetry (H. Rabus, Germany)
= Infernal Dosimetry (B. Breustedt, Germany)
« Radiation Dosimetry in Radiotherapy (L. Stolarczyk, Poland)
« Retrospective Dosimetry (L. Ainsbury, UK)
= High-Energy Radiation Fields (M. Caresanaq, Italy)

« Dosimetry in Medical Imaging (Z. Knezevic, Croatiq)




EURADOS e.V.

European Radiation Dosimetry Group e.V.

« EURADOS Working Group 7 — Internal Dosimetry

“EURADOS WG/ acts as a network of
= Scientists,
= Services,
= Regulators and
= Laboratories

collaborating for the coordination of research and the

dissemination of knowledge for the assessment of doses
due to intakes of radionuclides.”
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Why biokinefic modeling?

Intake of Radionuclide

Distribution of Radionuclide in body

Distribution of progeny 1 in body

Distribution of progeny 2 in body

Distribution of progeny n in body

VvV VYV @

Radiation emitted by decay in source organs

<

Energy absorbed in target organs
Dose to target organs




Why biokinefic modeling?

Intake of Radionuclide |

Distribution of Radionuclide in body

— Biokinetic Model

g A;(rs,7)
g
Radiation emitted by decay in source organs
Energy absorbed in target organs — Dosimetric Model
M,F
< Sw” (rr < 15);
Dose to target organs




Why biokinefic modeling?

Intake of Radionuclide

H?’F(TT; T) = Zing /Ii(?”s: T) - Sg’F(TT « T3);

4

— Biokinetic Model

‘El;f. (?t?r T)

— Dosimetric Model

M,F
Sw (rp < 15);

Dose to target organs




Why biokinefic modeling?

—_

Intake of Radionuclide

:
H
H
H
.
|

Dose Coefficient:
Dose to target organ per Bq Intake

_ M,F
hTM'F(TT;T) = ZinS a(rs,t) - Sw  (r < 75);

- Ai(15,7)
Proportional to Intake |
)

— Biokinetic Model

Dose:
Intake * Dose Coefficient

M F(TTI T) =1 hTM F(TTJ T)

3

Dose to target organs

A, ) =1 -a(rs, T

— Dosimetric Model

M,F
Sw (rp < 15);




Why biokinefic modeling?

« Aim: Description of behavior of radionuclides inside the human body
for the use in internal dosimetry

* Infake into body
» Distribution inside the body
« Retention in organs and excretion from body

* Models describe the behavior of stable isotopes of an element
* radioactive decay included in models as additional kinetic (loss)

« Type of models: Compartmental models
- Systems of differential equations

- Applications:

* Interpretation of measurements in individual monitoring
*  Which activity has been incorporated to yield the measurement result of tfoday?
* Big question: When did the intake happen?

 How many nuclear transformation happened in a given (source) organ?
*  Where is the radiation released and how much of ite
* Integration period needs to be defined (e.g. 50 or 70 years)




Why biokinefic modeling?

« Aim: Description of behavior of radionuclides inside the human body
for the use in internal dosimetry

« Development of biokinetic models — Workflow
« Definition of model structure

« |dentification of tissues and pathways of transport

+ Physiological knowledge/assumptions, observed behaviour
« System of Balance-Equations
« Definition of model parameters (for stable isotopes!)

« Quantification of tfransfers
+ Data required for fitting, decay correction

[ £=1152,N=16

\; o

Image Source: https://en.wikipedia.org/wiki/PottersWheel, accessed 14.07.2016



Why biokinefic modeling?

« Aim: Description of behavior of radionuclides inside the human body
for the use in internal dosimetry

Data used for development of models

<% = H1: direct information on humans, i.e. quantitative measurements of
the element in human subjects;

= H2: observations of the behaviour of chemically similar elements in
human subjects;

= Al: observations of the behaviour of the element in non-human
species;

= A2: observations of the behaviour  caegory |

of chemically similar elements =~
iIn NoN-human species.

= P: physiological data Category I

Category IV

Cs H Sr Ha Pu Co Ru Sb Zr

Image Source: Leggett, R.W.et al: Radiat. Prot. Dosim. 79, 335-342 (1998).
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Disclaimer

United States Transuranium and Uranium
Registries (USTUR):

* S Not an epidemiological study

» focuses on acftinide biokinetics for
radiation protection and dosimetry

* supports radiation epidemiology through
the improvement of biokinetic models for
more accurate dose assessment
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USTUR Mission Statement

* Follow up occupationally-exposed individuals (volunteer
Registrants) by studying the biokinetics (deposition,
translocation, retention, and excretion) and tissue
dosimetry of uranium and transuranium elements, such
as plutonium, americium, curium, and neptunium

- Obtain, analyze, preserve, and make available for
future research, tissues from individuals who had
documented intakes of uranium and transuranium
elements

« Apply USTUR data to refine dose assessment methods in
support of reliable epidemiological studies, radiation risk
assessment, and regulatory standards for radiological
protection of workers and general public




USTUR: Federal-grant program

* Funded by the U.S. Department of Energy (DOE) Office
of Domestic and International Health Studies (AU-13)

« Operated by College of Pharmacy and
Pharmaceutical Sciences at Washington State
University under Central DOE Institutional Review
Boards (DOEO00320)

. Focul’ry and staff:

A\ - 1 WAS MADE W
N CZECHOSLOVAKIA /

« Location: Richland, Washington, USA
« Website: ustur.wsu.edu




USTUR Operation and Research: Schematic

Tissue Radiochemical Biokinetic

Work history

Medical records

Unique

data set Exposure records (> 74 BQ)

Bioassay measurements

q\

/

9

Tissue analysis results o,
X

e
(U, Pu, Am) )




USTUR: Who are our donorse

357 Registrant Donations (volunteer tissue donor)

Primary Work Site

W
Mound (7){_’}:}

Fernald (5):

71\( Hanford (12

7«,:( Rocky Flats (136)

* *oak Ridge'(8)
Los Alamos (41)
Savannah River (14)

\ °
7,'\{ Uranium Minerw

* Miscellaneous (10)

- Male: 345
'I' Female: 12

|

Non- & : 51 (14%)
Unknown: 88 (25%)

4 )
Ever- &7 218 (61%)

J

69 + 13 years é

[ Age at death

+31 Living Registrants (age: 82 + 11 years)
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THE US TRANSURANIUM AND URANIUM REGISTRIES (USTUR):
A FIVE-DECADE FOLLOW-UP OF PLUTONIUM AND
URANIUM WORKERS

Ronald L. Kathren and Scrgei Y. Tolmachey!

Abstrace—Dedication: The rescarch of the US Transuranium and
Uranium Registries relies heavily upon postmorten autopsy find-
ings and radiochemical analysis of tissues. The enormous debt
arwed to those now-deceased registrants who unselfishly voluntar-
ily participated in (he US Transuranium and Uraniom Registeies
program through postmortem donation of their tissues and to
those still-living registrants whe have volunieered to be future
postmortem fissue donors is hereby acknowledged with gratitude.
‘The scientific findings derived from postmoriem analysis of these
i been instrumental in advancing our anderstanding of
the actinide clements in humans and have led to refinement, vali-
dation, and confidence in safety standards for those who work
with these elements as well as for the general public. To these gen-
erous and anonymous persons who made this ullimaie contribu-
tion, this paper is dedicated with greal thanks and admiration,
Health Phys, 117{2):118-132; 219

Key words: biokinetics; plutonium; US Transuranmium and
TUranium Regisiries; uranium

INTRODUCTION

Realization of the hazards of plutonium

Frou THE outset of the Manhatian Engineering District
{MED), safety and in particular, radiological satety, have
been important considerations. Although human experience
with element 92 uranium, which is ubiquitous in nature,
spanned centuries (the metal itsell had been identified in
1789}, the situation with element 94 was quite difterent.
Element 94 was a new clement, artificially created and
“iscovered”™ on 25 February 1941 and named plutonium
{Hewlett and Anderson 1962; Kathren et al. 1994; Seaborg
1946). Because plutonium is not found in nature, there was

'US Transuranium and Uraniun Regisirics, Washington State Uni-
versily, 1845 lerminal Drive, Suite 201, Richknd, WA 99354,

The authors declare ne conflicts of interost.

For cotrespadence eontact Rotald L. Katlwen, 137 Spring Swoet,
Richland, WA 99354, or emuil at kathreng@bmi.net.

{Mampseript accepted 30 5y 2018)

DO 10.109THEO000000000000963
118

no human experience with it, but vast quantities would be
produced by the MED. Because of the similaritics with ra-
dium, the necessity lor biological study ol both plutonium
and uranium was quickly undersiood, spurred in large
measure by the recent tragic experience of the radium dial
painters. Historian Barton Hacker summed the plutonium
problem up well, noting “everyone expected plutonium
(o be a major hazard” (Hacker 1987).

MED director General Leslie R. Groves noted in his
memoir that the most urgent problem of the medical depart-
ment was o determine the loxicity ol wanium and plutonium
(Groves 1962), and Glenn Seaborg, Nobel Prize-winning
discoverer of plutonium, expressed concern about the po-
temtial health hazards of plutonium and the need for haste
in studying them. Even before meaningful quantities of plu-
toriwm could be made, Seaborg, then in charge of MED
platonium chenustry research, wrote in a memo to Robert
Stone, MED medical director:

“In addition fo helping to set up safety meastres in

handling so as o prevent the occurrence of such
accidents T wownld like to suggest that a program o
trree the conrse of phitonium in the body be initiated
as soon ax possible. In wre opinion, such a program
showld have the very highest pifority” (Memo,
Seaborg o Stone dated 4 January 1944, reprinted
in Kathren ot al. 1994),

Accordingly, when the plutonium became available
a mounth later, 11 mg (2.2% of the total amount then in
existenee) were sent to Joseph [lamilton for biological
studies (Kathren et al. 1994).

First human studies with plutonium: the platonium
injection cases

The earliest human studies ol plutonium, conducted at
a time when ethical concerns were very much relaxed relative
to today, were carried out primarily to resolve conflicting an-
imal data, for extrapolation from animals, and for the devel-
opment of appropriate biokinetic models and human salety
limits on radiomuelide intake. The scientific aspects of the
initial studies have been well documented and sum

el

o
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Why using USTUR data for modeling
(of chelation therapy) ¢

« DTPA chelation therapy removes “accessible”
241 Am in extracellular fluids
v" How are extracellular fluids in ICRP models represented?

« Example

(USTUR Case 0269)

v' STO compartment | = |




Why using USTUR data for modeling
(of chelation therapy) ¢

« DTPA chelation therapy removes “accessible”
241 Am in extracellular fluids
v How are extracellular fluids in ICRP models represented?

- Example

(USTU R CCISG 0269) |Urinary Excretion|

v STO compartment = =
v STO + liver (x %)
« Fit to urine data
possible for several
assumptions

oles/day]

al ary exeretion [picom

mmmmmmmmmmmmmmmmmmmmmmm




Why using USTUR data for modeling
(of chelation therapy) ¢

« DTPA chelation therapy removes “accessible”

241 Am in extracellular fluids
v How are extracellular fluids in ICRP models represented?

« Example |
(USTUR Case 0269) _

v STO compartment | ==
v STO + liver (x %)
 Fif fo urine data
possible for several
assumptions
« Different predictions
of effect of therapy K . o w m




Why using USTUR data for modeling
(of chelation therapy) ¢

« USTUR has a large collection of data of chelated cases

v' Health Physics Database
« Urinary and Fecal excretion
* In-vivo counting (mainly for 241Am)

v Autopsy data
« Provides insight at distribution after therapy

Urinary Excretion ! Pu in Total Body
20000
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USTUR CASE 0846: MODELING AMERICIUM BIOKINETICS AF”

INTENSIVE DECORPORATION THERAPY

Bastian Breustedt,” Maia Avtandilashvili, Stacey L. McC omish,? and Sergei Y. Tolmachev?

Akn‘ma‘—Dc\urwmllu erapy with salts of diethylenetriamine-
acid binds actinides, thereby limiting nplaln n organs
ng the rate at which actinides are excreted in urine, Tn-
v on Radiological Protect
t be used to fit this enhanced exerti
multaneously with ¢ actinide excretion rate that is ob-
served prior w the start of therapy andior afer the elfects of
therapy have ceased. In this study, the Coordinated Network on Ra-
diation Dosimetry approach, which was Ity developed for
modeling r]murpumliuu of plnlumum was applied to model
decorporation of americium using data from a former radiation
worker who agreed to donate his body to the US Transuraniom
and Uranium Rl-g'iﬁmrﬁ for research. Thi ividual was exposed
w airborne *'Am, resulting totakbody activity of 66. E- kBq
He was treated with cale 1y lenetriami

for 7 y. The time and dnmllull ks takes are unknown as no
dent npu’l& are of diff

diameter type M quursuIrc provides the most reasonable description
ul' the avalable pretherapeutic data; however, the observed

A i the lungs at the time of death was higher than
predicied for type M ma
on Rxdinliun Dosimetry approacl
was used to model the in vivo chdation process dire
found that the Coordinated Network
approach, which only considered chelat

L The Coordinated Network
for decorporation modeling
It was
metry

'Am during
diethyl

an average halFime uI'Z 220.7d.

"Karlsruhe Institute of Technology, Safety and Environment (SUM),
Hermann-von-He Imholtz-Plate 1, 76344 Eggenstein-Lepoldshafen,
£ l s Irml.u'rmlum Jnd l;rmlum K{-lelne\ {nl |eL{- nt

Richlnd WA ')0.!54 4959,

The authors declare no conflicts of interest.

For cormespondence contact Bastian Breusedt, Karlsruhe Institute of
Technolog: ‘utel\ md lnﬂmrmn:'nl (SUM), Hr'mun'n \nn»Hrh'nhMP

uzht © 2018 Health Physics Society
DOL: 10,1097 HEO0000000000009 3 1
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Health Phys. 117(2):168-178; 2019

Key words: **' Am; biokinetics; Ca-DTPA; US Transuranium and
Uranium Registries

INTRODUCTION

One TecHMiQUE for reducing the committed dose resulting
from significant intakes of actinides is decorporation ther-
apy based on intravenous mjections of rsodium caleium
andior zine dicthylenetriamine-pentaacetic acid (DTPA).
This chelating agent forms stable complexes with actinides,
which are rapidly exereted. On the first day after the thempy,
the excretion of actimides m urme 15 enhanced. In the fol-
lowing days, the observed urinary excretion rates retum
to the baseline excretion rate that would be expected with-
out this therapy. This enhanced excretion removes a fraction
of the deposited actvity from the body, thus reducing the
committed dose.

Reference biokinetic models published by the Intema-
tional Commussion on Radiological Protection (1CRP) with
therr default parameters (ICRP 1993, 1994, 1997) cammot be
used to simultaneously fit the enhanced and baseline un-
nary excretion mtes. Severl approaches that account for
the effect of decorporation therapy have been proposed
(Breustede et al. 2009; Fritsch et al. 2007; Hall et al. 1978;
James et al. 2007; Konzen and Brey 2015). However, their
predictions are strongly dependent on underlying assump-
tions, which vary considerably (e.g. the sites of chelation
or availability of the actimde for chelation). In additon to
the bicassay data, which can be fairly well deseribed by all
these models, tissues donated o the US Transuranium
and Uranium Regisries (USTUR) provide information on
activities in major organs and tssues at the time of death,
which can be compared with model predictions and used
to refine the assumptions behind the modeling. The Coordi-
nated Network on Radianon Dosimetry (CONRAD) ap-
proach (Lopez et al 2008; Breustedt et al. 2009) was
initially developed for modelng decorporation of pluto-
nium from the blood and extracellular fluids. In this 5[ur.h.
the CONR AD approach was applied to describe ame

wwwheakth-phy




Case 0846 — Scenario

«  Manufacturing sources containing #4'AmQO,
v" 50 compacts manufactured over 3 years
- Compacting/pressing of pellet in pressing hood

v Half-mask respirator worn for transfer and compacting

v A “small” amount of visible dust was sometimes released
during the pressing operation in the hood

* Alpha activity was detected in urine samples

v" Worker was sent to WBC

v Estimated body burden = 1.8 mCi = 66,7 kBg
(36 times the Maximum Permissible Body Burden)




Case 0846 — Therapy and Bioassay

« Removed from work and chelation therapy started

« 380 week therapy

v total administration of 313.5g Ca-DTPA
« 285i.v.of 1g Ca-DTPA: once a week
« 571.v.of 0.5g Ca-DTPA: twice per week
« 43 weeks without treatment

« Extensive Bioassay Measurements under Treatment

v Weekly body counts until week 60 of therapy

v Fecal collection until week 80

v Virtually all urine has been collected under therapy
= Daily collection in the first two years of therapy
= Weekly collection in the following & years
= One week per month in the last year




Case 0846 — Materials

* The case has been studied intensively
(in 1960s - 1970s)
v Several reports and papers in Health Physics Journal
v Chapterin book for HPS Summer School 2004

* Bioassay data, exposure and medical records are
available at USTUR




Case 0846 — The Dataset

« Data were collected and standardized in MS Excel file

ta,v3 e - Excel

Eifagen  Seteniapout  Formel Oberproten  Arsicht  ACROBAT v Breustedt Baston (SUM) S Freigeben
g, 6 Ausschneiden In -laa ®- B Tatumbuch F ¥ | standara out Schlecht & b (] | Autesumme -
) Kopieren = &~ ¥ Fumereich -
dgan » i a3 =v : 2 ol | Bednge | AlcTabete [ - infgen Loschen Forma
I A- = 5 Vsbinden und secren i | Sednge | vl (Ausgibe infigen Loschen Format | '
Zwiichensblage . schrtar : siseting . 2eten # -
a - 3 v
¢ o 3 3 G " ) 3 L ™ N ) » Q R s T u v w x =
| I | Urine - MieroCurie. Urine - Bg Urine - moles Feces - muCi Feces- Bq Feces-moles  WB -muCi WB-Bq
2 3,706404 Ba/muCi 327624 moles/8q L0612 pico
3 daily weekly monthly  daily weekly monthly  daily weekly monthly  daily weekly  daily weekly daily weekly
4 |cay post ininweek
s 366 0,001 X 25008601 0,00001 055 001788
5 267
7 368
s 389
$ - 1E-01 T ; 2
10 an | i
" m . .
I oot 5 - | + Urine[muCi] calculated
3 a7 0,00026 982 T 1
1 s 0,00011 407
15 376 H H
= —_ » Urine [muCi] readout
v m o
18 am 0,0002 814 =1
0 380 1 000195 71 DTPA 15
) 381 0,00560 207,20 E 4
2 12 0,00a10 151,70 —
2 s 1 c
» w o) 20610 1E-02
2 a5 000125 15735 o
2 386 0,00120 44,40 ]
2% 387
X = e o
2 389 0,007 62,50 Q
s m g oo oaid o s 7w ]
£ 1 0,00380 362,60 wi 1
3 392 0,00380 140,60
2 393 0,00370 136,30 r
3 394 0,00370 136,50
u 295 000 14,70 @
35 9% 0,00620 2940 c
6w 2 ooou” o0 e sk 100 =
7 198 0,00500 185,00 S
3 399 0,00360 133,20 1E-03
£ 00 0,00180 66,60
b7 preoes am =
4 02 0,00200 74,00 - 05
42 a03 0,00150 55,50 Q a
P 04 3 0,00270" 0,019 0018 9% 0300 70300 Q
“ 05 0,00660 204,20
i a0 nomsn 620
B Data - Therapy (muCl) | Data - Autopsy Bq) | Data Conversion - Bq - moles | Export - Urine Bqperd | Graph - Daly Urine
Beret
1E-04 1 t 1 0
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Case 0846 — Original Analysis

Pre ICRP Publication 30 era

v' Empirical equations, no compartmental models

Assumptions
v'average intake 2 years before therapy

v “DTPA complexes americium and plutonium as soon as it
leaves bone surfaces and fransports the complex to
urine for excretion”

Conclusions
v Half of the body burden removed is by action of DTPA

v 7 years post therapy “the body burden was 0.72mCi with
most of remaining burden in bones”

1=
=
2

~ 2
Quotes taken from: Allen Brodsky and Niel Wald @ HPS SummerSchool 2004



Case 0846 — New Analysis

* |CRP compartmental models and reference values
v Lung (ICRP 66, Class M)

v Americium systemic (ICRP 67)
v GIT (ICRP30, ,=0.005)

« Definition of inifial scenario using pre-therapeutic
data and information
v  Urine: 8.14 Bq/d 10000 =~

1000

v" Whole body 66.7 kBg E —Whole Body
g 100 Whole Body Data
) 1 :% ——Daily Urinary Excretion |
ACUTe InTOke g.. N \\ Urinary Excretion Data
v 1.2 MBg #TAm g =
v 380 days before therapy —

1 10 100 1000 10000
Time after acute Inhalation




Case 0846 — New Analysis

« CONRAD Model of DTPA therapy

v 3 compartmental systems

= |DTPA|(injected)

. EIATBIPA) chelctes

v Coupling (2nd order kinetics)
= Parameter K_

« Original CONRAD Model
v" Chelation only in STO
compartrment

« Modified EURADOS Model

v' Chelation also in other compartments




Case 0846 — New Analysis

« Daily urinary excretion data
v Effect of DTPA at day after injection
v Elevated and steeper Baseline in between

v" Enhancement factor: ~5
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Case 0846 — New Analysis

« Fitting daily urinary excretion data
v Chelation constant K- = 1E-10
v 25% of chelation in liver
v Model prediction is dropping below unchelated baseline

= Model - Urine

100
@ Data- Urine

Model - unchelated

1g DTPA / week
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I
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T 1
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Case 0846 — New Analysis

« Fitting daily urinary excretion data
v Chelation constant K- = TE-10
25% of chelation in liver
Model prediction is dropping below unchelated baseline
Removal Half-time of Am-241 DPTA in urine: 2.2 +-0.7 d

v
v
v
v Long-Term effect of DTPA needs to considered in model
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Case 0846 — New Analysis

 Fitting daily urinary excretion and whole body data

v Kc = 1E-10 and 25% of chelation in liver
fit urinary excretion and whole body retention data
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Case 0846 — New Analysis

« Effect of different fractions of chelation in liver
v' Retention in liver depends on fraction
v' Dose in liver is proportional to area under the curve
v Am-241 is an alpha-emitter (= almost no cross-fire)

% of % of
End of DTPA-Therapy chelation in Liver | area under the curve
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Case 0846 — New Analysis

* Prediction of retention in organs

v' Kc = 1E-10 and 25% of chelation in liver
v" Predictions of retention in liver, skeleton and lungs

v' Acute inhalation of type M material is not a good choice

10000
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100 1 —odel - whole Body | |
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Case 0846 — New Analysis

* Prediction of retention in organs

v' Kc = 1E-10 and 25% of chelation in liver
v" Predictions of retention in liver, skeleton and lungs

v' Acute inhalation of type M material is not a good choice
* The initial scenario needs to be refined
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Summary

« The USTUR is unique resource for biokinetic modeling

« USTUR Case 0846
v’ Extensive data set is available
v Intake scenario is undefined
= Many assumptions are required for modeling

v  Case 0846 conftributed to education of students af KIT

= y-measurement of 241 Am in lung tissue samples
= MCNP simulations for HPGe detector calibration




Thank you for your Attention

Five Decade Follow-up
of Plutonium and Uranium Workers

Do you have any questions or suggestions on chelation therapy modelinge
Bastian.breustedt@kit.edu is happy to receive and discuss them




