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KIT – The Research University in the Helmholtz-Association

Radioanalytical Laboratories at KIT

• Quantification of radionuclides in samples and persons

 Chemical Analytics

 Physical Measurements

 In-vivo Monitoring Laboratory

• Providing Service for internal and external customers

 Accreditation on ISO 17025

• Education and Training

 Lectures at university part of KIT

 Teaching and research projects



© EURADOS



EURADOS e.V.

© EURADOS

European Radiation Dosimetry Group e.V.

• http://www.eurados.org 

• Mission since foundation in 1982
 Promote research and development in dosimetry

 Contribute to harmonisation in dosimetric practice

• Institutional Voting Members (June 2018)
 72 Voting Members from 30 countries

• Associate Members
 Almost 500 scientists contributing

to the overall EURADOS mission 

• EURADOS Council

• EURADOS Office 
 operated by HMGU, Germany



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

Under Revision



EURADOS e.V.

European Radiation Dosimetry Group e.V.

• EURADOS Working Groups

 Harmonization of Individual Monitoring (P. Gilvin, UK)

 Environmental Dosimetry (A. Vargas, Spain)

 Computational Dosimetry (H. Rabus, Germany)

 Internal Dosimetry (B. Breustedt, Germany)

 Radiation Dosimetry in Radiotherapy (L. Stolarczyk, Poland)

 Retrospective Dosimetry (L. Ainsbury, UK)

 High-Energy Radiation Fields (M. Caresana, Italy)

 Dosimetry in Medical Imaging (Z. Knezevic, Croatia)



EURADOS e.V.

European Radiation Dosimetry Group e.V.

• EURADOS Working Group 7 – Internal Dosimetry

“ EURADOS WG7 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.”



END 
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ሚ𝐴 𝑟𝑠, 𝜏 = 𝐼 ∙ ෤𝑎 𝑟𝑆, 𝜏

Proportional to Intake I

Dose Coefficient:
Dose to target organ per Bq Intake

ℎ𝑇
𝑀,𝐹 𝑟𝑇 , 𝜏 = σ𝑖σ𝑟𝑆 ෥𝑎𝑖(𝑟𝑆 , 𝜏) ∙ 𝑆𝑤

𝑀,𝐹
(𝑟𝑇 ← 𝑟𝑆)𝑖

Dose:
Intake * Dose Coefficient

𝐻𝑇
𝑀,𝐹 𝑟𝑇 , 𝜏 = 𝐼 ∙ ℎ𝑇

𝑀,𝐹 𝑟𝑇 , 𝜏



Why biokinetic modeling?

• Aim: Description of behavior of radionuclides inside the human body 

for the use in internal dosimetry 

• Intake 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 today?

• 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 it?

• Integration period needs to be defined (e.g. 50 or 70 years)



Why biokinetic 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

• Identification of tissues and pathways of transport

• Physiological knowledge/assumptions, observed behaviour

 System of Balance-Equations

 Definition of model parameters (for stable isotopes!)

• Quantification of transfers 

• Data required for fitting, decay correction

1

4

2

5

3

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

⇒
𝑑 Ԧ𝑞

𝑑𝑡
= ҧ𝑓 ∙ Ԧ𝑞 + Ԧ𝐼



Why biokinetic 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;

 A1: observations of the behaviour of the element in non-human 

species;

 A2: observations of the behaviour

of chemically similar elements

in non-human species. 

 P: physiological data

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):

• is not an epidemiological study

• focuses on actinide biokinetics for 

radiation protection and dosimetry 

• supports radiation epidemiology through 

the improvement of biokinetic models for 

more accurate dose assessment



USTUR and Epidemiology: Relationship

Radiation 

Epidemiology
USTUR

Improvement of 

biokinetic models

Better dose 

assessment

No!

Yes



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 (DOE000320)

• Faculty and staff:

• Location: Richland, Washington, USA

• Website: ustur.wsu.edu



USTUR Operation and Research: Schematic

Autopsy
Tissue 

collection
Radiochemical 

analysis
Biokinetic 
modeling

Unique 
data set

Work history

Medical records

Exposure records (> 74 Bq)

Bioassay measurements

Tissue analysis results 
(U, Pu, Am)



USTUR: Who are our donors?

Primary Work Site

Hanford (126)

Rocky Flats (136)

Los Alamos (41)

Mound (7)

Fernald (5)

Oak Ridge (8)

Savannah River (14)

Miscellaneous (10)

Uranium Miners (10)

Male: 345

Female: 12

Age at death

69 ± 13 years

357 Registrant Donations (volunteer tissue donor)

Ever- : 218 (61%)

Non- : 51 (14%)

Unknown:   88 (25%)

+31 Living Registrants (age: 82 ± 11 years)



USTUR 50th Anniversary: Special Issue of 
Health Physics Journal
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241Am in extracellular fluids
 How are extracellular fluids in ICRP models represented?

• Example
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 ST0 compartment
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• DTPA chelation therapy removes “accessible” 
241Am in extracellular fluids
 How are extracellular fluids in ICRP models represented?

• Example

(USTUR Case 0269)
 ST0 compartment

 ST0  + liver (x %)

• Fit to urine data

possible for several

assumptions

• Different predictions 

of effect of therapy 

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



• USTUR has a large collection of data of chelated cases 

 Health Physics Database 

• Urinary and Fecal excretion

• In-vivo counting (mainly for 241Am)

 Autopsy data

• Provides insight at distribution after therapy

Why using USTUR data for modeling 
(of chelation therapy) ?
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Case 0846 – Scenario 

• Manufacturing sources containing 241AmO2

 50 compacts manufactured over 3 years

• Compacting/pressing of pellet in pressing hood 

 Half-mask respirator worn for transfer and compacting

 A “small” amount of visible dust was sometimes released 

during the pressing operation in the hood

• Alpha activity was detected in urine samples

 Worker was sent to WBC 

 Estimated body burden = 1.8 mCi = 66,7 kBq 

(36 times the Maximum Permissible Body Burden) 



Case 0846 – Therapy and Bioassay

• Removed from work and chelation therapy started

• 380 week therapy 

 total administration of 313.5g Ca-DTPA

• 285 i.v. of 1g Ca-DTPA: once a week

• 57 i.v. of 0.5g Ca-DTPA: twice per week

• 43 weeks without treatment

• Extensive Bioassay Measurements under Treatment

 Weekly body counts until week 60 of therapy

 Fecal collection until week 80 

 Virtually all urine has been collected under therapy 

 Daily collection in the first two years of therapy

 Weekly collection in the following 5 years

 One week per month in the last year



Case 0846 – Materials 

• The case has been studied intensively 

(in 1960s - 1970s)

 Several reports and papers in Health Physics Journal 

 Chapter in 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



Case 0846 – Original Analysis

• Pre ICRP Publication 30 era

 Empirical equations, no compartmental models

• Assumptions

 average intake 2 years before therapy

 “DTPA complexes americium and plutonium as soon as it 
leaves bone surfaces and transports the complex to 

urine for excretion”

• Conclusions

 Half of the body burden removed is by action of DTPA

 7 years post therapy “the body burden was 0.72mCi with 

most of remaining burden in bones”

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



Case 0846 – New Analysis

• ICRP compartmental models and reference values

 Lung (ICRP 66, Class M) 

 Americium systemic (ICRP 67)

 GIT (ICRP30, f1=0.005)

• Definition of initial scenario using pre-therapeutic 

data and information
 Urine: 8.14 Bq/d

 Whole body 66.7 kBq

• Acute intake 

 1.2 MBq 241Am

 380 days before therapy



Case 0846 – New Analysis

• CONRAD Model of DTPA therapy

 3 compartmental systems


241Am

 DTPA (injected)


241Am-DTPA (chelates)

 Coupling (2nd order kinetics)

 Parameter Kc

• Original CONRAD Model

 Chelation only in ST0 

compartment

• Modified EURADOS Model

 Chelation also in other compartments



Case 0846 – New Analysis

• Daily urinary excretion data

 Effect of DTPA at day after injection

 Elevated and steeper Baseline in between

 Enhancement factor: ~5

1g DTPA / week

2x0.5 g DTPA / week



Case 0846 – New Analysis

• Fitting daily urinary excretion data

 Chelation constant KC = 1E-10

 25% of chelation in liver

 Model prediction is dropping below unchelated baseline

1g DTPA / week

2x0.5 g DTPA / week



Case 0846 – New Analysis

• Fitting daily urinary excretion data

 Chelation constant KC = 1E-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

 Long-Term effect of DTPA needs to considered in model



• Fitting daily urinary excretion and whole body data

 KC = 1E-10 and 25% of chelation in liver 

fit urinary excretion and whole body retention data

Case 0846 – New Analysis



• Effect of different fractions of chelation in liver

 Retention in liver depends on fraction

 Dose in liver is proportional to area under the curve

 Am-241 is an alpha-emitter ( almost no cross-fire)

Case 0846 – New Analysis

% of

chelation in Liver

% of

area under the curve

No chelation 100

0 99.5

10 59

25 44

30 42

50 37

80 34

100 33

End of DTPA-Therapy



• Prediction of retention in organs

 KC = 1E-10 and 25% of chelation in liver

 Predictions of retention in liver, skeleton and lungs

 Acute inhalation of type M material is not a good choice

Case 0846 – New Analysis



• Prediction of retention in organs

 KC = 1E-10 and 25% of chelation in liver

 Predictions of retention in liver, skeleton and lungs

 Acute inhalation of type M material is not a good choice

• The initial scenario needs to be refined

Case 0846 – New Analysis



• The USTUR is unique resource for biokinetic modeling 

• USTUR Case 0846 

 Extensive data set is available

 Intake scenario is undefined 

 Many assumptions are required for modeling 

 Case 0846 contributed to education of students at KIT

 g-measurement of 241Am in lung tissue samples

 MCNP simulations for HPGe detector calibration

Summary



Thank you for your Attention

Do you have any questions or suggestions on chelation therapy modeling? 

Bastian.breustedt@kit.edu is happy to receive and discuss them

Five Decade Follow-up 

of Plutonium and Uranium Workers


