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Origins of IMBA Professional Plus 00

IMBA Professional Plus has been developed by the UK's Health Protection Agency - Radiation
Protection Division (HPA-RPD), in association with ACJ & Associates, Inc., USA. The software
is based on the IMBA Expert™ series of customized Windows® bioassay and internal
dosimetry software applications (www.imbaexpert.com). These software packages provide
user-friendly interfaces with the UK National Radiological Protection Board's (NRPB's)
proprietary suite of Integrated Modules for Bioassay Analysis (IMBA). They automatically
apply the NRPB's extensively quality-assured IMBA code modules to estimate single or
multiple intakes of various radionuclides, and to calculate the resulting doses from
measurements of activity in the body and/or excreta. The IMBA code modules implement
all of the International Commission on Radiological Protection's (ICRP's) currently
recommended respiratory tract, Gl-tract, tissue dosimetry, biokinetic and bioassay models
for the selected radionuclides, for the ICRP68 Reference Worker.

" Health
Pratection
Agency

By Alan Birchall & Tony James

= NOte: IMBA Professional Plus is fully compatable with data files generated by
the IMBA Expertd and IMBA Professional Series of software products (.e., all
IMBA-based software applications distributed previously).

=
|
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Dr. Alan Birchall (NRPB, UK) designed the user interface, wrote the IMBA

Expert™/Professional Plus code, and managed the NRPB software development team.

Dr. Tony James (ACJ & Assaociates, Inc.) was responsible for technical and contractual liaison
with the U.S. and Canadian sponsors of the initial IMBA Expert™ projects (USDOE-
Edition, OCAS-Edition and CANDU -Edition), overall design and development of these
projects, software testing, quality assurance, and documentation.

Dr. James Marsh (NRPB, UK) managed the development of new and/or improved organ
retention and excretion functions, software testing and quality assurance, and helped with
code development.

Ms. Denise Dorrian, Ms. Katie Davis, Tony Smith and David King (NRPB, UK) carried out the
development of organ retention and excretion functions and the software "benchmark"
testing.

Dr. Alan Phipps and Mrs. Tracy Smith (NRPB, UK) ran the NRPB's PLEIADES code to
benchmark IMBA Expert™/Professional Plus's calculations of doses and excretion rates.

Dr. Naomi Jarvis (US Consultant) developed the extensions of NRPB's IMBA Suite needed
for IMBA Expert™/Professional Plus to perform their specialized calculations.

Tony Riddell (Westlakes Research Institute, UK) and Mark Peace (British Nuclear Fuels
Limited, UK) authored the IMBA code module "BNFL.FIT" that implements the maximum
likelihood fitting method.

Dr. Matthew Puncher and Ms. Frances Smith (NRPB, UK) were responsible for developing
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tools and Active-X controls used by IMBA Expert™/Professional Plus, and also for validating
parts of the code.
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IMBA Professional Plus - Base Unit 00

w. About IMBA Professional Plus

| addons | IMBAModues |

Ver 4.0.8 M

Thiz product iz licenced to:
Alan Birchall

1'&]’1 S 'n.."]-lul

Serial Number:
IPF_4008_000

Inztallation made on 26 April 2005

“WWarning: thiz zoftware iz protected by copyright [z
and international treatiez. Unauthorized distribution or
reproduction of this pragram or any part af it could
rezult in civil or criminal penaltiez, and will be
prozecuted to the maximum extent of the law,

Computer [nfo...

Authors [pfo... k.

IMBA Professional Plus (Version 4.0) is a compilation of features and capabilities developed
for IMBA Expert™ USDOE-Edition, IMBA Expert™ CANDU-Edition, and IMBA Expertd OCAS-
Edition, with new features developed by HPA-RPD. The IMBA Professional Plus - Base

Unit includes the capability to:

1. assess an intake from bioassay measurement data
2. calculate bioassay quantities at different times from a specific intake

3. calculate equivalent organ doses and effective dose from a single intake.

The base unit is the core of IMBA Professional Plus and enables the user to perform basic
internal dosimetry calculations (e.g., calculating doses from a specified intake, estimating an
intake from bioassay measurements and calculating bioassay quantities from a given
intake). It implements the latest ICRP biokinetic models. Output is both tabular and
graphical and special tools enable data transfer between Windowsa applications. For
standard calculations, all of the ICRP default values can be selected from built in databases
at the touch of a button. For more detailed calculations, the user can enter individual
parameter values. Calculations are performed 6-10 times faster than in the previous
software (IMBA Experta /Professional Series). The product has been extensively quality
assured and comes with complete documentation.
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The IMBA Professional Plus - Base Unit (Version 4.0.8) includes the following 75
radionuclides (listed alphabetically by radiolement):

e actinium (227’228Ac);
e americium (241'243Am);
. 124,125

e antimony ( Sbh);

140

e barium (77 'Ba);

134,137

e caesium ( Cs);

Ch);

e carbon ( C) - as particulate or as gaseous or vapor forms of carbon;

. 141,144
e cerium ( Ce);

252
e californium (

e chromium (5lcr);

57,58,60

e cobalt ( Co);

242,243,244

e curium ( Cm);

152,154,155,156

e europium ( Eu);

e hafnium (181

Hf);

e hydrogen [tritium] (3H) - with biokinetic models for tritiated water (HTO) and
organically bound tritium (OBT) - as particulate or as gaseous or vapor forms of tritium;

A 125,129,131,133,134,135 . -
e iodine ("7 ITT TR - as particulate or as gaseous or vapor forms of iodine;

55,59

e iron ( Fe);

e lanthanum (140 La);

e manganese (54Mn);
e neptunium (237’239Np);

e nickel (®3Ni);

e niobium (°**°°Nb);
e phosphorus (32 33p P);

238,239,240,241,242

e plutonium ( Pu);

147

e promethium (7 'Pm);

e protactinium (231

210

Pa);

e polonium (

Po);

. 224,226,228 . C . )
e radium ("7 7°°7""""Ra) - assuming same biokinetic model for parent and radioactive

progeny - note that ICRP68 assumes independent kinetics for the progeny;
103,106

e ruthenium ( Ru);
e silver (*1°"ag);

e sodium (22’24Na);

e strontium (85’89’908r);

e sulphur (358) - as particulate, for both inorganic and organically incorporated sulfur -
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a version update will include gaseous and vapor forms of sulphur;

terbium (lGoTb);

thorium (228’230’232 Th) - assuming same biokinetic model for parent and radioactive

progeny - note that ICRP68 assumes independent kinetics for the progeny;
tin (1135n);

uranium (234‘235‘236’238U) - assuming same biokinetic model for parent and radioactive

progeny - note that ICRP68 assumes independent kinetics for the progeny;
yttrium (QOY);
zinc (GSZn);

zirconium (952r).

The IMBA Professional Plus - Base Unit enables you to do the following:

Assess an intake from either inhalation, ingestion, injection, or
a transdermal wound.

Calculate bioassay quantities as a function of time - implemented quantities are:
1. Whole Body

Lungs

Urine

Faeces

Blood

Thyroid

Liver

User Defined.

© N o gk~ w DN

The IMBA Professional Plus - Base Unit includes the following basic features:

Calculate the best estimate of the amount of intake - from a single exposure
event (intake regime), based on the user-specified intake scenario.

Analyse any of the above types of bioassay measurement - for a given indicator
radionuclide.

Save all assumptions, parameter values and results to a single, nameable data file -
which can be read in to any version of IMBA Expert™/Professional Series/Professional
Plus, running on any compatible PC computer system.

Specify the date and time-of-day of each bioassay measurement.

Track time as either date + hh:mm or fractional d.

Specify the collection period for each urine and faecal sample (in fraction of a day).
Import/export bioassay data between IMBA Expert™/Professional Series/Professional
Plus and a Windows® spreadsheet.

Exclude unreliable data points from the fitting process - but not from the data record
- and mark these as such in the associated graph of the data.

Apply the maximum likelihood fitting method - to deal with:
1. data recorded as "less than the limit of detection™ (< LOD);
2. explicit error on each data point;

3. lognormal or normal error distributions;
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4. up to 200 data points (for each bioassay quantity).

Obtain the best estimate of the amount of intake - repeating the calculation with the
same assumptions and data yields an identical result.

Calculate the committed equivalent dose to each organ or tissue - and
the effective dose - from an indicator radionuclide.

Toggle between ICRP60/68, ICRP26, or 10 CFR 835 tissue weighting
factors and remainder tissue rules.

Create a comprehensive report file containing administrative details, all case parameter
assumptions, and the calculated results.

Define all absorption parameters and aerosol characteristics - or select the
absorption parameters from a built-in database of ICRP-recommended values.

Define bioassay retention functions - or select these from a database of ICRP-
recommended values.

Enter user specified particle transport rates (in the respiratory tract) - or use ICRP
defaults - and perform calculations for both Reference Worker (light activity)
and heavy activity.

Apply built-in ICRP biokinetic models for each radioelement - or specify user-
defined models.

Display bioassay data (with error bars and the fitted bioassay function)
graphically on-screen - in multiple windows.

Interchangeably display tables of bioassay data and predicted bioassay
quantities with graphs of the same quantities.

Use built-in, highly flexible, graphical and spreadsheet tools to facilitate setting up
your graphs and data entry.

Copy data to-and-from spreadsheets and other Windowsa applications.
Copy data to-and-from an ASCII file.

The ability to deal with chelated intakes - by marking and excluding "treatment
enhanced" excretion data from the intake assessment.

Apply the built-in ICRP Publication 38 radiation database - and view complete
decay chains and nuclear data on-screen.

Toggle between pCi and Bq activity units.

Calculate bioassay quantities over specified time intervals - for design of future
monitoring programs.

Save and reload all assumed parameter values and calculated results for a particular
case study in a comprehensive parameter file.

The IMBA Professional Plus - Base Unit is accompanied by the following documentation:

User's Manual (internal interactive HTML and hard-copy report).
Appendix A - Technical Basis (internal interactive HTML and PDF file).
Appendix B - Bioassay Quality Assurance (PDF file).

Appendix C - Dose Quality Assurance (PDF file).

Appendix D - Example Bioassay Cases (PDF file).

The IMBA Professional Plus - Base Unit is intended for the user who does not require all of
the advanced features provided as modular "Add Ons." For the more advanced user, the
various Add Ons provide additional, highly specialised, fully-integrated features, which
greatly enhance the software's functionality.
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Additional Functionality in IPP "Add-
ons" 00

w About IMBA Professional Plus

[ BamUri | AddOn: | IMBAMedies |

11

L2131 e s &) 7Y 585w
Multiple Intake Regimes

Dieserptaon

WAn intake regime defines both the mode of intake (inhalation =
of aerosols or yapours, ingestion. injection, wound etc) and

the time of intake (2.9, an acute infake on a certain date, or

a chronic intake between two dates). This Add-on enables

the user to deal with up to 10 separate intake regimes
simultanecusly. Thus when calculating doses or pradicting
bicassay quantities, the software automatically inciudas the
contribution from each intake. Itis also possible to assign &

/ Fully implementead in this version

0K Meoee Infa...

The following Add-On modules increase the functionality of the IMBA Professional Plus (IPP) -
Base Unit:

e Add-On 1 - Multiple Intake Regimes.

e Add-On 2 - Multiple Bioassay Types.

e Add-On 3 - Associated Radionuclides.

e Add-On 4 - Uranium Mixtures.
e Add-On 5 - Uptake from a Wound.
e Add-On 6 - Errors on Intake.

e Add-On 7 - Bayes Implementation.

e Add-On 8 - Tritium Tool.

e Add-On 9 - Dose Calculations for Causation .
e Add-On 10 - Ingrowth of Americium-241.

e Add-On 11 - Statistics Package.

Selected Add-On modules can be provided with the initial IMBA Professional Plus - Base
Unit installational, or can be added later by downloading via the HPA-RPD IMBA Professional
Plus web site.
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Add-On 1: Multiple Intake Regimes 00

Description

An intake regime defines both the mode of intake (inhalation of an aerosol or vapours,
ingestion, injection, wound, etc) and the time of intake (e.g., an acute intake on a certain
date, or a chronic intake between two dates). This Add-On enables you to deal with up to 10
separate intake regimes simultaneously. Thus, when calculating doses or predicting bioassay
quantities, the software automatically includes the contribution from each intake. It is also
possible to assign different model parameter values separately to each intake regime. This
option also works during intake estimation, and so up to 10 intakes can be fitted to the
measurement data simultaneously.

How is it implemented?

This Add-On is implemented seamlessly on the Main screen. You select the number of intake
regimes, and each intake regime (IR) can be set up independently by selecting the
appropriate tab.

Intake Regimes

Clear All Intake Fegimes | Enter Mumber of Intake Regimes [1-10] 4 Z‘

IR1 [ IR2 ] IR3 | IR4 ]

Route kode

{+ |nhalation v Acute " Chronic

™ |ngestion

" Injection Start D ate 14172005 ﬂ

" wiound

" Wapaour

In the Bioassay screen, the single intake on the left hand side of the screen is replaced by
the chosen number of intakes. For dose calculations, the dose to each organ is calculated
separately for each intake regime. The total dose (from all intake regimes) is also given.

e For an example bioassay case analysis involving multiple intakes see Case of Multiple
Intakes.

e Return to List of Add-Ons.
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Add-On 2: Multiple Bioassay Types 00

Description

The base unit will deal with 8 different bioassay quantities (whole body, lung, urinary and
faecal excretion, blood, thyroid, liver and user defined). However, only one type of data set
can be used at any one time. This Add-on enables the user to fit the intake to different
bioassay types simultaneously. This Add-on also works with Add-On 1 (Multiple Intake
Regimes) to enable multiple intakes to be fitted to multiple bioassay data types
simultaneously.

How is it implemented?

This Add-On integrates seamlessly into the Bioassay screen of the base module. When assessing
intakes from bioassay measurements, you simply select which type of bioassay data to use by
checking the appropriate boxes.

=

Intakes to Binazsay | Bioaszay to Intake

Select which data to use

[w "whole body

[ Lungs

Digplay Statistics

Thyroid

Liver

Start Calculation User Defined

e For an example bioassay case analysis involving multiple intakes see Case of Multiple
Bioassay Quantities.

e Return to List of Add-Ons.

Add-On 3: Associated Radionuclides 00

Description

The base unit performs dose calculations on the selected radionuclide (known in IMBA
Professional Plus as the indicator nuclide). In some situations, many different radionuclides
are bound together in a particle matrix (e.g., fission products). This Add-on enables you to
specify up to 30 additional associated radionuclides, defining the amount of each with
respect to the indicator radionuclide. Subsequent dose calculations will include the
components from all of the associated radionuclides. In the dose calculations, it is assumed
that the absorption rates (and f1 values) of each associated radionuclide are identical to that
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of the indicator radionuclide.
How is it implemented?

With this Add-On| you can specify up to 30 additional radionuclides from the main screen. The
abundance of each associated radionuclide (the percentage of activity relative to the Indicator
Nuclide) is entered by selecting the appropriate tab.

Associated Radionudides
Co€0 Py2d |am21| Ca3 |

Selct Radionuchde 10
Abundence x

Dalte Radionucide 4af Life:  1.324E+03  d

e For an example of a dose calculation involving associated radionuclides see Doses from
Associated Radionuclides.

e Return to List of Add-Ons.

Add-On 4: Uranium Mixtures 00

Description

This Add-On enables you to specify a mixture of uranium isotopes (U-234, U-235, U-236 and
U-238) for dose and bioassay calculations. You can choose default values for enriched,
depleted, or natural uranium, or specify the mixtures directly. The specific activity of the
resulting mixture is automatically calculated. The Add-On also allows you to specify the
intakes in terms of mass (mg).

How is it implemented?

You select ‘Uranium-mixture’ from the drop down list of uranium isotopes in the periodic table.
When this is selected, a button labelled ‘Specify U mixture’ appears on the Main screen. This brings
up a new form enabling you to specify the isotopic composition.

Associated Radionuc
U234 | y2as | U236 -2

Select Badionuchde

Delete Radionuclide
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w . [etails of uranivm midure E||E|E]
Isctope: Aburdance Sedect by
Select & Acivily
L-234 |"1E'w S " Uszer Defined
" Mass
ues [228 X . D""m""
2% % | € LowEniched
U238 |“‘3-BlE % " High Enriched
Resding Specific Achity Alove Units
[~ mg
(252706401 s
[6.829BE+02 pCifmg
1] Cancal

After exiting this screen, the uranium isotopes are automatically included as associated
radionuclides with the selected abundances. In this case, the ‘indicator’ radionuclide is the
complete uranium isotope mixture .

mamts  Note: The 'Uranium Mixture' Add-On does not require the 'Associated

—— Radionuclides' Add-On to be installed. However, the latter module is needed to
include associated radionuclides for all Indicator Nuclides other than the uranium
isotopic mixture-

e For an example of a bioassay analysis and dose calculation involving a uranium mixture
see Case of Uranium Isotopic Mixture.

e Return to List of Add-Ons.

Add-On 5: Uptake from a Wound 00

Description

The Base Unit allows intakes vyja inhalation (aerosols and vapours), ingestion or direct
injection. This Add-on enables you to deal with intakes from a wound site, i.e., transdermal
intake. A generic wound model is specified by the user. This functionality is integrated
automatically with all of the calculations (dosimetry, bioassay and intake fitting). Itis
planned to include default parameter values from the forthcoming NCRP wound model (when
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these are available).
How is it implemented?

With this Add-On, you can select ‘Wound' as a route of intake (from the Main screen). The
'Wound' button in the 'Model Parameters' panel is enabled, and the retention function can be
entered as a sum of exponential terms.

B Generic Wound Model

‘Wiound Model

A diagram of the NCRF wound madel will be placed here
follosing its publication

Ret(t)=a(1) exp| dam{1) t] + a(2) exp| dam(2)t] + ... ..

Salect Wiound Retention
[ UserDeinedviose | T Tinti
1
WCRP Diedaults 3 |
3|
4|
5

Claar |

oK | Carcel |

Not Specified

e For an example of a bioassay analysis and dose calculation involving a intake via a wound
see Case of Wound Uptake.

e Return to List of Add-Ons.

Add-On 6: Errors on Intake 00
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Description

In cases where an intake is being estimated from bioassay data, and all of the data are
assumed to be normally distributed with a specified standard deviation, then this Add-
On will propagate the errors to calculate their contribution to the error in the estimate

of intake. The error propagation is based on the Least Squares method.

How is it implemented?

You must first select Advanced Fitting Options from the Main screen (Advanced | Advanced

Options | Fitting Tab), or from the Bioassay screen (Advanced | Advanced Fitting
Options) and select Least Squares as the method of fitting.

After calculating the |ntake, the Error value Will be displayed automatically below the
intake value - on the left side of the Bioassay screen.

E% Advanced Options INTAKE
Theze options should be used with extreme care IR 9 805E +03 B
+~ |9782E+02 B

Doze Fitting T Bioazzay T Misc ]

Select Fitting Method

£ b arirum Likelibhood

(" Bapesian

[].4 Cancel

e For an example involving the estimation of errors on calculated values of intake
see Case Evaluating Errors on Intake.

e See Technical Basis of Least Squares Fitting.

e Return to List of Add-Ons.

Add-On 7: Bayes Implementation 00

Description

The Base Unit uses a fitting method based on the Maximum Likelihood Method to estimate
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intakes from measurement data. This Add-On enables you to use a Bayesian approach to
estimate an intake. Thus, prior knowledge about the intake (either from other
measurements such as air sampling, or from hypothetical judgements) can be used in
conjunction with the bioassay measurement data to obtain the probability distribution of
intake. You can choose from a variety of ‘prior’ intake distributions, and both graphical and
statistical displays are provided. This Add-On works in conjunction with the Multiple Intake
Regimes Add-On to enable the probability distributions of several different intakes (each with
their own prior) to be estimated simultaneously.

How is it implemented?

From the Bioassay screen menu, select ‘Advanced | Fitting Options’ and click the Bayesian option. A
new button called Bayesian Analysis Tool will appear in the Bioassay screen. Pressing this button
will call up the Bayesian Analysis Tool and enable you to calculate probability distributions of
intake under different prior assumptions.

The prior distribution selected in this screen will also be used in any further fitting processes.

e For an example involving Bayesian analysis of intake see Case Implementing Bayesian
Analysis .

e See Technical Basis of Bayesian Analysis.
e Return to List of Add-Ons.

Add-On 8: Tritium Tool 00

e For an example using the tritium tool see Case Implementing Tritium Tool.
e Return to List of Add-Ons.

Add-On 9: Dose Calculations for P
) 00
Causation

e For an example calculation of equivalent doses received each year by a specified tissue
(for use in the determination of cancer causation likelihood) see Dgse Calculations for

Causation.
e Return to List of Add-Ons.

Add-On 10: In-growth of Americium- OO
241

e For an example intake and dose calculation using external measurements of 241 Am
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activity as an indicator of plutonium activity in the lungs see Case of Am-241 In-growth
e Return to |jst of Add-Ons -

Add-On 11: Statistics Package 00

e For an example using the statistics package to evaluate an intake see Case Using Statistics
Package.
e Return to List of Add-Ons.
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Additional Functionality in IPP "Add-
ons" 00

w About IMBA Professional Plus

[ BamUri | AddOn: | IMBAMedies |

11

L2131 e s &) 7Y 585w
Multiple Intake Regimes

Dieserptaon

WAn intake regime defines both the mode of intake (inhalation =
of aerosols or yapours, ingestion. injection, wound etc) and

the time of intake (2.9, an acute infake on a certain date, or

a chronic intake between two dates). This Add-on enables

the user to deal with up to 10 separate intake regimes
simultanecusly. Thus when calculating doses or pradicting
bicassay quantities, the software automatically inciudas the
contribution from each intake. Itis also possible to assign &

/ Fully implementead in this version

0K Meoee Infa...

The following Add-On modules increase the functionality of the IMBA Professional Plus (IPP) -
Base Unit:

e Add-On 1 - Multiple Intake Regimes.

e Add-On 2 - Multiple Bioassay Types.

e Add-On 3 - Associated Radionuclides.

e Add-On 4 - Uranium Mixtures.
e Add-On 5 - Uptake from a Wound.
e Add-On 6 - Errors on Intake.

e Add-On 7 - Bayes Implementation.

e Add-On 8 - Tritium Tool.

e Add-On 9 - Dose Calculations for Causation .
e Add-On 10 - Ingrowth of Americium-241.

e Add-On 11 - Statistics Package.

Selected Add-On modules can be provided with the initial IMBA Professional Plus - Base
Unit installational, or can be added later by downloading via the HPA-RPD IMBA Professional
Plus web site.
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Add-On 1: Multiple Intake Regimes 00

Description

An intake regime defines both the mode of intake (inhalation of an aerosol or vapours,
ingestion, injection, wound, etc) and the time of intake (e.g., an acute intake on a certain
date, or a chronic intake between two dates). This Add-On enables you to deal with up to 10
separate intake regimes simultaneously. Thus, when calculating doses or predicting bioassay
quantities, the software automatically includes the contribution from each intake. It is also
possible to assign different model parameter values separately to each intake regime. This
option also works during intake estimation, and so up to 10 intakes can be fitted to the
measurement data simultaneously.

How is it implemented?

This Add-On is implemented seamlessly on the Main screen. You select the number of intake
regimes, and each intake regime (IR) can be set up independently by selecting the
appropriate tab.

Intake Regimes

Clear All Intake Fegimes | Enter Mumber of Intake Regimes [1-10] 4 Z‘

IR1 [ IR2 ] IR3 | IR4 ]

Route kode

{+ |nhalation v Acute " Chronic

™ |ngestion

" Injection Start D ate 14172005 ﬂ

" wiound

" Wapaour

In the Bioassay screen, the single intake on the left hand side of the screen is replaced by
the chosen number of intakes. For dose calculations, the dose to each organ is calculated
separately for each intake regime. The total dose (from all intake regimes) is also given.

e For an example bioassay case analysis involving multiple intakes see Case of Multiple
Intakes.

e Return to List of Add-Ons.
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Add-On 2: Multiple Bioassay Types 00

Description

The base unit will deal with 8 different bioassay quantities (whole body, lung, urinary and
faecal excretion, blood, thyroid, liver and user defined). However, only one type of data set
can be used at any one time. This Add-on enables the user to fit the intake to different
bioassay types simultaneously. This Add-on also works with Add-On 1 (Multiple Intake
Regimes) to enable multiple intakes to be fitted to multiple bioassay data types
simultaneously.

How is it implemented?

This Add-On integrates seamlessly into the Bioassay screen of the base module. When assessing
intakes from bioassay measurements, you simply select which type of bioassay data to use by
checking the appropriate boxes.

=

Intakes to Binazsay | Bioaszay to Intake

Select which data to use

[w "whole body

[ Lungs

Digplay Statistics

Thyroid

Liver

Start Calculation User Defined

e For an example bioassay case analysis involving multiple intakes see Case of Multiple
Bioassay Quantities.

e Return to List of Add-Ons.

Add-On 3: Associated Radionuclides 00

Description

The base unit performs dose calculations on the selected radionuclide (known in IMBA
Professional Plus as the indicator nuclide). In some situations, many different radionuclides
are bound together in a particle matrix (e.g., fission products). This Add-on enables you to
specify up to 30 additional associated radionuclides, defining the amount of each with
respect to the indicator radionuclide. Subsequent dose calculations will include the
components from all of the associated radionuclides. In the dose calculations, it is assumed
that the absorption rates (and f1 values) of each associated radionuclide are identical to that
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of the indicator radionuclide.
How is it implemented?

With this Add-On| you can specify up to 30 additional radionuclides from the main screen. The
abundance of each associated radionuclide (the percentage of activity relative to the Indicator
Nuclide) is entered by selecting the appropriate tab.

Associated Radionudides
Co€0 Py2d |am21| Ca3 |

Selct Radionuchde 10
Abundence x

Dalte Radionucide 4af Life:  1.324E+03  d

e For an example of a dose calculation involving associated radionuclides see Doses from
Associated Radionuclides.

e Return to List of Add-Ons.

Add-On 4: Uranium Mixtures 00

Description

This Add-On enables you to specify a mixture of uranium isotopes (U-234, U-235, U-236 and
U-238) for dose and bioassay calculations. You can choose default values for enriched,
depleted, or natural uranium, or specify the mixtures directly. The specific activity of the
resulting mixture is automatically calculated. The Add-On also allows you to specify the
intakes in terms of mass (mg).

How is it implemented?

You select ‘Uranium-mixture’ from the drop down list of uranium isotopes in the periodic table.
When this is selected, a button labelled ‘Specify U mixture’ appears on the Main screen. This brings
up a new form enabling you to specify the isotopic composition.

Associated Radionuc
U234 | y2as | U236 -2

Select Badionuchde

Delete Radionuclide
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w . [etails of uranivm midure E||E|E]
Isctope: Aburdance Sedect by
Select & Acivily
L-234 |"1E'w S " Uszer Defined
" Mass
ues [228 X . D""m""
2% % | € LowEniched
U238 |“‘3-BlE % " High Enriched
Resding Specific Achity Alove Units
[~ mg
(252706401 s
[6.829BE+02 pCifmg
1] Cancal

After exiting this screen, the uranium isotopes are automatically included as associated
radionuclides with the selected abundances. In this case, the ‘indicator’ radionuclide is the
complete uranium isotope mixture .

mamts  Note: The 'Uranium Mixture' Add-On does not require the 'Associated

—— Radionuclides' Add-On to be installed. However, the latter module is needed to
include associated radionuclides for all Indicator Nuclides other than the uranium
isotopic mixture-

e For an example of a bioassay analysis and dose calculation involving a uranium mixture
see Case of Uranium Isotopic Mixture.

e Return to List of Add-Ons.

Add-On 5: Uptake from a Wound 00

Description

The Base Unit allows intakes vyja inhalation (aerosols and vapours), ingestion or direct
injection. This Add-on enables you to deal with intakes from a wound site, i.e., transdermal
intake. A generic wound model is specified by the user. This functionality is integrated
automatically with all of the calculations (dosimetry, bioassay and intake fitting). Itis
planned to include default parameter values from the forthcoming NCRP wound model (when
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these are available).
How is it implemented?

With this Add-On, you can select ‘Wound' as a route of intake (from the Main screen). The
'Wound' button in the 'Model Parameters' panel is enabled, and the retention function can be
entered as a sum of exponential terms.

B Generic Wound Model

‘Wiound Model

A diagram of the NCRF wound madel will be placed here
follosing its publication

Ret(t)=a(1) exp| dam{1) t] + a(2) exp| dam(2)t] + ... ..

Salect Wiound Retention
[ UserDeinedviose | T Tinti
1
WCRP Diedaults 3 |
3|
4|
5

Claar |

oK | Carcel |

Not Specified

e For an example of a bioassay analysis and dose calculation involving a intake via a wound
see Case of Wound Uptake.

e Return to List of Add-Ons.

Add-On 6: Errors on Intake 00
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Description

In cases where an intake is being estimated from bioassay data, and all of the data are
assumed to be normally distributed with a specified standard deviation, then this Add-
On will propagate the errors to calculate their contribution to the error in the estimate

of intake. The error propagation is based on the Least Squares method.

How is it implemented?

You must first select Advanced Fitting Options from the Main screen (Advanced | Advanced

Options | Fitting Tab), or from the Bioassay screen (Advanced | Advanced Fitting
Options) and select Least Squares as the method of fitting.

After calculating the |ntake, the Error value Will be displayed automatically below the
intake value - on the left side of the Bioassay screen.

E% Advanced Options INTAKE
Theze options should be used with extreme care IR 9 805E +03 B
+~ |9782E+02 B

Doze Fitting T Bioazzay T Misc ]

Select Fitting Method

£ b arirum Likelibhood

(" Bapesian

[].4 Cancel

e For an example involving the estimation of errors on calculated values of intake
see Case Evaluating Errors on Intake.

e See Technical Basis of Least Squares Fitting.

e Return to List of Add-Ons.

Add-On 7: Bayes Implementation 00

Description

The Base Unit uses a fitting method based on the Maximum Likelihood Method to estimate
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intakes from measurement data. This Add-On enables you to use a Bayesian approach to
estimate an intake. Thus, prior knowledge about the intake (either from other
measurements such as air sampling, or from hypothetical judgements) can be used in
conjunction with the bioassay measurement data to obtain the probability distribution of
intake. You can choose from a variety of ‘prior’ intake distributions, and both graphical and
statistical displays are provided. This Add-On works in conjunction with the Multiple Intake
Regimes Add-On to enable the probability distributions of several different intakes (each with
their own prior) to be estimated simultaneously.

How is it implemented?

From the Bioassay screen menu, select ‘Advanced | Fitting Options’ and click the Bayesian option. A
new button called Bayesian Analysis Tool will appear in the Bioassay screen. Pressing this button
will call up the Bayesian Analysis Tool and enable you to calculate probability distributions of
intake under different prior assumptions.

The prior distribution selected in this screen will also be used in any further fitting processes.

e For an example involving Bayesian analysis of intake see Case Implementing Bayesian
Analysis .

e See Technical Basis of Bayesian Analysis.
e Return to List of Add-Ons.

Add-On 8: Tritium Tool 00

e For an example using the tritium tool see Case Implementing Tritium Tool.
e Return to List of Add-Ons.

Add-On 9: Dose Calculations for P
) 00
Causation

e For an example calculation of equivalent doses received each year by a specified tissue
(for use in the determination of cancer causation likelihood) see Dgse Calculations for

Causation.
e Return to List of Add-Ons.

Add-On 10: In-growth of Americium- OO
241

e For an example intake and dose calculation using external measurements of 241 Am
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activity as an indicator of plutonium activity in the lungs see Case of Am-241 In-growth
e Return to |jst of Add-Ons -

Add-On 11: Statistics Package 00

e For an example using the statistics package to evaluate an intake see Case Using Statistics
Package.
e Return to List of Add-Ons.
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"What's This?" - Visual Tour

This tour will guide you through the layout and operation of IMBA Professional Plus' three
working screens, and the tools provided for data entry, export, and visualization:

1. Main Screen (Opening Screen).

2. Bioassay Calculations Screen.
- Table Tool (for data entry, editing, export)
- Graph Tool (for data visualization)

3. Dose Calculations Screen.

Visual Tour of Main Screen 00
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Biokinetic and Bioassay
Models
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Y Tip: If you needed to scroll to see the right-edge of those images - or if you see
.- ’fi only part of the "pop-ups" on the right of the "Feature Tour" below -

try enlarging the viewing panel by dragging the left border over the
"Contents | Index | Search" panel!

Feature Tour:

Click on a HOT ZONE in the figure below - for a "pop-up"” description of the function of that
part of the screen (and/or control).
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.. =men NoOte: Except for the "greyed out” items, ALL of the features shown in Figure
:ﬁ —— 2.5 (below) are fully functional in IMBA Professional (Full Edition) Version 3.0.
~  The pop-ups indicate which of these functions are "Star" features - and
therefore not available in the basic Lite-Edition. See also Additional
Functionality in "Star" and "Professional Editions.
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Figure 2.5. What's in the Main Screen?
Visual Tour of Bioassay Calculations 00

Screen
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Tip: If you needed to scroll to see the right-edge of this image - or if you see
only part of the "pop-ups" on the right of the "Feature Tour" below -

try enlarging the viewing panel by dragging the left border over the
"Contents | Index | Search" panel!

Feature Tour:

Click on a HOT ZONE below (in either figure) - for a "pop-up” description of the function of
that part of the screen (and/or control):

e Figure 2.7: Screen in default "Bioassay to Intake™ mode.
e Figure 2.8: Screen in selectable " Intakes to Bioassay" mode.

Note: The "multiple intake" function shown in Figures 2.7 and 2.8 (below), and
" the ability to analyse several bioassay quantities simultaneously, are "Star"
7% ——= features - and therefore not available in the basic Lite-Edition. See

also Additional Functionality in "Star" and "Professional” Editions.
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Figure 2.7. Bioassay Calculations screen in default "Bioassay to Intakes" mode.
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Figure 2.8. Bioassay Calculations screen with "Intakes to Bioassay" mode selected.

Visual Tour of the Table Tool 00
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Tip: If you needed to scroll to see the right-edge of this image - or if you see
only part of the "pop-ups” on the right of the "Feature Tour" below -

w try enlarging the viewing panel by dragging the left border over the "Contents |
Index | Search” panel!

Feature Tour:

Click on a HOT ZONE in the figure below - for a "pop-up" description of the function of that
part of the screen (and/or control).
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Figure 2.10. What's in the_Table Tool?

Visual Tour of the Graph Tool
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Tip: If you needed to scroll to see the right-edge of this image - or if you see
FoE only part of the "pop-ups" on the right of the "Feature Tour" below -
w try enlarging the viewing panel by dragging the left border over the "Contents |
Index | Search"” panel!

Feature Tour:

Click on a HOT ZONE in the figure below - for a "pop-up" description of the function of that
part of the screen (and/or control).
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Figure 2.12. What's in the_Graph Tool?

Visual Tour of Dose Screen 00
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Tip: If you needed to scroll to see the right-edge of this image - or if you see
= only part of the "pop-ups" on the right of the "Feature Tour" below -
w try enlarging the viewing panel by dragging the left border over the "Contents |
Index | Search" panel!

Feature Tour:

Click on a HOT ZONE in the figure below - for a "pop-up” description of the function of that
part of the screen (and/or control).
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Figure 2.14. What's in the Dose Calculations screen?
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Main Screen (Opening Screen)

The Main Screen (opening screen) appears when you click the IMBA
Professional Plus icon - which runs IMBA.exe. This screen is shown in Figure 2.1.

IMBA Professional Plus

- Just three, easy-to-navigate, tightly-integrated work screens! W

S Main Sooeen
B GN Crwwer wdues o Sheied b0
= W ] B. & B E @ I g 15
o, S by (i Save =] Lo Eapart = -
e D Aaslne 10 Mol opered Prote tion
& PR
| ottt IMBA Professional Plus -
Intake Soenario
i s Ichcotur Mucdide
Ciowr Al briab x Flogrn Erimr bk of b Fagrrmn 11104 [ % :I-:::_AI ; _
?1 o s il
Wb o s egrens H ko e |
e e T‘;‘.m Helilim  Urksoen o
o itk = i Thecre: J Aaacrated FAadinnucdna
Ingmuion: s

 dpn

-l odel F-_'I Tl
s Mo P amsient Appds o Al BHL
Farmpm oy Traest

- -
- - - - )

P | Abeerpton Mot Specied o Tiar Ko Spechied | 5-Teact Hot Specfud e Bughurathc Mof St [pbtiiory Hot Sgmthed AMAD (e uwdm&m*ﬂ\\

el

Figure 2.1. The Main Screen (opening screen).

The screen is divided into these functional parts - from the top:
e Menu Bar;
e Tool Bar;

e Parameter File Bar.

Top main panel:

e Intake Scenario - subdivided into;

1. Intake Regimes (IR) sub-panel - left side

2. Units sub-panel - center
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3. Radionuclide(s) and Intake - by IR - right side.

Bottom main panel:

Model Parameters and Calculations;

Bottom row:

Status Bar.

Visual Tour

Click here for a Visual Tour of the Main Screen and its various functions.

Main Menus

The Menu Bar, shown at the top-left of the main window, gives the following options.

Eile menu.

Edit menu.
Parameters menu.
Calculations menu.
Tools menu.
Advanced menu.

Help menu.

File Menu 00

File Edit Parameters Calculation: Tools Advanced Help

M e TICRA CFR
“ | O : 5

Open MHew Cluick Save Load Loac

Save
Save Az

ened

Quick Save IMBA

[uick Load

(o]

Create a Report

Exit F S

Figure 3.2. Drop-down File list box.

The File options are as follows:

New — Re-load (and reset) IMBA Professional for a new case study - with
a blank parameter file.

Open — Open any parameter file “*.ix” from the Folder
C:\JABASOFT\IMBAEXUS\USERDATA (Figure 3.3), or browse to another Folder.

Save — Save the current parameter set to the same “*.ix” filename.

Save As — Allows you to define a new name for the “*.ix” file (appearance of dialog box
is identical to Figure 3.3, but with Save button).
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e Quick Save — Save the current set of parameter values (and calculated results) to the
default parameter file "parameters.ix" in the Folder C:\JABASOFT\IMBAEXUS.

e Quick Load — Re-load the parameter values (and calculated results) from the default
parameter file "parameters.ix" in the Folder C:\JABASOFT\IMBAEXUS.

e Create a Report - Open the "Report"” window. This will guide you through the steps
needed to generate and save a Case Report.

e EXit - Unload and Exit IMBA Professional.

Z]x]

Lock in: | 3 USERDATA | = EckEr
[:I Developrent @interesting.ix
TS 1 [EMi99 - Puix
1 T05-11 [F)PH_U0Z _urine_1T.ix
1 USTUR Case 0269 Single Inkake, ix
¥ Case 060501F.ix [ Test 2 - Urine.ix

F)IAEA Case 4- 905r.ix [T Test Case 1.ix
1A Case 7- 239Puix  [BUSTUROZSS.ix

) IAEA#T - 238PU - Datauix  [BUSTURD4ZSurine] i
@iaeacaseSM.ix

File name: I j Open I
Filzs af type: IIMB.-‘E-. Profeszional Files [*.ix] j Cancel |

v

[~ Open az read-only

Figure 3.3. The Open parameter file dialog box.

Edit Menu 00

File | Edit Parameters Calculations

[ata
4

FPararmeter File
|:|[ dldmele] [=]

Wer

Preferences

Figure 3.4. Drop-down Edit list box.

The Edit options are as follows:

e Data - Open the Bioassay Calculations screen in the "Bioassay Quantity" to " Intake"
mode. This enables you to enter (or edit) Bioassay Data and/or
perform |ntake calculations.

e Parameter File - Open the named Parameter File in MS NotePad. If no name has been
specified, a blank MS Notepad file will be opened.

e Preferences - Choose to play the "theme tune" at start-up - or keep the default setting
(silence).
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. Preferences

— Play theme tune at ztartup?

" YES

= MO

Figure 3.5. Start-up preference.

Parameters Menu 00

E% Main Screen
File Edit | Parameters Calculatons T
|

- Farticle Transport .
Open Absorption
Ver a0 [ Deposition
— | GI-Tract —]
Bioassay
& Bickinetics
Yamor
YoLmd

rlntake LT TEU T
Figure 3.6. Drop-down Parameters list box.

The Parameters options are as follows:

e Particle Transport - Open the Particle Transport Model window. This enables you
to load the values of mechanical transport rates recommended in ICRP Publication
66 for the respiratory tract model - or define your own parameter values.

e Absorption - Open the Absorption Model window. This enables you to load the default
values of absorption rates recommended in ICRP Publication 66 for the respiratory
tract model - or define your own parameter values.

e Deposition - Open the Deposition Model window. This enables you to select the default
values of aerosol size characteristics recommended in ICRP Publication 66 for
the respiratory tract model (occupational exposure) - or define your own parameter
values.

e GIl-Tract - Open the GI Tract Model window. This enables you to select the default values
of transport rates between compartments of the G| tract recommended in ICRP
Publication 30 - or define your own parameter values.

e Bioassay - Open the Bioassay Model window. This enables you to select the bioassay
function for each hjoassay quantity - €ither the function currently recommended by ICRP,
or you can define your own function.

e Biokinetics - Open the Biokinetic Model window. This enables you to select the retention
function for each source organ or tissue - either the function currently recommended by
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ICRP, or you can define your own function.

e Vapour (Star-Plus Module) - Open the Gases and Vapours Model window. This will
enable you to select the default values recommended in ICRP Publication 68 to represent
occupational exposure to gases or vapours - or define your own parameter values.

e Wound (Star-Plus Module) - Open the NCRP Wound Model window. This will enable
you to select the wound retention function - by default retention type, or you can
define your own function.

Calculations Menu 00

File Edit PFarameters | Calculatons Toc

“u y
> o -
CIpen Save Me, Dose

I I —
Figure 3.7. Drop-down Calculations list box.

The Calculations options are:

e Bioassay - Open the Bjoassay Calculations screen in the "Bioassay Quantity” to
"Intake" mode. This enables you to enter (or edit) Bioassay Dataand/or

perform |ntake calculations.
e Dose - Open the Dose Calculations screen. This enables you to:
1. select radiation weighting factors;
2. select tissue weighting factors;
3. calculate doses from the selected Indicator Radionuclide;
4

calculate doses from any selected Associated Radionuclides.

Tools Menu 00

E% Main Screen
File Edit Parameters Calculations @ Tools Advanced Help

[;’* n D i Calculator

Open Save Mew  Quick Save MNotePad
Load ICRP Defaults

Wer 3.0 Mo file opened
|

Load 10-CFR-835 Defaults

Figure 3.8. Drop-down Tools list box.

The Tools options are:
e Calculator - Open the standard Microsoft® Calculator window (Figure 3.9).
e Notepad - Open an "Untitled" Microsoft® NotePad File window.

e Load ICRP Defaults - Open automatically (in sequence):
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the F1 values for *** window - where "+" is the pre-selected radionuclide - so

you can select the appropriate value of the gut uptake fraction (f1) for the pre-
selected radionuclide;

the Bioassay Model window - this confirms that all currently recommended
ICRP bioassay functions AND all other currently recommended ICRP models
for the pre-selected radionuclide have been loaded.

e Load 10-CFR-835 Defaults - Open automatically (in sequence):

1.

the F1 values for *** window - where "++" is the pre-selected radionuclide - so
you can select the appropriate value of the gut uptake fraction (f1) for the
pre-selected radionuclide;

the Bioassay Model window - this confirms that all currently recommended

ICRP bioassay functions and organ/tissue retention functions for the
pre-selected radionuclide have been loaded - BUT the loaded tissue
weighting factors and remainder tissue rules are those prescribed in
the 10-CFR-835 Regulation (applicable in the U.S.).

=10] x|
Edit ‘iew Help
0.

" Hex * Dec ¢ Oct  Bin * Degees " Radians " Grads
I Inw I~ Hyp I I Backzpace CE | C

Sta F-E [ ] hC i 8 g d bod | And
Bve dmz | Exp In B 4 5] B * Or Hor
Surm ) 2"y g b5 1 2 a - Lsh | Mot

g coz | #"3 il b+ 0 +/- : + = It
Dat tan | ®"2 | 1/ pi & E C D E F

Figure 3.9. Standard Microsoft® Calculator.

Advanced Menu 00

B} Main Screen

File Edit Parameters Calculatons Tools | Advanced Help

> H 0O B .

Save Tt Quick Save

Open

E v Aoply Model Params to Al IRs
la Emnable Complex Intake Regimes

Wer 3.0

Mo file opened

Enable TS preview
Advanced Dosimetry Options

Figure 3.10. Drop-down Advanced list box.
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The Advanced options are:

e Apply Model Parameters to All IRs — the DEFAULT option (ticked). This applies
a single set of selected model parameters to ALL Intake Regimes. Disable (un-

tick) this default if you want to specify model
parameters individually (and independently) for every intake regime.

e Enable Complex Intake Regimes - this will enable you to define specific patterns of
intake over periods of time.

e Enable DOS preview - this is a "debugging" tool, used by the software's developers to
examine the integrity of DOS input files produced by IMBA Professional in order to run
the IMBA code modules.

e Advanced Dosimetry Options - Opt to Exclude nuclear recoil energy from the SEEs for
alpha emissions. For all Professional Series versions, the "default" is to Include nuclear
recoil energy.

B Advanced Dosimetry Options -0l x|

Theze options zhould be used with extreme care

Doze T Fitting T Bioazzay T Mz ]

— Muclear Recoil Energy
f* |nclude
" Exclude

— Dosze Calculation O ptimization

The doze calculation for iz already optimized for bath
gpeed and accuracy

Cancel |

Figure 3.11. Tabs to select Advanced Dosimetry Options.

Help Menu 00
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E% Main Screen
File Edit Parameters Calculations Tools Advanced | Help

~ TCRA LFE I mentatdon
(ar H D - |DEFE [ Documentation
CIpen Save Mew Quick Save Load Load About IMEA Professional
Wer 3.0 Mo file opened Conditions of Lsze

T Help Mode
M Quick Start

Figure 3.12. Drop-down Help list box.

The Help options are:
e Documentation - Show (this) User Manual and Technical Basis documentation.

e About IMBA Professional - Show Authorship and Copyright Notice (Figure 3.13).

E% About IMBA Professional

ﬂ%’ Ver 3.063

by Alan Birchall
(ther Authors J

Apr 2003
]
Developed by oo’ vie H and
W arning: this computer program iz protected by System oK.
copyright law and international treaties. Infa... e s etrE i,

Figure 3.13. Authorship and Copyright Notice.

e Conditions of Use - Show End-User License Agreement ("EULA") for the IMBA
Professional Series.

e Help Mode - Switch operation of |[MBA Professional from "Run" mode to special "Mouse-
over Help"™ mode. In this special mode, a "?" appears next to your mouse pointer.
When you move this over a screen control region, a brief message appears to explain the
function of the control - see Figure 3.14 for the message that appears in Help Mode when
your mouse pointer is over the Tool Bar. To exit Help Mode - and go back to the "Run™
mode, you simply "un-tick” (disable) the Help Mode option (see Figure 3.15).

EX Main Screen
File Edit Parameters Calculations Tools Advanced Help

[ These buttonz enable vou to perfarm comman tazks with a zingle click,
.

Wer . _ e e
I7 I I I

Figure 3.14. Help Mode message describing the function of the Tool Bar.
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E% Main Screen
File Edit Parameters Calculations Tools  Advanced | Help

[ Theze buttons enable you to perfarm commar Documentation
N About IMBA Professional
Wer .. e e Conditions of Use

T v Help Mode
M Quick Start

Figure 3.15. Re-click the Help Mode option to remove the tick (disable Help Mode).

e Quick Start - Opens the scrollable Quick Start window (Figure 3.16). This contains a
condensed description of the layout and operation of IMBA Professional - to help you (as
an experienced internal dosimetrist) get started more directly with using the software.

B Quick Start =0l x|
Quick Start =

This quick outline guide is intended for those already expensnced in waing internal dosimetny
software. it will introduce you to the layout and aperation of the IMBA Professional Series
software, and list the easy steps invalved in;

Estimating one or moare intakes of an indicator radionuclide fraom biogssay data.
Calculating the resuiting committed organ doses and effective dose,
Calculating doses from associated radionuciides,

Fredicting bioassay quantities aa g funchion of time.

oee Help | Documentation for 2 full description of What IMBA Professional Series Does and for
the full HTML Help User Manual and Technical Basis.

Overall Program Design

All calculations in THBA Profeccional Serier are performed from just three main screens:

* the Main Screen (startup screen);
» the Bioassay Calculations screen, and;

» the Dose Calculations screen.

The Main Screan

This i=s divided into three parts:

s the top part of the screen handles the Intake Scenario (Number of Intake Regimes and
their Individual Characteristics), selection of the Indicator Radionuclide (and any bt

] Print

Figure 3.16. Scrollable Quick Start Help window.
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Tool Buttons 00

The Tool Bar, shown at the top-left of the Main Screen, just below the Menu Bar,
contains Tool Buttons to let you perform common tasks with a single click. The tool
buttons change appearance as the mouse pointer is passed over them.

~u | Open a Parameter File “*ix” from the directory
i C:\JABASOFT\IMBAEXUS\USERDATA - or browse to another folder.
Cipen

% Main Screen
Fle Edit Paameters Cooustions Took Advanced He

H > W 0O B . k&
[y Save i ko, S Liosd Lisd
Sa'-...-'e et 20 CABEASOFTUMBAERUSVSERDATAMAES Caa 4 - 051 =

Save the current parameter set to the “*.ix” Filename shown in
the “Parameter File” box (top-right-corner of Main Screen). If
no Filename is shown, the SAQVe button opens the Save As dialog box
(Figure 3.17).

New - clear all parameter values  [EIEiCr I ]
and case data and open a blank You wil bose 2 dsta f they have not been saved
D parameter file. This warning Do ol wish T continie?
P message will appear - to prevent ITI - |

you from accidentally losing
unsaved data! If you click
"Yes," the "Parameter File" box
will display "No file opened.”

Quick Save the current parameter set (and all case data) to the
Folder\filename [C:]\JABASOFT\IMBAEXUS\parameters.ix.

IEI w

Quiick. Save

Quick Load the parameter file [C:]
\JABASOFT\IMBAEXUS\parameters.ix. If you installed IMBA
Professional (IMBA.exe) on a different drive, the parameters.ix file will
Quick Load  automatically be saved to and reloaded from your installation drive.

Cick, Save

Load ICRP Defaults - Quick-load ALL ICRP-recommended

— models with minimum interaction from

EFS you. Clicking the button will Open automatically (in sequence):
Load (1) the F1 Values for *** window - where "***" js the pre-selected

radionuclide - so you can select the appropriate value of the gut uptake
fraction (f1) for the pre-selected radionuclide;

(2) the Bioassay Model window - to confirm that all currently
recommended ICRP bioassay functions AND all other currently
recommended ICRP models for the pre-selected radionuclide have
been loaded.

Load 10-CFR-835 Defaults - Quick-load ALL ICRP-recommended
models with 10-CFR-835 prescribed tissue weighting

factors. Clicking the button will Open automatically (in sequence):
(1) the F1 Values for *** window - where "***" is the pre-selected
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Load

Report

@ |

Help

Page 11 of 169

- radionuclide - so you can select the appropriate value of the gut uptake

fraction (fl) for the pre-selected radionuclide;

(2) the Bioassay Model window - to confirm that all currently
recommended ICRP bioassay functions and organ/tissue retention
functions for the pre-selected radionuclide have been loaded - AND the
loaded tissue weighting factors and remainder tissue rules are
those prescribed in the 10-CFR-835 Regulation.

Report - Open the Report window to create a case report. This will be
saved in Folder\filename
C:\JABASOFT\IMBAEXUS\UserData\Default.RPT (or in the equivalent
folder on your installation drive). Alternatively, you can browse to save
your Report in any other folder and/or filename of your choice.

Help - View a scrollable summary of available Help Options (Figure
3.18).

S ave jr |a USERDATA

x| = @EckEr

%) Case 060S01F.ix
[F1AEA Case 4 - 905r.ix
FIAEA Case 7 - 239Pu.ix
E)IAEA#T - 238PU - Data.ix

[:I Devveloprment interesting.ix
s 1 (199 - Pu.ix

] 1eus-11 [F)PH_UOZ _urine_IT.ix
| 1USTUR Case 0269 @Single Intake.ix

@Test 2 - Urine,ix
@Test Case 1.ix

[ USTURDZES. ix

[ USTURD425urine 1. ix

@ igeacasedM.ix

Fil= name: IuEu Caze 4 - S05r5.ix j Save I
Saveastype:  [IMBA Professional Files [*.ix) | Cancel |

2

Figure 3.17.
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i3, Wain Screen 8] =]
Ehe Ecll  Pasvateis Colodsbors ool Advanced Hely

w W [ . 2] (] | Apr 2003

Dipen Sawe Mew  Duick Save Load Load Repot Help

[Wer20 | CataSot I MEAELIS L SERDATANMES - Pui |

s Help Options frpb)

|®

IMBA Professional Help Facilities
IMBA Professional affers several mothods designed 1o help the user:

1. A full Uzer Manual is avalable fram the main menu bar

Hit Help / Dacumentatian

2. A CQuick Start is also available, from the main menu bar, to help to get the new users of the
program familiar with the way that IMBL Professicna operates

Hit Help | Quick Start

3. Fied rectangles appear aver buttons o intcata that certain types aof data have not yet been
specified. Once the data is Spec ffied, then the red rectangles disappear. Wwhether a red
rectangle appears or not depends on the roube of intake specified. &l red rectangles should
have disappearad befare a calcukabon 15 perfarmed

L A special HELF MODE' is also avalable for new users of this program. To enter the help mode =]

L‘

Figure 3.18. Summary of available Help Options.

Parameter File Bar 00

Yer 3.0 C:4JABASOFTHMBAEXUSSUSERDATANMAES Case 7 - 239Pw.ix ’7

Figure 3.19. Parameter File bar.

e This shows the Folder where the current Parameter File ("*.ix") was last saved - and
its filename.

e The box to the left shows the Version Number of this software (Ver. 3.0).

Key Tip: You can load IMBA Professional and open a selected Parameter

File automatically - simply by double-clicking on the file icon! See the Quick
Start guide for instructions.
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Ix

IAEA#S -

SUCOE oy example, double-clicking this "1X" icon (in the USERDATA folder)

will Run IMBA Professional - with the Parameter File "IAEA#3 -
60Co.ix" already opened.

- =ms Note: If IMBA Professional is already running, double-clicking on an "1X"
—— icon will load and run a second copy.

Main Status Bar 00

AllRz ” Ahbzorption: Mot Specified

Figure 3.20. New Status Bar - appearance for New (blank) Parameter File.

Part Tran: Mot Specified | Gl-Tract Mot Specified | (1= ‘ Biokinetics: Mak !

The Main Status Bar is on the bottom row of the Main Screen. When
you select a New (blank) Parameter File, the Main Status Bar appears as shown in Figure
3.20. The items listed are:

e All IRs (Star Feature Only) - indicates that all specified model parameters will apply
to ALL Intake Regimes (the default setting).

Absorption - respiratory tract absorption parameters initially Not Specified.

Part Tran - respiratory tract particle transport parameters initially Not Specified.

Gl -Tract - gastrointestinal tract model parameters initially Not Specified.

f1 - gut absorption fraction initially Blank.

Biokinetics - biokinetic model parameters initially Not Specified.

Deposition - respiratory tract deposition model parameters initially Not Specified.
AMAD - activity median aerodynamic diameter (and other aerosol size parameters)
initially Not Specified.

e Wound (Star-Plus Module Only) - wound model parameters initially Not Specified.

Figure 3.21 shows the Main Status Bar for a Parameter File in which all of the above
items have been specified (except for the Wound model parameters). In this example,
the "All IRs" label has been replaced with the "IR 1" label. This denotes that the
parameter settings displayed on the Main Status Bar apply to Intake Regime #1. Up
to 10 IRs can be specified independently - and their parameter settings can each be
displayed (one IR at-a-time) on the Main Status Bar.

IR 1 ‘.ﬁ.bsurptiun: Type b | Part Tran: ICRP Defaults Biokinetics: ICRP Pu

Gl-Tract: ICRP Defaults | F1=0.0005 ‘

Figure 3.21. Working Status Bar - appearance for Working (in-use) Parameter File.

Intake Scenario Panel
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Ele Edit Parameters Calculations Tooks Advanced Help

@ W D . (7]
Cpen Save Mew  Quick Save Load Load Report Hedp
Wer 4.0 AddiOnz 10 Mo fike opaned

‘ sl IMBA Professional Plus

Intake Scenario

Intake Regimes Units —
i ] || St Tonss intake (IR 1)
Clear Al Intake Regmes Enter Number of Intake Regimes [1-10) Il
" Date 0 Bg
L i+ Time [d]
ce
Route Made 11141380 ﬂ
% Inhalation * Acule ™ Chronic Associated Radionm
 Ingestion Inkake
£ Injection stant Time (3] |° ﬂ FE Wi
P € pCi o
" Vapow Doze

¥ Sy  pem

| O may " mrem

. o C23 CD

Figure 3.22. Intake Scenario panel.

The Intake Scenario panel holds the sub-panels for specifying:

¢ Intake Regimes - left side;
e Units - center;
¢ Intake Amounts/Radionuclides - right side.

Intake Regimes and Units 00
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-Intake Scenario

~Intake Regimes ~Units
Clear Al Intake Regimes | Enter Mumber of Intake Fiegimes (1-10] |1 N sEeclinekes
ear &ll Intake Regimes g =  Date
R T & i
gince
~Route—————— ~Mode |I2I1£IZI1£1 540 ﬂ
&+ Inhalation ’V i Acute " Chronic
i Ingestion — Intake
€ Injection Start Time(d) |” # o e
) LA g
) Wapor —Doze
v Sy i rem
Edit Complex Beaime
O omSy 7 mrem

Figure 3.23. Intake Regimes sub-panel with adjacent Units sub-panel.

Figure 3.23 shows the Intake Regimes sub-panel, together with the
adjacent Units sub-panel, as they appear when IMBA Professional Plus is run for the first
time - or when a "New" (blank) parameter file is opened. The functions of these two sub-
panels are closely coupled.

1. Intake Regimes SUb-panel

By default, the Number of Intake Regimes (Intakes) is set to "1". A single index card is

therefore displayed - with the Tab label "IR 1." You can select up to 10 intake regimes
(IRs). Use the selection arrows (Star Feature Only) on the Enter Number of Intake
Regimes (1-10) to increase the number of IRs - or simply highlight and type the required
number of IRs directly in this box.

For each IR, you can Select:

e the Route of intake (from Inhalation, Ingestion, |njection, or Wound);
e the Mode of intake (from Acute Or Chronic);
e the Start Time (d) of intake.

With the UNItS of Time at the default setting of "Time @

since," Selecting the Chronic Mode automatically displays an additional dialog box -
the End Time (d) box - for you to specify the end of the period of chronic intake (Figure
3.24).

In both the Start Time (d)and End Time (d) boxes, you enter the time value
in integer or decimal-fraction days, relative to the reference "Time (d) since" value. For
example, with the "Time (d) since" time-of-day set at 07:00:
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e 0,5 - start time is the zeroth day (at 7:00 AM), end time is the fifth day (at 7:00 AM);

e 0.4375, 6.75 - start time is the zeroth day (at 5:30 PM), end time is the sixth day (at
1:00 AM).

-Intake Scenario

~Intake Regimes —Units
Clear & Intake Fiegimes | Enter Number of Intake Fiegimes (1-10] |1 Y N ipeibeaiiele:s
ear Al Intake Regimes q =]  Date
R 1] & finsid
gince
~Route—————— [~ Mode |n1 /04,2000 OF:00 ﬂ
& Inhalation ’7  Acute % Chranic
" Ingestion — Intake
r\- |r'IiEl3til:lr'l Stark TIITIE[d] 04375 i F B':I r I:||:||'I'I
) W aund = " pCi g
) Yiapr End Time{d) — — Doz
{r Sy " rem
Edit Compler Beame
 mSv T mrem

Figure 3.24. The End Time (d) dialog box appears when you select
the Chronic intake Mode - for the displayed IR only.

computer - and automatically displays all dates in your correct "Date
Convention.” However, to ensure global "transportability” of data files, the
Parameter.ix file stores all dates in the U.S. date convention, i.e., as
MM/DD/YYYY.

~=y NOte: IMBA Professional automatically detects the "Country Setting” of your

L RS Tip: Take care when using two-digits to specify the year (YY). By convention,

% "00 - 29" is automatically interpreted by Windowsa as "2000 - 2029" - and "30 -
99" as "1930 - 1999." If in any doubt, it is safest to use four-digits to specify
the year (YYYY). If you want to specify 2030, then you MUST enter "2030!"

2. Reference Date and Time
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—Units
— Specify Time Az

= Date

|EI1 A04/2000 a7 D[ﬂ

Figure 3.25. The reference "Time (d) since" value.

For all calculations of hioassay quantities (as a function of time), and to plot graphs, IMBA
Professional uses a single, common timescale. The starting point of this timescale is defined

by the Date (and Time-of-Day) entered in the "Time (d) since" dialog box. The "pre-
loaded" default starting value is 1/1/1980 (January 1st, 1980) - see Figure 3.23 at the top of

this page.

- mamn NoOte: For every IR, IMBA Professional automatically tracks Time values
relative to the single Reference Date (and Time) that is displayed in

the UNItS sub-panel - in the "Time (d) since" dialog box.

i

¥ Key Tip: As the first step in entering your data in IMBA Professional,_change the
default value in the "Time (d) since" dialog box to a Date/Time-of-Day that is

% appropriate for your data. For example: (1) the starting date and time of the
first intake that you want to analyse, or (2) the start of employment - for a
complex case involving multiple intakes over an extended period of years.

3. units_Sub-panel to Specify Time (d) or Date

This is used to switch the UNit in which Time is displayed. Under the heading "Specify
Time As,"” you can select:

e Date - to display Start and End times as Date + hh:mm:ss, or;
e Time (d) since - the default setting, to display Start and End times as decimal-

fraction days.

Figure 3.26 shows how the Figure 3.24 display changes when you switch to the Date option.
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-Intake Scenario

~Intake Regimes —Units
. | | | ~5Specify Time Az
i Enter Number of Intake R 1-1u|1 - o
Clear 21 Intake Hegumes| nker Murnber of Intake Fegimes (1-10) = = B
IR 1 | " Time [d)
gince
~Route - Mode |n1 /04,2000 OF:00 ﬂ
& Inhalation ’7 T Acute &+ Chranic
" Ingestion — Intake
 Iniection St Date  |01/04/200017:30:00 # Bg " dpm
) W aurd - L g
03/04,/2000 07:00:00 g
) Wiapar End Date = —Doze
{* Sy " rem
Edit Eamples: Eeaime
 mSv T mrem

Figure 3.26. The Start Date (and time-of-day) and End Date (and time-of-
day) appear automatically (in the Chronic intake Mode) when you select Date under
"Specify Time As."

Note: In the example shown in Figures 3.24 and 3.26, the Reference Date
(and Time) is 01/04/00 07:00 AM (April 1, 2000 at 07:00 -in
U.K.ZEuropean time convention). The Start Time (d) for IR1 is "0.4375" -
so the Start Date of the Chronic intake is set automatically as April 1st,
2000 at 17:30 (by adding "0.4375 d' to the reference date and time).
Similarly, the End Dateis set automatically by adding "6.75 d" to
the Reference Date (and Time).

Note: the selected "Specify Time As" setting will be applied automatically
throughout IMBA Professional - in all three Screens (Main Screen, Bioassay
Calculations and Dose Calculations).

Tip: at any time during your use of IMBA Professional (except when a
calculation is underway), you can return to the Main Screen (and
the Units sub-panel) - to switch the Unit for ALL displayed Time values. This
has NO effect on the calculated results. It simply enables you to match
the Time display to the time-unit convention used in your data files - or to your
own preference for direct data entry.

4. Drop-down Calendars
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IR1] = Tirne [d)
zihCE
~Route—————— Mode |m /0442000 07-00 ﬂ
& Inkalation ’V O Acute & Chronic
= |ngestion — Intake
¢ Injsction Start Date  |01/04/200017:30:00 | & Bg " dpm
=~ pCi [
£ Wourd | Apitzooo ) 0™
) Yapar End Date Jose
272 023 30 3 o 2 T &y em
3 4 5 B 7 8 9 _ ~
10 11 12 13 14 15 15 M2¥ R

17 18 19 20 21 22 23
. 24026 6 7 8 8 W o
1 2 3 4 5 B 7

Model Parameters

Figure 3.27. Drop-down Windowséa Calendar for date selection.

As an alternative to typing in the full Date directly in the dialog box, clicking the "#" sign to
the right of each of IMBA Professional's Date dialog boxes brings up the
Windowséa Calendar tool. Use your mouse pointer to select the required day in the
displayed month - if necssary, use the Calendar's arrow buttons to_Scroll backwards or
forwards through the months (and years). Click on the required Date to load this into the

associated dialog box (€.g., as DD:MM:YYYY for U.K./European date settings ). The
Calendar will close automatically.

Once you have registered the correct Date in the dialog box, you can move your mouse
pointer to the right of the displayed Date, click, type a "space,” and then type in any
specific "time-of-day." If you don't add the time-of-day, IMBA Professional interprets this
as 00:00 AM (midnight).

¥ Tip: If the Calendar is not already set on your desired Year when first opened,
it is usually quicker to overtype the YYYY value shown in the associated dialog
box - before using the Calendar to find the required day or month.

k|
~ Tip: To close the Calendar without changing the previously displayed Date in
% the dialog box, re-click the "#" sign next to the dialog box.

Specifying Several Intake Regimes OO
(Star Feature)
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-Intake Scenario

Intake Regimes Units intak
- j i ntake
Clear All Intake Regimes | Enter Number of Intake Regimes (1-10] |1'3' ZI' ip‘?g!fﬁs..?'mem —
+ Date 0

R1]IR2Z] R3] R4y RS RE]IR7 [ IRET IR JIRI1D & Time ()
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 liection ChartDate  |01/04/2000 07:00:00 ﬂ & Bg O dpm

r O ophi T

i« Doze

¢ Sy " rem
 mSv T mrem

e —

-Model Parameters -Calet

R1 IRz | IR3 |IRe RS |iRE |IR7 |iRs |IR9 | IR10]
Respiratary Tract (
Binazzay *

Gl-Tract Biokineticz Close |

IR & Abzorption: Mot Specified | Part Tran: Mot Specified | GI-Track Mot Specified | 1= Biokinetics: Mat &

Figure 3.28. Specifying the 5th (IR 5) of 10 Intake Regimes - as an Ingestion.

Figure 3.28 shows how to set up IMBA Professional to assess multiple intakes - a total
of 10 intakes in this case. The INntake Regimes sub-panel displays one intake at-a-

time. The fifth intake (IR 5) is shown here. This is an Ingestion. In this case, IMBA
Professional is set up to define independently the model parameters for IR 5, as indicated in

the Status Bar (bottom row left).

The set-up steps are:

1. Enter Number of Intake Regimes (1-10) - select 10.
Select the Advanced menu (from the Main Screen menu bar).

3. De-select (un-check) the default "Apply Model Params to All IRs" option -
this enables the model parameters to be set up independently for all IRs.

4. Select the index Tab for IR 5.

5. Select "Ingestion" as the Route of intake.

6. Select the appropriate Units under "Specify Time As" - in this case "Date."

7. Select the Start Date of the intake.
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In Step 4, as the index Tab for IR 5 is selected, the label of the Intake dialog box (top-

right-corner of Figure 3.28) changes automatically to " INntake (IR 5) ." This enables you
to specify a (hypothetical) intake amount for the selected intake regime (IR 5).

In Step 5, as soon as "Ingestion" is selected, the Model Parameters display for IR
5 changes - to highlight the " Ingestion™ button in red. This flags that it is necessary for
you to define the Ingestion model parameters (as described under Model Parameters Sub-

panel). Whichever "Route of intake" option you select, IMBA Professional will red-flag in
the Model Parameters sub-panel the associated models (parameters) that still need to
be defined before any calculations can be performed.

Activity Units of Intake 00

—Units

- Specify Tims As

& Date

" Time [d]

zince

IEI'I A0d2000 D?:D[ﬂ
— Intake

* Bg " dpm
" pCi ) mg

Figure 3.29. Specifying the activity Units of Intake.

You can select to work in:

¢ the International (SI) unit of activity - Bg (bequerel);
e the Traditional units of activity - dpm (disintegrations per minute), pCi (pico-curie).

The "mg" unit is not currently available. This is reserved for a Star-Plus Function, where it
may be provided to specify measurements of mass, e.g., phosphorescence measurements of
uranium-in-urine.

-y \VVWarning: The selected working Unit of activity is used

=—— throughout IMBA_Professional . You will need to ensure that this

~ activity Unit is consistent with the activity unit in which your bioassay
data are expressed. Although the working activity Unit will NOT affect the
calculated value(s) of intake(s), it WILL affect crucially the calculated
doses.
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Units of Dose

Doze

f* Sy = rem

 mSy T mrem

D O O

Figure 3.30. Specifying the UNits of Dose.

From the UNIts sub-panel, you can select the Unit of DOSe to be:

e International (SI) - either Sv (sievert) or mSyv;

e Traditional - either rem or mrem.

Page 22 of 169

00

Warning: You can change the Unit in which doses are displayed at will - but

you MUST re-run your dose calculation to change the displayed values of dose
accordingly.

Note: All doses (equivalent Or effective) calculated by IMBA Professional Plus are
50-y committed doses.

Intake Amounts/Radionuclides Sub-

panel

Intake (IR 1)

0| Bg/d

Indicator MHuclide

Select Radionuclide

Mumber af Azzociated B adionuclides:

Half Life:  Unknown

Associated Radionuclides

Mane Selected

d

.
s
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Figure 3.31. Specifying the INndicator Nuclide and Intake amount.

Figure 3.31 shows the sub-panel for specifying intake amounts and radionuclides, as it
appears when IMBA_Professional is run for the first time - or when a "New" (blank) parameter
file is opened. Notice that the small panel labeled "Intake (IR 1)" is highlighted in red -
as is the "Select Radionuclide” button. This warns that neither an intake amount nor
an Indicator Nuclide has been defined.

Note: IMBA Professional works with a SINGLE Indicator Nuclide for each case
study,_i.e., the parameter file holds only ONE indicator nuclide. If you need
to assess bioassay measurements of more than one indicator nuclide for an
individual person, you will need to set up a separate case study (parameter
file) for each indicator nuclide.

Note: The Intake (IR #) amount applies only to the Indicator Nuclide. The
activity  of Associated  Radionuclides is  defined separately - as an
activity Abundance (26) relative to the activity of the indicator nuclide.

Selecting the Indicator Nuclide 00

E:!!;.-. Select the required radionuclide

| H |zotope Hydrogen-3 [organic) j He

Li | Be B I M 0 F | Me

Na | Mg &l | Si F 5 Cl | Ar

K. Ca | Sc Ti v Cr | Mn| Fe | Co | Mi Cul| &Zn | Ga | Ge | A=z | Se | Br K

Rb | Sr i | Nb| Mo | Te | Ru | Bh | Pd | Ag | Cd | In Sn | Sb | Te | e
Cz | Ba | La Hf | Ta | W | Re | O= Ir Pt | &u | Hg| TI Pb | Bi Po | At | Bn
Fr| Ra | Ac

Ce | Pr | Hd | Pm| Sm| Eu| Gd | Th | Dw | Ho | Er | Tm | b | Lu

Th | Pa | U Mp | Pu | Am | Cm | Bk | Cf Ez | Fm | kd | MNo | Lr

; Cancel | Decay |

Figure 3.32. Selecting the Indicator Nuclide from the periodic table of the elements.

Load Complete

The Indicator Nuclide is selected from the periodic table of the elements (Figure
3.32). To display this, click the "Select Radionuclide" button (top right-corner of Main
Screen). To select a specific radionuclide:
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1. Click the required element - this puts the first isotope available for that
element in the 1sotope dialog box.

2. Click the "down" arrow on the IsOtope dialog box - this displays all the
available isotopes for that element.

3. Highlight and click your required isotope from the drop-down list - this puts
your isotope in the dialog box (Figure 3.33).

4. Click the "OK" putton in the "Select the required radionuclide" window
to confirm your choice - and load your chosen radionuclide as

the Indicator Nuclide.

Note: When you open the " Select the required radionuclide"”, you will see the
(blue) progress bar move in the lower-left corner of the window. This indicates
"Load Complete", i.e., that your IMBA Professional Series software has "loaded"
all of your available radionuclides. Only the IMBA Professional (Full Version) includes
all 75 radionuclides. The more basic versions will automatically display fewer
elements (for radioelement selection) than those shown in Figure 3.32.

H |sotope Uranium-234 | He
Idramiurn-234
Li | Be Uranium-235 B C M ] F | Ne
Llranium-EEE
Na | Mg sl si| P| S| 0| &
K Ca | Sc Ti W Cr | Mn| Fe | Co | Mi Cul| &Zn | Ga | Ge | Az | Se | Br kr
Rb | Sr i | MNb| Mo | Tc | Bu | Rh | Pd | Ag | Cd | In Sn | 5b | Te | e
Cz | Ba | La Hf | Ta | W | Re | Os Ir Pt | &u | Hg | TI Pb | Bi Po | At | Bn
Frt /Ra| fel col pr|Nd| Pw|Sm| Bu|Gd| ™| Op| Ho| Er | Tm| ¥b | Lu
Th | Pa 1 Mp | Pu | &m | Cm | Bk | Cf Ez | Fm | Md | Mo | Lr
Load Complete
ok Cancel Decay

Figure 3.33. Selecting Uranium-238 from the 1sotope drop-down list.

Clicking "OK" closes the "Select the required radionuclide" window - and displays the
radionuclide in the Indicator Nuclide window (top-right-corner of the Main Screen), as
shown in Figure 3.34. Once a radionuclide has been selected the red highlight on the
"Select Radionuclide" button disappears.
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Indicator Nuclide

Select Radionuclide u-238

MNumber of &zzociated Radionuclides: ||:| =
Half Life: 1631000000000 d —

Figure 3.34. The selected radionuclide displayed in the Indicator Nuclide window.

List of Available Radionuclides (Full OO
Version)

The radionuclides implemented in IMBA Professional (Full Version) are:

actinium (227,228Ac);

americium (241,243Am);

antimony (124,125Sb);

barium (140Ba);

caesium (134,137Cs);

californium (252Cf);

carbon (14C) - as particulate - a yersion update Will include gaseous and vapour forms of

carbon;

cerium (141,144Ce);

chromium (51Cr);

cobalt (57,58,60C0);

curium (242,243,244Cm);

europium (152,154,155,156Eu);

hafnium (181 Hf);

hydrogen [tritium] (3H) - as particulate, with biokinetic models for tritiated water

(HTO) and organically bound tritium (OBT) - a version update will include gaseous and

vapour forms of tritium;

iodine (125,129,131,133,134,1351);

iron (5559Fe);

lanthanum (140La);

manganese (54Mn);

neptunium (237,239Np);

nickel (63Ni);

niobium (94,95Nb);

phosphorus (32,33P);

plutonium (238,239,240,241,242Pu);

polonium (210P0);

promethium (147Pm);

protactinium (231Pa);

radium (224,226,228Ra) - assuming same biokinetic model for parent and radioactive

progeny - note that |ICRP68 assumes independent kinetics for the progeny;

ruthenium (103,106Ru);

silver (110mAg);

sodium (22,24 Na);

strontium (85,89,90Sr);

sulphur (35S) - as particulate, for both inorganic and organically incorporated sulfur -

a version update Will include gaseous and vapour forms of sulphur;

terbium (160Tb);

e thorium (228,230,232Th) - assuming same biokinetic model for parent and radioactive
progeny - note that |CRP68 assumes independent kinetics for the progeny;

e tin (113Sn);

e uranium (234,235,236,238U) - assuming same biokinetic model for parent and radioactive
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progeny - note that |CRP68 assumes independent kinetics for the progeny;

e yttrium (90Y);
e zinc (g5ZNn);
e zirconium (95Zr).

Displaying the Decay Series

Fr ‘ Ra | Ac

Ce | Pr

Nd‘F‘m

Sm

Eu

d

Th

Dy

Ho

Eif

Tm

b
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Lu

Th | Pa

L Mp

Pu

Am

Cm

Ek

[Ef

E=

Frn

Md

Mo

Lr

Load Complete

LCancel |

Decay |

00

Figure 3.35. "Decay" button (bottom-right-corner of "Select the required radionuclide”

window).

To display the complete decay chain of your selected radionuclide, you click the

"Decay" button in the "Select the required radionuclide" window (Figure 3.35). The
"Decay chain of **-***" window will open (where "**-***") js the selected radionuclide.
Figure 3.36 shows the "Decay chain of U-238" window as it first appears (partial view).
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Figure 3.36. "Decay chain of Pu-239" window - partial view.

For a long decay chain (such as that of 238U), you can view the whole chain by hitting the
Windowsj "maximize" button (center of the three-button cluster, top-right-corner of Figure
3.36). The complete decay chain will then be "re -sized" to fit your whole screen (Figure
3.37).
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Figure 3.37. Maximized view of the whole "Decay chain of U-238" window.

To exit this window, click the Windows3 "Exit" button ("X" - in the top-right-corner). This
will return you to the Main Screen - leaving the "Select the required radionuclide" still
open. Click this window's own "X" button to close it.

Displaying the ICRP38 Radiation Data OO
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Figure 3.38. Clicking on a radionuclide for more information.

In the "Decay Chain" window, you can display the ICRP Publication 38 radiation data for each
radionuclide - by clicking on the radionuclide (Figure 3.38). Highlight either the
"Properties” or "Particle Energies" option and click to display the respective radiation

data.
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Figure 3.39. Displaying the Decay Information for Uranium -238.

Figure 3.39 shows the "Decay Information" window that appears when you click the
"Properties" option for 238U. You can pre-select the displayed "Units of halflife" (hours,
days, or years) in the "Decay chain" window. Figure 3.40 shows the "Energies of decay
products" window that appears when you click the "Particle Energies" option in the
"Decay chain of U-238" window (Figure 3.38).
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Figure 3.40. Displaying the Energies of decay products for Uranium-238.

Selecting Associated Radionuclides 00
(Star Function)

Indicator Nuclide
| Select Radionuchde |I U-238

Mumber of Azzociated R adionuclides: Ig |
Half Life: 1631000000000 d —

Associated Radionuclides

Select Radionuchde 0
Abundance I Fo

Delete Radionuclide Half Life;  Unknown  d

Figure 3.41. Adding Associated Radionuclides to the Indicator Nuclide.

To add one or several Associated Radionuclides, you first select the number of
radionuclides required. This automatically displays the required number of blank "record
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cards" (Figure 3.41). You can then use the "Select Radionuclide" button to select each
associated radionuclide from the periodic table of elements - as you did for the Indicator
Nuclide. You also need to define the "Abundance" (%) for each associated radionuclide
- relative to the activity of the Indicator Nuclide in the Intake. Figure 3.42

shows two additional radionuclides (239Pu and 241Am) set up to be associated with a
hypothetical (1 Bqg) Intake of the indicator nuclide (238U). The "Delete

Radionuclide” button removes the indexed associated radionuclide.

Intake (IR 1) Indicator Nuclide

|-| Eq Select B adioruclide | -238

Murmber of Azzociated R adionuclides: |2 =
Half Life: 1631000000000 d —

Associated Radionuclides
Pu-239 Am-24

Select Radionuclide 13
Abundance | : =

Delete Radionuclide Half Life: 157200 d

Figure 3.42. Adding 239Pu and 241 Am as Associated Radionuclides.

Note: The Associated Radionuclides are not part of any bioassay
calculation. All bioassay calculations are performed for the Indicator
Nuclide. The associated radionuclides represent additional Intakes - that ARE
included in any dose calculation.

Warning: If there is more than one Intake Regime (IR), then IMBA

Professional automatically assigns the same Associated

Radionuclides (and their specified Abundances) to All IRs. If this is not
appropriate, you should calculate doses separately for each IR - using its own
set of Associated Radionuclides and/or Abundances.

Setting Hypothetical Intake Amounts 00
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Intake (IR 1} Indicator Nuclide

I-lq Bq Select R adionuclide | Cs-137

MHumber of dzsociated B adionuclides: 4 =
Hal Life: 10950 d I —

Associated Radionuclides
5140 | Pu23g Pu239 | U234 |

Select Radionuclide 052

Abundance X

Delete Radionuclide Half Life: 2734000 d

Figure 3.43. Setting a hypothetical amount for Intake (IR 1).

To project bioassay quantities and/or doses for hypothetical amounts of intake, you can
enter an assumed value of intake directly into IMBA Professional - for each Intake

Regime (IR). You do this in the Intake (IR #) dialog box (Figure 3.43). If you have more
than one IR, then select each IR in turn (from the "Intake Regimes" index Tabs). Once
you have entered a value in the Intake (IR #) dialog box, and the program "focus" has left
the box, the red highlight will be removed automatically for that Intake (IR #). This
indicates that the entered intake amount has been stored in memory. However, it will NOT
be saved to the Parameter File for your case study until "Save" is pressed.

Note: The program "focus" leaves the Intake (IR #) dialog box immediately
you carry out the next mouse action, e.g., when you click on another program
control.

Tip: Once you have defined the IR(s), and selected the Indicator Nuclide,

the next step is to proceed with setting up the Madel Parameters. You can't
perform any calculation in IMBA Professional without first defining the required
model parameters. The program will guide you through the necessary
procedures.

Note: Multiple Intakes are a Star Feature.

Model Parameters Sub-panel
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-Model Parameters

Theze Model Parameters Apply to All [R s

— Respiratory Tract
D eposzition W apior WafoLnd Binagzzay
P article . -
Transpart Absorption GI-Tract Biokineticz

Figure 3.44. Model Parameters sub-panel at start-up - for a New (blank) parameter file.

Figure 3.44 shows Model Parameters sub-panel as it appears when IMBA Professional is run
for the first time, or when a New (blank) parameter file is loaded. The following "Model "
buttons are highlighted in red:

e Deposition
Particle Transport
Absorption

e Gl-Tract.

These buttons are highlighted because, by default, "Inhalation" is selected as the Route of
intake - and it is necessary for you to select the parameters for ALL FOUR of

these models BEFORE you can carry out any calculation. Neither

the Bioassay nor Biokinetics model buttons are highlighted at this stage. These WILL

be highlighted later, when you are preparing to carry out specific Calculations (as described
later).

k|
"‘ﬂ- ’fi Tip: If you attempt to run a calculation without defining the required model

parameters, IMBA Professional Will display an appropriate WARNING message.

If you select "Ingestion” as the Route of intake, the Model Parameters sub-panel will
change automatically to that shown in Figure 3.45. In this case, the only

full model required for calculations is the GI-Tract model. However, you will also need to
specify the gut uptake fraction (f1), which is part of the " Absorption” model. In this case,
the absorption parameters for the respiratory tract model are NOT required.
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-Model Parameters

Theze Model Parameters Apply to All IRz

— Respiratory Tract

D'epozitian W apior W oLnd Binazzay
Farticle : -
Transpart Absorption GI-Tract Biokineticz

Figure 3.45. Model Parameters sub-panel for "Ingestion" as the Route of intake.

If you select "Injection" as the Route of intake, none of the models highlighted above are
required, and so none are highlighted (Figure 3.46).

-Model Parameters

These Model Parameters Apply to Al 1Rz

— Fespiraton Tract

Depozition W apor W ownd Bioazzay
Farticle Absorpti Gl-Tract Bioingt
Transport zarphian rac iokingtics

Figure 3.46. Model Parameters sub-panel for "Injection™ as the Route of intake.

Deposition Parameters 00
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Not Specified

Clear

Cancel

Figure 3.47. Deposition Parameters window.

Clicking the "Deposition" button in the Model Parameters sub-panel (Respiratory
Tract section) displays the Deposition Parameters window (Figure 3.47). This is used to

define:

e the exposed worker's Ventilation Rate classification - Light work or Heavy work;
e the radioactive Aerosol Parameters.
IMBA Professional enables you to select either of two options to define the values of the

parameters that will be substituted in the |CRP Publication 66 model to evaluate the deposition
of activity in each region of the respiratory tract for each Intake Regime (IR):

e User Defined;
e LOAD ICRP DEFAULTS.
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Figure 3.48 shows the parameter values that are used when you LOAD ICRP DEFAULTS -
by clicking the "LOAD ICRP DEFAULTS" button, followed by the "OK" button.

Expozure

f+ Light “Warker " Heaw "Warker

Aerozal Parameters

: AMAD ’57 .
Sigma-G ’W
Denzity ’37 g/l
Shape factar ’157

Select

Uzer Defined

LOAD ICRF DEFAULTS

ICRP Defaults

Figure 3.48. Selection of ICRP Defaults for Deposition Parameters.

The following default parameter values (as recommended in ICRP Publication 66) are loaded:

Standard worker - average ventilation rate 1.2 m3 h-1.
AMAD - 5 pm.

Sigma-G (sg) - 2.4977233.

[Particle] Density (r) - 3 g cm-3.
[Particle] Shape Factor (SF) - 1.5.

The Status Bar automatically indicates the selection of the ICRP Defaults for
the Deposition Parameters (Figure 3.49).

ARz |.-'-‘-.I::su:|r|:|ti|:|n: Mat 5pecified |F'art Tran: Mot Specified |I3I-Tra|:t: Mat Specified | f1= | |Binkinetics: Mat £

Figure 3.49. Selection of ICRP Defaults is automatically indicated on the Status Bar.
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Note: As an alternative to the Light worker, you can select Heavy worker.
This will evaluate the deposition of activity in each region of the respiratory tract
according to the recommendations in ICRP Publication 66 for

representing heavy work (average ventilation rate of 1.688 m3 h-1).

Warning: If you select Heavy worker (instead of the |CRP68 Reference
Worker classification of the Light worker), your "non-standard" selection will
NOT be indicated on the Status Bar. However, your selection of Heavy
worker WILL automatically be recorded in the Parameter File for your case

study.

IMBA Professional also enables you to enter specific values of the Aerosol Parameters, that
may better characterize an intake by inhalation that the default values recommended in ICRP
Publication 66. To do this, you select the "User Defined" option (Figure 3.50).

Exposure
f* Light \Warker " Heawy Worl.er
Aerozol Parameters

(v ApaD

 AMTD =

’mi
Sigma-G& 25
Drensity 10 a/ml
Shape factor 1.5

Select

Uszer Defined

LOAD ICRP DEFAULTS

User Defined

Figure 3.50. Selection of User Defined values for Deposition Parameters.

In the example shown in Figure 3.50, the following values of Aerosol Parameters have been
defined:
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AMAD - 10 pm.

Sigma-G (s9) - 2.5.

[Particle] Density (r) - 10 g cm-3.
[Particle] Shape Factor (SF) - 1.5.

For these "non-1CRP-default” values, the Status Bar automatically indicates the selection of
"User Defined" Deposition, and also shows the selected value of AMAD (Figure 3.51).

ARz ||.-’-'-.I::su:|r|:|ti|:|n: Mot Specified | Part Tran: Mat Specified | GI-Tract: Mot Specified | 1= | |Biu:ukinetin:s: Mok !

Figure 3.51. Selection of User Defined aerosol parameter values is automatically indicated
on the Status Bar.

To represent sub-micron aerosols, IMBA Professional enables you to define the
aerosol AMTD (Figure 3.52). In this case, the Status Bar will show the defined value of
the AMTD.

Expozure

fe" Light worker " Heawy worker

Aerozal Parameters

.
Sigma-G 20
Dienzity 10 a/ml
Shape factor 1.5

Select

Uzer Defined

LOAD ICRF DEFAULTS

User Defined

Figure 3.52. Characterizing a sub-micron aerosol by its AMTD.
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- Key Tip: If you are assessing a case with multiple Intakes by Inhalation (Star
Feature), you can define different Aerosol Parameter values (and choose
either Light worker or Heavy Worker) independently for EACH Intake

Regime (IR).

Vapour Parameters

00

The ICRP Publication 66 model for gases and vapours will be implemented as a Star-Plus

Module.

Particle Transport Parameters

00

E’! Particle Tranzport Model
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BBzeq/ BB Uszer Defined

bbseqs bb LOAD ICRP DEFAULTS

A1z .
Not Specified

A 3A4]

Clear
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Figure 3.53. Particle Transport Model window.
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Clicking the "Particle Transport” button in the Model Parameters sub-panel
(Respiratory Tract section) displays the Particle Transport window (Figure
3.53). Clicking the "LOAD ICRP DEFAULTS" button, followed by the "OK" button,
automatically loads all of the parameter values recommended in ICRP Publication 66 to
represent Particle Transport in the respiratory tract of the Reference Worker (Figure 3.54).

E:!!;.-. Particle Transport Model

R ate Conztants [Ad] ~,

&1 ta bb 00z Extrathoracic

A12 to bb1 o0 ET1

A3 to bb1 00001

A3 NTH oo LHET q—E ET2 Lt

bb1 to BE1 > \

bb2 to BB 0.03 pe :
bbseqto LNTH  [00) Thoracic

BE1toET2 0 W BE2

AN

BEZ2taETZ2 003
BBzeqta LMTH 001 LMTH o — bhbzeq bb2
ETZta Gl 100

= E ) o m—

ETseqto LMET [0 o0

A3 | A2 [ AN

ETT Out 1 \ /
ETzeqifETZ 0.0005 —Select
BBzeq/ BE 0007 User Defined
I 0.007 T BAD ICRF DEFAULTS
AlZ7A]

ICRP Defaults A | Carcel
Al38]

Clear

Gl LRRARRRNRRRNARRNR

Figure 3.54. Particle Transport Model window loaded with parameter values
recommended in ICRP Publication 66 (ICRP DEFAULTS).

Notice that the ICRP-default parameter values shown in the Particle Transport Model are
"greyed-out.” These CANNOT be changed. If you wish to define different values, click the
"User Defined" button. The Particle Transport Model window will then change to that
shown in Figure 3.55. This enables you to change the value of ANY Rate Constant.
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ﬂ\_} Particle Transport Model
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Figure 3.55. Particle Transport Model window in its "User Defined" mode.

In the "User Defined"” mode, all of the initially loaded parameter values are those
recommended in ICRP Publication 66. In this mode, you can change as many values as you
wish. However, if you change ANY of the ICRP-recommended values, this will be "flagged"
automatically in the Status Bar as "Part Tran: User Defined" (Figure 3.56).

ARz |.-'-‘-.I::su::rptiu::n: Mot Specified | Part Tran: Uger Defined | GI-Tract Mot Specified |f1= | |Biu:ukinetiu:s: Mot =

Figure 3.56. Selection of User Defined particle transport parameter values s
automatically indicated on the Status Bar.

. == Note: If you need to, you can set the values of the particle transport

=
#% =— parameters independently for EACH Intake by Inhalation (i.e., each IR #).
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rp ™==%  \Warning: You MUST enter values of particle transport Rate Constants in
— the Unit "d-1," i.e., "per day."

s Tip: Technical Basis section gives an example in which changing the value of
the rate constant of particle transport from AI3 to LNTH (for an individual
case) improved the prediction of tissue analysis data (James et al._2003)-

Absorption Parameters 00

IMBA Professional provides two methods of defining the values of absorption parameters for
substitution in the ICRP Publication 66 respiratory tract absorption model - and the associated
value of the gut uptake fraction (f1).

e Select ICRP -recommended "default" values - using a built-in data library compiled from ICRP
Publication sources;

¢ Define your own values - utilizing experimental or other data that is "specific" to the
material involved in the intake.

Selecting ICRP Default Absorption 00
Parameters
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Type B | Type M | Type 5
Help |
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——
Clear -
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Figure 3.57. Absorption Model window.

Clicking the "Absorption™ button in the Model Parameters sub-panel (Respiratory
Tract section) displays the Absorption window (Figure 3.57). This window is used to define
BOTH:

e the gut absorption fraction (f1), and;
e the absorption characteristics for material in the respiratory tract.

Clicking the 'Help" button in this window provides you with information taken from ICRP
documents which gives BOTH default absorption rates and fl1 values for different chemical
forms of the Indicator Nuclide. Figure 3.58 shows the F1 values for Am window.
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ﬂ\_} F1 values and abzorption Types for Americium

Abz.  [H [ICRP | Chemical Fom
- F {00005 71

b 0.0005 71

5 0.0005 71

b 0.0005 B3 Al compounds

Ing 0.0005 B3 All compounds

Mate: anly the abzorption parameters are entered. NOT the default AdAD. Ok Cancel

Figure 3.58. F1 values window - for Help in selecting the value of f1.

Note: If you have not previously selected the Indicator Nuclide, you CANNOT
use the "Help" button in the Absorption Model window. In this case, IMBA
Professional will  display a WARNING message - prompting you
to Select an Indicator Nuclide.

it

You can select BOTH the Absorption Type and its associated value of f1 from the F1
values window - by clickingon any cellin the desired row, and then clicking the
"OK" button. This will load BOTH the selected fl value (into the "fl" dialog box in
the Absorption Model window) and the Absorption Type - and you will be returned to
the Absorption Model window.

a3 - Tip: 1f you need to define your own value of f1, then you can do this
directly in the Absorption Model window - by typing your

specific f1 value in the ~fl- dialog box.

Y Tip: You can also define the value offiin theGl Tract
Model window. BOTH the Absorption Model window and the Gl

Tract Model window display the currently loaded value of f1 - and this
can be modified in EITHER window.

In Figure 3.59, Absorption Type "M" is selected. Clicking the "OK" button loads the value
"5.00E-04" (taken from ICRP Publication 71) into the "fl1" dialog box in the Absorption
Model window. It also loads the selected ICRP Publication 66 Absorption Type ("M"), as
shown in Figure 3.59. The Status Bar will also be updated automatically (Figure 3.60).
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E, Absorption Model _ O =]
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Final dizsolution rate: St IE.EIEIEIEIE-EIE tltgizzkgtrlate from bound I

f |n.nn|35

Help |

Uzer Defined

Clear | Type M oE. | Cancel

Figure 3.59. Absorption Model window with the ICRP Publication
71 recommended f1 value for Type M (Americium) loaded.

AlllRs |.-'-‘-.I::su::rptiu::n: Tupe M | Patt Tran: LlserDefined|l3I-Tra|:t: Nu:utSpeu:ified|f1=El.DEIEIE | |Binkinetics:NntSpecifi

Figure 3.60. The selected Type M absorption behaviorand the f1 value is automatically
indicated on the Status Bar.

You can switch the selection of ICRP Default Absorption Type in the "Absorption Model"
window - by clicking another "Type" button. For example, Figure 3.61 shows the changed
parameter values that are displayed when you click the "Type S" button.

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Main Screen - Opening Screen Page 47 of 169

Initial digzolution rate: Sp |-| O00E-0d
Tranzformation rate: Spt I'I.EIEIEIEIE+EIE Fraction to bound state: Fb I
Final dizsolution rate: St |-| D000E -04 tltgzzzkgéate from bound I

— Select
i [ooos TopeE | Toped | [

Help |
Uzer Defined |
Bl | T}rpe 5 ok | LCancel

Figure 3.61. Absorption Model window after selecting " Type S" absorption behavior.

Warning: Selecting a different respiratory tract Absorption Type does NOT
automatically select an appropriate value of the gut absorption fraction (f1). This is
YOUR responsibility! The previously -loaded value of f1 will remain in the "f1"
dialog box until you clear and/or replace this with a new value.

Tip: It is a good idea to go back and click the "Help" button again - to check
out the ICRP-recommended value of fl that is appropriate for your newly
selected respiratory tract Absorption Type.

Note: Remember that selecting an ICRP default from the "Help" button loads
BOTH the Absorption Type and fl value, whereas selecting the Absorption
Type by clicking a "Type" button will load ONLY the Absorption Type.

Defining Your Own Absorption 00
Parameters
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E% Absorption Model =] E
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Initial state Tranzformed state

FbSp

(1-Fb)St

Bound material
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Tranzfarmatian rate: Spt | Fraction to bound state: Fh |
. . : Uptake rate from bound

Final dizzolution rate: St | state b |

Select

o | _mott | _Tves | o
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——
Clear | i ] -
User Defined ok | Cancel

Figure 3.62. Absorption Model window for User Defined parameter option.

Click the "User Defined" button in the Absorption Model window to define your own
specific values for the respiratory tract Absorption Parameters (Figure 3.62). You can
then type your required values for the absorption rate constants directly into the respective
dialog boxes. These dialog boxes are:

the Initial dissolution rate: Sp (in d-1);

the [particle] Transformation rate: Spt (ind-1);
the Final dissolution rate: St (ind-1);

the Fraction to bound state: Fb;

the Uptake rate from bound state: Sb.

The ICRP Publication 66 respiratory tract absorption model, and these special absorption
terms, are described in the Technical Basis (Model of Material Absorption section).

Key Tip: Throughout |MBA Professional. dialog boxes in which you can type a
: value directly are indicated by a white background. A "greyed" box indicates a
% value that CANNOT be changed (in the current window setting).

Figure 3.63 shows a hypothetical example of absorption rates that might be entered for an
extremely insoluble material, i.e., a material that dissolves and is absorbed more
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slowly than the ICRP default Type S. Also in this hypothetical example, it is assumed
that 526 of the radionuclide activity that is dissolved (from the particles) is "bound"
temporarily to respiratory tract tissues - to be released into the blood at the rate of 10-3 d-
1. The hypothetical values of the absorption parameters are:

e sp=10-2d-1;
e spt = 100 d-1;
e st=10-5d-1;
e fbh = 0.05;

e shp=10-3d-1.

Initial dizzolution rate: Sp |1 a2

Transformation rate: Spt |-||:||:| Fraction to bound state: Fb g o5

Final dissolution rate: St |1 &5 tltgizfaggate fom beund |1 g3

— Select

T_'r'F'EEl Type M | Type 5
Help |

Uzer Defined

1e-H
Clear ]
4| User Defined oK | Cancel

Figure 3.63. Entering your own (non-default) values of Absorption Rates.

Warning: The Unit in which Absorption Rates are expressed in IMBA
,g'.'ﬁ Professional is ALWAYS "d-1," i.e., "per day."” You MUST enter your values in
the same Unit ("d-1").

IMBA Professional implements both representations of particle dissolution and absorption of
material from the respiratory tract that were recommended in |CRP Publication 66:

e the "Standard Representation” - as shown in Figure 3.62;
e the "Alternative Representation.”

Figure 3.64 shows the Alternative Representation of the hypothetical particle dissolution,
radionuclide binding, and absorption characteristics listed above (for comparison with

the Standard Representation shown in Figure 3.63). IMBA Professional automatically
calculates the mathematical transformation between these two representations. As
described in the Technical Basis (Madel of Material Absorption section), these two
representations of the dissolution and absorption processes give identical results.
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B Absorption Model =] E

{ dlternative Representation I Standard Fleprezentation |

Fr 1-Fr

Slawly cleared

Rapidly cleared

FbSr

(1-Fb)Sr (1-Fb)Ss

Bound material

Fraction diszolved rapidly: Fr IEI.EIEEIEIE-EIE

Rapid rate: Sr |1.EIEIEI1E+EIE Fraction to bound state: Fb |5 noooe-nz

Iptake rate fram bound
Slow rate: 52 |4 oo00E-0S el 1.0000E-03

Select

A [oo0o007 T_l,lpeEl TypeMl Type S w
Help |

Uszer Defined

Clear ]
4| User Defined ax | Cancel |

Figure 3.64. Automatically calculated Alternative Representation of the particle
dissolution, material binding and absorption characteristics shown in Figure 3.63.

The alternative dissolution and absorption parameters are:

Fraction dissolved rapidly, fr = 9.9890 - 10-5;
Rapid rate, sy = 100.01 d-1;

Slow rate, ss = 10-5d-1;

Fraction to bound state, fb =5 ~ 10-2;
Uptake rate from bound state, sp = 10-3 d-1.

Both representations of the particle dissolution and material absorption processes have their
practical uses. The Standard Representation is helpful when a physical process (such as
particle fragmentation) leads to the gradual transformation of deposited particles into a more
soluble form, i.e., in cases where the overall absorption rate increases with time -

see Technical Basis for an example of this. The Alternative Representation is useful for
the more general situation, where the overall absorption rate decreases with time. For
example, in vitro solubility studies are usually interpreted in terms of "fast™ and "slow"
dissolution fractions, with their associated dissolution rates. Such results can be substituted
directly in the Alternative Representation (Figure 3.64)._

Wound Model 00
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The NCRP model for wound retention and systemic uptake will be implemented when this is
available (as a Star-Plus Module).

Gl Tract Retention Parameters 00

EY GI Tract Model =10 x|

Rate conzstants [per day)
for particulate matenal

5t Stomach [S] I 1

\ Small Intesting [S1] I

Blood =]

pper large inteztine I !

ULl (UL

Lower large intestine I !

LL| [LLI

‘ Clear |

Select f_l ||:|_|:||:||:|54

Uszer Defined

LOAD ICRP DEFAULTS

ICRP Defaults ok, Cancel

Figure 3.65. The ICRP Publication 30 GI Tract Model with ICRP Default parameter
values loaded.

If, for a particular Intake Regime (IR) you have selected either Inhalation or Ingestion,
then the "Gl-Tract” button in the "Model Parameters" sub-panel

is enabled automatically). Click the "GI-Tract" button to display the GI Tract

Model window. Click the "LOAD ICRP DEFAULTS" button in this window to load the
ICRP-recommended parameter values (Figure 3.65).

In Figure 3.65, the "f1" dialog box is displaying the value of "0.0005" for the gut absorption
fraction (f1). If you had selected the f1 value earlier, e.q., in the F1 Values window and/or
the Absorption Model window (see Selecting ICRP Default Parameters), then the

same f1 value would have been loaded automatically in the "fl" dialog box. If, however,
you had loaded a New (blank) Parameter File, and proceeded directly to set up the
parameters for an Ingestion intake, the "fl" dialog box would have appeared empty. In
either case, you can type a new value of f1 directly into the "fl" dialog box (Figure 3.65).

To "look up" an appropriate ICRP-default value of f1, click the "Help" button in the GI Tract
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Model window. This will open the F1 Values window for the currently selected Indicator
Nuclide (Figure 3.66) - from which you can select your f1 value.

Note: The f1 "Help" button only appears in the Gl Tract Model window IF you
have selected "Ingestion" as the Route of intake.

Note: In the f1 "Help" window,_indicate a row displaying your
desired f1 value, and then click "OK." ONLY the displayed f1 value will
be loaded. The associated respiratory tract absorption type (Abs. Type) is NOT

loaded - since this is irrelevant for the intake by Ingestion.

Bioassay Parameters

B Bioassay Model =]
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"Eiuassa}l Function

00
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Figure 3.68. The Bioassay Model window.

Click the "Bioassay" button in the "Model Parameters™ sub-panel to display the Bioassay
Model (Figure 3.68). If you have previously selected the Indicator Nuclide, this window
enables you to select (or define) all of the required bioassay functions. Click the down arrow
on the Bioassay Function list box to see the drop-down list of bioassay options (Figure
3.69).

Tt S ——a

ﬂ!} Bioassay Model _ O]

File Edit Function

whole body |
Whiole body

Lungs

Feces bt
Blood

Thyroid
Kall] L Ka(d] Kall0]
ﬂ#&er Defined

" Binazzay Function

Figure 3.69. List Bioassay options.

Highlight and click your required bioassay option. In this example, selection
of urine changes the Bioassay Model window to that shown in Figure 3.70.
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B, Bioassay Model _ O]

File  Edit Function

| rife hd

"Eiuassa_l,l Function

Transfer Comparment

#Kaﬂ ) /Lami1 ]*KE[E]ELam[E] #E'[E'];Lam[a] * Kal100 L ami10)
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(& 1 (& é & | (& 10
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— Binazzay Function
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i | ali [ Lamii) — Select
1
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a
4
3 LOAD ICRP DEFALILTS
B
i Not Specified
a
|
10
1] | Cancel |

WHOLE BODY | LUNGS URINE || FECES | BLOOD | THYROID | LIVER  |USERDEFINED
| | | | | | | | Y

Figure 3.70. Selecting Urine in the Bioassay Model window.

Notice that the "URINE" indicator button is now "raised." As yet, however, the Bioassay
Function is Not Specified. You have two options to specify this:

e User Defined Mode;
e LOAD ICRP DEFAULTS.

1. "LOAD ICRP DEFAULTS" Option

If you click the LOAD ICRP DEFAULTS button, the window will display the parameters of

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Main Screen - Opening Screen Page 55 of 169

the selected Bioassay Function (Figure 3.71). In this case, the function is
for plutonium in urine. This was fitted to the ICRP Publication 67 plutonium biokinetic
model's predictions of plutonium excretion in urine after injection of unit activity into the

blood (see Technical Basis section, Eitted Excretion Functions).

— Binazzay Function
alt) [0.0133864109 Blood hal time () [0.0000001
ED [ Lamij) ~ Select
1 |1.399E-02 1.200E +01
2 | 4.809E-03 3.553E-0 User Defined Maode |
2 |1.263E405 2 434E-05
4 |8.974E03 1.262E+00
5 |1.799E-04 1.408E 02 LOAD ICRP DEFALILTS
E |4141E05 2 B45E-04
7 |9.822E06 2 115E-04 Std Pu Model
g
3
10
ok | LCancel |
WHOLE BODY | LUNGS URINE | FECES | BLOOD | THYROID | LVER  |USER DEFINED
| | | 5td Pu Model | | | | | Y

Figure 3.71. Loading the parameters of the Bioassay Function for Pu-in-urine.

Notice that the label "Std Pu Model" is now shown under the "URINE" indicator button, and
also under the "LOAD ICRP DEFAULTS" button. If you then go back to the Bioassay
Function drop-down list, select "Feces," and click the "LOAD ICRP

DEFAULTS" button again - then the displayed parameters will change to those shown in
Figure 3.72.
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Binazzay Function
alll |B.B4E|3EIEEIE23EIEEEE-EI? Blood half time (k) |0.00000070
i |ali [ Lamii) Select
1 |8.849E-07 9.354E +00
2 | 5.804E-02 1.744E +00 Uszer Defined Mode
3 |[9.054E-03 2535E-01
4 [-9.4F1E-02 1.370E+00
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B |275FE-02 3 186E-01
7 | 321EE-D5 1.841E-03 Std Pu Model
8 |[5.27EE-06 JE31E-05
3 |[-1.643E-06 1.553E-02
10 [ 8919e-07 4 5E1E-08
ok Cancel
WHOLE BODY | LUMGS LIRIME FECES BLOOD THYROID LIWVER IJSER DEFIMED
Std Pu Model | Std Pu Model

Figure 3.72. Adding the parameters of the Bioassay Function for Pu-in-faeces.

Notice that BOTH the "URINE" and "FECES" indicator buttons are now labeled " Std Pu
Model." If you try toload a "Thyroid" Bioassay Function (for plutonium), then the Not
Specified label shown in Figure 3.73 will be displayed. 1MBA Professional "knows"
that the thyroid is not included specifically in the ICRP Publication 67 biokinetic model for
plutonium, and therefore does NOT have a Bioassay Function.

Binaszay Function

a1 | Bload half time (K] [0
i al [ Lamii] Select
1
2 Uzer Defined Maode
3
4
R
B
! Not Specified
8
q
10

ok | LCancel |

WHOLE BODY | LUMGS URIME FECES BLOOD THYROID LMER IJSER DEFINED
Std Pu bModel | Std Pu bModel

Figure 3.73. Label displayed if you try to load an "ICRP" Bioassay Function for Pu-in-
thyroid.

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Main Screen - Opening Screen Page 57 of 169

Similarly, if you try to load a Bioassay Function for the Lungs, then IMBA
Professional reminds you that "No systemic model is required for the lungs" (Figure
3.74) - since lung retention is calculated automatically (using the ICRP Publication

66 respiratory tract model).

ﬂ!.:-. Bioazzay Model _ (O]

File  Edit Function

"Eiuassa_l,l Function

Mo systemic model is required for the lung

— Binazzay Function

Blood half time [K) IU

—Select

| F | A = I

Not Specified

ok | LCancel |
}J_VHEILEE!EIDY LUNGS |  URINE FECES | BLOOD | THYROID | LNVER  |USERDEFINED

|5t Pu Model |5td Pu Model | | | | v

Figure 3.74. Message displayed if you try to load a Bioassay Function for the Lungs.

The selected Bioassay Functions are NOT indicated in the Status Bar (Figure 3.75).
However, they ARE recorded in the Parameter File for your case study.
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Figure 3.75. The Status Bar does NOT indicate the selected Bioassay Functions.

2. "User Defined Mode"
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Figure 3.76. The Bioassay Model window in the "User Defined Mode."

IMBA Professional also enables you to define and use your own Bioassay Function -
see discussion in the Technical Basis on how this should be done. You can set up an
additional function (to represent an additional Bioassay Quantity, e.g., "SKELETON")
under the eighth Bioassay Function indicator button (labeled "USER DEFINED™). You can
also define and load your own Bioassay Function (in place of the "ICRP DEFAULT") for

any of the seven Bioassay Quantities that are specified in IMBA Professional.

I Warning: If you substitute a different Bioassay Function for any Bioassay
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Quantity in IMBA Professional, then any Dose Calculations that you
perform with ICRP-recommended "Default"” Biokinetic Models may be

INCONSISTENT with your bioassay analyses. For Dose Calculations, IMBA
Professional solves all Biokinetic Models simultaneously, and so altering

the Biokinetic Model for a major organ of uptake will affect the amount of
radionuclide taken up by other organs - see discussion in Technical Basis.

3. "Quick-Loading" All ICRP-Default Bioassay Functions

As an alternative to defining and loading each Bioassay Function separately, IMBA

Professional enables you to " Quick-Load" the bioassay functions for ALL ICRP-

recommended Bioassay Models in one operation - see "One-step Loading of All Model
Parameters."

Biokinetic Parameters 00
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Figure 3.77. The Biokinetic Model window.

Click the "Biokinetics" button in the "Model Parameters" sub-panel to open the Biokinetic
Model window (Figure 3.77). If you have previously selected the Indicator Nuclide, this
window enables you to "LOAD ICRP DEFAULTS," i.e., select all of the required source
region (source organ or tissue) retention functions.

. e \NArning: If you have NOT previously selected the Indicator Nuclide, then

2

—— the LOAD ICRP DEFAULTS button will be "greyed out” - and you will NOT be able
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' to use this to load an "ICRP" model for a selected " Source Organ.”

1. "LOAD ICRP DEFAULTS" option

B, Biokinetic Model
File  Edit Function

=10] x|

Source Organz
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Figure 3.78. Loading the ICRP Default Biokinetic Models for americium.

Clicking the LOAD ICRP DEFAULTS button automatically loads the fitted retention functions that
represent the complete set of ICRP-default Biokinetic Models - for your selected Indicator
Nuclide. The Source Organs involved are automatically highlighted in the Biokinetic
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Model window (Figure 3.78). You can examine the retention function loaded for

any highlighted Source Organ by clicking its indicator button. For example, Figure 3.79 shows
the retention function loaded for "Liver" - which represents liver uptake and retention of
americium according to the ICRP Publication 67 Biokinetic Model.

E; Biokinetic Model =10
File  Edit Function
Source Organz
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HEART wi | [ MUSCLE PANCREAS
TESTES THYROID BOME CORTYOL || CORT SURF
TRAB VOL EEGE  sovecd | IEE
stwall | skn | sPeen | RS we |

Transter Compartment

‘Kaﬂ ] &Ka[E] &Qa[EI] taan 0]

Drgan C 1 Comp 9 C 10
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Figure 3.79. The retention function for americium in liver.

When the "Liver" retention function is displayed in the Biokinetic Model window, the
"Liver" indicator button is shown "depressed.” Selecting another Source Organ will
"release” the "Liver" indicator button, "depress” the button for the newly selected Source
Organ, and display its retention function.
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ARz ||.-’-'-.I::su:|r|:|ti|:|n: Twpe b | Part Tran: ICRP Defaultz | Gl-Tractk ICRP Defaulkz | F1=0.0005

|| Biokinetics: ICRP &m

Figure 3.80. The Status Bar indicates that the ICRP Am Model for "Biokinetics" has

been loaded.

The fact that the complete ICRP-default biokinetic model has been loaded is indicated
automatically in the Status Bar (Figure 3.80).

2. "User Defined Mode"

You can select the "User Defined Mode" to replace one or more retention functions with
your own parameter values. The Biokinetic Model window displaying the "|CRP" retention
function for americium in "Liver" (Figure 3.79) changes to that shown in Figure 3.81 when

you click the "User Defined Mode" puytton-

— Organ retention function
Lam(1) |33 6754270379936

i ali [ Lamij]
1 |-3.400E-01 = AECE +01
2 |-1.587E-01 9.589E -0
3 |2767E-01 1.046E-03
4 |4156E-02 3.007E-05
5 [1.121E-01 2.952E-04
E |-2176E-02 1.457E-02
7
g
9
10

—Select

Uzer Defined Mode

LOAD ICRF DEFAULTS

User Defined

LCancel |

Figure 3.81. The "User Defined Mode" for re-defining the retention function for

americium in liver.

In this mode, the parameter values representing the ICRP-default Biokinetic Model are
initially retained, but the "Organ retention function" display becomes a dialog box (with

a white background). You can now select the parameter that you want to change,

and type your new value into the dialog box [see Figure 3.81, where the parameter "Lam(1)"
has been selected]. Your new retention function can have up to ten exponential terms
(see Technical Basis). Once you have selected the User Defined Mode, the Status

Bar will indicate this (Figure 3.82) - even if you make no change to an "ICRP -default"

parameter value.
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AllRz |.-'-‘-.I:ns::nrptin:|n: Tupe M | Part Tran: ICRP Defaultz | GI-Track ICRP Defaulkz | F1=0.0005 | |Ein:nkinetin::s: IJzer Defi

Figure 3.82. The Status Bar indicates that the User Defined Mode for "Biokinetics" has
been selected.

L RS Tip: You can re-load ALL of the "ICRP-default” parameter values by re-
clicking the "LOAD ICRP DEFAULTS" putton. This will re-set the Status
Bar indicator - to confirm that ALL ICRP DEFAULT Biokinetic Model parameter
values have been re-loaded.

Warning: if you substitute a different Source Organ retention function for
any "ICRP -default" Bioassay Model in IMBA Professional, then the Dose
Calculations that you perform may NOT be valid for ALL Source/Target Organ
combinations. IMBA Professional solves all Biokinetic

Models simultaneously, and so altering the Biokinetic Model for a major
organ of uptake will affect the amount of radionuclide taken up by other
source organs - see discussion in Technical Basis.

One-step Loading of All Model
Parameters

00

1. ICRP-recommended Parameters

File Edit Parameters Calculation: Toaol: Advanced Help

T ILEP CFE
- H D - DEFS |DEF5 |£ | ?‘ |
Open Save P e Cluick Save Load | nad Elanar Hel
- ———|oad all ICRP default parameterslp—
Yer 3.0 Mo file opened

st IMBA Professional

Figure 3.83. The "ICRP DEFS Load" tool button .

If you move your mouse pointer over the "ICRP DEFS Load" button in the Tool Bar, the "ICRP
DEFS" symbol will change color - to yellow (Figure 3.83). Clicking the button will then display
the "F1 values" window for the selected radioelement (Figure 3.84).
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ﬂ\_} F1 values and abzorption Types for Americium

Abz.  [H [ICRP | Chemical Fom
F 0.0005 71

- M {00005 71
5 0.0005 71
b 0.0005 B3 Al compounds
Ing 0.0005 B3 All compounds

Mate: anly the abzorption parameters are entered. NOT the default AdAD. Ok

Cancel

Figure 3.84. The "F1 values for Am" window for selecting both the Absorption
Type and Il value for americium.

Select the row with your required combination of ICRP-default Absorption

Type and f1 value - and click "OK." This will close the "F1 values" window. If you
now click on the Bioassay Model button (Main Screen), the Bioassay Model window will
appear as shown in Figure 3.85.
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B, Bioassay Model _ O]

File  Edit Function

Bioazzay Function
’7 I Idzer Defined j

Transfer Comparment

#Ka['l | *Ka{E] #Qa[ﬁ] * Kall]

Systemic
: Comg 1 Comp 2 Comp 9 Cormp 10
Retertion H H b P
‘ Lam(1] J Laml[2] J Lam[3] 4 Lam(10]
Excretion
— Binazzay Function
Larn(i] I Blood half time [f.] ID
i | ali [ Lamii) — Select
1
2 Uzer Defined Mode
3
4
: 05D ERFDEREULTS
B
i Not Specified
8
q
10
1] | Cancel |
}wHDLE BEIDY| LUNGS | URINE | FECES | ELOOD | THYROID | LIER  USEF DEFINED|
|Stu:|f-‘am h-1|:u:|el| |St|:|.-'l'-.m Model |Std.&m h-1u:u:|e|| | |St|:|.-'l'-.m Mndel| >

Figure 3.85. The Bioassay Model window confirming that ALL I1CRP-default parameters
have been loaded.

Note that the indicators on the bottom row of the Bioassay Model window record that the
"Std Am Model" (in this example) has been loaded. These indicators specify the WHOLE
BODY, URINE and FAECES, which are the only "standard" Bioassay Quantities used for
americium. Clicking "OK" closes this window - and returns you to the Main Screen.

The Status Bar (Figure 3.86) records that the following ICRP-default parameter values
have been loaded (by your click of the "ICRP DEFS Load" putton):

e Absorption Type - "M" was selected;
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e Particle Transport;

e Gl-Tract;

e f1 -"0.0005" was selected along with the Type M absorption;
e Biokinetics - "Am" was selected (the Indicator Nuclide);

e Deposition - the respiratory tract model;

e AMAD - "5" pm.

The "Wound" model was NOT specified. This is NOT an "ICRP default."

AlllRs |.-'-‘-.I:ns::nrptin:|n: Tope M | Patt Tran: ICRE Defaults | Gl-Tract ICRP Defaults | F1=0.0005 | | Bickinetics: ICRP At

Figure 3.86. The Status Bar indicating that ALL 1CRP-Default parameter values have been
loaded (for Type M americium).

values for Dose Calculation, i.e., the ICRP Publication 60/68 radiation weighting
factors, tissue weighting factors, and remainder tissue rules (see the Technical

Basis, |CRP's Dosimetric Quantities)-

-y NOte: Using the "ICRP DEFS Load" tool also loads ICRP-default parameter

2. 10-CFR-835 Prescribed Parameters

File Edit Parameterz Calculation: Tool: Advanced Help

> H DO B . B B E [F

Dpen Save MHew Cuick Save Load Load Feport Help
Ver 3.0 I |Load ICRP model parameters with 10 CFR 835 W Ts|

‘ i IMBA Professional Full E

Figure 3.87. The "CFR DEFS Load" tool button-

If you MOVE your mouse pointer over the "CFR DEFS Load" button in the Tool Bar, the "CFR
DEFS" symbol will change color - to purple (Figure 3.87). Clicking the button will then display
the "F1 values” window (as shown in Figure 3.84, above) - from which you can

again select the row with your required combination of ICRP-DEFAULT Absorption
Type and f1 value. When you then click "OK", 1MBA Professional will load ALL of
the ICRP-DEFAULT Biokinetic Model AND Bioassay Model parameters. However

the loaded radiation weighting factors (WR), tissue weighting factors (wWT), and remainder tissue
rules will be those prescribed by the 10-CFR-835 Regulation (as currently used in the U.S).
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Setting Up Different Models for Each OO
Intake Regime

By default, IMBA Professional stores and applies a single set of parameter values for
each Model, i.e., the last-loaded set of parameter values for those of the following models
that you have defined:

Deposition model;
Particle Transport model;
Absorption model;
Wound model;

Gl-Tract model;

Biokinetic models;

N o ok~ w0 DdPE

Bioassay models.

In IMBA Professional, you can define up to 10 Intake Regimes (IRs), each of which can be
selected from Inhalation, Ingestion, Injection (or, in future, Wound). Calculations for
each of these four different Routes of intake use a different combination of Models, as
follows (by Model #):

Inhalation - model ## 1, 2, 3,5, 6 and 7;
Ingestion - model ## 5, 6 and 7;
Injection - model ## 6 and 7;

Wound - model ## 4, 6 and 7.

Therefore, in the default mode where each of the seven types of model can have only ONE
defined set of parameters, the Model Parameters sub-panel and Status Bar are displayed
as shown in Figure 3.88.

-Model Parameters

These Model Parameters Apply to All 1R

— Respiratony Tract
D epozitian Wapor wiound
Particle Absoroti Gl-Tract Hickingd
Transport zorption rac iokinetics

AllRz ||.-’-'-.I::su:|r|:|ti|:|n: Twpe b | Part Tran: ICRP Defaultzs | Gl-Tract I[CRP Defaulkz | F1=0.000

Figure 3.88. The Model Parameters sub-panel and Status Bar in the "These Model
Parameters Apply to All IRs" mode.
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In this default mode, if several of the IRs are by Inhalation, then for example you can

define only a single set of Aerosol Parameters (Ventilation Rate, AMAD, Sq, I and SF -
in model #1), or Absorption Parameters (Absorption Type and fl value - in model
#3). This would limit you to analyzing simultaneously multiple intakes of only the same type
of material (with the same aerosol characteristics).

IMBA Professional overcomes this limitation by enabling you to define independently ALL
model parameters for each IR. To do this, you first de-select (un-tick) the "Apply Model
Params to All IRs" option in the Advanced menu (Figure 3.89).

File Edit Parameters Calculations Tools | Advanced Help

~u v Apply Model Params to All 1R s
E E D . EnatileEomplelntake EEegines g
Open Save Mew  Ouick 5 Enable DOS preview ' port

|"*"'E' 30 | Mo file opened | Advanced Dozimetry Options
I

Figure 3.89. De-selecting "Apply Model Params to ALL IRs" in Advanced menu.

The Model Parameters sub-panel will then change to display multiple Index Tabs - one
for each IR. You can then set up specific parameter values for each individual IR

#. Click on the IR # tab index - to display all of its associated model options (Figure 3.90).
The parameter values for every model specified in the Model Parameters sub-panel will
now be applied ONLY for the indexed IR # (i.e, IR# 5 in the example shown in Figure 3.90).

Note: In this "independent models" mode, the Index Tabs in the Intake
Regimes and Model Parameters sub-panels are linked. You can change the
displayed IR #, and its associated set of Models, by clicking a new IR #

Tab in either sub-panel.
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File Edit Parameterz Calculation: Tool: Advanced Help

~u
& H [0 R
Open Save = Quick Save Load Load Repaorl
Wer 3.0 Mo file opened

| IMBA Profe

-Intake Scenario

Intake Regimes
Clear All Intake Regimes | Enter Mumber of Intake Regimes [1-10] |1|:I jl

R1IJIR2Z]IRI]IR4VIRS]IRE [ IRF [ IRE ] IRT JIR1O0

Route kode
i+ |nhalation &+ Acute " Chranic

= |ngestion
" Injection Stat Date  |25/11/2000 1430 ﬂ

i
i

Figure 3.90. Display mode for setting up model parameters independently for each IR.

Key Tip: This multi-dimensional-model capability is useful not just for analyzing
= several known intake events (of different materials). It can also be used to "fit"

% an unknown value of a critical parameter for a single intake, e.g., the aerosol
AMAD or solubility type. |IMBA Professional can be set up for several
simultaneous instances of the same intake event, assuming various hypothetical
parameter values for each instance. IMBA Professional can then automatically
determine which set of parameter values is most likely, based on the bioassay
data.

Saving All Model Parameters 00

E} Main Screen
File Edit Parameterz Calculations Tools Adwvanced He

> H O @ | &
Open Save e Cluick Save Loz

ver30  |Nofleopened | (RS
Guick Load

Figure 3.91. The "Quick Save" tool button for Saving All Model Parameters (and
calculated results).
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At any time while you are using IMBA Professional to set up (or change) parameter
values or model options, you can Save a complete record of the current status (including all
selected model options and parameter values, together with the most recently calculated
results). You can do this in any of the following ways.

1. Using the "Quick Save'" Tool Button

Clicking the "Quick Save" tool button (Figure 3.91) saves all parameter values and results
to the default Parameter File named "parameters.ix." This is located in the folder
"[Install Drive:]\JABASOFT\IMBAEXUS\," where [Install Drive:] is the disk drive (root
directory) on which you installed IMBA Professional. If you accepted the default
installation option, this will be [C:].

Warning: "Quick Save" will over-write any existing " parameters.ix" file - so
this facility should be used only as a temporary file, e.g., to save your work
periodically as you proceed through setting up a complex case study.

Note: The "Quick Save" tool button only appears on the Main Screen.
However, you can return to the Main Screen from either of

the Calculations screens - at any time except when IMBA Professional is
performing a calculation.

2. Using the ""Save" Option

Clicking the "Save" tool button (Figure 3.93) saves all parameter values and results to

the Parameter File named (with its location) in the parameter file box. However, if you are
working with a "New" (and un-named) parameter file, then you will be prompted for

the File name for your saved parameter file (Figure 3.92). The default location in which
your file will be saved is [Install Drive:]\JABASOFT\IMBAEXUS\USERDATA\. You

can browse to save the file in any other folder.

warning: IMBA Professional will automatically enter the last-used
parameter file name (for the current session) in the "Save As" dialog box. If
you do NOT want to over-write that file, be sure to change the file name

BEFORE clicking Save.

Note: Selecting "File | Save" from the Menu Bar performs exactly the same
function as the "Save" tool button.

Note: The "Save" tool button also appears on the Bioassay
Calculations and Dose Calculations screens. The File | Save menu option is
available in both the Main Screen and Dose Calculations Screen.
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3. Using the "File | Save As" Option

The "Save As" window, and "File nhame" dialog box (Figure 3.92) always appear when you
select "File | Save As" from the Menu Bar (in the Main Screen).

savens 2|x|

Save i | (2 USERDATA - «mckEy
[:I Cevelopment interesting.ix
s 1 (M99 - Puix
] 1eUs-11 [F)PH_UOZ_urine_IT.ix
1 USTUR Case 0269 @Single Intake.ix
%) Case 060S01F.ix [ Test 2 - Urine.ix

F)IAEA Case 4- 905 [T Test Case 1.ix
FIAEA Case 7- 239Puix  [TJUSTURDZSS,ix
FIAEA#T - 236Pu - Dataix  [BUSTURD4Z5urine] i
@iaeacaseSM.ix

File name: h-1iEIEI - Puin j Save I
j Cancel |

2

Figure 3.92. The "Save As" dialog box opened automatically by the "Save" tool
button when no Parameter File name has been specified.

Save as ype: IIMBL‘-. Profeszional Files [*.ix]

Example Parameter File 00

The parameter file named "Mi99 - Associated Nuclides.ix" that was put in
your /JABASOFT/IMBAEXUS/USERDATA directory when you installed IMBA
Professional. This is an example (partly hypothetical) of a case that involves:

e the Indicator Nuclide 239Pu;
e two Associated Radionuclides (239Pu and 241 Am);
e three Intake Regimes.

Click "Mi99 - Associated Radionuclides.ix" to view the content of this file.

Note: This file is VERY long. It contains ALL the information entered about
this case - plus the calculated results. Many of the saved values

are ZERO or "*". These represent "null" values, e.g., non-defined values for
the remaining seven available Intake Regimes (IR4 - IR10) not used in this

It
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' case.

Mi99 Associated Radionuclides.ix 00

UNITS

Date

Bq

6/9/1945

UNITS2

Sv

INTAKE REGIMES

1

3

1, 1 o, 0
1, 1 9464,

1, 1 9956,

1, 1 o, 0
1, 1 o, 0]
1, 1 o, 0
1, 1 o, 0
1, 1 o, 0
1, 1 o, 0
1, 1, o, 0
RADIONUCLIDE

Pu-238

Pu

ASSOCIATED RADIONUCLIDES
2

2

Pu-239

3.5

Am-241

0.8

*

0

*

0

*

0

*

0
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(@)

*

0
*

0]
ASSOCIATED RADIONUCLIDES 2
Pu

8784000
Am

157800

INTAKES

498.13

530.34

135.27

O O O O o o o

ADVANCED
no

no
BIOASSAY QUANTITIES
IBQ

table

graph

clear

9337

10067

200

LIN

2

2

-1

DATA
Whole body
2

* * * * * * * * * * *

Lungs
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201

9337 , 1.0000E+00 , 2.8681E-04 , 8315, 1.0000E+00 , 1.0000E-03 , Real, 9.0000E-
04, NORM, 3.089352447E-04, *

9340.7 , 1.0000E+00 , 2.8674E-04 , 8405, 1.0000E+00 , 1.8000E-03 , Real , 9.0000E-
04, NORM, 3.0684808E-04, *

9344.3 , 1.0000E+00, 2.8667E-04 , 8497 , 1.0000E+00 , 3.0000E-04 , Real , 9.0000E-
04, NORM, 3.047509527E-04, *

9348 , 1.0000E+00 , 2.8659E-04 , 8588 , 1.0000E+00 , 4.8000E-03 , Real , 2.0000E-
03, NORM, 3.026986571E-04, *

9351.7 , 1.0000E+00 , 2.8652E-04 , 8685 , 1.0000E+00 , 0.0000E+00 , Real |,
9.0000E-04 , NORM , 3.005417542E-04 , *

9355.3 , 1.0000E+00 , 2.8644E-04 , 8958 , 1.0000E+00 , 0.0000E+00 , Real ,
9.0000E-04 , NORM , 2.946389137E-04 , *

9359 , 1.0000E+00 , 2.8637E-04 , 9049 , 1.0000E+00 , 0.0000E+00 , Real , 9.0000E-
04 , NORM, 2.927260945E-04 , *

9362.7 , 1.0000E+00 , 2.8630E-04 , 9140, 1.0000E+00, 5.0000E-04 , Real , 9.0000E-
04 , NORM, 2.908332005E-04, *

9366.3 , 1.0000E+00 , 2.8623E-04 , 9238, 1.0000E+00, 5.0000E-04 , Real, 9.0000E-
04, NORM, 2.888207553E-04, *

9370 , 1.0000E+00 , 2.8615E-04 , 9413, 1.0000E+00 , 1.2000E-03 , Real , 7.0000E-
04, NORM, 2.852939949E-04, *

9373.7 , 1.0000E+00, 2.8608E-04 , 9516 , 1.0000E+00, 4.1000E-03 , Real , 7.0000E-
04, NORM, 4.748030001E-03, *

9377.4 , 1.0000E+00 , 2.8600E-04 , 9601, 1.0000E+00 , 2.2000E-03 , Real , 5.0000E-
04, NORM, 3.482088721E-03, *

9381, 1.0000E+00 , 2.8593E-04 , 9963 , 1.0000E+00 , 1.2900E-02 , Real , 1.6000E-
03, NORM, 1.653366556E-02, *

9384.7 , 1.0000E+00 , 2.8586E-04 , 10044 , 1.0000E+00 , 7.5000E-03 , Real ,
1.1000E-03, NORM, 4.031108966E-03, *

9388.4 , 1.0000E+00 , 2.8578E-04 , 10141 , 1.0000E+00 , 2.0000E-03 , Real ,
4.0000E-04 , NORM, 3.051661442E-03, *

9392 , 1.0000E+00 , 2.8571E-04 , 10245, 1.0000E+00 , 3.0000E-03, Real , 6.0000E-
04, NORM, 2.709333359E-03, *

9395.7 , 1.0000E+00 , 2.8564E-04 , 10327 , 1.0000E+00 , 2.7000E-03 , Real ,
5.0000E-05, NORM, 2.559842362E-03, *

9399.4 , 1.0000E+00 , 2.8556E-04 , 10422 , 1.0000E+00 , 3.1000E-03 , Real ,
6.0000E-04 , NORM , 2.429309066E-03, *

9403 , 1.0000E+00 , 2.8549E-04 , 10512, 1.0000E+00 , 1.1000E-03, Real , 4.0000E-
04 , NORM, 2.324279706E-03, *

9406.7 , 1.0000E+00 , 2.8542E-04 , 10600 , 1.0000E+00 , 3.8000E-03 , Real ,
7.0000E-04 , NORM , 2.231645322E-03, *

9410.4 , 1.0000E+00 , 2.8534E-04 , 10691 , 1.0000E+00 , 2.1000E-03 , Real ,
5.0000E-04 , NORM , 2.143644365E-03, *

9414 , 1.0000E+00 , 2.8527E-04 , 10784, 1.0000E+00 , 1.5000E-03, Real , 4.0000E-
04, NORM, 2.060503916E-03, *
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9417.7 , 1.0000E+00 , 2.8520E-04 , 10873 , 1.0000E+00 , 2.0000E-03
4.0000E-04 , NORM, 1.986686833E-03, *

9421.4 , 1.0000E+00 , 2.8512E-04 , 10964 , 1.0000E+00 , 1.1000E-03
4.0000E-04 , NORM, 1.916358067E-03, *

9425 , 1.0000E+00 , 2.8505E-04 , 11059, 1.0000E+00 , 8.0000E-04 , Real,
04, NORM, 1.848100598E-03, *

9428.7 , 1.0000E+00 , 2.8498E-04 , 11143 , 1.0000E+00 , 1.0000E-03
4.0000E-04 , NORM, 1.791663094E-03, *

9432.4 , 1.0000E+00 , 2.8491E-04 , 11239 , 1.0000E+00 , 1.2000E-03
4.0000E-04 , NORM, 1.731462914E-03, *

9436 , 1.0000E+00 , 2.8484E-04 , 11346, 1.0000E+00 , 1.4000E-03, Real,
04, NORM, 1.669218578E-03, *

9439.7 , 1.0000E+00 , 2.8476E-04 , 11418 , 1.0000E+00 , 1.4000E-03
4.0000E-04 , NORM, 1.630015035E-03, *

9443.4 , 1.0000E+00 , 2.8469E-04 , 11505 , 1.0000E+00 , 5.0000E-04
4.0000E-04 , NORM, 1.585337421E-03, *

9447.1 , 1.0000E+00 , 2.8462E-04 , 11703 , 1.0000E+00 , 1.0000E-03
4.0000E-04 , NORM, 1.493329802E-03, *

9450.7 , 1.0000E+00 , 2.8454E-04 , 11786 , 1.0000E+00 , 4.0000E-04
4.0000E-04 , NORM, 1.458421214E-03, *

9454.4 , 1.0000E+00 , 2.8447E-04 , 12137 , 1.0000E+00 , 2.2000E-03
5.0000E-04 , NORM, 1.330735485E-03, *

9458.1 , 1.0000E+00 , 2.8440E-04 , 12186 , 1.0000E+00 , 3.0000E-04
4.0000E-04 , NORM, 1.315174705E-03, *

9461.7 , 1.0000E+00 , 2.8433E-04 , 12276 , 1.0000E+00 , 9.0000E-04
4.0000E-04 , NORM, 1.287796628E-03, *

9465.4 , 1.0000E+00 , 1.0384E-01 , 12368 , 1.0000E+00 , 4.0000E-04
4.0000E-04 , NORM, 1.261406319E-03, *

9469.1 , 1.0000E+00 , 2.0448E-02 , 12406 , 1.0000E+00 , 1.6000E-03
4.0000E-04 , NORM, 1.250908863E-03, *

9472.7 , 1.0000E+00, 9.9146E-03, * ,* ,* ,* , * % | * | *

9476.4 , 1.0000E+00, 6.9547E-03, * ,* ,* ,* ,* [ * | * | *

9480.1, 1.0000E+00, 6.0610E-03, * ,* ,* ,*  * %  * %

9483.7 , 1.0000E+00, 5.7315E-03, * ,* ,* ,* ,* [ * | * | *

9487.4 , 1.0000E+00, 5.5496E-03, * ,* ,* ,*  * *  * %

9491.1, 1.0000E+00, 5.4154E-03, * ,* ,* ,*  *  *  * %

9494.7 , 1.0000E+00, 5.3014E-03, * ,* ,* ,* , * %  * %

9498.4 , 1.0000E+00, 5.1929E-03, * ,* ,* ,*  * %  * %

9502.1, 1.0000E+00, 5.0905E-03, * ,* ,* ,*  * %  *x %

9505.7 , 1.0000E+00, 4.9958E-03, * ,* ,* ,*  * [ *  * | *

9509.4 , 1.0000E+00, 4.9031E-03, * ,* ,* ,*  * % | * | *

9513.1, 1.0000E+00, 4.8146E-03, * ,* ,* ,* , * [ * | * | *

9516.7 , 1.0000E+00, 4.7323E-03, * ,* ,* ,* ,* [ * | * | *

9520.4, 1.0000E+00, 4.6514E-03, * ,* ,* ,* ,* ,* | * | *

9524.1, 1.0000E+00, 4.5740E-03, * ,* ,* ,*  * *  * %

9527.8 , 1.0000E+00, 4.4998E-03 oK, R R LR R x
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9531.4
9535.1
9538.8
9542.4
9546.1
9549.8
9553.4
9557.1
9560.8
9564.4
9568.1
9571.8
9575.4
9579.1
9582.8
9586.4
9590.1
9593.8
9597.5
9601.1
9604.8
9608.5
9612.1
9615.8
9619.5
9623.1
9626.8
9630.5
9634.1
9637.8
9641.5
9645.1
9648.8
9652.5
9656.1
9659.8
9663.5
9667.2
9670.8
9674.5
9678.2
9681.8
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1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

4.4306E-03
4.3622E-03
4.2965E-03
4.2350E-03
4.1742E-03
4.1157E-03
4.0607E-03
4.0062E-03
3.9537E-03
3.9043E-03
3.8551E-03
3.8077E-03
3.7630E-03
3.7185E-03
3.6755E-03
3.6349E-03
3.5944E-03
3.5551E-03
3.5171E-03
3.4811E-03
3.4452E-03
3.4103E-03
3.3773E-03
3.3443E-03
3.3123E-03
3.2819E-03
3.2515E-03
3.2220E-03
3.1939E-03
3.1658E-03
3.1384E-03
3.1125E-03
3.0865E-03
3.0611E-03
3.0370E-03
3.0128E-03
2.9892E-03
2.9661E-03
2.9442E-03
2.9222E-03
2.9007E-03
2.8802E-03
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9685.5
9689.2
9692.8
9696.5
9700.2
9703.8
9707.5
9711.2
9714.8
9718.5
9722.2
9725.8
9729.5
9733.2
9736.8
9740.5
9744.2
9747.9
9751.5
9755.2
9758.9
9762.5
9766.2
9769.9
9773.5
9777.2
9780.9
9784.5
9788.2
9791.9
9795.5
9799.2
9802.9
9806.5
9810.2
9813.9
9817.6
9821.2
9824.9
9828.6
9832.2
9835.9
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1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

2.8597E-03
2.8396E-03
2.8205E-03
2.8012E-03
2.7824E-03
2.7644E-03
2.7464E-03
2.7287E-03
2.7119E-03
2.6949E-03
2.6782E-03
2.6624E-03
2.6464E-03
2.6307E-03
2.6158E-03
2.6007E-03
2.5860E-03
2.5715E-03
2.5576E-03
2.5437E-03
2.5300E-03
2.5168E-03
2.5036E-03
2.4906E-03
2.4782E-03
2.4657E-03
2.4534E-03
2.4416E-03
2.4297E-03
2.4180E-03
2.4068E-03
2.3955E-03
2.3844E-03
2.3737E-03
2.3629E-03
2.3524E-03
2.3420E-03
2.3320E-03
2.3218E-03
2.3119E-03
2.3024E-03
2.2927E-03
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9839.6
9843.2
9846.9
9850.6
9854.2
9857.9
9861.6
9865.2
9868.9
9872.6
9876.2
9879.9
9883.6
9887.3
9890.9
9894.6
9898.3
9901.9
9905.6
9909.3
9912.9
9916.6
9920.3
9923.9
9927.6
9931.3
9934.9
9938.6
9942.3
9945.9
9949.6
9953.3
9956.9
9960.6
9964.3
9968 ,
9971.6
9975.3
9979 ,
9982.6
9986.3
9990 ,
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1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

1.0000E+00 ,

1.0000E+00
1.0000E+00

1.0000E+00 ,

’

1.0000E+00
1.0000E+00

1.0000E+00 ,

2.2832E-03
2.2741E-03
2.2649E-03
2.2558E-03
2.2471E-03
2.2383E-03
2.2296E-03
2.2213E-03
2.2128E-03
2.2045E-03
2.1964E-03
.1884E-03
.1803E-03
.1725E-03
.1649E-03
.1572E-03
.1496E-03
.1423E-03
.1349E-03
.1277E-03
.1207E-03
.1135E-03
2.1065E-03
2.0998E-03
2.0929E-03
2.0862E-03
2.0797E-03
2.0730E-03
2.0665E-03
2.0603E-03
2.0539E-03
2.0476E-03
2.6302E-02
1.8373E-02
1.5694E-02

N N N N N M DNMNDNDMNMDNDNDN

1.3637E-02 ,

1.2015E-02
1.0656E-02

9.5457E-03 ,

8.6574E-03
7.9026E-03

7.2771E-03 ,

*
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9993.6 , 1.0000E+00, 6.7689E-03, * ,* ,* ,* ,*  * [ * | *
9997.3, 1.0000E+00, 6.3302E-03, * ,* ,* ,* ,* [ * [ * | *
10001, 1.0000E+00, 5.9603E-03, * ,* ,* ,* ,* > % | *
10005, 1.0000E+00, 5.6234E-03, * ,* ,* ,* ,* > |/ * | *
10008 , 1.0000E+00, 5.4059E-03, * ,* ,* ,* ,* > [/ * | *
10012, 1.0000E+00, 5.1547E-03, * ,* ,* ,* ,* > [ * | *
10016 , 1.0000E+00, 4.9399E-03, * ,> ,> ,* > /> /> | *
10019, 1.0000E+00, 4.7986E-03, * , > ,> ,* > /> | * | *
10023, 1.0000E+00, 4.6322E-03, * , > ,> ,* ,* > | * | *
10027 , 1.0000E+00, 4.4868E-03, * ,* ,* ,* > /> /> | *
10030, 1.0000E+00, 4.3893E-03, * ,* ,* ,* > > /> |/ *
10034, 1.0000E+00, 4.2724E-03, * ,* ,* ,* ,* | * [ * | *
10038, 1.0000E+00, 4.1681E-03, * ,* ,* ,* ,* | * % | *
10041, 1.0000E+00, 4.0969E-03, * ,* ,* ,* ,* | * % | *
10045, 1.0000E+00, 4.0102E-03, * ,* ,* ,* ,* > [ * | *
10049, 1.0000E+00, 3.9314E-03, * ,* ,* ,* ,* ,* [ * | *
10052, 1.0000E+00, 3.8768E-03, * ,> ,> ,* > /> > |/ *
10056 , 1.0000E+00, 3.8095E-03, * ,> ,> ,* > /> /> |/ *
10060, 1.0000E+00, 3.7473E-03, * , > ,> ,* > > | * | *
10063, 1.0000E+00, 3.7037E-03, * ,* ,* ,* > > | * | *
10067 , 1.0000E+00, 3.6494E-03, * ,* ,* ,* > > /> | *

Feces

2

* * x> * * * * x> * * *
Blood

2

x> *x * x> *x x> *x * x> *x *
Thyroid

2

*> * x> *> * *> *> k. *> *x x>
Liver

2

* * * * * * * * * * *

’ ’ ’ ’ ’ ’ ’ ’ ’ ’

* * * * * * * * * * *
1 ’ ’ ’ ’ 7 ’ ’ ’ ’

PARAMETERS BIOASSAY
TAB 1

7

BQ O

Std Pu Model
0.0000001
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5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0]

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0]

BQ5

Not Specified

0]

Page 83 of 169

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Main Screen - Opening Screen

0

BQ 6

Not Specified

0

0

BQ 7

Not Specified

0

0

TAB 2

7

BQ 0

Std Pu Model

0.0000001

5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214
BQ 1

Not Specified

0

0

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332

0.000012634 , 0.0000248355

0.00897385 , 1.26205
0.000139833 , 0.014097

0.0000414124 , 0.000864541
0.0000098215 , 0.000211543

BQ 3
Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
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-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0]

0]

BQ 5

Not Specified

0]

0]

BQ 6

Not Specified

0

0]

BQ 7

Not Specified

0]

0]

TAB 3

7

BQ O

Std Pu Model

0.0000001

5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0

BQ 2

Std Pu Model

0.0000001

7
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-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0

BQ 5

Not Specified

0

0

BQ 6

Not Specified

0

0

BQ 7

Not Specified

0]

0]

TAB 4

7

BQO

Std Pu Model

0.0000001
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5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0]

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0]

BQ5

Not Specified

0]
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0

BQ 6

Not Specified

0

0

BQ 7

Not Specified

0

0

TAB 5

7

BQ 0

Std Pu Model

0.0000001

5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214
BQ 1

Not Specified

0

0

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332

0.000012634 , 0.0000248355

0.00897385 , 1.26205
0.000139833 , 0.014097

0.0000414124 , 0.000864541
0.0000098215 , 0.000211543

BQ 3
Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
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-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0]

0]

BQ 5

Not Specified

0]

0]

BQ 6

Not Specified

0

0]

BQ 7

Not Specified

0]

0]

TAB 6

7

BQ O

Std Pu Model

0.0000001

5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0

BQ 2

Std Pu Model

0.0000001

7
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-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0

BQ 5

Not Specified

0

0

BQ 6

Not Specified

0

0

BQ 7

Not Specified

0]

0]

TAB 7

7

BQO

Std Pu Model

0.0000001
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5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0]

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0]

BQ5

Not Specified

0]
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0

BQ 6

Not Specified

0

0

BQ 7

Not Specified

0

0

TAB 8

7

BQ 0

Std Pu Model

0.0000001

5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214
BQ 1

Not Specified

0

0

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332

0.000012634 , 0.0000248355

0.00897385 , 1.26205
0.000139833 , 0.014097

0.0000414124 , 0.000864541
0.0000098215 , 0.000211543

BQ 3
Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
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-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0]

0]

BQ 5

Not Specified

0]

0]

BQ 6

Not Specified

0

0]

BQ 7

Not Specified

0]

0]

TAB 9

7

BQ O

Std Pu Model

0.0000001

5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0

BQ 2

Std Pu Model

0.0000001

7
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-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0

BQ 5

Not Specified

0

0

BQ 6

Not Specified

0

0

BQ 7

Not Specified

0]

0]

TAB 10

7

BQO

Std Pu Model

0.0000001
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5

-0.0013931 , 7.82562
0.0975364 , 0.000303686
0.0435031 , 0.00218295
0.816737 , 0.0000212165
0.0436166 , 0.299214

BQ 1

Not Specified

0]

0]

BQ 2

Std Pu Model

0.0000001

7

-0.0139864109 , 12
0.00480886 , 0.355332
0.000012634 , 0.0000248355
0.00897385 , 1.26205
0.000139833 , 0.014097
0.0000414124 , 0.000864541
0.0000098215 , 0.000211543
BQ 3

Std Pu Model

0.0000001

10

0.000000987605 , 9.00225
0.0580447 , 1.74433
0.00905385 , 0.35351
-0.0947113 , 1.37032
0.00000428085 , 0.000288176
0.0275708 , 0.918619
0.0000321603 , 0.00184051
0.0000052992 , 0.0000368268
-0.00000164911 , 0.0159327
0.000000871155 , 0.000000422684
BQ 4

Not Specified

0

0]

BQ5

Not Specified

0]
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0

BQ 6

Not Specified
0

0

BQ 7

Not Specified
0

0

PARAMETERS PARTICLE TRANSPORT

ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01

10

0.03
0.01
100
0.001

1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01

10

0.03
0.01
100
0.001
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1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01
10
0.03
0.01
100
0.001
1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01
10
0.03
0.01
100
0.001
1
0.0005
0.007
0.007

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Main Screen - Opening Screen Page 98 of 169

0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01

10

0.03
0.01
100
0.001

1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01

10

0.03
0.01
100
0.001

1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
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0.001
0.0001
0.00002
2

0.03
0.01

10

0.03
0.01
100
0.001

1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01

10

0.03
0.01
100
0.001

1
0.0005
0.007
0.007
0.6

0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2
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0.03
0.01
10
0.03
0.01
100
0.001
1
0.0005
0.007
0.007
0.6
0.1
ICRP Defaults
0.02
0.001
0.0001
0.00002
2

0.03
0.01
10
0.03
0.01
100
0.001
1
0.0005
0.007
0.007
0.6
0.1
PARAMETERS ABSORPTION
Type M
Normal
0.099955
100
0.005
0]

0]
Type M

Normal
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0.099955
100
0.005

0]

0]

User Defined
Normal
0.09955
100

0.05

0]

0]

Type M
Normal
0.099955
100
0.005

0

0]

Type M
Normal
0.099955
100
0.005

0]

0]

Type M
Normal
0.099955
100
0.005

0]

0]

Type M
Normal
0.099955
100
0.005

0]

0]

Type M

Normal
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0.099955
100

0.005

0]

0]

Type M
Normal
0.099955
100

0.005

0]

0]

Type M
Normal
0.099955
100

0.005

0

0]
PARAMETERS GI-Tract
ICRP Defaults
24

6

1.8

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005
ICRP Defaults
24

6

1.8

1

0.0005
ICRP Defaults
24

6

1.8

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Main Screen - Opening Screen Page 103 of 169

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005

ICRP Defaults
24

6

1.8

1

0.0005
PARAMETERS ORGAN RETENTIONS
TAB 1

1

ICRP Pu Model
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0
ADRENALS
0
BLADDER
7

-0.001165681225 , 1.19987E+01

0.000011659 ,
0.00000343345
0.000401149 ,
0.000747544 ,

1.41314E-02

, 8.71154E-04
3.55543E-01
1.26294E+00

0.000000835345 , 2.18047E-04

0.00000106043
BRAIN

0

BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7
-0.004866002 ,

, 2.50778E-05

1.26127E+00

-0.0104525 , 3.55064E-01

0.00372916 ,
0.000290264
0.000458568

1.40094E-03

1.24857E-04
4.25213E-04

0.0103148 , 1.39221E-02

0.00052571 ,
LIVER

5

2.16919E-05

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04

MUSCLE
0

OVARIES
5
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-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0]

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0]

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7
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0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.I.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
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-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00

0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05

0.00947443 , 3.57888E-01

0.0000139771 ,
ST. WALL

0

SKIN

0

SPLEEN

0

SOFT TISS

7

1.77924E-03

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WB
0
BLOOD
5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03

TAB 2

1

ICRP Pu Model

0

ADRENALS

0]

BLADDER

7
-0.001165681225

, 1.19987E+01

0.000011659 , 1.41314E-02

0.00000343345

8.71154E-04
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0.000401149 ,
0.000747544 ,

3.55543E-01
1.26294E+00

0.000000835345 , 2.18047E-04

0.00000106043
BRAIN

0

BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7
-0.004866002 ,

, 2.50778E-05

1.26127E+00

-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03

0.000290264 ,
0.000458568 |,

1.24857E-04

4.25213E-04

0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05

LIVER
5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04

MUSCLE

0

OVARIES

5
-0.0000286439 ,
0.000852949 ,
0.000080518 ,
-0.000824848 ,
-0.0000799751 ,
PANCREAS

0

TESTES

1.41065E+00

1.84121E-04
2.14761E-05

1.98367E-04
3.89897E-01
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5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF
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6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.L.

9

0.000002319452 , 5.95605E+00

-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03

0.000000378586 , 2.30125E-04

-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01

0.000000483812 , 2.53754E-05

U.L.I.
9

-0.018145365303 , 1.80353E+00

0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03

0.000000107983 , 8.80750E-03

0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00

-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL
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SKIN

0]

SPLEEN

0]

SOFT TISS

7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WB

0]

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 3

1

ICRP Pu Model

0

ADRENALS

0]

BLADDER

7

-0.001165681225 , 1.19987E+01
0.000011659 , 1.41314E-02
0.00000343345 , 8.71154E-04
0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00
0.000000835345 , 2.18047E-04
0.00000106043 , 2.50778E-05
BRAIN

0]

BREAST

0]
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G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7

-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05
LIVER

5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04

0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0
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R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH
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0

S.L.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL

0

SKIN

0

SPLEEN

0

SOFT TISS

7

2.45320282 , 1.34274E+00
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0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WB

0]

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 4

1

ICRP Pu Model

0]

ADRENALS

0]

BLADDER

7

-0.001165681225 , 1.19987E+01
0.000011659 , 1.41314E-02
0.00000343345 , 8.71154E-04
0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00
0.000000835345 , 2.18047E-04
0.00000106043 , 2.50778E-05
BRAIN

0]

BREAST

0]

G. BLADD

0]

HEART CT.

0

HEART WL.

0]

KIDNEYS

7
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-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05
LIVER

5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00

0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03

0.0000386163 , 1.25541E+00

0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
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BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.1.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
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0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL

0

SKIN

0

SPLEEN

0

SOFT TISS

7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WwB

0
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BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 5

1

ICRP Pu Model

0]

ADRENALS

0]

BLADDER

7

-0.001165681225 , 1.19987E+01
0.000011659 , 1.41314E-02
0.00000343345 , 8.71154E-04
0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00
0.000000835345 , 2.18047E-04
0.00000106043 , 2.50778E-05
BRAIN

0]

BREAST

0]

G. BLADD

0

HEART CT.

0]

HEART WL.

0]

KIDNEYS

7

-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05
LIVER
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5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05

0.00000209448 , 1.26224E+00

-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
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0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05

TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.1.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
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0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL

0

SKIN

0

SPLEEN

0

SOFT TISS

7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

wB

0

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 6
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1

ICRP Pu Model

0
ADRENALS

0

BLADDER

7
-0.001165681225

1.19987E+01

0.000011659 , 1.41314E-02

0.00000343345

8.71154E-04

0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00

0.000000835345
0.00000106043
BRAIN

0

BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7
-0.004866002 ,

2.18047E-04

2.50778E-05

1.26127E+00

-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05

LIVER
5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04

MUSCLE
0
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OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
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TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.L.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.
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8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL

0]

SKIN

0]

SPLEEN

0]

SOFT TISS

7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WB

0]

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 7

1

ICRP Pu Model

0]

ADRENALS

0]

BLADDER

7

-0.001165681225 , 1.19987E+01
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0.000011659 , 1.41314E-02
0.00000343345 , 8.71154E-04
0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00

0.000000835345 , 2.18047E-04

0.00000106043 , 2.50778E-05
BRAIN

0

BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7

-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05
LIVER

5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS
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0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
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0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.L.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
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0.0000139771 , 1.77924E-03
ST. WALL

0]

SKIN

0]

SPLEEN

0

SOFT TISS

7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WB

0

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 8

1

ICRP Pu Model

0]

ADRENALS

0]

BLADDER

7

-0.001165681225 , 1.19987E+01
0.000011659 , 1.41314E-02
0.00000343345 , 8.71154E-04
0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00
0.000000835345 , 2.18047E-04
0.00000106043 , 2.50778E-05
BRAIN

0]
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BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7

-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05
LIVER

5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
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THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
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0.0579437 , 2.48708E-04
STOMACH

0
S.L.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00

0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL

0

SKIN

0

SPLEEN

0

SOFT TISS
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7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

wWB
0
BLOOD
5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03

TAB 9

1

ICRP Pu Model

0]

ADRENALS

0]

BLADDER

7
-0.001165681225

1.19987E+01

0.000011659 , 1.41314E-02

0.00000343345

8.71154E-04

0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00

0.000000835345
0.00000106043
BRAIN

0

BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

2.18047E-04

2.50778E-05
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KIDNEYS

7

-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
0.00052571 , 2.16919E-05
LIVER

5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
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0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00

-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05
TRAB VOL

7

0.0000190871 , 1.25850E+00

-0.133532 , 7.76870E-04

-0.0000002501 , 7.76870E-04

-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.I.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
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0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9

-0.018145365303 , 1.80353E+00
0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03
0.000000107983 , 8.80750E-03
0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL
0

SKIN

0

SPLEEN

0

SOFT TISS
7
2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05
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WwB

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
-0.000289855 , 7.10001E-03
TAB 10

1

ICRP Pu Model

0

ADRENALS

0

BLADDER

7

-0.001165681225 , 1.19987E+01
0.000011659 , 1.41314E-02
0.00000343345 , 8.71154E-04
0.000401149 , 3.55543E-01
0.000747544 , 1.26294E+00
0.000000835345 , 2.18047E-04
0.00000106043 , 2.50778E-05
BRAIN

0]

BREAST

0

G. BLADD

0

HEART CT.

0

HEART WL.

0

KIDNEYS

7

-0.004866002 , 1.26127E+00
-0.0104525 , 3.55064E-01
0.00372916 , 1.40094E-03
0.000290264 , 1.24857E-04
0.000458568 , 4.25213E-04
0.0103148 , 1.39221E-02
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0.00052571 , 2.16919E-05
LIVER

5

-0.085449 , 1.34673E+00
-0.21266 , 3.76109E-01
0.239998 , 2.68343E-05
0.295656 , 1.85293E-04
-0.237545 , 3.35067E-04
MUSCLE

0

OVARIES

5

-0.0000286439 , 1.41065E+00
0.000852949 , 1.84121E-04
0.000080518 , 2.14761E-05
-0.000824848 , 1.98367E-04
-0.0000799751 , 3.89897E-01
PANCREAS

0

TESTES

5

-0.000092753 , 1.41093E+00
0.00101186 , 1.71104E-04
0.000258506 , 2.12454E-05
-0.000918511 , 2.11593E-04
-0.000259102 , 3.89940E-01
THYROID

0

R.B.M.

6

-0.0198474483 , 7.82506E-03
0.0000386163 , 1.25541E+00
0.0122563 , 3.49469E-04
0.00414815 , 1.81476E-05
0.000289932 , 3.52552E-01
0.00311445 , 8.15105E-05
BONE

0

CORT VOL

6

-0.24714990438 , 8.53426E-05
0.00000209448 , 1.26224E+00
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-0.000033387 , 6.87895E-03
0.0237225 , 2.94142E-04
0.223443 , 2.73988E-05
0.0000156969 , 3.55388E-01
CORT SURF

4

-0.056006 , 1.35921E+00
-0.120006 , 2.81695E-04
-0.142614 , 3.78615E-01
0.318626 , 2.89246E-05

TRAB VOL

7

0.0000190871 , 1.25850E+00
-0.133532 , 7.76870E-04
-0.0000002501 , 7.76870E-04
-0.000203435 , 9.47279E-03
0.101421 , 3.00063E-04
0.0321533 , 2.74300E-05
0.000142298 , 3.53682E-01
TRAB SURF

6

-0.0961547 , 1.26486E+00
-0.204196 , 3.56094E-01
0.173469 , 7.02621E-04
0.0588142 , 2.62987E-05
0.0101238 , 6.13083E-03
0.0579437 , 2.48708E-04
STOMACH

0

S.1.

9

0.000002319452 , 5.95605E+00
-0.00000258125 , 1.30481E+00
-0.00000145591 , 5.94293E+00
0.00000204386 , 1.42473E-03
0.00000374311 , 2.30152E-03
0.000000378586 , 2.30125E-04
-0.00000161905 , 3.72082E-01
-0.00000331261 , 3.63339E-01
0.000000483812 , 2.53754E-05
U.L.I.

9
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-0.018145365303 , 1.80353E+00

0.00330195 , 3.55146E-01
0.000017873 , 1.90398E-03
-0.00000119168 , 8.87723E-03

0.000000107983 , 8.80750E-03

0.0148205 , 1.25865E+00
0.000002311 , 3.69827E-04
0.00000151967 , 1.02814E-05
0.00000229533 , 6.21726E-05
L.L.I.

8

0.04111566638 , 1.79498E+00
-0.6345 , 1.16251E+00
0.583868 , 1.13111E+00
0.0000178572 , 1.77880E-03
0.00000439178 , 2.42701E-04
0.00000567754 , 2.56698E-05
0.00947443 , 3.57888E-01
0.0000139771 , 1.77924E-03
ST. WALL

0

SKIN

0

SPLEEN

0

SOFT TISS

7

2.45320282 , 1.34274E+00
0.00845648 , 3.66703E-03
2.01555 , 1.83172E-05
-2.80238 , 1.33343E+00
0.0848507 , 8.41887E-04
0.20465 , 3.51307E-01
-1.96433 , 1.94455E-05

WB

0

BLOOD

5

0.627495442 , 1.26199E+00
0.372409 , 3.55291E-01
0.000166134 , 2.78392E-04
0.000219279 , 2.67517E-05
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-0.000289855 , 7.10001E-03

PARAMETERS DEPOSITION
ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

0.5
2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233
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3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5

ICRP Defaults
light

AMAD

5

2.4977233

3

1.5
PARAMETERS WOUND
Not Specified

*
*

*
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Not Specified

*
*
*

*

*
*
Not Specified
*
*
*

*

Not Specified

*
*
*

*

*

Not Specified
*
*
*

*
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*
*
Not Specified
*
*
*

*

*
Not Specified
*
*
*

*

*
*
Not Specified
*
*
*

*

*
*
Not Specified
*
*
*
*
*

*
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*
*
*
*
Not Specified
*
*
*

*

PARAMETERS VAPOUR

*
*
*

*
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FITTING BIOASSAY QUANTITY
0

o O O o o r+r O

GRAPHS
False
Whole body GRAPH
0
100
10
0]

False

False

100
10

False

False

* o

O O O w o o o

0]

Lungs GRAPH
0]

100
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10

False

False

100
10

False

False

(@)

*

* o

O O O O w o o o

Urine GRAPH
8315
12406

10

0]

False

False

0.025
10

False

True
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(@)

*

P O R N R B O

0
Feces GRAPH
0

100

10

0]

False

False

100
10

False

False

* o

O O O w o o o

0]

Blood GRAPH
0]

100
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10

False

False

100
10

False

False

(@)

*

* o

O O O w O o o

0]
Thyroid GRAPH
0
100
10
0]

False

False

100
10

False

False
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(@)

*

O O O w O o o

0
Liver GRAPH
0
100
10
0

False

False

100
10

False

False
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10

False

False

100
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False

False

(@)
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* o

O O O O w o o o

DOSE-screen
0

EFF

EQUIV
EQUIV

1

1

0]

DOSE-WR
ICRP Defaults
20

1

1

DOSE-WT
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0]
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0.3
DOSE-Values2
0.0517146436

7.8681E-04, 4.6102E-04, 2.4008E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8682E-04, 4.6103E-04, 2.4009E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8679E-04, 4.6101E-04, 2.4008E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+0O,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+0O,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8686E-04, 4.6105E-04, 2.4010E-04, 1.4880E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.9582E-03, 1.5582E-03, 8.2708E-04, 4.3435E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

9.5343E-02, 6.3226E-02, 3.2979E-02, 1.9155E-01, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8679E-04, 4.6101E-04, 2.4008E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

5.9328E-03, 3.8495E-03, 2.0046E-03, 1.1787E-02, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8679E-04, 4.6101E-04, 2.4008E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

6.0467E-03, 3.9233E-03, 2.0430E-03, 1.2013E-02, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

2.2335E-02, 1.7237E-02, 9.1197E-03, 4.8692E-02, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

4.5125E-01, 2.8715E-01, 1.4968E-01, 8.8808E-01, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8704E-04, 4.6129E-04, 2.4010E-04, 1.4884E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8745E-04, 4.6172E-04, 2.4013E-04, 1.4893E-03, 0.0000E+00, 0.0000E+00, 0.0000E+0O,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.9089E-04, 4.6536E-04, 2.4046E-04, 1.4967E-03, 0.0000E+00, 0.0000E+00, 0.0000E+0O,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.9884E-04, 4.7379E-04, 2.4119E-04, 1.5138E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
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7.5579E-03, 7.6700E-03, 3.0130E-04, 1.5529E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.1728E-02, 1.2110E-02, 1.9312E-03, 2.5769E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.9433E-04, 4.6901E-04, 2.4078E-04, 1.5041E-03, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.5746E-02, 1.6387E-02, 1.3311E-03, 3.3464E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.5562E-03, 7.6681E-03, 3.0033E-04, 1.5525E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.0913E-03, 7.8517E-04, 2.4035E-04, 2.1168E-03, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

3.1683E-02, 3.3355E-02, 2.7789E-03, 6.7817E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

3.8929E-03, 3.7679E-03, 3.9988E-04, 8.0607E-03, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.2253E-02, 1.2669E-02, 3.5890E-03, 2.8511E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

5.1721E-03, 5.1299E-03, 6.2024E-04, 1.0922E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

2.2090E-03, 1.9752E-03, 2.5028E-04, 4.4345E-03, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

7.8678E-04, 4.6100E-04, 2.4007E-04, 1.4879E-03, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

6.0467E-03, 3.9233E-03, 2.0430E-03, 1.2013E-02, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.1802E-04, 6.9150E-05, 3.6011E-05, 2.2318E-04, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00,

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
1.1749E-04, 9.3492E-05, 4.9625E-05, 2.6061E-04, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

5.7206E-03, 3.7936E-03, 1.9787E-03, 1.1493E-02, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
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0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

0.0000E+00,
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0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

2.3603E-05, 1.3830E-05, 7.2021E-06, 4.4636E-05, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

2.6802E-03, 2.0684E-03, 1.0944E-03, 5.8430E-03, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.3538E-02, 8.6145E-03, 4.4904E-03, 2.6642E-02, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

4.7453E-05, 2.7922E-05, 1.4428E-05, 8.9803E-05, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

4.7930E-05, 2.8427E-05, 1.4471E-05, 9.0829E-05, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

4.5347E-04, 4.6020E-04, 1.8078E-05, 9.3175E-04, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.4074E-03, 1.4532E-03, 2.3174E-04, 3.0923E-03, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
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0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

0.0000E+00,
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0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

1.5117E-03, 9.8083E-04, 5.1075E-04, 3.0033E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

2.5665E-02, 1.7604E-02, 8.4458E-03, 5.1715E-02, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00

Intake Regime 1: Remainder organs are: Liver; ET; Kidneys; L.L.1.; U.L.l.; Intake Regime
2: Remainder organs are: Liver; ET; Kidneys; L.L.I1.; U.L.l.; Intake Regime 3: Remainder
organs are: Liver; Kidneys; ET; L.L.l1.; U.L.l.; Intake Regime 4: Remainder organs are:
Liver; ET; Kidneys; L.L.1.; U.L.1.;

0

5.5989E-03, 1.2586E-03, 6.8575E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

5.5992E-03, 1.2573E-03, 6.8565E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

5.5989E-03, 1.2578E-03, 6.8567E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

5.5988E-03, 1.2573E-03, 6.8561E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

5.5992E-03, 1.2589E-03, 6.8580E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

5.5989E-03, 1.2577E-03, 6.8566E-03, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

1.5542E-02, 5.1660E-03, 2.0708E-02, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
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0.0000E+00,
0.0000E+00,
0.0000E+00

7.1500E-01,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

5.5989E-03,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

4.4120E-02,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

5.5989E-03,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

4.4968E-02,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

5.5988E-03,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

1.7652E-01,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

3.3229E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00

5.6007E-03,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,
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0.0000E+00,
0.0000E+00,

6.1955E-02,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

1.2576E-03,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

1.7212E-02,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

1.2580E-03,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

1.7079E-02,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

1.2574E-03,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

3.3699E-02,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

8.6368E-01,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

1.2579E-03,

0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

0.0000E+00,
0.0000E+00,

7.7696E-01,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

6.8565E-03,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

6.1333E-02,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

6.8569E-03,
0.0000E+00,
0.0000E+00,
0.0000E+00,
0.0000E+00,

6.2047E-02,
0.0000E+00,
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0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00, 0.0000E+00,
0.0000E+00

REPORT DETAILS
C:\JABASOFT\IMBAEXUS\UserData\Default.RPT

*
*

*
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END OF COMMENTS

O O O O 0O O 0O 0O 0O OO0 oo oo o o o o

Calculations Sub-panel 00

e

S

|Degosior: CRP Defauts [AMAD: Sum [ Wourd NotSpec

Figure 3.93. The Calculations Sub-panel.
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This sub-panel provides the only portal between the Main Screen and the two
"Calculations" screens:

e Bioassay Calculations - click this button to open the Bioassay Calculations screen (set
up the bioassay calculations, estimate the amount(s) of Intake(s), and/or
predict Bioassay Quantities);

e Dose Calculations - CliCK this button to open the Dose Calculations screen (set up
the dose calculations and calculate Doses).
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Bioassay Calculations Screen
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The Bioassay Calculations Screen (Figure 4.1) opens when you click the "Bioassay

Calculations™ button (on the Main Screen).

The screen works as follows:

1. You select the direction of the CALCULATION in the center of the screen.
This can be from BIOASSAY QUANTITY to INTAKE(S) - the default setting,
or from INTAKE(S) to BIOASSAY QUANTITY.

2. The calculated (or hypothetical) values of INTAKE(S) are displayed on

the left.

3. The predicted and/or measured values of the BIOASSAY QUANTITY are

displayed on the right.
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X Binass ay Calculations

R e LR [ = e

o
L
 Un
r
r
L]
I
r

Figure 4.1. The Bioassay Calculations screen.

The screen is divided into these functional parts - from the top:

¢ Menu Bar.
e Short-cut Icon.

Main panel:

1. Intake sub-panel - left side
2. Calculation sub-panel - center
3. Bioassay Quantity sub-panel - right side.

Bottom left corner panel:
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e Progress Indicator.

Bioassay Menus 00

The Menu Bar, shown at the top of the Bioassay Calculations window, gives the following
options:

m menu.
Advanced menu.
Tools menu.
Help menu.

Bioassay File Menu 00

File Advanced Tools Help

N g

Figure 4.2. Drop-down bioassay File list box.

Click File | Print to send a screen dump of the displayed Bioassay Calculations screen to
your Windows® printer - e.g. Figure 4.3.
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Iy Dicazsap Calculations
Fie Advanced Took Help

we o | Bioassay Calculations
| INTAKE | CALCULATION BIOAS!
SR ™~ Graph & Table © Hide m
IR 1 N 1 ; ;
[12zee.06 PO | speciiod Tine (@ Eé’.’f.ﬁ”ri
Intakes to Bioascay T Bioassay to Intake 1 OO0E+DD 1,000
1.09Z7F33547E+00  1.0000
Numbes of Tmes (1-200) Wﬂ 1.194DE660EE+00  1.000H

) 1.230473C6285400 1,000
s e 1.4257550556+00 1,000

; " Lnex 1. 5580140335 -00  1.000
St Tirme(d)] I1 Send to al
& Locaihmc 00 1. 702454266500  1.0008

windows 1 BoIFERgQOCLnn. 1 Anre

RIS |55'3'3 £ 125mode = o] |

= Graph © Table © Hide ﬁ

Speciy Collection Periods [Cal 2]
1 GE+00
I Send - |

— Calcuists Bioatsay Guankiy [Coi 3] 10501
Slast Caleulstion

1.0E-02 erl/
OO O 2 ey s YT

1 10

Progeass [ndicatos
Deposiion | '
Collsting Timss |
Bioassap Cales |

Graph € Table @ Hide r

Cument
Opeiation

oK |
| Pu238 PuModel Max Likethood it |

Figure 4.3. Printed screen dump of Bioassay Calculations screen.

Figure 4.3 shows the printed image of the Bioassay Calculations screen with the example
parameter file "USTURO0259.ix" loaded.

Bioassay Advanced Menu 00

EJ,_, Bioassay Calculations

Help

Cpkions El
Binassay Cptions E
SE2. . i

Figure 4.4. Advanced menu options for Bioassay Calculations -

The "Advanced” menu enables you to select from the following Advanced Dosimetry
Options:

e Fitting - select from "Least Squares™, ""Maximum Likelihood" (the default),
or "Bayesian" fitting methods (Figure 4.5).
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e Bioassay - enable (Figure 4.6) the special feature to calculate jngrowth of Am-
241 activity in the lungs from an intake of plutonium isotopes (containing
a known fraction of 241 py activity).

B sdvanced Dosimetry Options

Thesze options should be used with extreme care

Dose Fitting T Bioassay T Mizc ]

Select Fitting kMethod

" Least Squares
fe Mamimum Likelihood

" Bayesian

ok Cancel

Figure 4.5. Selecting Fitting options in the Advanced Dosimetry Options window.
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B pdvanced Dosimetry Options

Thesze options should be used with extreme care

Dose | Fiting | Bioassay Misc |

[rigrawth af indicator radionuchde

[ Allaw ingrowth of Am-241 from Pu-241

ok Cancel

Figure 4.6. Enabling the Bioassay option to measure ingrowth of 241Am activity
(from 241pPu).

Bioassay Tools Menu 00

File Advanced | Toolz Help
n |] Table Tools »
: araph Toolz »
SEE Byt Change Unitz to Date

INTARE |

Figure 4.7. Drop-down Bioassay Tools list box.

The Bioassay Tools options are:

e Table Tools - Enable you to open the Table Toal (spreadsheet-like facility)
to enter and/or edit bioassay data, sample time (or date), and sample duration (for urine
and feces), for any one of the three Bioassay Quantity windows (see Figure 4.8).

e Graph Tools - Enable you to open the Graph Toal (graph editing facility) to specify how
you want a graph to be displayed (ranges of the x- and y-axes, linear or logarithmic
plots) for any one of the three Bioassay Quantity windows (see Figure 4.9).

e Change Units to Date - toggle instantly between Time Units of Date or Time
(d) throughout the program (all three screens) - see Figure 4.10.

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Bioassay Calculations Screen Page 7 of 38

E}; Bioassay Calculations

File Advanced | Toolz Help

H |] Table Toolz
g i Graph Tools Windaw 2
e Y% Change Units to Date dindaw 3

INTARE | CA

Figure 4.8. Drop-down list of Bioassay Quantity windows for using Table Tools.

File &dvanced | Todl: Help
n |] T able Toolz r I

S e Quic Graph Tools Wfinda 1

Window 2

INTHEE | Windaw 3

Change Units to Date

Figure 4.9. Drop-down list of Bioassay Quantity windows for using Graph Tools.

ﬂ! Binaszay Calculations

File Advanced | Toolz Help

n |] Table Toolz »
3

Graph T ool
Save Huic b

Change Unitz to Date
INT.

Figure 4.10. Toggle control to change the Time Units.

Selecting "Change Units to Date" will switch the Time Unit shown in all Bioassay
Quantity tables to Date (+hh:mm) - calendar Date plus two-
digit Hour and Minute values (Figure 4.11).

BIOASSAY QUANTITY
 Giaph & Table  Hide |Urine =l todl |
Specied Date (shhynm) | Clection | Caleualed | MeasuementDae |2
01/01/71971 1.000E+00 2.8681E-04 15/03/1968
04/01/1971 164800 1.000E+00 2.8674E-04 13/06/1968
08/01/1971 0712:00  1.000E+00 2.8667E-04 13/09/1968
12/01/1971 1.000E+00 2.8659E-04 131241968
15/01/1971 16:48:00 1.000E+00 2.8652E-04 20/03/1969
19/01/4971 0712:00  1.000E+00  2.8644E-04 18/12/1969
23/01/1971 1.000E+00 2.8637E-04 19/0341970
AN Ma71 AE-ASD-0n 1 A0NE NN 2 083F NA 1008 M clilj
4 3

I-:igure 4.11. Displaying when samples were taken as a Date (+hh:mm) as the alternative
to the default display of Time (d).

The label of the Change Time Units control will switch automatically once you make a
change (Figure 4.12) - so that you can easily toggle back to the original Time/Date unit.
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ﬂ'! Bioazsay Calculations

File Advanced | Toolz Help

n |] Table Taoolz k
*

Save Huic Graph Toolz

Change Units to Time
INT

Figure 4.12. "Change Units" label switches automatically to enable toggling
between Time and Date.

Bioassay Help Menu 00

File &dvanced Tool: | Help
Tocumentation
n Docurnentation
Save [uick Save About [kMBA Expert

| INTAKES Condtions of Use

Help Mode
[unck Start

||F‘1 [4381E+02 | Bg

Figure 4.13. Drop-down Bioassay Help list box.

The Help features available from the Help Menu in the Bioassay Calculations screen are

the same as those available from the Main Screen (Figures 3.13 through 3.16). So, while
setting up Bioassay Calculations, you do NOT have to return to the Main Screen to
access the Help features.

Data Housekeeping 00

The Bioassay Calculations screen is designed to:
1. Make it easy for you to Save your entered data at any stage of data entry.
2. Make it easy for you to Exit and return to the Main Screen (to revise Model

Parameters and/or Intake Regimes) without losing any of your bioassay
data.

Bioassay Save lcons 00

File Advanced Toolz Help

=

Save  [uick Save

Figure 4.11. Bioassay Save icon.
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Clicking the "Save" icon in the Bioassay Calculations screen saves all of the displayed
values in the current Parameter File ("*.ix"). You can do this at any time (except

when IMBA Professional is performing a calculation), for example, at several points while
entering a long series of bioassay data. When you exit the Bioassay Calculations screen
(to return to the Main Screen), the Parameter File is automatically updated with all of the

displayed data.

Clicking the "Quick Save" icon (Figure 4.12) saves all of the displayed values (and all other
parameter values) in the default Parameter File (named "Parameters.ix").

ﬂ! Binaszay Calculations

File Advanced Toaolz Help

H @

Save [uick Save

'Figure 4.12. Bioassay Quick Save icon.

Closing the Bioassay Calculations o0
Screen

[ ONOR® :

Frogress Indicatar

Deposition ARRENEENNEEENEENENEENEENENNENNENENEEEEEREENEEN]
Collting Times  [NHNNNNNRNERNRRRRRNRRRRRRNNRRRRRRRRRRRRRRNREEEN]
Binazzay Calcs  [NHNNNNRNNRRRRRRNNRRERRRRNRERRRRRRRRRRRRNEEEEN]

Current :
Operation Calculation Complete
Ok, |
Pu-238 Pu Maodel P ax Likelhood fit

Figure 4.13. The "OK" putton for closing and exiting the Bioassay Calculations screen.

You can return to the Main Screen at any time (except when IMBA Professional is
performing a bioassay calculation) by clicking the "OK" button (bottom-left panel of
the Bioassay Calculations screen - see Figure 4.13).

Warning:_Using the "OK" putton to close the Bioassay Calculations screen
leaves all of the values that were displayed (and the current values of
non-displayed bioassay data) in memory. It does NOT

automatically save these values to the Parameter File. You must choose
to do this yourself - by clicking the "Save™ icon. If you exjt IMBA
Professional without first saving the Parameter File, any updated parameter
values will be lost.

Tip: You can also exit the Bioassay Calculations screen by clicking the
Windows® " X" in the top-right corner of the screen. Again, this leaves
the bioassay data in memory, but NOT saved to the Parameter File.
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Performing Bioassay Calculations 00

All bioassay calculations are run from the CALCULATION panel - top-center of
the Bioassay Calculations screen. The calculation can go in either direction:

1. From right to left - Bioassay Quantity (Measurements) to estimated Intake(s) - as
indicated by a blue arrow (Figure 4.14).

2. From left to right - value(s) of |ntake(s) to predicted Bioassay Quantity - as

indicated by a green arrow (Figure 4.15).

The arrow colour indicates whether the bioassay data shown in a Bioassay
Quantity Table are measured or predicted values, i.e.:

1. Measured bioassay values are always displayed on a blue background.

2. Predicted bioassay values are always displayed on a green background.
The same colour coding is used for a Bioassay Quantity Graph, i.e.:

1. Blue lines are used to join the values of a Bioassay Quantity that
are fitted to the measured data.

2. Green lines join the predicted values of a Bioassay Quantity.

You can toggle the bioassay calculation in either direction, simply by clicking the coloured
arrow (to reverse its direction) - or by selecting the required index tab ("Intakes to
Bioassay" or "Bioassay to Intake").
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LI S B B B B

Figure 4.14. Bioassay calculation set as "Bioassay to Intake" and indicated by
a blue arrow.

Figure 4.15. Bioassay calculation set as "Intakes to Bioassay" and indicated by
a green arrow.

From Bioassay Measurements to o0
Intake(s)
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For a single intake (and a single set of bioassay data), provided that the time of the intake
and the aerosol and absorption characteristics of the material are known, then calculation of
the most likely amount of intake is simple and straightforward.

However, for multiple intakes (Star Feature) without precise knowledge of the times and
nature of the intakes, estimating the intake amounts must be done by iteration. In general,
this will involve:

e Defining a hypothetical set of parameter values to provide an initial estimate of the
intake amounts.

e Examining the "goodness-of-fit" of the corresponding predicted bioassay quantity to the

measured bioassay data.

Refining the assumed values of unknown parameters (within realistic bounds).

Calculating the resulting new estimates of the intake amounts.

Re-examining the resulting "goodness-of-fit" of the predicted bioassay quantity.

Repeating this iterative process until an adequate fit to the measured bioassay data is

obtained (with justifiable parameter values).

IMBA Professional provides the computational tools needed to facilitate the iterative "fitting"
process, while allowing you to control this by exercising your own judgment. You can switch
very easily between estimating the intake amounts and graphically comparing the predicted
and measured values, as you proceed through the iterative process of refining the assumed
parameter values.

The following sections of the User Manual give step-by-step examples (with real data) of:

1. estimating a single intake at a known time and for known material
characteristics;

2. estimating three separate intakes (Star Feature) with uncertain times of
intake and material characteristics.

3. estimating an intake using multiple bioassay quantities (Star Feature).

These examples will introduce you to the main "built-in" features and functions of |MBA
Professional that are provided for bioassay analysis. Or, you can "browse" through
the Visual Tour of all features and functions available for bioassay calculations.

Example of simple estimation of single intake.
Example of jterative estimation of multiple intakes (Star Feature).

Example of estimating intake using multiple bioassay guantities (Star Feature).
Visual Tour of the Bioassay Calculations screen and its functions.

From Intake(s) to Bioassay Quantity 00

Calculation of the amount of a Bioassay Quantity as a function of the Time variable is used
to:

e plan a Bioassay Program - by calculating the expected amount at prescribed time
points;

e provide fine time-resolution in the predicted bioassay quantity for graphical
comparison with the measured data - as an integral part of the fitting procedure for
estimating Intake(s).

The application of the "Intakes to Bioassay" calculation to the fitting procedure is
illustrated in Figure 4.16. See also:

e the Example of a Single Intake Estimation;
e the Example of a Multiple (lterative) Intake Estimation (Star Feature).
e the Example of Multiple Bioassay Quantities (Star Feature).
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% Denassay Caloulations
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Figure 4.16. "INTAKES" sub-panel displays Intake amounts for up to 10 Intake
Regimes (IRSs).

Am-241 As Indicator Of Plu-241 00

Intake (IR 1) Indicator Nuclide

IEIi Eg Select Radionuchide | Am-241
Murnber of Azzociated Fadionuclides: 3 i‘
Half Life:  1.578E+05 d b

Associated Radionuclides
Pu-238| Pu-239 Pu-241

Select Badionuclide
Abundance 230

Delete B adionuclide Half Life: 5.256E+03 d

Figure 4.17. Combination of 241Am as the Indicator Nuclide and 241Pu as an Associated
Radionuclide .

—
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Important: The Abundance of each Associated Radionuclide is defined as the
fraction of the activity of the |ndicator Nuclide- In the current version

of IMBA Professional Plusyou can define the Abundance separately for each
individual intake (at the time of each intake). Alternatively, you can
define a single Abundance (or set of isotopic ratios) to apply att = 0, in
common for all intakes - see Figure 4.18.

In cases where inhalation of relatively insoluble forms of plutonium has occurred, and the
inhaled plutonium contains a significant amount of 241Pu, higher sensitivity for lung
counting can often be achieved by measuring the activity of the 241Am progeny (59.5
keV and 35.7% abundance g-ray) rather than the low-energy and low-abundance L X-
rays emitted by 239Pu (and 238Pu). For particulate material retained in the respiratory
tract, it is reasonable to assume that the absorption of 241Am (from the particle
matrix) will occur at the same rate(s) as that of the plutonium isotopes. Thus,
the 241 Am activity measured in the Ilungs should be a good indicator of the
parent 241 Pu activity, and thus the total retained plutonium activity. However, account
must be taken of the 14-y decay half-life of 241Pu, and the subsequent in-growth of
the 241 Am activity. IMBA Professional Plus includes a special tool to enable this decay and
in-growth to be accounted for automatically. Thus, measurements of 241 Am activity in
the lungs can be used to calculate the total lung retention of a defined mixture of
plutonium isotopes.

In order to activate this special tool, it is first necessary to define 241Am as the Indicator
Nuclide and 241Pu as an Associated Radionuclide (Figure 4.22). The tool can be activated
(Figure 4.23) from EITHER the Main Screen ("Advanced | Advanced Dosimetry
Options"” menu) OR the Bioassay Calculations Screen ("Advanced | Bioassay Options™
menu).

F’f Advanced Dosimetry Options

These ophions should be used with extreme care

Doze T Fitting TBiuuuwT Mesc ]

Ingrewith of mdic atar radoruckde
 {allow ingrowth of An-241 from Pu-241]
™ Puhium ratio fiwed &t 1=0

+ P ratio fikwed at start of each ntake
regime

gk Cancel

Figure 4.18. Bioassay option to track “in-growth" of 241Am as the |ndicator
Nuclide for 241 Pu in the lungs.
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For a worked example of how to use this "241Am ingrowth" tool, see "Example Cases -

; C f Am_ - x

Important Note: IMBA Professional Plus also calculates the in-growth of 241 Am
from 241Pu in all systemic organs. However, this calculation assumes that
the 241Am produced from decay of 241Pu in systemic organs has the same
biokinetic behavior as the parent 241Pu (j.e., the 241 Pu Associated
Radionuclide).

Using the Table Tool for Data Entry 00

,;ﬁh—- Note: This topic is part of both the single intake and multiple
— intakes examples. For brevity, only the single intake data are illustrated.

By Table Tool : ‘Whole body Data

bile Edit Buoassay Measuement Help
Specilied Time [d)

M easuremen
Ermror

M easuremeEn
Valua(Bqg)

Calculated

Walua[Bqg]

Measwement Time [d) Data Type

KEY

[ ] Bioassay Predictions

[ ] Measwement Dals NeRows: [T = 20 |

[] Measwement Fit Dutput

Figure 7.1. Table Tool before data entry - with "Whole body" as the Bioassay Quantity.
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The Table Tool shows all of the data columns (without you having to scroll left and right).
When you open this [from a Bioassay Quantity (BQ) window], the Table Tool will display
the same number of rows as the BQ window. When opened with a New (blank) Parameter
File, the default single row is displayed. Your first task is to open up enough rows to hold
all of the measured bioassay data that you want to analyse. In the whole-body
measurement example for 60Co (Single Intake example), there are 8 values of whole -body
activity. So, in that case:
e Ensure that you are opening the Table Tool from a Bioassay Quantity window that is
set to show a Table of "Whole body" data.
e Enter "8" in the "Number of Rows" dialog box (bottom panel, left-of-center) - see
Figure 7.2.
e Click the "Apply" button to the right of the dialog box.

D\. Table Tool - ‘Whale |||:r||!.l Data

Bile Edl Bwassay Measurement Help

Specilied Time [d)

M easuremen
Emor

M EASUNEmeEn
Valua|Bqg)

Calculated

Value[Bg] Dala Type

Measuwrement Time [d)

OO0 | Sl | O | TN | e DD |

KEY

[] Bioassay Predictions
[ ] Measwement Dals NoRows: [ = 200 |

[] Measuement Fit Dutput

Table 7.2. Table Tool with 8 rows opened.

The data to be entered (in the columns with blue background shown in Figure 7.2) are:
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1. Measurement date (plus optional hh:mm).

NZA column - leave this blank - a "Collection period” is Not
Applicable for whole-body activity.

Measurement value (BQ).
Data Type (< LOD, Real or Excluded).

Measurement Error - value of the measurement error.

o ok~

Error Distribution - type of error distribution (NORM or LOGNORM).

Important: Since IMBA Professional uses the Maximum Likelihood Method to "fit"
the measured data, you MUST complete g|| six measurement data

columns (shown with the blue background in Figure 7.2), including
appropriate values for the Data Type, Measurement Error, and Error Distribution -
for every data point (every row displayed in the data table).

Note: You can specify the pata Type - and all other error parameters -

- R
—— individually for each data point .

E

You have three options for entering the measured bioassay data:

1. Type this in manually (cell by cell - or block of cells).

2. Copy a block of data into the Table Tool from a Windows® application
using the Windows® clipboard.

3. Read the data into the Table Tool from an external file.

Data validation

Data validation is first performed automatically in the Table Tool after the "OK" button
is clicked. While validation is being performed, the mouse pointer displays an hourglass
icon. For large data sets, a status bar is displayed (Figure 7.3). The validation tests
performed are:

1. Data in columns is assumed to be part of a continuous set of data - and
scrutinised by the validation procedure from the first (top) cell until an
empty cell is encountered.

2. Any cell data encountered after an empty cell is ignored by the validation
process.

3. The validation routine will halt at the first cell encountered in the data grid
that contains invalid data. A message box is displayed, and the offending
cell is highlighted.

The criteria for invalid data are:

1. Non-numerical data in cells expected to contain numerical input.

2. Data that cannot be converted to a valid date/time value in cells expected
to contain date/time.

3. Columns for "Collection Period" are validated only for urinary or faecal
bioassay quantities.
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If the data validation is successful, the mouse pointer icon reverts to the default, and
the Table Tool form is hidden.

3.870E+02 ) 2B00E-01 Real
A 1enF n7 I 2MNAF M1 Fag|

validating data ... '

|

a. FUE +0.2

940+ Y 2 100E-01 Fea
Figure 7.3. Data Validation.

Tip: The "validation" feature, whereby IMBA Professional ignores all data
entered below an "empty" cell, allows you to enter additional information
relating to a dataset (but not part of the analysis) - below the data set.

3 -

A second, more rigorous, validation is performed automatically before any calculation, to
ensure that all data values are sensible.

Select one of these options to:

e Proceed to Step #8 in the single intake example ("Graphing the Data - Single
Intake");

e Proceed to Step #10 in the multiple intake example ("Graphing the Data -
Multiple Intakes").

Or:
e Return to the case description and list of steps for the single intake example.

e Return to the case description and list of steps for the multiple intakes example.

For a comprehensive catalog of the features and functions of the Table Tool, see visual Tour
of the Table Toal-

Manual Data Entry 00

Data Columns ## 1 and 3

In this example, the bioassay data to be analysed are comprised of 8 paired values
of Measurement date and Whole-body activity (Bq) - see Table 1 in Example of
Single Intake Estimation. Each pair of values can be typed directly into
the first and third column, respectively, of the measurement data table (Figure
7.4).
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E’!g‘}T;:il:rIlE: Tool : Urine Data
File Edit PBinazzay Measurement Help

|
1 25/2/88
1/3./88
1143488
28/3/88
16/5./88
1148488
23/411./90
1942432

—_

7.4. Typing paired values of Measurement date and Measurement value into
the Table Tool.

. Tip: All common keyboard and mouse functions, e.g., Backspace, arrow
' keys, highlight, Delete, ~C (Copy), ™V (Paste), will work during manual
data entry.

If you now click "OK" (bottom right-corner of the Table Tool) to return to the Bioassay
Quantity window - and scroll to the right - you will see the values that you have
entered displayed in the table (Figure 7.5).

BIOASSAY QUANTITY
" Giaph  Table ¢ Hide |whole body =]
Meazurement Date Measuremen Meazuremen| &
[+hib: ] bt Yalue(Eq) Dtz T Error
2R/02/1988 2 720E+03
01/03/1988 1.150E+03
11/03/1988 1.010E+03
28/03/1988 7 900E+02
16/05/1988 4 B20E+02
11/08/1988 3 RE0E+02

2941141930 7.800E+01

19072419972 2 RONFE A bl
1 I k

I-:igure 7.5. Values entered in the Table Tool are automatically displayed in the
corresponding Bioassay Quantity window.

Data Column #2
In this example, the Bioassay Quantity is "Whole body", so Data Column #?2 is not

applicable ("N/ZA™). In this case, the IMBA Professional data validation procedure
automatically ignores any entries in this column.

If, however, the Bioassay Quantity is an excretion rate (urinary or faecal), it is
necessary to enter the "Collection Period" for each sample (Measurement Value).
The Table Tool then provides a short-cut for entering repetitive values, e g., the
common collection period of "1 d". You simply highlight the whole column of cells,
and type "1" - Figure 7.6.
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B Table Tool : Urine Data

File Edl Bwazsey Measuement  Help

P " Collection  |Calculated _ e
Specilied Time [d) period (d] Rate{pCi/d) Measwement Time [d)

Meazuremen
Rate{pCi/d)

20D0E+00} ] 4.000E-03 <L.OD 1.800E
3 000E +00 4,000E-03 <L.OD 1.800E
4.000E +00 4,000E-03 <LOD 1.3008

Dala Type

7 B00E [N 4.000E-02 <LOD 1.800E
1.2306 «02 1.600E-01 Aeal 1.900€
1.5006 -0 Rl 7 000E-02 Real 1.800E
1. 860E «02 T.000E-02 Resal 1.800E
2D9:E+D2- 1.000E-01 Real 1.800E
2 B40E «02 1.600E-01 Real 1.800E
2o0e-z Rl 1500600 Real 1.800E
2 930 012 2000E-I1 Resl 1.800E
3 2B0E <02 3100E-01 Real 1.800E
2. 5a0E <02 2.300E-01 Real 1.800E
3L B70E +012 2E00E-01 Real 1.9008
50~ 20000 Red 1.800E
5 DEDE +02 3.700E-01 Resl 1.800E
5 930E «02 2.300E-01 Real 1.800E
E.B50E <02 2.400E-01 Real 1.800E
7.760E o012 2.400E-01 Real 1.9008
erooE-z Rl 3300600 Redl 1.800E
O B40E +02 3100E-01 Resl 1.800€
1.048E «03 3.500E-01 Real 1.800E
1.143E <02 3.700E-01 Real 1.800E
1.231E03 5.800E-01 Real 1.9008
1ee-E 210060 Real 1.800E
1.481E+03 4 300E-01 el 1.800¢
1.BEBE «03 4. 100E-01 Real 1.800E
1.847E 02 4.400E-01 Real 1.800E
2 027E 03 3500E-01 Feal 1.800€
212+ E 150050 Real 1.800E
22126 +03 2100E-01 Real 1.800E
2212E+D3- 1.600E-01 Real 1.800E
2 55E «03 2.Z200E-01 Real 1.800E
2eese.0c Rl 2200601 Rea 1.800€

23315«!13- 1,200E-01 Real 1,800E
3 100E <03 2800E-01 Real 1.300E

EI Bioaszay Pradichon:

I:I Meazunament Data Mo Foves : 100 ﬁ I

D Measurament Fit Dubpt

Figure 7.6. Entering the same value in a highlighted block of cells.

clicking the column heading - "Collection Period (d)™ in this case.

‘h-‘ir"‘i Tip: Highlight the whole data column with a single click - by right-

Data Column #4

In this example, all 8 measured values are "Real” data, i.e., finite measured values.
Therefore, "Real” must be entered in all cells of the fourth data column. IMBA
Professional provides a further short-cut for doing this in the Table Tool (Figure
7.7):
highlight the whole of the fourth data column;
right-click on any highlighted cell - the drop-down menu will automatically appear

(Figure 7.7);
e select "Real” from the drop-down menu.
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File  Edit

YWhole body Data
Binazzay keazurement

Calculated Heasurement Date Measure

=
_3
B
_8
_E
I

8

25,/02/1338 00:00:00
01./02/1333 00:00:00
11./032/1338 00:00:00
28/032/1333 00:00:00
1E/05,/1333 00:00:00
0241141333 00:00:00
23/11,/1930 00:00:00
19/02/1932 00:00:00

2.720E
1.150E
1.010E
#.900E
4.820E
3.580E
#.800E
3.500E

Figure 7.7. Drop-down menu for entering the "Data Type."

This will enter "Real" in all of the highlighted cells (Figure 7.8).

25/02,/1988 00:00:00
01./03,/1988 00:00:00
11./03,/1988 00:00:00
28/03,/19388 00:00:00
1E./05,1988 00:00:00
0241141988 00:00:00
239/11,41930 00:00:00
19/02/1932 00:00:00

2720E+03 Feal
1.180E+03 Feal
1.010E+03 Feal
7 H00E+02 Feal
4 B20E+02 Feal
3RB0E+02 Feal
7B00E+01 Real
3.500E +01

Meazurement Date Measuremen Meazuremen | Error
= N T el e

Figure 7.8. Entering the "Data Type"

Data Column #5

In this example, there are no explicit measurement errors.
the Maximum Likelihood Method to "fit" the data, an explicit error
weighting MUST be defined for every data point. Again,
a short-cut for doing this in the Table Tool.

e a Uniform Absolute error;
e a Uniform Relative error;
e a Square Root error.

in all cells of data column #4.

However, in order to apply

IMBA Professional provides
This gives you the option of applying:

In this example, the measured values vary over a large range (from 2720 Bq to 35
Bq). For accurate dosimetry, it is as important to "fit" the small values, as it is to fit the

initial high values.
data points. To do this you simply:

e highlight the whole of the fifth data column;

e right-click On any highlighted cell;
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e select "Generate Errors" - Figure 7.9.

& Table Tool : Whole body Data

File Edit Bioazzay Measurement Help

Calculated |Measurement Date Measure
T N e N

_ 25/02/1388 00:00:00 2720
_2 0140541388 00:00:00 1.150E
_ 3 1140541388 00:00:00 1.010E
A 28/03/1388 00:00:00 ¥.300E
_ b 160541358 00:00:00 4.820E
__ B 1140841388 00:00:00 3.580E
7 2341141330 00:00:00 ¥.800E

8 1340241932 00:00:00 3.500E

Figure 7.9. Drop-down menu to " Generate Errors."

Measurement Date Measuremen Data Tupe Measuremen |Emor Thearetical
[+hh:mm] Yalue[Bq] ¥p Emor Distnbution "-.-"aIuE[E!q]

25/02/1988 00:00:00 2.720E+03 Feal
01/03/1988 00:00:00 1.150E+03 Feal

11031988 00:00:00 1.010E+03 Real _

28/03,/1988 00:00:00 7.900E+02 Real I

16/05,/1988 00:00:00 4.820E+02 Real I
11/08/1988 00:00:00 3580E+02 Real B .

25/11,1990 00:00:00 7 B00E+01 Feal || Uiensisdds | g
19/02/1992 00:00:00 3500E+01 Real @ Usfaun Fielailve

= Square Boot

Figure 7.10. The "Generate Errors" window.

In the "generate Errors" window:
e "Uniform Relative" error is set by default - or select alternative;
e "Apply to all" measurement values is set by default - or un-check to apply to
a selected range of measurement values;
e the value of the "Error Constant” ("K") must be entered.

For a Uniform Relative error, the chosen value of "K" (when applied to ALL
measurement values) has no effect on the fitted value - since all data points are given
a proportional error-weighting. "K" can be any non-zero value. The value "0.1" is a
convenient default. (Figure 7.10).

When you click the "OK" button to apply your selected value of "K" you will be warned

that "This will overwrite the measurement errors” - and you will be given an
opportunity to change your mind (Figure 7.11).
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Table Tool : Whole body D ata |

@ Thiz will over write any measurement errorz. Do vou want to proceed ?

Figure 7.11. Warning message before overwriting measurement errors.

Data Column #6
The final data column defines the type of Error Distribution for each error value. This
is either:
¢ NORM - normal (Gaussian), or;
e LOGNORM - lognormal.
To enter the type of Error Distribution for all 8 error values (Figure 7.12):
¢ highlight all of the cells in data column #6 - this will automatically display the Error
Distribution menu;
e select "NORM" - to specify a Normal error distribution for all errors.

Measurement Date Measuremen Measuremen |Ermror Thearetizal
Cpeom ey -

26/02/1988 00:00:00 2720E+03 Real 2720E+02;
0140341988 00:00:00 1.150E+03 Real 1.150e+02 |
1140341988 00:00:00 1.010E+03 Real 1.010e+02 |
28/03/1988 00:00:00 7.900E+02 Real 7,900+ | —
164051928 00:00:00 4,820E+02 Real o001 | MORM
11/0241988 00:00:00 3.590E+02 Real 25a0c+01 [ LOGNCOAM
29/11,/1990 00:00:00 7.B00E+01 Real 7eone+00 I
19/02/1992 00:00:00 3500E+01 Real 3.500E +00 Cony
Faste

Inzert M easurement He
Delete Meazurement F

[Melete Bel Eartents

Ele | mpart

Figure 7.12. Selecting a Normal distribution for each error value.

"NORM", signifying a "Normal" distribution of errors, will then be entered automatically
in all highlighted cells of data column #6 (Figure 7.13).

Meazurement Date Meazuremen Meazuremen |E The
== e Y

25/02/1388 00:00:00 2 720E+03 Real 2.F20E+02

01./03/1388 00:00:00 1.150E+03 Real 1.150E+02 MORM
11./03/1388 00:00:00 1.010E+03 Real 1.010E+02 MORM
28/03/1388 00:00:00 7.300E+02 Real 7.300E+01 MORM
16/05/1388 00:00:00 4.320E+02 Real 4. 320E+01 MORM
11,/08/1388 00:00:00 3.580E+02 Real 3.580E+01 MORM
23/11,/1330 00:00:00 7.800E+01 Real 7.800E+00 MORM
1340241332 00:00:00 3.500E+01 Real 3.500E+00 HORM

Figure 7.13. Completed measurement data in Table Tool.

Completed data table in Bioassay Quantity window
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Figure 7.14 shows the resulting completed table of measurement data, as it appears
in the corresponding Bioassay Quantity window.

BIOASSAY QUANTITY
C Graph @ Table (" Hds |Wholebod =] tool
uaed [MomeneniDae s [isossenen] g 1o [WeostenenlErer
2/251988 2 720E+03 Feal 2.720E+02 NOFM
3411988 1.150E+03 Real 1.150E+02 NORM
3111988 1.010E+03 Real 1.010E+02 NORM
3/28/1988 7.900E+02 Real 7.900E+01 NORM
5/16/1988 4520E+02 Feal 4.820E+01 NORM
8/11/1988 35B0E+02 Real 3580E+01 NORM
11/29/1930 7.500E+01 Real 7.500E-+00 NORM
21131992 3500E+01 Real 3500E-+00 NORM

Iéigure 7.14. Completed Bioassay Quantity table of data.

Tip: Right-clicking on any cell in the data table enables you to "Insert" or
"Delete" a whole row of measurement data. This
automatically opens a new "blank" row (below the row that

‘\-‘if"‘i you clicked on), or deletes the row that you clicked on, respectively. This

does NOT interfere with any rows of values in the first three columns of
the Table Tool (with green background), which relate to the
"predicted" bioassay values. The "green" and "blue" columns of

the Table Tool operate independently.

Example of Single Intake
This completes Step #7 in the single intake example - using manual data entry:

e Proceed to the next step - plot a Graph of your data.
e Return to the case description and list of steps.

e Check out how to enter data using the Windows® Cliphoard -

Example of Multiple Intake
This completes Step #9 in the multiple intake example - using manual data entry:

e Proceed to the next step - plot a Graph of your data.
e Return to the case description and list of steps.

e Check out how to enter data using the Windows® Clipboard .

Using the Clipboard 00

You can very easily enter your bioassay measurement data into the Table Tool using the
Windows® clipboard:

1. highlight the required column(s) of data in your source Windows® application
(Figure 7.15);
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2. copy the highlighted block of data;
open the Table Tool for the appropriate bioassay quantity;

4. click on destination cell for the copied data block - this will automatically show
the "Paste"” menu (Figure 7.16);

5. paste the block of data.

Fd Microsoft Excel - IAEA Co-60
Fle Edit Wew Insert Format Tools Data  Window

PDERSY SRAY|r2R-C oo |g
- Arid -0 - BIrUE=E=E8
TE.
A3 - A 2251958
A B C D

1 |60Co Single Intake - |AEA Annesx [V

2

3 25-Feb-88 2720

4 1-Mar-88 1150

5 11-tar-588 1010

3] 28-Mar-58 790

7 16-May-88 482

8 11-AUg-88 358

9 29-Mov-90 78

10 19-Feh-92 351

11

12

13

14

Figure 7.15. Highlighting a block of data in Microsoft Excel spreadsheet for copying to the
Windows® clipboard.

E: Table Tool : ‘Whole body Data

File Edt Bioaszay bMeazurement Help

Specified Time [d] E::E:I?:]d Measurement Time [d] E;ﬂi?ﬁi?en

....... o
[Eopy
FPaste

Inzert Measurement Faw
Delete Meazurement B ow

[relete Lell Eantents

File Irmpuart
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7.16. Clicking on the destination cell in the Table Tool shows the "Paste" menu.

To paste the block of data from the Windows® clipboard to the destination cell in the Table
Tool, you can use:

e the "Paste" button on a Microsoft Office-type keyboard;
e NV (control paste);
e "Paste" in the drop-down menu (Figure 7.16).

You will see the following Warning notice (Figure 7.17). If you click "Yes", the Table
Tool will open a sufficient number of rows (below your insertion level) to accommodate your
pasted data (Figure 7.18).

Table Tool : Whole body D ata

@ There are currently not enough raws available, below the curently selected row, ta dizplay the data an the clipbaard |

Do you want the Table Tool to increase the number of rows automatically 2

Yes Mo

Figure 7.17. Warning notice.

E} Table Tool : Whole body Data

File Edt EBioaszay Measurement Help

1 e 2720
I 1-Mar-28 1150
B 11-Mar-88 1010
4 26-Mar-88 740
_3 16-May-88 482
6§ 11-Aug-88 358
B 23-Nov-90 78
E 19-Feh-9z 35

Figure 7.18. Block of data pasted into the destination cell (top-left) of the Table Tool.

Notice in Figure 7.18 above, that the measurement values were pasted into the next
column to the right of "Measurement Date (+hh:mm)." In this case, they need to
be moved (manually) to the correct "Measurement Value (Bq)" column:

e click on the "N/A™ (incorrect) column heading - to highlight the whole column of data to
be moved;

e right-click on any highlighted cell - the "Cut/Copy" menu will appear (Figure 7.19);

e click "Cut" - this will put the column of data into the clipboard;

e click the "Measurement Value (Bq)" column heading - this will highlight all of the
"target” cells in this column;

e right-click on any target cell - the "Paste” menu will automatically appear (Figure 7.20);

e click "Paste".
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_ Table Tool : Whole body Data

File Edit Bioazzay Measurement Help

T i O
1 25/02/1988 00:00:00 2. 720E+03

01/03/1988 00:00:00  1.150E+03

11/03/1988 00:00:00  1.010E+03

28/03/1988 00:00:00  7.900E+02

16/05/1988 00:00:00% & B Eﬁut

11/08/1988 00:00:00 3.5 ey

294141990 00:00:00 7.0 M

19/02/1992 0000:00 360

|nzert keasurerment

_2
_3)
i
_5
_§
B

8

Delete Meazuremen

Delete Cell Contents

File Import

Figure 7.19. Moving a column of data in the Table Tool.

EN. Table Tool : Whole body Data

File Edt Bioaszay Meazurement Help

P . Calculated |Measurement Date Measuremen

T —
071,/0341338 000000
1140341338 000000
28/0341338 000000
16/05/1338 000000
11/0841 338 000000
2341141330 00:00:00
13/0241 332 000000

Figure 7.20. Pasting data to the target cells.

P Key Tip: The drop-down menu that appears when you right-click anywhere in
' the Table Tool is "context sensitive" - i.e., it automatically shows you only
those options that are applicable to the clicked cell.

Completing the remaining data columns (## 2, 4, 5 and 6)

Enter the data required for the remaining four columns (blue background) using
the tools already described to facilitate manual data entry. These columns are:

e Collection Period (d) - this is not applicable (N/A) for Whole Body as the bioassay
quantity.

e Data Type - either < LOD, Real or Imaginary.

e Measurement Error - value of the error for each measurement.

e Error Distribution - either Normal or Lognormal.
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Example of Single Intake
This completes Step #7 in the single intake example - entering
data via the Windows® clipboard:

e Proceed to the next step - plot a graph of your data.

e Return to the case description and list of steps.

e Check out how import an external data file.

Example of Multiple Intakes
This completes Step #9 in the multiple intake example - entering
data via the Windows® clipboard:

e Proceed to the next step - plot a graph of your data.

e Return to the case description and list of steps.

e Check out how import an external data file.

Importing a Data File 00

File Edit Format Help

2725 /88 N/A 2720 Real 272 MORM
3/1/B8 N/A 1150 Real 115 MORM
3/11/88 N/A 1010 Real 101 MORM
3/28/88 N/A £90 Real 79 MNORM
5/16/88 N/A 452 Real 4.2 MNORM
B8/11/88 N/A 338 Real 35.8 MNORM
11/29/90 M/ A 7B Real f.B MORM
2/19/92 N/A 33 Real 3.5 MORM

K7

Figure 7.21. Tab delimited text file ("IAEA Co0-60.txt") holding measurement data.

You can import data directly into the Table Tool from an ASCII text file with the following
types of delimiter:

e comma separated values;
e tab delimited values;
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e space delimited values;
e your own definition of the delimiter.

To import your data:
e right-click on the destination cell for your imported text file data (Figure 7.22) - the

"File Import" menu will appear;
e click "File Import".

ﬂ!."-. Table Tool : Whole body Data

File Edit Binazzay Meazurement Help

- . Calculated |Measurement Date Measuremen
Specified Date [+hh:mm] ‘luf'alue[Bq] MN/A Value(Bq)

[0
[EEmy
Faste

|nzert Measurement Faw
Delete Meazurement Fow

[relete EelEantents

File Irmport

Figure 7.22. "File Import" menu.

The message shown in Figure 7.23 will appear - to remind you to check that you are
importing the file into the correct location in the Table.

Table Tool : Whole body D ata |

Imported data will be dizplayed in the cells belove and to the right of
the currently zelected cell [Row: 1 Column: 4 - highlighted].

Do you want ko continue with the import process ¢

Figure 7.23. Notice to confirm the target location in the data table.

Click "yes" to open the "ASCII file import wizard" (Figure 7.24). Use the wizard to:
e browse to the ASCII text file containing your measurement data;

e view the data file - Figure 7.25;
e select the appropriate type of data delimitation - "Tab delimited” in this example.
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B3 ASCII file import wizard ]|

The ASCI import wizard helps pou import data from a text file into
IMBA&-Expert US-DOE.

Test file C:MJabaS ot MBAEXUSY\USERDATAMAEA Co-B0 bt |50

WiE |

Select type of text file

% Comma separated "~ Tab delimited " Space delimited

™ Other delimeter I

Eanh MHest: | Cancel |

Figure 7.24. ASCII file import wizard for browsing to the data text file containing
measurement data.

i |IAEA Co-60 - Notepad

File  Edit Faormat Help

272588 NSA 2720 Real 272 MORM
371788 MASA 1150 Real 115 MCIRM
3/11788 NSA 1010 real 101 MORM
3/28/88 NSA 790 Real 79 MORM
516788 NSA 452 Real 45,2 MCIRM
B/11/88 MAA 358 real 35.8 MORM
11,/29,/90 e 73 real 7.8 MORM
271902 NS 35 Real 3.5 MORM

Figure 7.25. Text data file viewed in the ASCII file import wizard.

Clicking "Next" in the ASCII file import wizard enables you to select (by highlighting) the
data that you wish to import into the Table Tool (Figure 7.26). Click the "Select

All" button to select all of the whole ASCII1 text file. Once you have selected the data that
you want to import into the Table Tool, click "Next" (Figure 7.26).
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B3 ASCII file import wizard ]|

Pleaze zelect the data that you wigh to impaort

A [B
1 242500 IHE £
2 M [ 1150|Real 11
3 NA | oiofRed |1
g A | 7sfRed | 7
] y
B
4 |
Select All
<Back | Cancel

Figure 7.26. Selecting the data in the ASCII text file to import into the Table Tool.

Click "Next". You will be given an opportunity to change your mind about pasting the
selected data - which will overwrite any existing data in the target cells of the Table
Tool (Figure 7.27).

B3 ASCII file import wizard ]|

Click the Finizh button bo complete the impart,

The data that pou have selected will be pasted into the table toal after you have
prezzed Finish.

<Back | LCancel |

Figure 7.27. Reminder that you are about to paste data into the Table Tool.

Click "Finish" to proceed with your data import (Figure 7.28) - or "cancel" this.
ASCII file import wizard |

@ The area of the Table Tool pouw want to import data into already containg data.

Do you want ko avemanite it 7

Figure 7.28. Warning that you are about to overwrite existing data in the target cells.
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To complete the importation of your selected data, click "yes". This will automatically write
your imported data to the target cells of the Table Tool, starting in the first row of the first
measurement data column (blue background), as shown in Figure 7.29.

ﬂg".-. Table Tool : Whole body Data
File Edit Binazzay Measurement Help

_ Y 2720
_ 2 31788 Nat 1150
_ 3 317488 MAA 1010
_ A 3728488 MAA a0
_ 5 BAEAEE MAA 4582
__ K| 811488 MAA 358
7 1142990 MAA a

g 2019492 MAA 35

Figure 7.29. Data successfully imported into the Table Tool.

If there are not enough rows open in the Table Tool to hold your data, you will
be warned (Figure 7.30).

ASCI File import wizard =l

There are curently not enough raws available in the Table Tool, below the currently zelected row, to dizplay the
imported data |

Do you want the import wizard to increaze the number of rows automaticaly ?

Figure 7.30. Warning message if there are too few rows opened in the Table Tool to
receive imported data.

In this case, click "Yes" to automatically add the required number of new rows to the table -
and import the highlighted data from the external file.

BIOASSAY QUANTITY

" Giaph  Table " Hide |whole body =l

Hﬁﬁ:srﬁ;ﬁ]ment Drate M2 ﬂ;sz{;&r}nen Data Type E’I:;suremen =
20/02/1988 MAh 2 720E+03 Real 2 720E+02
023/01/1928 MAh 1.150E+03 Feal 1.150E +02
03/11/1988 Mih 1.010E+03 Feal 1.010E +02
28/03/1988 Mih 7. 900E+02 Real 7.900E +01
16/05/1928 MAh 4 820E+02 Real 4 820E +01
02/11/1928 Mih 2.580E+02 Real 2.580E +01

231141930 WAa 7.800E+01 Real 7. 800E +00

19024997 kM ARANE .01 Paal 2 BANE LMN
4 I 4

.Figure 7.31. Imported data as it appears in the Bioassay Quantity window.
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Important: IMBA Professional automatically converts all dates in the imported file
to your international setting. In the example above, the dates in the
imported text file were in the "U.S." convention. These were automatically
converted to the "European” convention when the data was written to the
Bioassay Quantity window (Figure 7.31).

Example of Single Intake
This completes Step #7 in the single intake example - importing data from an external
ASCI I text file:

e Proceed to the next step - plot a graph of your data.

e Return to the case description and list of steps.

Example of Multiple Intakes
This completes Step #9 in the multiple intake example - importing data from
an external ASCII text file:

e Proceed to the next step - plot a graph of your data.

e Return to the case description and list of steps.

Graph Tool for Viewing the Data and OO
Fit

- == NoOte: This topic is part of BOTH the single intake and multiple

% —— intakes examples. For brevity, only the multiple intakes data are illustrated.
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Figure 8.1. Selecting Axes Automatically in the Graph Tool.

In the "Tools" sub-panel, click Select Axes Automatically (Figure 8.1). This will set up
the range of the X- and Y-axes to include all of the data points.

To plot the data points with their error bars (as in Figure

8.2):

e select "Outline Circle" for the Shape of the data symbol ("Plot" sub-panel);

e check the "Plot" box;
e check the "Error Bars" box.

As you check each box, the respective symbol is plotted automatically (Figure 8.2).

In the example shown (Figure 8.2), the following “User” selections have been made for the

Y-axis:

e Scientific scale;

e “1” decimal place;
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e “3” intervals.

You can also select the scale of the X-axis, the appearance of plotted symbols, and the
“Line Style” of the plotted “Fit” and “Bioassay Predictions.”

o, Graph Tool tor Urine

Vi
ams =5
omp <
Q0Ds =
000G | L| | 1 T T L T ]
Eng T4 133 G2 N 10381 10 M 1nsaE
o AE ] Pt T
b 7T Moo Irstwini [-,.3 Yam Mo Irtervas I3 t::'lol g
Homa (12008 Yo [o0% 7 EwceBan Oulre Cicle =
[T Shiws Goelires -] " n I Shwws Ganlliras: i~ log & Fi
Foomat Format I~ Pt Lirm Side L]
Sceniie — 7 Soenil Soked -
Moo Do Pz 0 = . ho Dec Flcs 1 . ';
Bt sy Prschetions
Pl Line Sye |
ManTie | I Show Sk - [ |
Hodoa Tite [ ™ Sheer .
Yéoan Tithe [ Sheer .

Figure 8.2. Plotting the data points and error bars.

. Tip: Before you leave the Graph Tool, check the "Plot" box under the

i heading "Fit." This will automatically plot the fit to the data (in both

w the Graph Tool and the linked Bioassay Quantity window) - when
you calculate the maximum likelihood estimate of the Intake amount(s).

Click the "OK" button (right-side panel) to close the Graph Tool - and return to
the Bioassay Quantity windows. The graph of the data and error bars will then be
displayed in the opened graph window (Figure 8.3).
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BIOASSAY QUANTITY
(" Graph % Table © Hide IUfiﬂE j tD—Dll
teasurement Date Collection teasLremen t easuremen| =
[chbemm] peiiod[d) | Rate(Bq/d) D23 T¥P8 | gy
15/03/1968 1.000E+00  1.000E-03 Real 3.000E-04
1370641968 1.000E+00  1.800E-03 Real 3.000E-04
13/09/1968 1.000E+00  2000E-04 Real 3.000E-04
13121968 1.000E+00  4.800E-03 Real 2.000E-03
20031969 1.000E+00  QUOODE+00 Real 3.000E-04
18121969 1.000E+00  QUOO0DE+00 Real 3.000E-04
19/031970  1.000E+00  QUOO0DE+00 Real 3.000E-04
10NEM 97N 1 ANAE<An 5 NANE.AA Bl o ANNE N4 —
4 _I: 3
5 Graph " Table  Hide |Urine |
0.0150 4 %
00100 4
00050 4
% E@- Tg %m@' o
A T
D.DDDDE%—%ﬁE@ g b Tognd®y, o, g

d313 &6724 33 8342 9931 10361 1077011173 115385 119587 12406

Figure 8.3. Graph of Whole body data and error bars displayed in Bioassay
Quantity window.

This completes Step #8 in the single intake example:
e Proceed to the Intake Calculation (Step #9);
e Return to the case description and list of steps for the single intake example.

This completes Step #10 in the multiple intakes example:
e Proceed to the Multiple Intakes Calculation (Step #11);
e Return to the case description and list of steps for the multiple
intakes example.

For a Visual Tour of the Graph Tool, see visual Tour of Bioassay Screen: Graph Toal-

Maximizing and Exporting the Graph 00
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250E02 =

2252

200E02 —

17502

SO0E-03

250E03 =

000E+D0

iami | Al |

b Titke [

s Title [

| anow | 2000 |

[~ Show
[~ Show

Figure 8.4. Maximised view of the Graph.
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Clicking View | Maximise (from the View menu, top-left corner of the Graph Tool window) maximises the

graph plot so that you can view this in finer detail, as shown in Figure 8.4.

Tip #1: Use the CtrlZAlIt/Print Scrn keys (together) to send the “maximized”
image of the graph to the Windows® clipboard. You can then paste this image
directly into another Windows® application file, e.g., a report being prepared in
a word processor.

Tip #2: If you wish to “crop” the graph image to show only the plot itself (and
not the background parts of the key etc.), you must currently use a separate
“graphics” application to do this. The “Copy Graph” feature will be included in a
future version — to enable you to export just the graph plot.
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Dose Calculations Screen

The Dose Calculations screen (Figure 5.1) opens when you click the "Dose
Calculations' button (on the Main Screen).

Figure 5.1. The Dose Calculations screen.

The screen is divided into these functional parts:

Menu Bar.

Intake sub-panel.

Calculation sub-panel.
Calculation Progress Indicator.
Dose Results windows.

Dose Calculations Menus 00
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E} Dose Calculations

File Tools Advanced Help

Save |

Save Huick Save

Figure 5.2. Dose Calculations Menus.

These are:

e the File menu - to Save all parameter values to a Parameter File;

e the Tools menu - to open the "Equivalent Doses to Selected Organ Calculated in
Each Calendar Year" window;

e the Advanced menu — to open “Advanced Dosimetry Options”;

e the Help menu - giving access to the full range of Help facilities.

Dose Calculation Tools 00

File | Toolz: Advanced Help

an D ceived eac yea

Save

[uick Save

Figure 5.3. Tool to open "Equivalent Doses to Selected Organ Calculated in Each
Calendar Year" window.

Clicking on "Organ Doses received in each year"” opens the "Equivalent Doses to
Selected Organ Calculated in Each Calendar Year" window (Figure 5.4). This option
(developed for IMBA Expert™ OCAS-Edition) is provided in IMBA Professional Plus, Add-On
9, Dose Calculation For Causation. It will enable you to calculate equivalent doses received
by a specified organ over a prescribed time period, as used to calculate cancer causation

probability - see the OCAS-IREP web page (http://www.cdc.gov/niosh/ocas/ocasirep.html#irep).
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ADREMNALS
E.?\Ifendar Start Date End D ate Equivalent Doze [S+]
ear
1930 /014980 0 01401 41989 0.000E +00
1981 omA01A98 014011982 0.000E +00
1932 /014982 01/01,/1983 0.000E +00
1933 /0141983 014011984 0.000E +00
1934 /0141984 0140141985 0.000E +00
1985 /0141985 - 01/01/1986 0.000E +00
1936 /0141986 0 0140141987 0.000E +00
1987 040141987 01/01,/1988 0.000E +00
1938 0/01/41988 0140141989 0.000E +00
1929 /0141989 0140141990 0.000E +00
1940 0014990 0 0101 41999 0.000E +00
1991 otAA991  nlAn M85 [ MA0F +00

— Select Calendar Yearz — Cancer Detailz — Calculate Doses

End “ear 2000

Shatt Year 1980 — —Select Organ Advanced
=] r Eplit dases imta
Adrenalz j EOMEEREntE

— Date af Diaghozis

Start Calculation

Apply |

Expart Besult:

06/06/2000 j

To Clipboard

ToFile

— Progress Indicatar

ok | Cancel

Figure 5.4. Window used to calculated equivalent doses received by a specified organ in

each year.

Advanced Dose Calculations Menu

ﬂ!."-. Dose Calculations
File Tools | Advanced Help

ed Dozimetry

Save Guick Save

Figure 5.5. Tool to open the "Advanced Dosimetry Options™ window.
The "Advanced Dosimetry Options" window gives the following options:

Exclude nuclear recoil energy from the SEEs for alpha emissions.
Use Bayesian Analysis in the hioassay fitting procedure .

Use measurements of Am-241 activity to evaluate Pu-241 content.
Miscellaneous special functions - reserved for the future.
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Nuclear Recoil Energy in SEE 00

Eﬁ_}.ﬁdvanced Dozimetry Options

Theze options should be uzed with extreme care

iDusesf Fittirig T Bioazzay T Misc ]

— Muclear Recoill Energy
= Include
™ Exclude

— Diogze Calculation Dptimization

The doze calculation for iz already optimized for baoth
gpeed and accuracy

Ok | LCancel |

Figure 5.6. Advanced Dosimetry Options window showing option to Exclude nuclear
recoil energy from the SEEs for alpha emissions.

In the basic software version (IMBA Professional Lite-Edition), nuclear recoil energy is (by
default) included in the SEEs for alpha emissions.

Special Fitting Procedure 00
Select to apply the "] east Squares”, "Maximum | ikelihood" (the default), or "Bayesian™ fitting

method (Figure 5.7) in the calculation of intake(s). This option is also available from
the Bioassay Calculations screen (Advanced Menu).
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By advanced Dosimetry Options

Thizs apbwons: chould be used wilh edoems cae

[inz= Fittinig T Biasiay T Mz ]

Select Fiting Mathod
" Least Souemiat
fe Maximm Lkeihood
™ Bapusian

Corcel

Figure 5.7. "Fitting" Options window.

Special Bioassay Procedure 00

This will enable measurements of 241Am, e.qg., in the lungs, to be used as an indicator

of 241 Pu activity (Figure 5.8), by automatically accounting for 241Am in-growth over time.
The option is made available automatically when the Indicator Nuclide is defined

as 241Am, AND 241Pu is included in the list of Associated Radionuclides. See Case Of Am-

241 In-growth as an example.

E@Advanced Dosimetry Options

Thesze options should be used with extreme care

Dose T Fittirng TBiuassayT Mizc ]

[T Ellcwitigrantiahdn-2240) e -2

Cancel |

Figure 5.8. Future Special Bioassay feature.
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Specify Intakes In Mass Units (mqg) 00

B & dwanced Dosinset ry Optiome

These options shoukd be weed with sslene cane

Diown T Filing TDm::wT M

Spaciic Acthly
I Alees o b Ba apaciimd i g W Seien)

Enfsr 5 paific Aoty Boyrg
oE Lol

Figure 5.9. "Miscellaneous™ Option - Use of "Mass'" as the Unit of Intake.

When checked, this option allows Intakes to be specified in terms of Mass rather
than Activity, with the associated Specific Activity. If you don't define the specific
activity, you will be prompted to do this (figure 5.10).

Try oicder bo enable unds of mg don the main screenh vou must specfy 3 vakos For the Specdfic Activiky

=3 I

Figure 5.10. Prompt to define Specific Activity in order to use Mass as the Unit of
Intake.

Checking this option automatically highlights and enables the "mg" Unit of Intake in the
"Units" panel of the Main Screen (Figure 5.11).

|ntake -
™ Bqg " dpm

= pCi + img

Doze
f+ Sy " rem

= mSy  mrem

Figure 5.11. "mg" Unit of Intake enabled.

For an example of the use of "Mass" as the Unit of Intake, see Example Bioassay Cases -
“Case of Uranium lIsotopic Mixture”.

Intake Sub-Panel - Dose Calculations 00
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ﬂ!."-. Dose Calculations

File Toolz Advanced Help

=
Save Quick Save
| INTAKE [

IR 1 |2.E|EIEE+EIE Bag
IR 2 |1.534E+nz Bag
IR 3 |1.159E+nz Bag

Figure 5.12. Intake sub-panel.

The Intake sub-panel shown in Figure 5.12 is displaying the calculated amounts of three

intakes (IR1, IR2 and IR3). These values are the result of the Example of Estimating Multiple

Intakes using the Miller et al. (1999) data. You can also enter hypothetical values of intake,
or values from other sources, directly in the Intake dialog boxes.

Dose Calculations Sub-Panel 00
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CALCULATION
_|>g

Eal-::ulatiuns[ wWH ] WT ]

—Select
[1] Doze from Indicator Muclide: r
[£] Maze rom &esociated Hadionueides r
[&] Mazeimeach Ealendarn rear r

Effective Dose [S5v]

LCalculate | ||:|_ OOE+00

Figure 5.13. Dose Calculation sub-panel at start-up.

Figure 5.13 shows the Dose Calculation sub-panel as it appears for a New case

(blank Parameter File). Note the red flags above the "WR" and "WT" tabs, signifying that
neither the Radiation Weighting Factors nor the Tissue Weighting Factors to be used in
the dose calculation have yet been defined. Also, no Indicator Nuclide has yet been
defined - signified by the absence of a named radionuclide in the " (1) Dose from Indicator
Nuclide" label.

Dose from Associated Radionuclides 00

Returning to the Miller et al. (1999) example case, let's assume that each intake of 238Pu was
associated with two additional radionuclides, 239Pu and 241Am. Let's hypothesize that

the 239 Pu activity concentration in the inhaled material was 15% of the indicator 238 Pu
value, and the 241 Am activity concentration 5%. These values are set up in the Associated
Radionuclides sub-panel of the Main Screen, as shown in Figure 5.14.
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All Edition 7 )4

Intake (IR 1) Indicator Nuclide

200 01 Eq Select Radionuclide | Pu-238

Mumber of Azsociated R adionuclides: 3 ]
Half Life: 32030 d I |

Associated Radionuclides
Pu-239  Am-241

Select Radionuclide q
Ahundance I i

Delete Radionuchde Half Life: 157800 d

Figure 5.14. Example of two Associated Radionuclides, with 238Pu as the Indicator
Nuclide.

For this example, the Dose Calculation sub-panel will appear as shown in Figure 5.15.
Note that a second checkbox is now activated - for " (2) Dose from Associated
Radionuclides".

CALCULATION
_|>g

Ealculatiunsl WH ] W ]

— Select
[1] Dioze from Indicator Muclde: Pu-238 v
(2] Doze from Azsociated Badionuclides v
(3] Dase m each) Calendarn T ear r

Effective Dose [Sv]

Lalculate | 0.00E+00

Figure 5.15. Dose Calculation sub-panel for case with Associated Radionuclides.

Defining the Radiation Weighting ©o0
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Factor
| CALCULATION

—
Calculations | wWH I WT ]

Thiz option alloves you to specify the radiation weighting factors
that will be Lzed in the calculation of equivalent dose.

.&-lpha |2|:|— _. ..... | EF‘FIDEI:aultS‘
Beta I.I— Uzer Defined

Clear
Gamrma |1

ICRFP Detaults

Figure 5.16. Selection of ICRP-recommended Radiation Weighting Factors.

Click the "WR" tab and click the "ICRP Defaults" button to load the ICRP-recommended
values for the Radiation Weighting Factors. You can also define your own (User Defined)

value for Alpha, Beta and/or Gamma radiation.

Selecting the Tissue Weighting 00
Factors
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CALCULATION
_|>g

Calculations ] wWwhH ] WwT ]

Thiz option allows pou to zpecity the tizzue weighting factors
that will be uzed in the calculation of effective doze.

Edit Tizzue WwWieghting

ICRFP 68

Figure 5.17. Selection of ICRP60/68 Tissue Weighting Factors and Remainder Tissue
Rules.

Click the "WT" tab to select or edit the Tissue Weighting Factors and Remainder Tissue
Rules to be used for the calculation of Effective Dose (Figure 5.17). In this example, the
values recommended in ICRP 60/68 have been selected. Click the "Edit Tissue Weighting
Factors" button to view these selected (and loaded) values (Figure 5.18).
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ﬂ\_} Tizsue Weighting Factors

Target Organ Wl T Remainder | Target Organ W T Remainder
ICRP 60/68 | ICRP28/30 | 10C
Adrenals I [¥ Skin ||:|_|:|-| r
Urinary Bladder ||:|_|:|5 r Spleen I [¥
Erain I— v Thyrius I— v ICRP B8 Drefaults Uszer Defined
Breast 005 r Uterus I [¥
G all Bladder I = ET I ™ Rules
Heart s all I Lung I
r 012 r Bppli splitting rule te the remarr
Kidneys I [¥ *Calon 0z r % selected st uhich receies th
equivalent dose;
Liver ||:|_|:|5 r ET1 I r
] Elivays appl spliting e b I_
Muzcle I [¥ ET2 I r
*Dyaries I r LHIET] I r ) Do T} appl e epliting mie
Pancreas I [¥ EEsec I r
*Testes I r EEbas I r
Thyraid ||:|_|:|5 r bb I r
R.B.M. ||:|_-| o r A I r
Bone Suface ||:|_|:|-| r LM[TH] I r
Starnach 0z r Esophagus ||:|_|:|5 r
5.1 I [¥ * Gonads 0z r ICRP 68
L. I r Spare I r
L.LI I r Remainder 005 —

* [Gonads dose is the higher of Testes and Owvanes dozes + Colon doge iz the massz weighted average of L

Figure 5.18. The Tissue Weighting Factors window.

In this window, you can also opt to use the values of Tissue Weighting
Factor and Remainder Tissue Rules required in 10 CFR 835 (for use in the U.S.), or those
recommended in ICRP26/30, on which the 10 CFR 835 values are based.

Dose Calculation Progress Indicator 00

To calculate (and display) the resulting doses, check the required calculation(s), and click the
"calculate" button. If you have forgotten to specify the Biokinetic Model for

the Indicator Nuclide, you will see the Warning Notice shown in Figure 5.19. Once you
have selected the Biokinetic Model, the dose calculation will proceed automatically.

IMBA-X Help =l

The biokinetic model for intake regime 1 haz not been specified. v'ou need to specify this by going to the main screen and hitting
the 'Biokineticz' button [under model parameters, bottam night]

Lo pou want ko do this nowe?

Figure 5.19. Warning Notice to select a Biokinetic Model for the Indicator Nuclide.
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. =¥ Note: For all Associated Radionuclides, |MBA Professional automatically

2
7 —— selects the currently recommended ICRP biokinetic model.

The Progress Indicator (Figure 5.20) displays which part of the calculation is currently
being performed, and when the final dose calculations are complete. All calculations are
sequenced and performed automatically. In the example shown in Figure 5.20, IMBA
Professional is calculating the numbers of radioactive disintegrations in each source organ
resulting from the third intake (IR3) - for the Associated Radionuclides - the

second checked calculation.

| INTAKE | CALCULATION

IR |2.EIEIBE+IZI2 Bq

Calculations WH W
IR2 [15346.02  Ba I ] ]

IR3 [1169€+02 | Ba
—Select
[1] Doze from Indicator Muclde: Pu-233 ™
[2] Doze from Aszociated B adionuclides ™
(3] aseim each) Ealendarn Tear r
_ Effective Doze [Sv]
Lalculate I—
— Progrezz Indicator
(1] EEREEENENENEEENENENNENNENNENRENENEN
(2] EEEEEENEEEENEENENEENENEENENNENNENEENEEEEERENENE
(3) |
Currert : - -
Operation Calculating Disintegrations (IR 3)

Figure 5.20. Progress Indicator shows what calculation is currently being performed.

Dose Results Windows 00
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File Tool: Advanced Help

= | Dose Calculations
Save  Quick Save
| INTAKE CALCULATION DC
:‘I> ¥ Equiv  EIf Im
Equivalent | Equivalent
A1 [zaE-0z  Ba ) Tanget Digans ::Irq:i:f 5+ fl;lﬁf 5+
. Calculations Wh W Adianas 1.01E03  G1BEL
A2 [153E-02 Ba I ] ] -
1.534E <0 Urinary Bladdes 1.ME-03 S1EE(
B3 |_1 TeEec | Ba Brain 1.ME-03 S1BE(
Sedact Breas! 1.ME03 S.16E{
Gall Bladdes 1.0ME-03 E1EE
[1] Dvose from Indicator Nuchide: Pu-233 I3 Heart W/ all 1.0E-03 SBE(
Kidraps FEIEN3 1 28F
o T
[2] Diose from Associated Radionucides -
+ Equiv " Eff Azsnciabed F
r Eq. Doza Eq. Doza
Taiget Digans | Pu-239 Am-241
(Svl (Svl
Adianals J.24E-04 1.14E(
Effective Dose (Sv] LUrinary Bladdes 32404 1.14E4
Brain J24E-D4 1.14E 4
4.13E-02 Breast 3.24E-04 1.14E(
Gall Bladders 3.24E-04 114E
Heart Wall 3.24E .04 1.14E (
—_— = K L 7 REF N4 F44F
: L2l o
Rl i & Equiv  EF [ Calencas
)
121
=] |
Cuurent iJ
Opeeration Intzka Aegime 1: Apphing Spliting Fule o Bone Surface. This i dready a named ;l
_ = |
|Pu23 WR=ICAP Defauk: | WT=ICRP 62 | PuModsl

Figure 5.21. Displayed results of a completed Dose Calculation set to show Equivalent

Doses in the "Dose" windows.

Figure 5.21 shows the results for Equivalent Dose displayed in two windows:

e Indicator Radionuclide window - for each separate Intake Regime (IR), together
with the Total Equivalent Dose from all intake regimes to each Target Organ;

e Associated Radionuclide window - for each Associated Radionuclide, together with
the Total Equivalent Dose from all associated radionuclides to each Target Organ.

You can toggle the "Equiv/Eff" selector for either window to switch the display instantly
between Equivalent Dose and Effective Dose. Figure 5.22 shows both window displays

switched to Effective Dose.
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DOSE
" Equiv @+ Eff | Indicator Muclide toal I

Cont. to Eff | Cont. to EFf | Cont. to Eff | Effective =

Target Organs | Dose [Sv] Dioze [Sv) Dioze [Sw) Dioze [Sv) _
IR[1] IR[2] R3] Tatal

Adrenalz 0.00E +00 0.00E+00 0. 00E+00 [.00E +00

Irinary Bladder 5.05E-05 2.53E-05 1.97E-05 9,55E-05

Brain 0.00E+00 0.00E+00 0.00E+00 0.00E +00

Breast 5.05E-05 2.53E-05 1.97E-05 9,55E-05

Gall Bladder 0.00E+00 0.00E+00 0.00E+00 0.00E +00

Heart 'w/all 0.00E+00 0.00E+00 0.00E+00 0.00E +00

Ki.ilnei,m T OF 400 T00F +00 11 10F +000 T 00F 400 IL‘

4 3

" Equiv  (* EfF |.ﬁ.ssn|:iated R adionuclides taol I

Eff Doz from| Eff Dioze from| Eff Doze from ;l

Target Organg | Pu-239 Am-241 ALL AR's _|
(5] [5w] [Sw]

Adrenalz 0.00E +00 0.00E+00 0. 00E+00

Irinary Bladder 1.62E-05 5. 70E-0& 219E-05

Brain 0.00E+00 0.00E+00 0.00E+00

Breast 1.62E-05 5. 70E-0& 219E-05

Gall Bladder 0.00E+00 0.00E+00 0.00E+00

Heart 'w/all 0.00E +00 0.00E+00 0. 00E+00

Kirlnei,m T OF 400 T00F +00 11 10F +000 IL‘

4 3

Figure 5.22. Displayed results of a completed Dose Calculation set to show Effective
Doses in the "Dose™ windows.
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Note: During a calculation, the dialog box labeled " Effective Dose (Sv)" in
Figure 5.21 displays first the Effective Dose calculated for the Indicator
Nuclide - as soon as this result is available. Once the calculations are
completed for the Associated Radionuclide(s), the total Effective Dose from
the latter is automatically added to that from the Indicator Nuclide, and the
result (overall total) is displayed in the dialog box._
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Example Dose Calculation

2y ™ Note: This example illustrates the calculation of doses for the multiple
#7 —— intakes case (Miller et al., 1999) described earlier.

o

Clicking the "Dose Calculations™ button in the Main Screen, opens the Dose
Calculations screen (Figure 5.23). The Indicator Nuclide defined in the Main Screen is
automatically shown in the "Dose from indicator radionuclide" label - under the
"Calculations" tab in this example "Pu-238." Also, the previously estimated amounts of
each intake (in this example IR1, IR2 and IR3) are also displayed automatically under
"INTAKE."

ﬂg".-. Dose Calculations
File Toolz Advanced Help

El u_ | Dose Calculati
INTAKE | CALCULATION

— =

IR1 [zagee+0z  Bg . .

Calculations Wh W

IR2 [1534E+02 B l

IR3 [1163€+02 B

— Select
[1]1 Doze from Indicator Muchde: Pu-238 v
[2] Doze from Azzociated A adionuclides I
[&]|mze in eact Ealendar rear r
Effective Doze [Sv]
LCalculate

Figure 5.23. Checking the "Dose from indicator radionuclide (Pu-238)" dialog box in
the Dose Calculations screen.

BEFORE calculating any doses, you need to select the values of Radiation Weighting
Factor (wg) to be used. This is done by clicking the "WR" tab in the "CALCULATION" sub-

panel. If the values of Wg have NOT already been specified, the "WR" tab will appear as in

Figure 5.24.
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CALCULATION
—
Calculations whH | WT ‘

Thiz option allaws pau ta zpecify the radiation weighting factors
that will be uzed in the calculation of equivalent doze.

&lpha il ICRF Defaults
Beta ID— Uzer Defined

Clear
Gamma g

Not Specified

Figure 5.24. "WR" tab before values of the radiation weighting factor have been defined.

Click the "ICRP Defaults" button, to load the ICRP-recommended (as also prescribed
by 10-CFR-835) values of w:

CALCULATION
—
Calculations WwhH ‘ W T |

Thiz option allows pou to zpecity the radiation weighting factors
that will be uzed in the calculation of equivalent dose.

&lpha a0

Ecta I.I— Uzer Defined
Clear

Gamma |4

ICRP Defaults

Figure 5.25. Loading the ICRP Default values of radiation weighting factor.

Click the "WT" tab to select (or confirm the previous selection of) the ICRP60/68 tissue
weighting factors (WT) - see Figure 5.26.
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CALCULATION
_|>g

Calculations ] Wk ] WwWT I

Thiz option allows pou to zpecity the tigzue weighting factors
that will be uzed in the calculation of effective dose.

(Edit Tizsue Weighting

ICRP 68

Figure 5.26. Selection of ICRP60/68 tissue weighting factors.

Click the "Edit Tissue Weighting
Factors" button to select and/or confirm the ICRP60/68 values of tissue weighting factors
and the remainder tissue rules (Figure 5.27). Click the "OK" button to return to the Dose

Calculations screen.
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ﬂ\_} Tizsue Weighting Factors

Target Organ W Remainder | Target Organ W T Remainder
ICRP 60/68 | ICRP28/30 | 10C
Adrenals I [¥ Skin ||:|_|:|-| r
Urirary Bladder ||:|_|:|5 r Spleen I F| | e
Erain — F Thyrus — F | ICRP B8 Defaults | User Defined
Breast 005 r Uterus I [¥
G all Bladder I r ET I [ Rules
Heart s all I Lung I
r 012 r Bppli splitting rule te the remarr
Kidneys I [¥ *Calon 0z r % selected st uhich receies th
equivalent dose;
Liver ||:|_|:|5 r ET1 I r
] Elivays appl spliting e b I_
Muzcle I [¥ ET2 I r
*Dyaries I r LHIET] I r ) Do T} appl e epliting mie
Pancreas I [¥ EEsec I r
*Testes I r EEbas I r
Thyraid ||:|_|:|5 r bb I r
R.B.M. ||:|_-| o r A I r
Bone Suface ||:|_|:|-| r LM[TH] I r
Starnach 0z r Esophagus ||:|_|:|5 r
5.1 I [¥ * Gonads 0z r ICRP 68
L. I r Spare I r oK |
L.LI I r Remainder 005 —
* [Gonads dose is the higher of Testes and Owvanes dozes + Colon doge iz the massz weighted average of L
Figure 5.27. Selection of ICRP60/68 values for the tissue weighting factors
and ICRP60/68 remainder tissue rules.
Calculation of Equivalent Doses 00

To calculate the equivalent doses received by all target tissues (from each of the 3
intakes):

e click the "Calculations" tab;
e click the "Calculate" button.

The calculated doses will be displayed in the "DOSE" table for the Indicator

Radionuclide (Figure 5.28). Use the scroll bar (right-side) to view the equivalent
doses calculated for the additional Target Organs.
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m..'- Dose Calculalions

File Tool: Advenced Help

= | Dose Calculations
Save  Quick Save
| INTAKE CALCULATION DC
Equivalent | Equivalent
Tanget Digan: | Dose [Sv Dose (Sv
A1 |2 ageE.nz | Bg ; get Diga s (5] e [5¥)
Calculations wh T 1 1
A2 [153E-02 Ba I ] ] ddienaks LOED3  518E4
1.534E <02 Urinary Bladder 1LOIEQ3  516EL
IR 3 [{ie€-0z Ba Brain 1.0E03  51BEd
— Selact Breas! 1.ME-D3 S16E
Gall Bladdes 1.ME-03 E1EE
[1] Dvorse from Indicator Nuchide: Pu-233 I3 Heart wWall 1.0E-03 S1BE(
Ki = 2RIF.NA 1 28F (
T
[2] Dose from Associated Radionucides I  Equv BN n —
S20C8
ek Cefender esr r Eft Doze from| Eff Doce o
Taiget Digans | Pu-239 Am-241
(Svl (Svl
Adianals 0.00E+00 0.00E+(
Effective Dose (5v] LUrinary Bladdes O.00E+00  00GE+
Brain NOOE+00  (OOE+
Calculats
= |~'1'-41E-EI2 Breas! DOOE+00  D.O0EH
Gall Bladder 0.00E+00 0.O0E+
Heart Wall 0.00E+00 0.00E+(
. —_— - E.ih.r, ANF0 70F
- Progress Indicator & Equiv  Eff | Calends®
i M
12 |
=] |
Curent -
Opeeration Intzka Aegime 1: Apphing Spliting Rule o Bone Surface. This i dready a named ;l
Ok
|Pu23 WR=ICAP Defauks | WT=ICRP 62 | PuModsl |

Figure 5.28. Calculated values of Equivalent Dose (for the Indicator Radionuclide).

Display of Effective Doses 00

IMBA Professional Plus calculates (and stores) ALL doses of interest (including the effective
dose resulting from each intake) in one step. Therefore, it is not necessary to carry out a
further calculation to display the effective doses. Simply click the

"Eff" option to switch the display to Effective Dose (Figure 5.29).
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Page 6 of 7

File Tool: Advanced Help

e | Dose Calculations
Save  Duick Save
| INTAKE CALCULATION DC
:: } C Equv & [Eif [ Indican
Cont. to ER | Cont. to ER
Taiget Digans | Dose Dose
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Figare 5.29. Displaying the TOTAL Effective Dose resulting from each intake (and the

contributions from each target organ).

The values of Effective Dose that are calculated to result from each separate intake (in

the multiple intakes example case) are:

e EIR1L = 17.9 mSv (1.8 rem);
e EIR2 = 9.2 mSv (0.9 rem);
e EIR3 = 7.0 mSv (0.7 rem).

The TOTAL Effective Dose (from all Intakes) is calculated to be 34.1 mSv (3.4 rem).

Tip:

from the intake estimation process. Try this for yourself - it is quic

of course, contribute additional uncertainty to the Effective Dose.

: Tip: Also try repeating the example dose calculation after selecting 10
w 835 tissue weighting factors and remainder tissue rules.

Calculating Doses from Associated
Radionuclides (Using Add-On 3)

Doses from Assaociated Radionuclides are calculated at the same time as those from

It is instructive to repeat the above calculation for the "initial” and each
subsequent estimate of the intake amounts (see Optimizing the Intake Estimation),
R B together with their respective assumed Model Parameters. This will indicate
the range of uncertainty in the calculated Effective Dose that results solely

k and

CFR

easy! Uncertainties in the biokinetic models (and dose-weighting factors) wiill,

00

the Indicator Nuclide - see Dose Results Windows- In fact, setting up the dose calculation

for Associated Radionuclides is even simpler than setting up the Indicator
Radionuclide dose calculation:
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1. Select each Associated Radionuclide - from the Periodic Table of the
Elements (in the Main Screen).

2. Define the Abundance (in %) of each Associated Radionuclide relative to
the activity of the Indicator Nuclide - this is assumed to be the same for all
Intake Regimes.

3. Check the "Dose from Associated Radionuclides" box in the
"Calculations" sub-panel (Dose Calculations screen).

4. Click the "Calculate" button.

IMBA Professional Plus will automatically load the recommended ICRP Biokinetic Model for
each Associated Radionuclide (to calculate the number of disintegrations in each Source
Organ) and then use the recommended ICRP SEE Data File to calculate the resulting doses
to Target Organs. See also the Technical Basis section on Treatment of Associated

Radionuclides.
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Example Cases - Bioassay & OO
Dosimetry

The following case examples (taken from real cases) illustrate the main features provided
in IMBA Professional Plus (Version 4.0) for estimating intake(s) from bioassay data (and
calculating the resulting doses):

e Calculation of a single intake - performed by Base Unit.
e Calculation of multiple intakes - requires Add-On 1.

e Calculation using multiple bioassay data sets - requires Add-On 2.

e Calculations for associated radionuclides - require Add-On 3.

e Calculations with uranium isotopic mixtures - require Add-On 4.

e Calculations involving an intake via a wound see Case of Wound Uptake - requires Add-
On 5.

e Calculations involving the estimation of errors on calculated values of intake see Case
Evaluating Errors on Intake - requires Add-On 6.

e Calculation involving Bayesian analysis of intake see Case Using Bayesian Analysis -
requires Add-On 7.

e Calculation involving Case Implementing Tritium Tool - requires Add-On 8.

e Calculation of equivalent doses received each year by a specified tissue (for use in the
determination of cancer causation likelihood) see Dose Calculations for Causation -
requires Add-On 9.

e Calculation using external measurements of 241 Am activity as an indicator of plutonium
activity in the lungs see Case of Am-241 In-growth - requires Add-On 10.

e Calculation using the statistics package to evaluate an intake see Case Using Statistics
Package - requires Add-On 11.

o Note: All but the first of these example cases require one or more IMBA
#= —— Professional Plus "Add-On" modules.

Example Case of Single Intake -
Requires Only Base Unit

This example is one of the study cases taken from IAEA (1999) - see their Annex 1V
Case 3. The data are whole-body activity measurements of 60Co commencing 1 day
after an accidental inhalation of a cobalt metal and/or oxide aerosol. All external
body surface contamination was removed by shower -bathing. A profile scan
indicated dominant lung deposition. The accident occurred on February 24th, 1988.
The whole-body activity measurements are given in Table 4.1.

Table 4.1. 60Co whole-body measurement results.

Measurement date Whole-body activity (Bq)
February 25, 1988 2720
March 1, 1988 1150
March 11, 1988 1010
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March 28, 1988 790
May 16, 1988 482
August 11, 1988 358
November 29, 1990 78
February 19, 1992 35

e View list of steps for estimating a single intake.

Steps in Calculation of Single Intake 00

The following steps (in the listed order) are recommended for calculating the
amount of a single intake (by inhalation) from a set of whole-body measurements -
where the time of the intake is known, and the aerosol and absorption parameters
of the inhaled material can be specified with reasonable confidence. The additional
steps required for a more complicated assessment (involving multiple intakes with

unknown parameters) are described separately.

1. Select the |ndicator Nuclide - in the Main Screen.

2. Define the Reference Date - in the Main Screen.

3. Select the Reference Activity Units - in the Main Screen.

4, Select the Bioassay Model and other required Model Parameters - in the Main Screen.

5. Define the |ntake Regime (IR1) - in the Main Screen.

6. Select - in the Bioassay Calculations screen - the Binassay Quantity as "Whole body" (for
display in the top Bioassay Quantity window).

7. Enter the bioassay data - using the data entry "tool" in the Bioassay Quantity window.

8. Graph the bioassay data - using the graph set up "tool" in Bioassay Quantltv window.

9. Select which hinassay data to use ("Whole body™) and click " Start Calculation .’

10. Improve the data fit using the Graph of the Bioassay Quantity.

e Follow a more complex example involving the calculation of multiple intakes with unknown
intake parameters (Star Function). This example demonstrates an iterative
optimization of the Model Parameters.

Indicator Nuclide for Single Intake 00
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Intake (IR 1) Indicator Nuclide

||:| Bg i Select Radionuclide

Mumber of Azzociated Radionuclides: ||:| -
Half Life: 1924 d |

Associated Radionuclides

Maone Selected

Figure 4.17. Selecting the Indicator Nuclide (60Co0).

Select the Indicator Nuclide (60Co in this example case) from the top-right-corner of
the Main Screen (Figure 4.17). IMBA Professional will then be able to select
automatically the bioassay model(s) appropriate for cobalt, and automatically take
into account the radioactive half-life 60Co.

Tip: In this example case, we are using bioassay data to calculate the
-V intake. Therefore, it is NOT necessary to enter a (hypothetical) value in
the displayed " Intake (IR 1)" dialog box. IMBA Professional will
automatically display the calculated value of Intake in the dialog boxes in
both the Main Screen and Bioassay Calculations screen.

This completes Step #1 of the single intake example:
e Proceed to the next step.
e Return to the case description and list of steps.

Reference Date for Single Intake 00

IMBA Professional keeps track of the Intake and all bioassay measurements on a
common timescale. All events are timed with respect to a single Reference Date (and
time-of-day, if necessary). The Reference Date is defined in the Main Screen (Figure
4.18). The IMBA System must always have a reference date - even if you are
working entirely in the Time (d) mode. The default value (January 1st, 1980) is
loaded at start-up.
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-Intake Scenario

~Intake Regimes ~Units Intake
Clear &l Intake Hegimesl Enter Humber of Intake Regimes [1-10] I1 ﬂ _?pESZTETImE as I_
1]
IR1) & Time [d)
gince
~Route———— [~ Mode |n1mm 330 ﬂ
&+ |nhalation ’V & Acute " Chronic Associ
" lngestion — Intake
= Injection Start Time(d] |7 i CA ®
g | ¥ g
) Y aEaE —Doze
{* Sy 0 rem
Edit Eamples: Heaime
ComSy O mrem

Figure 4.18. Default "since' date loaded at start-up.

In this example case, the intake occurred on February 24th, 1988, and so this is the
appropriate value for the Reference Date. The date of the intake is entered directly in
the " Time (d) since™ dialog box (Figure 4.19). The source data did not give the time-
of-day. If no value for the hh:mm (time-of-day) of the intake is entered, IMBA
Professional assigns this as 00:00 (midnight).

—Units
-] Specify Time Az
dl i Date

i Time [d]

zince

EEEET

[T his date cormesponds to time = Od],
T 1|
Figure 4.19. Entering the Reference Date.

r

L]

Since in this example, the bioassay measurements are tabulated with their
collection Date, it is convenient at this point to switch the "Specify Time As" Units to
"Date"™ (Figure 4.20). This switch from " Time" to "Date" will be passed automatically
to the Bioassay Calculations screen and data tables.
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—LUnits
. =1 | | —Specify Time Az
Enter Number of Intake B 1-1n|1 = =l |
rter Murnber of Intake Regimes [1-10] = & D
= Tirne [d]
zince
Mode IEMDEHEEE ﬂ
’7 % Acute = Chranic
— Intake
Start Date 2440241938 # ' Bg " dpm
opli T g
—Doze
% Sy " rem
Edit Complex Beaime
 omSv T mrem

Figure 4.20. Switching the Units of Time to Date.

Notice that the "'Start Time (d)" value of 0" (Figure 4.20) has now automatically
switched to display the ""Start Date" as '"'24/02/1988" - the value entered as
the Reference Date before the switch of time units.

L}
o Key Tip: Always set the Reference Date for each case study - in the "Time

(d) since" dialog box (""Units" sub-panel in the Main Screen).

This completes Step #2 of the single intake example:
e Proceed to the next step.
e Return to the case description and list of steps.

Reference Activity Units for Single o0
Intake

In IMBA Professional, the estimated Intake has the same Unit of activity as the
measured (or predicted) bioassay quantity. As with the Unit of Time, the Unit of
Activity is selected in the Main Screen (Figure 4.21).

For this example case, the whole -body activity results are tabulated as Bq.
Therefore, the required Unit of Activity is ""Bq."
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~Units
— Specify Time Az

 Time [d)

gince

— Intake
* Bq  dpm
Copti O g
—Doze
v Sy " rem

 mSy O mrem

Figure 4.21. Selecting the Unit of activity (Intake and Bioassay Quantity) as "Bq."

Warning: IMBA Professional works with the primary bioassay quantity - which
for urinary or faecal excretion is the average excretion rate over a
prescribed collection period (and not the amount of activity in each
sample). So, urinary and fecal bioassay measurements must ALWAYS be
entered as the amount of activity in the sample (in the selected unit) divided
by the collection period (in d)._

This completes Step #3 of the single intake example:
e Proceed to the next step.
e Return to the case description and list of steps.

Select Required Model Parameters for OO
Single Intake

Before you can carry out any calculations with IMBA Professional, you MUST define all
of the necessary Model Parameters. It is most efficient to do this while you are still in
the Main Screen - although (if you forget to do this) it is very easy and quick to
switch backwards and forwards between the Bioassay Calculations screen and the
Main Screen (with a single click).

To estimate an Intake (by inhalation) from a measured Bioassay Quantity, you must
all define the following Model Parameters -as indicated by the "red" buttons in Figure
4.22:

Bioassay model.
Deposition model.
Particle Transport model.
Absorption model.
Gl-Tract model.

If you omit defining any of these models, then IMBA Professional will prompt you for
each missing model definition before proceeding with a calculation.
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-Model Parameters

Theze Model Parameters Apply to All IRz

— Respiratary Tract

Depozition W apor Wwhound
Particle : -
Transport Abszorption GI-Tract Biokineticz

Figure 4.22. Bioassay button for selecting the Bioassay Model.

Bioassay model (for example of single 60Co intake)

For the Bioassay model, select the "Standard Co Model" for whole-body
retention (Figure 4.23):

e select "Whole body" as the Bioassay Function - this will already have been defined if
you had previously selected Whole body in the Bioassay Quantity window (Bioassay
Calculations screen);

e click the "LOAD ICRP DEFAULTS" button;

e click "OK".
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B Bioazsay Model _ O
File  Edit Function

Bioazzay Function

| ahale body |
Transfer Comparment
l Kall) I K.al2) lk:a[a] l Ka[10]
Systemic
. Comp 1 Comp 2 Comp 8 Comp 10
Retention P P P P
J Larm(1] J Larml[2] J Lam[9] 4 Lam(10]
Excretion
Binagzzay Function
al1) [0.339731388888591 Blood half time () [0.0000001

i | ali [ Lamii) Select

1 3.397E-M 1.155E-M

2 1 I:I1 2E'|:|1 1 1 EEE 'I:I2 user Defined MDdE |

3 [1.001E-M 3.6E4E-04

4 [-3M39E-M 1.386E+00 :

5 | 2865E-01 1.800E +00 . LOAD ICRPPDEFAULTS

B [B.301E-M 1.000E +00

7 | -5.564E-02 1.200E+01 Std Co Model

a

9

10

ok | LCancel |

wWHOLE BODY|  LUMGS IRIME FECES BLOOD THYROID LWER IISER DEFIMED
5td Co Model

Figure 4.23. Standard Co Model for Whole body selected as the Bioassay Model.

Deposition model (for example of single 60Co intake)

For the Deposition model, select the "Light worker™ (Figure 4.24):
e click the "LOAD ICRP DEFAULTS" button;
e click "OK".
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Deep Lung
(Al)

Clear
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(v Apdt[
~
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Density

]
24977233
3

1

Shape factor 5

Select

Uzer Defined

S[=1/e3

Wk er

[

a/ml

LOAD ICRP DEFAULTS

ICRP Defaults

ak

Cancel

Figure 4.24. Selecting the Deposition Model for a Light worker.

Particle transport model (for example of single 60Co intake)

For the Particle Transport model (Figure 4.25):
e click the "LOAD ICRP DEFAULTS" button;

e click "OK".
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5?1_, Particle Tranzport Model

Rate Conztants [#d]
. .
Al1 to bb1 foez Extrathoracic

AlZ to bb1 ||:| oo
Al3 to bbl ||:| oo

~,

ET1

Al3ro LMTH |III Qoooz LMET HE

ETZ2

bb1 to BE1 RN

bbZ to BB |EI 03 /Cl'h ;
bbzeqto LMTH ||:| a1 RIRCHG

AN

BE1taETZ o W BE2

BBZ2WET2 ||:| 02

= E D m—

BBseqto LNTH |I:I o1 LMTH lalel  bbseq bbz
ET2ta Gl [1o0 t
ETzeqto LMET ||:| oo

A3 a2 | Al
ET1 Out |1

ETzeq/ET2 ||:| 0005 —Select
EBseq/ BB 0,007 Uszer Defined
boseq/ o [0.007 T LOAD ICAP DEFALILTS
A28 ||:| E
ICRP Defaults ak Eariee|
Al3/A) [0
Clear |
Figure 4.25. Selecting the ICRP Default Particle Transport Model.
Absorption model (for example of single 60Co intake)
For the Absorption model, select the Type M ICRP Default model (Figure 4.26) -
see Cobalt Biokinetic Model (Technical Basis Section):
e click the "Type M button;
e click "OK".
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B Absorption Model M=l E

Llternative Representation  Standard Representation |

Spt

Initial state Tranzformed state

FbSp
(1-Fb)Sp

(1-Fb)St

Bound material

Jlsn

Blaod

[nitial dizzalution rate: Sp |1.EIEIEIEIE+EI1
Transformation rate: Spt IEI.EIEIEIEIE+EI1 Fraction to bound state: Fh I
Final diszolution rate: St IE.EIEIEIEIE-EIS tltzizzkgtrlate el I

—Select

| TypeEl M Twpes Help |
Clear
4'| Type M 0K

Uzer Defined
| Cancel
Figure 4.26. Selecting the Type M Absorption Model.
To select_an appropriate (1CRP-recommended) value of fl;
e click_the "Help" button (Figure 4.26);
e select_the "Abs.: M" row (Figure 4.27);
e click "OK".
E::-!!1;.-. F1 values and abzorption Types for Cobalt _ O] x|
Abz  [H [ICRP | Chemical Fam
F 0.1 71
b 0.1 71
5 0.0 71
- kd ] 0.1 B8 Unzpecified compaundz
5 .05 B8 Owidez, hydroxides, halides and nitrates
Ihg 0.1 B8 Unzpecified compaundz
Ihg .05 B8 Owidez, hydraxides and inarganic compounds

Mate: anly the abzorption parameters are entered. MOT the default AdAD. ok

Cancel

Figure 4.27. Selecting the ICRP-recommended value of Il.
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Gl-Tract model (for example of single 60Co intake)

For the GI-Tract model, select LOAD ICRP DEFAULTS (Figure 4.28):
e click the "LOAD ICRP DEFAULTS" button;

e click "OK".

E% GI Tract Model M=l E
Rate conzstants [per day)
for particulate material

St Stornach [St) |:4
f
1 : |
Blood 6| Small Intestine [S1) &
dpper large inteztine |1 8
Ll [LILIY
Lower large intestine |1
LLI [LLIT
‘ Clear |
— Select f_l ||:|_-|
Uzer Defined |
LOAD ICRP DEFALLTS
ICRP Defaults 4 B

Figure 4.28. Selecting the ICRP Default GI-Tract Model.

:I'his completes the definition of ALL Model Parameters required to calculate
the Intake of 60Co in the JAEA (1999) example case.

- Key Tip: You can short-cut the process of loading each of the above Model
% Parameters individually by clicking the "ICRP Defs LOAD" taal button. You will

then be prompted to choose the Absorption Model and value of jl.

This completes Step #4 of the single intake example:
e Proceed to the next step.
e Return to the case description and list of steps.

Select Intake Regime (IR1) 00

By default, IMBA Professional sets up a Single Intake Regime (IR1) - as an Acute
Inhalation (Figure 4.29). At this point no value of the Intake has been set (or calculated).
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-Intake Scenario

~Intnke Regimes ~ Units -
o g E R 1 |_1 il Spechy Time As “mr Indicator M
Clear A1 Irnake Ragmes | nitar Mumber of Intake Regmes [1-10] — = Dala - - ==
i  Time [d)
PR Mumber of A2z
Fouts ~ Made /0219 J Hal Lile: 1%
4 f «
@ Inhalstion @ Acute " Chronic Associated Radionuclides
™ Ingestion [k
 Inlection Siot Dists |2w2naa:a ﬂ #Bg  dpm
i Wond ~ pCi £

Figure 4.29. IR1 defined (by default) as Acute Inhalation.

This completes Step #5 in the single intake example:
e Proceed to the next step.
e Return to the case description and list of steps.

Select Whole Body Activity as 00
Bioassay Quantity

| BIOASSAY QUANTITY

tool I

rement [ ate N/

" Graph & Table ¢ Hide |Whole body
: |

Specified D ate [+hh:mm)]

Irine
Fecesz
Blood
Thyraid
Liver
|1zer Defined

" Graph € Table & Hide |

Figure 4.30. Drop-down Bioassay Quantity list box.

The previous steps were carried out in the Main Screen. You select the Bioassay
Quantity in the Bioassay Calculations screen. From the Main Screen you:

e Click the "Bioassay Calculations" button (bottom-right-corner of the Main Screen) - to
open the Bioassay Calculations screen.

e In the top Bioassay Quantity window (set as "Table" by default), select "Whole body"
from the drop-down list box (Figure 4.30).

This "opens™ the first Bioassay Quantity window to display in that window
a Table containing both measured whole -body activity data (on a blue background)
and predicted whole-body activity data (on a green background).

—
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Note: When it is first opened, the data Table in the Bioassay Quantity window
has only one row. This window is designed to display data values, and NOT for
=z ™==" data entry. Since no data have yet been entered, there are no data to display at
% = this stage. The "tool" button opens the Table Tool for your selected Bioassay
Quantity. This provides the tools that you will use to enter (and/or edit)
the bioassay data - in the next step.
L RS Tip: Use the scroll bar below the open Bioassay Quantity window
to view additional columns (to the right) that are related to measured
bioassay data.

This completes Step #6 in the single intake example:
e Proceed to the next step.

e Return to the case description and list of steps.

Enter Measurement Data 00

IMBA Professional provides a " Table Tool" in the form of an expanded data table with
various editing and automated data entry functions.

Opening the Table Tool

Once you have selected the bioassay quantity for display in the Bioassay
Quantity window, the "tool" button (in the top-right-corner) is activated - see Figure
4.31. Click this "tool" button to open the Tahle Tool- This will enable you

to enter (and/or edit) the whole-body activity data.

| BIOASSAY QUANTITY
|f" Graph ©* Table  Hide |Whu:ule|:u:u:|_l,l j toal |

r T T T T
Figure 4.31. Bioassay Quantity window set to hold "Whole body" data - with active

"tool" button.

e See Using the Table Taol (Step #7 in the single intake example):
e Return to the case description and list of steps.

Graphing the Data 00

IMBA Professional provides a "Graph Tool" in the form of an expanded graphical display
with full facilities for setting up the type of graph (linear or logarithmic), ordinate and
abscissa scales, etc.

Opening the Graph Tool

Select "Graph" and "Whole body" for display in the second Bioassay Quantity window
(Figure 4.32). Then click the "tool" button to open the Graph Tool.
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| BIOASSAY QUANTITY
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[+hh:rninn] L Walue(Bq) Ll Errar o
25/02/1938 2720E+03 Real 2 720E+02
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28/03/1938 7.900E +02 Real 7.900E+01
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Figure 4.32. Opening a Graph window for the Whole body bioassay quantity.

Warning: You CANNOT open the Graph Tool until you have entered (or read in
gy ™ from a file) a value of "Measurement Error" - for every tabulated
#7 —— "Measurement Value". If you attempt to do this, you will be prompted

to complete the data entry._

e See Graph Tool for Viewing Data and Fit (Step #8 in the single intake example):
e Return to the case description and list of steps.

Selecting Bioassay Data to Use - and OO0
Calculating Intake

Before you can calculate the amount of Intake, you MUST first Select which data to use.
In the "CALCULATION" sub-panel (Bioassay to Intake - Figure 4.33):

e check the Whole body box.
If you forget to do this, you will be prompted.
To calculate the maximum likelihood estimate of the Intake amount:
e click the "Start Calculation" button (Figure 4.33).
This will:
e display automatically the Intake amount for the single Intake Regime (IR1);

e plot automatically the corresponding fit to the data points (see Figure 4.33) - provided
that the "Plot Fit" box was checked in the Graph Tool.
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In this example, with the selected values of Model Parameters, the
calculated Intake amount is 10,341 Bq.

Page 16 of 185
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Figure 4.33. Calculated Intake amount with corresponding best fit to the data.

You will see from the Table and Figure displayed in the Bioassay Quantity windows
(Figure 4.33) that the fit to data points is generally poorer that the assumed measurement
errors. This fit can be improved quite readily, by reviewing, and if necessary

making reasonable changes to, one or more of the assumed Model

Parameters (see Improving the Data Fit).

Improving the Data Fit

In this example case (single intake of 60Co by inhalation), the fit to the data is clearly

improved by varying the assumed aerosol ivi

00

from

Activity Median Aerodynamic Diameter (AMAD)
the 5-um default value recommended by ICRP - to an AMAD of 1 um (with sg = 2.47). The
resulting improved data fit (at least to the earliest 6 data points) is shown in Figure 4.34.
The corresponding (better) estimate of the Intake amount is 9,805 Bq.
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Figure 4.34. Improved data fit obtained by changing the value of aerosol AMAD.

i i Tip: As a useful exercise, try varying other Model Parameters (within

reasonable ranges) to examine their effect on the data fit.

This completes the single intake example:
e Return to the case description and list of steps.
e Follow a more complex example involving the calculation of multiple intakes with unknown
intake parameters. This example demonstrates an iterative optimization of
the Model Parameters.

Example Case of Multiple Intakes -
Requires Add-On 1

This example is taken from Miller et al. (1999) - see their Appendix 2. The data are urinary
excretion measurements of 238Pu in 37 samples taken from March 15th, 1968 through May
28th, 1979. The worker concerned had several intakes (by inhalation) of

mixed 239 Pu/238 Pu:

1. In the mid-1950s - and assumed for analysis purposes to have occurred on June 9th,
1945.

2. On May 8th, 1971.

3. At some unknown time between the routine sampling dates of September 22nd, 1971
and September 18th, 1972.

In their analysis, Miller et al. assignhed the date of the third intake as March 21st, 1972 (mid-
way between the prior- and post-intake sample dates). No information about the physical
properties of the 239 Pu/238Pu material (or aerosol) was presented. The published urinalysis
results are given in Table 2.
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Table 2. 238Pu urinalysis results.

Collection date Excretion rate (mBq d-1) = 1 SD
March 15, 1968 1+0.9
June 13, 1968 1.8 £ 0.9
September 13, 1968 0.3 x£0.9
December 13, 1968 48 x 2
March 20, 1969 0x0.9
December 18, 1969 0x0.9
March 19, 1970 0x0.9
June 18, 1970 0.5+x0.9
September 24, 1970 0.5x0.9
March 18, 1971 1.2 + 0.7
June 29, 1971 4.1 £ 0.7
September 22, 1971 2.2 £ 0.5
September 18, 1972 129+ 1.6
December 8, 1972 75+ 1.1
March 15, 1973 2+0.4
June 27, 1973 3+0.6
September 17, 1973 2.7 £ 0.5
December 21, 1973 3.1+ 0.6
March 21, 1974 11 +0.4
June 17, 1974 3.8+ 0.7
September 16, 1974 21+ 0.5
December 18, 1974 1.5+ 0.4
March 17, 1975 2+ 0.4
June 16, 1975 11 +0.4
September 19, 1975 0.8x0.4
December 12, 1975 1+04
March 17, 1976 1.2+0.4
July 2, 1976 1.4 +0.4
September 12, 1976 1.4+0.4
December 8, 1976 0504
June 24, 1977 1+0.4
September 15, 1977 0404
September 1, 1978 22+ 0.5
October 20, 1978 0.3x0.4
January 18, 1979 0904
April 20, 1979 0.4x0.4
May 28, 1979 1.6x0.4

e View list of steps for estimating multiple intakes.

Steps in Multiple Intake Calculation - 00
Making Initial Estimates

The following steps (in the listed order) are recommended for making an initial estimate of
the amounts of the three separate intakes in this example.

1. Select the |ndicator Nuclide - in the Main Screen.

2. Define the Reference Date - in the Main Screen.

3. Select the Reference Activity Units - in the Main Screen.

4. Select the Comman Madel Parameters to be used for all IRs - in the Main Screen.

5. Select the Number of Intake Regimes (IRs) - back in the Main Screen.

6. Select the option for Independent Model Parameters for all IRs - in the Main Screen.

7. Define the Date of Each Intake - in the Main Screen.

8. Select - in the Bioassay Calculations Screen - the Bioassay Quantity as "Urine" (for
display in the top Bioassay Quantity window).

9. Enter the bioassay data - using the data entry "tool" in the Bioassay Quantity window.
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10. Graph the bioassay data - using the graph set up "tool" in Bioassay Quantity window.
11. Select which hinassay data to use ("Urine™) in the CALCULATION sub-panel.

12. Click the "Start Calculation™ button.

When you have completed these steps - and made your initial estimate of the amounts of
each intake - you will start the iterative process of refining these estimates by comparing
the predicted urinary excretion rates with the measured values.

Tip: When you are familiar with the operation of IMBA Professional, you will find
that the initial Steps 1 through 10 can be performed in any order (to suit your
own working style) - just as long as ALL of the parameter and data values have
been defined BEFORE you click the "Start Calculation" button.

Important: If you have missed a step, IMBA Professional will prompt you to
carry this out - but only if the required data values are missing (null).

Warning: It is your responsibility to check that ALL of the model parameters
have been set to your specific requirements. IMBA Professional will use whatever
values are in memory when you click the "Start Calculation” button.

Indicator Nuclide for Multiple Intakes 00

Intake (IR 1) Indicator Nuclide

||:| Bq . Select Radionuclide ¢ Fu-238

Mumber of Azzociated R adionuclides: ||:| =
Half Life: 32030 d |

Figure 4.35. Selecting the Indicator Nuclide (238Pu).

Select the Indicator Nuclide (238Pu in the example case) from the top-right-corner of
the Main Screen (Figure 4.35). IMBA Professional will then be able to select
automatically the bioassay model(s) appropriate for plutonium, and automatically
take into account the radioactive half-life of 238Pu.

Tip: In this example case, we are using bioassay data to calculate intake
(s). Therefore, it is NOT necessary to enter a (hypothetical) value in the

% displayed " Intake (IR 1) dialog box. IMBA Professional will automatically
display the calculated values of Intake(s) in their respective dialog boxes.

This completes Step #1 of the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.

Reference Date for Multiple Intakes 00

Important: This is a KEY parameter - especially for cases where more
than one intake is being analyzed. It also determines the origin of the
time scale for all graphs.

IMBA Professional keeps track of all Intakes and bioassay measurements on a common
timescale. All events are timed with respect to a single Reference Date (and time-of-
day, if necessary). The Reference Date is defined in the Main Screen (Figure 4.36).
The IMBA System must always have a reference date - even if you are working
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entirely in the Time (d) mode - so a default value (January 1st, 1980) is loaded at
start-up.

[ e e R
& | Bl = o = =

Figure 4.36. Default "since' date loaded at start-up.
In the example case, the earliest date of interest is June 9th, 1945, and so this is

the appropriate value for the Reference Date. This is entered directly in the " Time (d)
since" dialog box (Figure 4.37).

09/06/45

Figure 4.37. Entering the Reference Date.

Since in this example, the bioassay measurements are tabulated with their
collection Date, it is necessary at this point to switch the " Specify Time As" Units to
"Date" (Figure 4.38). This switch from "Time" to "Date" will be passed
automatically to the Bioassay Calculations screen and data tables.

___:I '..." AT}
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Figure 4.38. Switching the Units of Time to Date.

Notice that the ""Start Time (d)" value of " 0" (Figure 4.38) has now automatically
switched to display the ""Start Date" as '"9/6/1945" - the value entered as
the Reference Date before the switch of time units.

L}
o Key Tip: Always set the Reference Date for each case study - in the "Time

(d) since™ dialog box (*"Units" sub-panel in the Main Screen).

This completes Step #2 of the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.

Reference Activity Units for Multiple Q0
Intakes

In IMBA Professional, the estimated Intake has the same Unit of activity as the
measured (or predicted) bioassay quantity. As with the Unit of Time, the Unit of
Activity is selected in the Main Screen (Figure 4.39).

For the example case, the urinalysis results are tabulated as mBq d-1. Therefore,
the required Unit of Activity is " Bq."

~Units
— Specify Time Az
= Date

FINCE

09/05./1945 ﬂ
— Intake

* Bq = dpm
Copli O g

Figure 4.39. Selecting the Unit of activity (Intake and Bioassay Quantity) as ""Bq."

Warning: IMBA Professional works with the primary bioassay quantity -
which for urinary or faecal excretion is the average excretion rate over a
prescribed collection period (and not the amount of activity in each
sample). So, urinary and fecal bioassay measurements must ALWAYS
be entered as the amount of activity in the sample (in the selected

unit) divided by the collection period (in d)._

This completes Step #3 in the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.
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Select the Commmon Model Parameters -
00
for All IRs

Before you can carry out any calculations with IMBA Professional, you MUST define all
of the necessary Model Parameters. It is most efficient to do this while you are still
in the Main Screen - although (if you forget to do this) it is very easy and quick to
switch backwards and forwards between the Bioassay Calculations screen and

the Main Screen (with a single click).

Key Tip: You can "pre-set” ALL model parameters to "ICRP Default™ values
- with a single click of the ""ICRP DEFS Load" button.

ICEP
DEFS)

1
"-i""i Load Then, as you open additional Intake Regimes (IRs), the

"Default” models will be loaded automatically - so that you won't have
to carry out all of the individual steps listed below (for each IR). In
general, it is much quicker to load (first) ALL ICRP Default model
parameter values (for ALL IRs) - and then change only the relatively few
parameters values that are specific to your case.

To estimate an Intake (by inhalation) from a measured Bioassay Quantity, you must
all define the following Model Parameters - as indicated by the "red" buttons in
Figure 4.40:

Bioassay model.
Deposition model.
Particle Transport model.
Absorption model.
Gl-Tract model.

If you omit defining any of these models, then IMBA Professional will prompt you for
each missing model definition before proceeding with a calculation.

-Model Parameters

These Model Parameters Apply to All 1R

— Reszpiratory Tract
Deposition Y apor Wound Bioassay
Particle : -
Transport Absorption Gl-Tract Biokinetics

Figure 4.40. Bioassay button for selecting the Bioassay Model.

Bioassay model (for example of multiple 238Pu intake)

For the Bioassay model, select the "Standard Pu Model™ for urinary excretion (Figure
4.41):

e select "Urine" as the Bioassay Function - this will already have been defined if

you had previously selected Urine in the Bioassay Quantity window (Bioassay
Calculations screen);

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Example Cases - Bioassay & Dosimetry Page 23 of 185

e click the "LOAD ICRP DEFAULTS" button;
e click "OK."

e | e

44 | o

Figure 4.41. Standard Pu Model for Urine selected as the Bioassay Model.

Deposition model (for example of multiple 238Pu intake)

For the Deposition model, select the "Standard worker™ (Figure 4.42):

e click the "LOAD ICRP DEFAULTS" button;
e click "OK."
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Expozure

™ Heawy Worker

Aerozal Parameters

: Al ’57 .
Sigma-G ’W
Drensity ’37 w
Shape factar ’157
Select

Uszer Defined

LOAD ICRF DEFAULTS

ICE P Defaults

Figure 4.42. Selecting the Deposition Model for a Light worker.

Particle transport model

For the Particle Transport model (Figure 4.43):

e click the "LOAD ICRP DEFAULTS" button;
e click "OK."
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5?1, Particle Tranzport Model

Rate Conztants [#d] ~,
Al ta bl = | Extrathoracic
212 to bb1 [o.om ETT
A13 to bb1 | 1
A3mLNTH | LMET q—| ETseq ET2 —
bb1 to BB | \_ .
bb2 ta BE1 | -
/Thoracic I
bbzeqto LMTH I i
BE1 o ET2 I_ H BBzeq BEZ BE1
BBZ2toET2 | T
BHseqto LNTH I ' LMTH |l bibzeq bb2 bb1
ET2to il | t t
ETzeqta LMET | {
A3 a2 | Al
ET1 Out | \ /
ETzeq/ET2 | r Select
EBseq/ BB I_ Uszer Defined
bbseq/ bb | LOAD IERP DEFALILTS
A28 | .
: ICRP Defaults oK Cancel
A28 I
Clear |

Figure 4.43. Selecting the ICRP Default Particle Transport Model.

Absorption model (for example of multiple 238Pu intake)

For the Absorption model, select the Type M ICRP Default model (Figure 4.44) -

see Plutonium Biokinetic Model (Technical Basis section):

e click the "Type M" button;
e click "OK."
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Initial dizzolution rate: Sp |1 DO00E +01

Transformation rate: Spt IE.EIEIEII:IE+EI1 Fraction to bound state: Fb

Final dissolution rate: St |5 qo00E 03 tltgzz:kgl;ate hiven Botind I—

— Select

T.'r'F'EEl : il Types
- — Help |

Uzer Defined

I .
Clear |
T}rpe M ok | Cancel

Figure 4.44. Selecting the Type M Absorption Model.

To select an appropriate (ICRP-recommended) value of f1:

e click the "Help™ button (Figure 4.44);
e select the "Abs.: M" row (Figure 4.45);
e click "OK."

E::-!!1;.-. F1 values and abzorption Types for Plutonium

Abz  [H [ICRP | Chemical Fam
F 0.0005 71
b 0.0005 71
5 0.00001 71

- kd 0.0005 68 Unzpecified compaunds
5 0.00001 B2 Inzoluble oxides
Ihg 0.0005 68 Unzpecified compaunds
Ihg 0.0001 B3 Mitrates
Ihg 0.000m B3 Inzoluble oxides

Mate: only the absorption parameters are entered. MOT the default AMAD. ok | Cancel |

Figure 4.45. Selecting the ICRP-recommended value of f1.

Gl-Tract model

For the GI-Tract model, select LOAD ICRP DEFAULTS (Figure 4.46):

e click the "LOAD ICRP DEFAULTS" button;
e click "OK."
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E% Gl Tract Model _ |Of x|

Rate conztants [per day]
for particulate matenal

St Stomach [S] |:4
i
Blood : - Srnall Intestin [S1] B

Ipper large intesting |1 8
LILI UL
Lower large intestine |1
LLI [LLIY
‘ Clear |
— Select f_I ||:|.|:||:||:|5

Uszer Defined |

LOAD ICRFP DEFAULTS

ICRP Defaults ok, Cancel

Figure 4.46. Selecting the ICRP Default GI-Tract Model.

This completes the definition of ALL Model Parameters required to calculate the

(3) Intakes of 238Pu in the Miller at al. (1999) example case.

Key Tip: Don't forget that you can short-cut the process of loading each
-V of the above Model Parameters individually by clicking the "ICRP DEFS
LOAD" tool button. You will then be prompted to choose just

the Absorption Model (i.e., type of absorption behaviour) and the value
of f1.

This completes Step #4 in the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.

Setting Up Multiple Intake Regimes Q0
(IRs)
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-Intake Scenario

~Intake Regimes
Clear All Intake Fegimes | Enter Mumnber of Intale Regimes [1-10] I3 i||

IR1[IR2Z] IR3]

* Acute = Chranic

—Route———— ~Mode
% [nhalation ’7

" Ingestion

03/06/13945 #

" Injection Start Date
N |
)

Edit Eamples EHeaime

Figure 4.47. Selecting 3 separate Intake Regimes (IRs).

In the "Intake Scenario™ panel (“'Intake Regimes"' sub-panel) simply enter the required
number of individual (separate) intake events in the dialog box.

This completes Step #5 in the multiple intakes example:

e Proceed to the next step.
e Return to the case description and list of steps.

Select Independent Model o0
Parameters

File Edit Parameters Calculations Tools | pdvanced Help

ﬁ H D Apply Model Paramns to &l 1Rz | g

: Eratle Camplerl ntake Heqimmes
Open vave New ok 3 Enable DOS preview port
Wer 3.0 | Mo file opened | &dvanced Dozimetry Options

Figure 4.48. Un-checking "Apply Model Params to All IRs" in the " Advanced" menu.

By default, IMBA Professional applies all of the defined Model Parameters to All Intake
Regimes (IRs). If you want to specify independently ANY parameter value (e.g., in
the Deposition or Absorption models) for ANY individual IR, you MUST first un-check
the default condition in the "Advanced" menu (Figure 4.48).

Note: When you have selected more than 1 Intake Regime - AND you have un-
checked the default"Apply Model Params to All IRs", the appropriate number of
tabs will appear automatically in the "Model Parameters” sub-panel (Figure
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ey 4.49). You can then proceed to set up (or modify) ANY model parameter for
ANY individual IR#.

F
=

-Model Parameters

R1 IRz | IR3 |
— Reszpiratary Tract
D epozition W apor ‘wiound Binazzay
Particle Absornti Gl-Tract Bickint
Transport zorphion rac inkinetics

Figure 4.49. Individual IR# tabs for setting up Model Parameters specific to each IR.

This completes Step #6 in the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.

Defining the Date of Each Intake 00

~Intake Regimes
Clear All Intake Fegimes | E nter Mumber of Intake Regimes [1-10] |3 i'I

IR1 T IR2] 1IR3 ]

& Acute " Chranic ‘

~—Route———  Mode
¥ [nhalation ’7

" Ingestion

|EIEUEIE£1 37| ﬂ

" Injection Start Date

Figure 4.50. Setting the Date of IR 2 as May 8th, 1971.

Once you have specified independent model parameters for all IRs, you simply click on
each IR # tab displayed in the "Intake Regimes" sub-panel to specify the intake
parameter values for that IR # (Figure 4.50).

For the initial estimate of the amounts of each (acute) Intake:

e enter the "Start Date" of IR 2 as May 8th, 1971;
e enter the estimated " Start Date' of IR 3 as March 21st, 1972.
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= =¥ Note: In this example, all 3 of the intakes are assumed to be "acute."”
o

—— You can, of course, specify "chronic™ for ANY intake, as appropriate.

This completes Step #7 in the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.

Selecting the Bioassay Quantity 00

| BIOASSAY QUANTITY
" Graph & Table ¢ Hide |Urine =l tool |

Whiole body Co

Specified Date [+hhirnm] | =1%o Ir:]ment Date Co

Fecesz

Blood

T hwraid

Liver

|1zer Defined

]| M

Figure 4.51. Drop-down Bioassay Quantity list box.

The previous steps were carried out in the Main Screen. You select the Bioassay
Quantity in the Bioassay Calculations screen. From the Main Screen you:

e Click the "Bioassay Calculations' button (bottom-right-corner of the Main Screen)
- to open the Bioassay Calculations screen.

e Select the "Bioassay to Intake™ direction for the CALCULATION (indicated by
a blue arrow) - if you loaded a "new" (blank) Parameter File, this calculation
mode will have been selected already (by default).

e Select - in the top Bioassay Quantity window (set as " Table" by default) -
"Urine" from the drop-down list box (Figure 4.51).

This "opens" the first Bioassay Quantity window to display in that window
a Table containing both measured urinary excretion data (on a blue background)
and predicted urinary excretion data (on a green background).

Note: When it is first opened, the data Table in the Bioassay
Quantity window has only one row. This window is designed to display
data values, and NOT for data entry. Since no data have yet been
entered, there are no data to display at this stage. The

""tool" button opens the Table Tool for your selected Bioassay Quantity. This
provides the tools that you will use to enter (and/or edit) the bioassay
data - in the next step.

Tip: Use the scroll bar below the open Bioassay Quantity window

to view additional columns (to the right) that are related to measured
bioassay data.
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This completes Step #8 in the multiple intakes example:
e Proceed to the next step.
e Return to the case description and list of steps.

Data Entry - Multiple Intake Example 00

IMBA Professional provides a " Table Tool" in the form of an expanded data table with various
editing and automated data entry functions.

E)peninq the Table Tool

The Table Tool_shows all of the data columns (without you having to scroll). When you open
this [from a Bioassay Quantity (BQ) window], the Table Tool will display the same number of
rows as the BQ window. Initially, only a default single row_is displayed. Your first task is to

open up enough rows to hold all of the measured bioassay data that you want to analyze - in
this example, 37 values of daily urinary excretion:

e Enter "37" in the "Number of Rows" dialog box (bottom panel, left-of-center - see

Figure 4.52).
e Click the "Apply" button to the right of the dialog box.

Tip: The number of data rows shown in the Table Tool depends on your
screen resolution setting. The minimum recommended screen
resolution (1024 X 768) shows 36 rows - as in Figure 4.52.
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ﬂ!}Tahle Tool : Urine Data
File Edit PBinazzay Measurement Help

ecified D ate Collection |Calculated |Measurement Date Collection |Measuremen
: perniod [d] Rate[Bqg/d] |[+hh:mm] period [d] Rate[Bq/d]

|

L L | L | L | D | D | S | P P P P P P P P P Pl | = | = = | = = | = | — | — —
s o) I B = S S ) ) I e e I ) O T el == = e e = I I T D e = = == e = I O T

m
-

I:l Binazzay Predictions

I:l Measurement Data Mo Rows : I3? :|I |

I:l Meazurement Fit Output

Table 4.52. Table Tool with 37 rows opened.

Note: The ""Using the Table Tool” link below will take you to the pages
describing Step #7 in the single intake example. For your convenience,
those pages also have a forward " navigation™ path to the next step in this
"multiple intake example - or you can use the Help Contents list to
navigate.

e See Using the Table Tool (Step #9 in the multiple intakes example), or:
e Return to the case description and list of steps.
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00

IMBA Professional provides a "Graph Tool" in the form of an expanded graphical

display with full facilities for setting up the type of graph (linear or logarithmic),
ordinate and abscissa scales, etc.

Opening the Graph Tool

Select "Urine™ and "Graph' for display in the second Bioassay Quantity window (Figure
4.53). Then click the "tool" button to open the Graph Tool.

E} Graph Tool for Urine

Wiew
100 —
a0 —
g0 —
70—
B0 —
a0 —
40 —
30—
20
10 —
u | T | | |
0 10 20 30 40 S0 g0
—A-anis —r-anis — Plat
Hemin ||:| Mo lntervals |1|:| “f'-min ||:| Mo lntervals |1|:| _Il:iataF'Iu:ut Sha
Hemax |-||:||:| f-mnax |-||:||:| [~ Emor Barg Im
[T Show Gridlines || € log % lin [ Show Gridines T log & lin — Fit
—Farmat —Farmat [~ Plot ILIE
™ Scientific ™ Scientific Soli
Mo Dec Pl Mo Dec Pl
sEeetEs 0 & Mumerical sEeetEs 0 & Mumerical
— Binazzay Predictions —
™ Plot Ling
Main Title | ™ Show [5oi
etz Title | [ Show
-tz Title | [ Show

Figure 4.53. Opening a Graph window for the Urine bioassay quantity.
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e See Graph Toal for Viewing Data and Fit (Step #10 in the multiple intakes example):
e Return to the case description and list of steps.

Calculating the Intake Amounts 00

Before you can calculate the amounts of each of the three Intakes, you MUST

first Select which data to use. In the "CALCULATION" sub-panel (Bioassay to Intake -
Figure 4.54):

e check the Urine box.

If you forget to do this, you will be prompted.

= | Bioassay Calcula
Save [uick Save
INTAKES CALCULATION
IR1 [ooooE-00 B <:Z|
IR 2 |IZI.IZIEIIZIE+IZIEI Eq Intakes to Bioasszay ] Bioassay to Intake
1A ID'DDDE+DD Big Select which data to use
™ "whole body
[~ Lungs
W e
[~ Feces
[~ Blood
[ Thyraid
[ Liver
Start Calculation I User Defined

Figure 4.54. Selecting Urine as the Bioassay Quantity to use to estimate Intakes.
To calculate the maximum likelihood estimate of the Intake amounts:

e click the "Start Calculation' button (Figure 4.55).

This will:

e display automatically the Intake amounts for all three Intake Regimes (IR1, IR2
and IR3);

e plot automatically the corresponding fit to the data points (see Figure 4.55) -
provided that the "Plot Fit" box was checked in the Graph Tool.
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= | Bioassay Calculations
Save Lluick Save
INTAKES CALCULATION
IR1 [a051E-01 B j T
IR 2 [39asE+0z Bq Intakes to Binazsay ] Binaszay to Intake
IR 3 |3-E11E+E'2 Bg Select which data to use
™ “whale body
™ Lungs
[¥ Urine
[~ Feces —
'y
I~ Blood - Guph
™ Thyroid o014
omz2
[~ Liver 0010
Start Calculation ™ User Defined 0.000
0.006
0.004
0.0z
g
Frogress Indicatar
Deposition ERRERERRERRERERRRRRR RN RN RERREEREEEREDEN) -

Figure 4.55. Calculated Intakes with corresponding best fit to the data (for
assumed Type M absorption behavior).

In this example, with the selected values of Model Parameters, the
calculated Intakes are:

e IR1 =0.91 Bq;
e |IR2 = 398.6 Bq;
e IR3 = 381.1 Bq.

Figure 4.55 shows that the resulting fit to data points is poor, especially:

1. in not representing the well defined "peak™ (from IR3) in the measured urine
data (with its subsequent rapid decay) at 9,963 d;

2. in predicting "zero" urinary excretion (from IR1 = 0) prior to the
second intake (from IR2) on May 8th, 1971 (at 9,464 d).

To improve the "fit" to the measured urinary excretion data, it is necessary
to review, and modify appropriately, the assumed Model Parameters for each Intake
Regime.

For example, since the absorption behavior of the inhaled material is unknown, it is
reasonable to change this (for all 3 IRs), and see the effect on the data

fit. Changing the absorption behavior for All IRs to "Type S" - with the associated value
of f1 = 0.00001 - and recalculating the intake amounts, gives the result shown in Figure
4.56.
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= | Bioassay Calculations
Save Quick Save
INTAKES CALCULATION
IR1 [g424E403 B j VI
IR2 [s501E+03  Eg Intakes to Bioazzay ] Bioassay to Intake
IR 3 |5-24EE":|‘ij Bq Select which data to use
[T whale body
[~ Lungs
[+ Urine
[~ Feces ——
'y
™ Bload [ Geagh
[ Thyraid 0.014
0.o12
[T Liver 0.010
Start Calculation I™ User Defined S
0.00&
0.004
0.002
8.
Frogrezs Indicator
Dieposition Juygggrgannn e .

Figure 4.56. Calculated Intakes with corresponding best fit to the data for
assumed Type S absorption behaviour.

Clearly, the assumption of Type S absorption behavior gives a worse overall fit to the
measured urine data than Type M (Figure 4.55). Type S behavior does predict a
step-wise increase in urinary excretion at 9,464 d (from IR2), and also the presence
of finite excretion prior to that date (from IR1). However:

1. it CANNOT fit the observed sharp increase in the excretion rate following IR3;
2. NOR the observed sharp drops in the excretion rate following
both IR2 and IR3.

Note that changing the assumed absorption behaviour also changes significantly the
"best estimates' of the intake amounts to:

e IR1 = 8,424 Bq;
e IR2 = 6,501 Bq;
e IR3 = 0.0005 Bg.

Optimising the Fit to the Data

Although the assumption of Type M absorption behavior in this example gave a
much better fit (figure 4.55) to the measured data than Type S, the fit was still not
good. To improve this, IMBA Professional provides a further

powerfull tool for optimising the data fit - the "Intakes to Bioassay" option in the
"CALCULATIONS" sub-panel. This enables you to predict the bioassay

quantity with sufficient time-resolution to examine in detail the fit achieved for rapidly
changing data (significant observed "peaks" in the data). The optimisation procedure is
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decribed (for this example of multiple intakes) in Optimising the Intake Estimation.

This completes Step #11 in the multiple intakes example (obtaining the Initial Estimate
of Multiple Intakes):

e Proceed to Optimising the Intake Estimation.

e Return to the case description and list of steps.

Optimizing the Intake Estimation 00

The first step in optimizing an intake estimation is to switch the "CALCULATION" mode from
"Bioassay to Intake" (blue arrow) to "Intakes to Bioassay" (green arrow) - as shown in

Figure 4.57.
_ Binaszay Calculations 2
File Advanced Toolz Help
= | Bioassay Calculations
Save Cluick Save
INTAKES | CALCULATION |
IF 1 | ] Bg :
3.05TE 01 .. || Specified [
IF2 [3986E+07  Ba Intakes to Bioassay ] Bioaszay to Intake I
' . 040
R3 [3g11E.02  Ba Mumber of Dates (1-200) [2%0 35 08/0
~ Specify Dates [Col 1] Ejg
Chart Date | 014011971 & Linear e il ;gjg
" Lagarithmic Dpe; -
Stop Date | 21,12/72 i
" 1-2-8 mode

(* Graph

— Specify Collection Periods [Col 2]

0.014
1 Send -

0.012

, , 0.010
— Calculate Bioazzay Guantity [Col 3] 0003

Start Calculation 0.006
0.004
0.002-

g
OO O » | o000

B Frogress Indicator |
Figure 4.57. Setting up a series of times at which to predict the bioassay guantity.

In the multiple intakes example, the measured urinary excretion data exhibited significant
"peaks" in 1971 and 1972. However, these bioassay data were taken at "routine" sampling
intervals - and NOT in response to intake events (known or suspected). As a result, much of
the early urinary excretion of relatively soluble plutonium would have been missed. The
"Intakes to Bioassay" option enables this predicted early excretion to be examined on the
same graph plot as the measured data.

For this examplé (Figure 4.57):
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e select 200 as the Number of Dates (1-200);
e select Linear for the time series;
e specify the Start Date as "1/1/71";
e specify the Stop Date as "31/12/72";
e click the "Send to all open windows ®" button;
e enter "1" in the " Specify Collection Periods [Col 2]" dialog box;
e click the "Send ®" button.

This will auiomatically:

1. open 200 rows (green bacquou_nd) in the Bioassay Quantity table;

2. enter [in Column 1] the 200 values of date/time (at linear intervals):

3. enter "1" for the Collection Period [Column 2] for each of the 200 sample times.

To calculate the predicted amount of urinary_excretion for all 200 (hypothetical) samples -

for the displayed "initial” estimates of the intake amounts - and to display the results in
Column 3 of the table:

e click the "Start _Calculation" button.

The predicted values ar_e shown in Figure 4.58.
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E’!‘. Bioaszsay Calculations
File Advanced Toolz Help

SEI u_ | Bioassay Calculations

" INTAKES | CALCULATION |
_|>g

IR 1 [a0s1E-01  Ba

Specified

P2 Im Bg Intakes to Bioassay ] Binagzzay to Intake
' 04/0
IR3 [311E+02 | Ba Number of Diates [1-200] 200 ill 08/0
~ Specify Dates [Col 1] 1l
15/0
Start Date | 0170171971 i+ Linear Send to al 1540
¢ Loganthmic  ZPE" 2l
atop Date | 3112/72 indons -
i 1-2-56 mode =
% Graph
— Specify Collection Periods [Col 2] -
1 Send ---» 0.012
ooz
_ _ 0.010
— Calculate Binagzay Quantity [Col 3] 0008
Start Calculation 0.008
0.004
0.002
o

— Progress Indicator
Deposition ANEEEEENENEENEEEENNNENENENENENENENENEEEEEEEENE ) Grapfy

Collting Times  [NNNANNENNNNEERENERERRENNNEERNNNNNNENNRENEEEEN]
Binazzay Calce  [NNNNNNENNNNEENENENERRNNNNEEENNNNNERENRNNEEEEN]

Current

Operation Calculation Complete

ok

Figure 4.58. Predicted bioassay quantity displayed in the Bioassay Quantity window.

Warning:_If you are using a slow processor (< 400 MHz), you will have to
wait several minutes for the calculation of 200 excretion values to finish.

% Tip: If your processor is too slow, decrease the number of time points.

Plotting the predicted bioassay guantity

This is done in the Grafph Tool (Figure 4.59):

e check the "Plot" dialog box under "Bioassay Predictions" ("Plot" sub-panel).
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The predicted values of the bioassay quantity \_/viII automatically be added to the graph of the
data (as a green curve).
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Figure 4.60. Curve of predicted bioassay guantity displayed in Bioassay Quantity window.

'\_‘ e

Examine closel

Tip: Use the higher resolution provided by the Graph Tool for critical comparisons
of predicted curves with the measured values.

the Graph Tool plot (Figure 4.59), and you will see that:
1. the predicted early urinary excreti_on for the known intake time (IR2) is
substantially higher than the next measured value (at 9,516 d);
2. the next two data points (at 9,516 and 9,601 d) are reasonably-well predicted.
3. the values of the two highest measured values (following IR3) are NOT predicted.

Clearly, from the predicted rapid fall-off_ in urinary excretion, the actual date of
intake for IR3 must have been much closer to 18/9/1972 (9,963 d), the date of
the next urine sample. than the "mid-interval” date (21/3/1972) assumed initially for IR3.
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To test this interpretation:

e in the Main Screen, change the assm]med "Start Date" for IR3 to "11/9/72";

e back in the Bioassay Calculations screen, "Bioassay to Intakes" option (blue
arrow), click the "Start Calculation" button.

Figure 4.61. Calculating new intake amounts ;‘or a different assumed date of intake for IR3.

With the revised date of intake fo_r IR3, the calculated Intakes are:

e IRL=0Bq;
e |IR2 = 355.9 Bqg;
e IR3 = 367.7 Ba.

Figure 4.62 shows the enla;qed plot in the Graph Tool.

E. Graph Tool for Urine

Wi

0014 -
002 -
0010 -
0008 —
0.005 -

0004 —

RUE 1

1 ' 1
8315 J:'z 3133

Figure 4.62. Improved data fit obtained by refining the assumed date of intake for IR3.

To plot the corresponding predicted bioassay quantity curve simply:

e switch to the "Intakes to Bi_oassay" option (green arrow);
e click the "Start Calculation" button.

The new predicted curve will be disE)Iaved automatically in the Bioassay
Quantity window. Open the Graph Tool (Figure 4.63) to examine this.
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E% Graph Tool for Urine
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Figure 4.63. Predicted rapid changes in urinary excretion from IR2 and IR3.
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Comparison of the predicted (green curve) early urinary excretion following IR3 with
the measured fall-off (between the samples at 9,963 d and 10,044 d) suggests that
the actual fall-off in urinary excretion is substantially slower than predicted (by the
assumed Type M absorption behavior). To test this interpretation, the assumed absorption
rate for IR3 can be changed, and the effect on the fitted intake amounts and predicted
urinary excretion curve can be examined, as follows:

e Un-check "Apply Model Params to All IRs" - in the "Advanced” menu (Main Screen). This
will enable you to vary the absorption rate for IR3 independently of IR1 and IR2.
e Increase the "Final dissolution rate, St" for IR3 from 5 X 10-3 d-1 to 5 X 10-2d-1.
e For consistency with an increased absorption rate, decrease the aerosol AMAD to 0.5 ym.
e Back in the Bioassay Calculations screen, "Bioassay to Intakes" option (blue
arrow), click the "Start Calculation” button.

The result is shov;n in Figure 4.64.
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Figure 4.64. Calculating new intake amounts for an increased absorption rate for IR3.

Note: Improving the data fit for IR3 enables the maximum likelihood method to

il

fit simultaneously a finite intake amount for IR1.

With the revised absorption rate for IR3, the calculated Intakes are:

e IR1 = 299.8 Bq:
e IR2 = 153.4 Bq:
e IR3 = 116.9 Bq.

Figure 4.65 shows the enla_rqed plot in the Graph Tool.
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Figure 4.65. Improved data fit by refining the assumed absorption rate for IR3.

Warning:_The "solution" of the Miller et al. (1999) case illustrated in Figure 4.65 is
NOT intended to be definitive - merely "illustrative" of the procedures available

in IMBA Professional for estimating multiple intakes. Inclusion of additional
information _about the nature of the three intakes considered here could well lead
to a different set of estimates for the intake amounts.
Important:_The decision on when the "parameter optimization' procedure has
found an "acceptable" solution, will, of course, be determined by your Regulatory
Guidance [e.q., in the U.S. by the DOE Standard for Internal Dosimetry (DOE-STD-
1121-98)]. Your intake-fitting procedure should include the evaluation and
consideration of the resulting committed doses. IMBA Professional enables you
to evaluate these doses very easily (by switching to the Dose
Calculations _screen) after each stage of the intake-fitting procedure.

This completes the multiple intakes example:
e Return to the case description and list of steps.
e Proceed to the example dose calculation.

Example Case of Multiple Bioassay
Quantities - Requires Add-On 2
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This example is taken from IAEA (1999) - see Case #4 in their Appendix 2. A person
(green activist) penetrated through barriers into an area of "low-level waste" in an
abandoned sand mine. He found a barrel with a "radioactive substances" label,
took out a tin labelled " ISOMET 90Sr", opened the tin and found white powder.

After a few days, the person started to "worry" - and sought out a measurement
with a ""dose-rate meter."” This indicated serious external contamination. The high
reading persisted after the person showered - indicating substantial internal
contamination. Surface contamination was found in his home - and on various
personal belongings.

The following bioassay monitoring was performed:

¢ Whole body activity - 15 measurements from approximately 5 days after the
intake, over a 21-month period (see Table 4.3).

e Urine sampling - 9 measurements from approximately 5 days after the intake,
over a 9-month period (see Table 4.4)

e Faecal sampling - 6 measurements from approximately 6 days after the intake,
over a 10-day period (see Table 4.5).

No "error" values were reported.

Table 4.3. 90Sr/90Y whole body activity measurements.

Measurement date

Activity (kBq) Activity (kBq)
Measurement date
November 29, 692 December 12, 215
1990 1990
November 30, 400.5 May 27, 1991 118.5
1990
December 3, 1990 292 June 5, 1991 135
December 4, 1990 272 July 4, 1991 110.5
December 5, 1990 256.5 August 8, 1991 102.5
December 6, 1990 261.5 June 2, 1992 96
December 7, 1990 248 August 11, 1992 79

December 10, 218

1990

Table 4.4. 90Sr urine activity measurements.

Collection period (h) Daily excretion rate (kBq d-1)
Sample date

November 29, 19 56.60

1990

December 1, 1990 ~ 55.28
19 14.46
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December 3, 1990

December 4, 1990 19 10.81

December 6, 1990 18 9.80

December 9, 1990 19 5.91

December 11, 24 4.44

1990

July 3, 1991 24 0.47
24 0.20

August 7, 1991

Table 4.5. 90Sr faecal activity measurements.

Collection period (h) Daily excretion rate (kBq d-1)
Sample date

December 1, 1990 ~ 8.54
December 3, 1990 ~ 2.56
December 4, 1990 ~ 10.52
December 6, 1990 ~ 0.36
December 9, 1990 ~ 0.12
2.3

December 11,
1990

No information was available on:

e the particle size of the powder;
e the chemical form of the powder;

e the nature of the intake (i.e., whether by inhalation or ingestion).
This case can be solved (rapidly) with the following steps:

1. assume appropriate errors;
2. assume ICRP-recommended hioassay models;
3. test hypothetical intake scenarios;
4. evaluate the likely intake;
5. evaluate the likely dose.

Error Assumptions - Multiple Bioassay Q0
Quantities

No information on the magnitude of measurement errors is available in this example
case. However, in order to give an appropriate "weight"” to each set of bioassay
measurements, it is important to assign a realistic error value for each type of
data. Let's assume the following:

e Whole body activity measurements - Relative error with K = 0.2 - Normal error
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distribution.

e Urinary excretion rate measurements - Lognormal error distribution - with sg = 1.8.

e Faecal excretion rate measurements - Lognormal error distribution - with sg = 4.0.

Note: These assumed errors are meant to reflect the fact that Whole
;. 'memr® Body measurements (of 90Sr/90Y) are reasonably precise, whereas

—— the Urinary Excretion Rate is subject to substantial biological variability,
and the Faecal Excretion Rate to even greater biological variability.

The resulting tables of input data, completed in the Table Tool, are shown in Figures
4.68 through 4.70, for Whole Body, Urine and Faeces, respectively.

E3; Table Tool : Whole body Data

File Edt EBioaszay Meazurement Help

O svecitcd Date (himm [nza  [Caloulaled Measuement Date s [Measuemen
1

_ 1 23/11,/1330 00:00:00 E.32000E +05
& 30,11,/1330 00:00:00 4.00500E +05
| 03121330 00:00:00 2.92000E +05
_ 4 04./12/1330 00:00:00 2.72000E +05
| g 051241330 00:00:00 2.56500E +05
__Hj 06/12/1330 00:00:00 2.61500E +05
| 0771241330 00:00:00 2.48000E +05
_ ] 10/12/1330 00:00:00 2.18000E +05
| 12/12/1330 00:00:00 2.15000E +05
10 277051331 00:00:00 1.18500E +05
[Ie 05/06/1331 00:00:00 1.35000E +05
12 04./07/1331 00:00:00 1.10500E +05
I 0:2/08/1331 00:00:00 1.02500E +05
14 0270641332 00:00:00 3.E000E +04
| 11,/08/1332 00:00:00 7.9000E +04

igure 4.68. Whole body data and assumed errors for IAEA Case #4.

m

E}; Table Tool : Urine Data

File Edt EBioaszay Meazurement Help

1 2941141330 00:00:00 7.920E-01  5.6B00E+04
01,/1241330 00:00:00 1.000E+00  5.5280E+04
0341241330 00:00:00 FH20E-07 1.44B0E +04
04,/1241330 00:00:00 7FH20E-01 1.0810E+04
0B/1241330 00:00:00 .500E-M 3.800E +03
09/1241330 00:00:00 7.920E-M 5.910E+03
11/1241330 00:00:00 1.000E+00 4. 440E +03
0340741331 00:00:00 1.000E+00 4.700E +02
07/0841331 00:00:00 1.000E+00 2.000E +02

Figure 4.69. Urine data and assumed errors for lIAEA Case #4.

2]
3
4
_3)
_5]
7]
_ 8]
9
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E’! Table Tool : Fecesz Data
File Edit Binazzay Meazurement Help

e

1 0141241330 00:00:00 1.000E+00 8.540E +02
d 0341241330 00:00:00 1.000E+00 2560E+03
- 041241330 00:00:00 1.000E+00  1.0520E+04
4 0641241330 00:00:00 1.000E+00 3.B00E +02
5 0941241330 00:00:00 1.000E+00 1.200E +02
E 1141241330 00:00:00 1.000E+00 2. 300E +03
1gu

Figure 4.70. Faecal data and assumed errors for 1AEA Case #4.

This completes Step #1 in the multiple bioassay quantities example (assuming
reasonable Error Values):
e Proceed to Select Reference Bioassay Models.
e Return to the case description and list of steps.

Select Reference Bioassay Models - 00
Multiple Bioassay Quantities

Once you have defined the Indicator Nuclide (20Sr), and also the Bioassay

Quantities (in the Bioassay Quantity windows), you can specify use of ICRP's currently
recommended Bioassay Models in one quick step - by clicking the "ICRP DEFS Load"
icon (Figure 4.71).

File Edit Parameters Calculationz Toolz  Advanced Help

~u
o - [ I Ders
Dpen Save MHew Cuick Save Load Load

Wer 3.0 C:\JabaSoft MBAEXUSAWUSERDATANMAES Casze 4 - 9051.ix |_

Figure 4.71. The "ICRP DEFS Load" icon for specifying use of all ICRP default models.

You will be prompted to select an "1 Value™ and " Absorption Type" for
the 90Sr material (Figure 4.72). Select type "M".

EE!; F1 values and abzorption Types for Strontium

Abz.  [H [ICAP | Chemical Fom
F n3 71

- M 01 71
5 0.01 71
F 0.3 B2 Unzpecified compounds
5 .01 B2 Strontium titanate [SrTi0 3]
Ing 0.3 B2 Unzpecified compounds
Ing .01 B2 Strontium titanate [SrTi0 3]

Mate: anly the abzorption parameters are entered. NOT the default AdAD. Ok

Cancel

Figure 4.72. Selecting the f1l value and absorption type for Strontium.
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If you then click the "Bioassay™ button in the ""Model Parameters" panel (Main Screen)
you will see that the "Std Sr Model" bioassay models have been loaded for Whole
body, Urine and Faeces (Figure 4.73).

B Bioassay Model _ O]

File  Edit Function

Binazzay Function

|L|ser Defined j

Transfer Compartment

#Kaﬂ ] *Ka{?} ;(3[9] * Ka10]

Systemic
. Compg 1 Comp & Comp 9 Comp 10
Retention . . - .
J Lam[1] J Lam[2] J Lam(3] J Lam(10]
Excretion
Binazzay Function
Larnli] | Blaod half time (K] ID
i | ali [ Lamii) Select
1
2 Uzer Defined Mode
3
4
5
G
i Not Specified
a
2|
10
ok | Cancel |
mHOLE BODY | LUMGS URIME FECES BLOOD THYROID LVER IJSER DEFIMED
Std Sr Model Std SrModel | Std SrModel

Figure 4.73. Confirming that the "Std Sr Model' has been loaded for Whole
Body, Urine and Faeces.

This completes Step #2 in the multiple bioassay quantities example (loading Standard
ICRP Bioassay Models for Strontium):
e Proceed to Hypothetical Intake Scenarios.
e Return to the case description and list of steps.
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Hypothetical Intake Scenarios -
Multiple Bioassay Quantities

The nature of the intake was unknown in this case (JAEA Case #4) - so let's try to

get IMBA Professional to indicate the most likely type of intake! To do this we simply
have to set up several hypothetical intake scenarios to occur simultaneously - and
let IMBA Professional use the bioassay data (whole body, urine and faeces)

00

simultaneously to "choose™ the most likely scenario.

Important Note: The availability of 3 independent sets of bioassay data -
plus the ability to analyse these data simultaneously - makes it possible
to apply IMBA Professional in this manner to determine the relative
"weight" of several hypothetical intake scenarios - when the actual
conditions of intake are unknown. This method is not likely to work if you
have data on just one bioassay quantity!

In this example case, we don't know whether the intake occurred

by inhalation or ingestion, or by a combination of both. We also know nothing about
the chemical form of the material, or the particle size distribution of any airborne
material. 1CRP’'s recommendations concerning potential chemical forms

of strontium are displayed in the "F1 values and absorption Types for Strontium* window
(Figure 4.74).

ﬁi. F1 values and abzorption Types for Strontium

Abz.  [H [ICRP | Chemical Fam

=+ F 03 71
b 0.1 71
5 0.0 71
F 0.3 68 Unzpecified compaunds
5 nm B8 Strantiurmn titanate [SrTi03)
Ihg 0.3 68 Unzpecified compaunds
Ihg nm B3 Strontiurm titanate [SrTi03)

Mate: anly the abzorption parameters are entered. MOT the default AdAD.

(] Cancel

Figure 4.74. 1CRP's currently recommended "default” values for Strontium gut uptake
fraction and absorption Type.

Let's try setting up 4 hypothetical (but possible) intake scenarios, and seeing
if IMBA Professional can distinguish between them, as follows:

e IR1 - Ingestion - with f1 =0.1.

e IR2 - Inhalation - ICRP default aerosol - Type "F" absorption (f1 = 0.3).
e IR3 - Inhalation - ICRP default aerosol - Type "M" absorption (f1 = 0.1).
e IR4 - Inhalation - ICRP default aerosol - Type "S" absorption (f1 = 0.01).

To do this (most easily):

select 4 Intake Regimes;
click ""ICRP DEFS Load";

un-check " Apply Model Parameters to All IRs" - in the "Advanced" menu;
set each IR in turn, as listed above.
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Figure 4.75 shows the resulting Main Screen set to indicate the Model
Parameters for IR1 (the hypothetical Ingestion).

Note: In this case, the actual intake probably occurred on November
24th, 1990 - about five days before the first whole body count and urine
sample. The " Start Date" for each hypothetical (acute) intake is
therefore set to " 24/11/90".

EX M ain Sereen

File Edt Paameters Calculations Tools Advanced Help

EED.@@

Mew  Quck Save Load Load Repot Help
|Ver30 | C\labaSoltUMBAEMUS\ISERDATAMAEA Case 4 - Setup.ie

| IMBA Professional Full Edition

-Intake Scenario

Intake Regimes ) » - ﬂ Usnlls = Intake (IR 1) Indicator M
Clear 41 Iritake Flegmes | nter Murber of Intake Regmes (110 | 5 ,r' DH’H [ e Select Rai
IR1[ARZ]IR3T R4 ~ Tone [d] —

i Humber of Ags
e — Made I__J Half Life 100
 Inhalation (* Acule " Chronic Associated Radionuclides
& Ingestion Inake v |
i Start Disln |;w11s1iﬂu ﬂ ® Bqg  dpm
N rpa
o e Doss Select Radonuchde |
| " Sw T rem
 mEv € mem Delete Radonuchde |
~Model Parameters - Calculations

I:| : I|-'-- I Abzcaphior GI-Tract Bickirebic s |

A1 J Absorptior: Type M | Part Tran ICRP Defauls | Gl-Tract ICRF Defauls |11=0.1 | Bigkinatics: ICRF St Madal Depesitior: ICRF Defauks

Figure 4.75. First hypothetical intake regime (IR1) set up as "Ingestion" with f1 =
0.1.

Dese Ca

1 JiR2 |IR3 | R4 |
FAezpratony Tract
Bioassay C
Cloze

To calculate the most likely amounts of intake from each IR (in the Bioassay
Calculations Screen):

e check Whole body, Urine and Faeces (in the Bioassay to Intake mode);
e click " Start Calculation™.

Figure 4.76 shows the result.
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Figure 4.76. Calculated amounts of 4 hypothetical intakes.
The resulting total estimated intake is about 5.91 MBq, of which:

IR1 is assigned about 89%;
IR2 is assigned about 10%;
IR3 is assigned about 1%;
IR4 is assigned 0%.

Figure 4.77 shows the resulting overall "fits" to all 3 sets of bioassay data.
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1 OE+08
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Figure 4.77. Overall fits to the bioassay data given by a combination of 4
hypothetical acute intakes.

From the above, we can conclude that:

e the overall fits to all 3 sets of bioassay data are reasonably consistent with the

assumed error distributions;
e inhalation intake of both Types "S" and "M" material can be neglected in

comparison with that of Type "F" - and that by ingestion.

We now need to refine our hypothetical intake scenario(s) accordingly (see Step
#4).

This completes Step #3 in the multiple bioassay quantities example (trying Hypothetical
Intake Scenarios):

e Proceed to Refining the Intake Assessment.

e Return to the case description and list of steps.
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Refining the Intake Assessment - OO
Multiple Bioassay Quantities

From the initial evaluation of hypothetical intake scenarios, it was clear that the
actual intake comprised primarily of:

e ingestion, and/or;
e inhalation of Type "F" material.

In this case, we can proceed to test hypothetical combinations of ingestion (with
fl = 0.3) and inhalation (Type "F" with various assumed values of the AMAD), as
follows:

e IR1 - Ingestion - with f1 = 0.3.
e IR2 - Inhalation - Type "F" absorption - with AMAD =5 pum (ICRP default
aerosol);
e IR3 - Inhalation - Type "F'" absorption - with AMAD = 20 pum;
e IR4 - Inhalation - Type "F'" absorption - with AMAD = 100 pm.

Figure 4.78 shows the result.
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Figure 4.78. Intake amounts calculated for 4 hypothetical (simultaneous) intake
scenarios.

The "best estimates' of each type of intake are:

e IR1 - Ingestion - 2.480 MBq;

e IR2 - Inhalation - 5 pm AMAD - 11.62 Bq;

e IR3 - Inhalation - 20 um AMAD - 6.333 Bq;

e IR4 - Inhalation - 100 um AMAD - 7.491 kBq.

Clearly, the bioassay data (in conjunction with ICRP's current respiratory tract
model and biokinetic model for strontium) indicate intake predominantly by
ingestion. Figures 4.79 through 4.81 show the fits obtained, for the whole body,
urine and faecal data, respectively.
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ﬂé Graph Tool for Whole body
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Figure 4.79. Graph Tool plot of whole body data.
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E% Graph Tool for Urine

Wi
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Figure 4.80. Graph Tool plot of urine data.
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D% Graph Tool for Feces
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Figure 4.81. Graph Tool plot of faecal data.

Except for the additional retention in the nose and tracheobronchial region,
inhalation of very large particles has a similar effect to ingesting these particles -
since most of the inhaled activity not cleared from the nares (by nose blowing) is
swallowed. If we had assumed that ALL of the intake had occurred by inhalation of
a 100-pm-AMAD aerosol, the resulting "fit" to the bioassay data would have been
as shown in Figure 4.82. In this case, the estimated intake would have been 4.438
MB(q.
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Figure 4.82. "Best Fit" to the bioassay data obtained when the intake is assumed to
be by ingestion.

By eye, it is impossible to distinguish between the "fit" shown in Figure 4.82
(assuming intake by inhalation of large particles) from that shown in Figure 4.78
(assuming predominant intake by ingestion). However, in terms of "numerical
likelihood,” IMBA Professional found the fit in Figure 4.78 (ingestion) substantially

"pbetter.”” However, for radiological protection purposes, it is prudent to consider
which intake route would give the higher effective dose - see Step #5.

Tip: IMBA Professional is designed to make it easy for you to test a range of
hypothetical intake scenarios - when knowledge of the conditions of intake is
sparse (as is often the case). It is then just as easy (and quick) to examine the
implications of the most likely scenarios for dose.

'\_‘ e

This completes Step #4 in the multiple bioassay quantities example (Refining the Intake
Assessment):
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e Proceed to Evaluating the Dose.
e Return to the case description and list of steps.

Page 60 of 185

Evaluating the Dose - Multiple
Bioassay Quantities

00

As the final step in this example, we will calculate the doses resulting from the two
"hypothetical” intake scenarios that we found to be most consistent with the

bioassay data:

1. Ingestion of 2.486 MBq of material with an f1 of 0.3.

2. Inhalation of 4.438 MBq of a 100-pm-AMAD aerosol of Type "F"

material.

Figures 4.83 and 4.84, respectively, give the resulting values of effective dose.

Note: The Associated Radionuclide (90Y) is included in the dose calculations.

o
e

L"'-".. Dioze Calculalwons

The ICRP-recommended biokinetic models are assumed for both 90Sr_and 90Y,
and also the ICRP68 radiation and tissue weighting factors.

Fle Jooks Advanced Help

e Dose Calculations
Save  Quick Save
INTAKE CALCULATION DC
:,|> " Equiv = EIf I Indicato
Cont to EH | Effective
IR1 [2aee-06 B Tanget Organi: Iﬁ!ﬁ:? [v) ?;{; [5v)
EMT W ] W ] LN(TH] DO00E+D0  0.00E+
Es 1] 82k 05 8.2k L
Gonads IPEH 3PS
Selecl Spare 0.00E+00 0.00E+C
Flemarnder 8.35E05 835EL
(1) Doze from Indicator Muclide: 5190 I | TOTAL 6. B6E 02 6. BB6E {
4
2) Doze from Azzociated Fadionuchde
e ’ : u " Equiv = Eif Iﬂ-ssucnlv:dF
r EH Dose from| EF Diose o
Target Organz | 'v-30 ALL AR's
(5] (5]
LNITH) NO00E+00  0.00E+
Effective Dose [Sv) E sophagus 4. BE 06 4.B6E{
Gonads 19605  1.94E{
|?.42E 02 Spae DO0E+00  D.00E+E
Alemarder 95E0E  S5MEL
TOTAL 5.64E 03 5.64E
P o I 8 A - | ‘
Figure 4.83. Effective doses calculated for ingestion of 90Sr/90Y powder.
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m.- Dose Calculalons

File Toolz Advanced Help
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Figure 4.84. Effective doses calculated for inhalation of 90Sr/90Y aerosol (100-pm-
AMAD, Type "F").

Table 4.6. Comparison of effective doses calculated by assuming intake by ingestion
or inhalation.

Effective Dose Effective Dose Total Effective Dose
Route of Intake from 90Sr (mSv) from 90Y (mSv) (mSv)
Ingestion 68.6 5.64 74.2
Inhalation 66.5 1.96 68.5

Clearly, in this case, we can conclude that:

e the total effective dose is about 75 mSy;
e it makes little difference if the actual intake occurred by ingestion or inhalation.

Note: The Associated Radionuclide (90Y) is included in the dose calculations.

The ICRP-recommended biokinetic models are assumed for both 90Sr_and 90Y,
and also the ICRP68 radiation and tissue weighting factors.

This completes the final step in the multiple bioassay guantities example (Evaluating the

Dose):

e Return to the case description and list of steps.

Case of Uranium Isotopic Mixture - o0
Requires Add-On 4

Details of the (real) case
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A release of uranium feed material at a uranium fuel fabrication plant was indicated by an
installed continuous air monitor.

The material released was sintered LEU of known isotopic composition, in the form of
highly insoluble oxide.

Earlier studies of airborne contamination in this area of the workplace indicated an
aerosol AMAD of 5.9 um.

Both urine and fecal bioassay was carried out for the worker concerned, commencing
immediately.

Isotopic composition (by Activity)

234U - 83.6%.
235U - 3.05%.
238U - 13.4%.

Urine bioassay data

The first urine sample was obtained from the worker concerned at 30 minutes after the
incident.

e Ten further (contiguous) samples were collected over the following 3 days.
e The results were reported as total uranium mass (pg) per collection period, together with

the associated uncertainty (measurement error) and the total volume of urine collected.

Fecal bioassay data

e The first fecal sample was obtained from the worker concerned at 3 hours after the

incident.

e Four further (contiguous) samples were collected over the following 3 days.
e The results were reported as total uranium activity (pCi) per collection period, together

with the associated uncertainty (measurement error).

Case Analysis

Follow these steps to analyze this case:

Set up Uranium Mixture.
Enter Uranium-in-Urine Data (in mg/d).

Initial Joint Analysis of Urine/Fecal Data.
Correct for Dietary Uranium Intake.
Optimize Intake Model Parameters.
Calculate Committed Doses.

See also:

e Published Data on "Background" Uranium-in-Urine.

ey NOte: This case demonstrates how to use IMBA Professional

% ——= Plus to_detect_the_(assumed)_constant background contributions to urinary and
fecal excretion rates made by an individual's dietary intake of uranium.

Set up Uranium Mixture 00
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E% Select the required radionuclide

Page 63 of 185

H [zotope | Uranium-tixture

B[=/e3

[Uranium-234 C
Idraniurm-235
Idraniurm-236
Na | rariur-233 F E
Cr | Mn| Fe | Co | Mi £n
Sr b Zr | Mb Fu g Sn | Sb I
Cz | Ba | La Hf Fa
e e Pm Eu Th
Th | Pa U HMHp| Pu| Am | Cm Cf
Load Complete
INRRENRNENENEN 0K Cancel Decay

Figure 4.92. Selecting Uranium -Mixture as the Indicator Nuclide.

Intake {IR 1} Indicator Nuclide

1] Bg Select R adionuclide ‘

Specify U misture

Associated Radionuclides

Mone Selected

I_:igure 4.93. "Specify U mixture" button.

MNurnber of Azzociated Radionuchdes: 0 i‘
Half Life:  1.000E+03 d b
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. Details of uranium mixture g@@

Help
|zotopic Abundance Select by
Select (o Activity
U234 |336 % @ User Defined
" Mazz
U235 |3_|:|5 s i Depleted
|EI " Matural
; 4
-2 " Low-Ennched Clear
Uz 134 % ¢ High Enviched
Fezulting 5 pecific Activity Bllors Units
¥ mg
1B.9611E-+01 Ba/mg
124219E+403 oCifrmg
] Cancel

Figure 4.94. User Defined details of uranium mixture with resulting specific activity.

Warning

Abundances do not add up to 100%:
Do o still wish to leave this Form?

Figure 4.95. Warning notice.
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Units i i
Specify Time Az Intake (IR 1) Indicator Nuclide

" Date 0 g Select Badionuclide ‘

;;;_IDTEimE (d) Mumber of Azzociated A adiorucldes: ri‘

58 ﬂ Specify U misture ‘ Half Life: ~ 1.000E+09 d -
Associated Radionuclides

. U-234 | U235 | U238 | U238 |

i~ Bq " dpm

i pCi f* mg

Dase Select Radioruclide 016 .

" Sv " 1em Abundance %

ComSv O imren Delete Radionuciids Half Life:  8.924E+07 d

Figure 4.96. Selected U-mix showing Associated Radionuclides and "mg" Intake Unit.

To define the isotopic composition and measurement unit for the uranium mixture:

1. Select "Uranium -Mixture" as the Indicator Nuclide (Figure 4.92).

Click the "Specify U mixture" button (Figure 4.93).

3. Enter the Isotopic Abundance values (% by Activity in this case), check the Allow Units
"mg" box (Figure 4.94), and click "OK".

4. You will be warned if your Abundance values don't add up to 100% (Figure 4.95) - ignore
the warning for this example.

5. Select "mg" in the "Units" panel (Figure 4.96) - since, in this example, most of the
measurements (urinary excretion rates) are reported in "mg/d".

N

.. ey NOte #1: The calculated specific activity of the defined uranium mixture is

i == automatically displayed in the "details of uranium mixture" window" (Figure
T 4.94).

. ey NOte #2: The individual uranium isotopes (234U, 235U, 236U and 238U)

%’.‘i —— are automatically loaded as Associated Radionuclides. This is done in readiness
— for the Dose Calculation.

This completes the 1st Step in the uranium isotopic mixture example:

e Proceed to Enter Urine Data.

e Return to the case description and list of steps.

Enter Uranium-in-Urine Data (in o0
mg/d)

Figure 4.97 shows the urine bioassay data as entered in a NotePad® text file, ready
for importing into the Table Tool of IMBA Professional Plus. Note that:
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e These are real data.
e The dates have been changed (by subtracting from the reported values a
constant number of yy:mm:hh) - in order to preserve confidentiality.
e The third column of values (the actual bioassay quantity) is the calculated daily
uranium excretion rate - in ygd-1.
e We have assumed a lognormal error distribution, with a sq of 1.8. This is a more

realistic representation of the data variability than the

Page 66 of 185

reported measurement uncertainties. _-The measurement uncertainties do NOT
represent the sytematic (biological) variability in urinary excretion - which is

substantially greater.

2 Untitled - Notepad

File Edit Format Miew Help

3101995 12:30:00 AM 2. 080E-02 1.830E-02 Real 1.8 el dn]=3l
3101995 5:30:00 AM Z.080E-0L 5. 6840E-04 Real 1.8 [eleydn]=3l
3104995 12:15:00 PM Z.810E-01 3.770E-04 Real 1.8 [ale]din]=1
31019595 11:05:00 PM 4.,510E-01 1.51C0E-04 Real 1.8 el dn]=3l
3111995 6:10:00 AM 2.950E-01 1.380E-04 Rea’l 1.5 LGMORM
3111995 4:20:00 PM 4, 240E-01 1.070E-04 Real 1.8 [ale]in]=1
3/11,/1995 4:30:00 PM a. 94 0E-03 Z.0B20E-03 Real 1.8 (el dn]=3l
3111995 8:50:00 PM 1.5870E-01 2.180E-04 Rea’l 1.5 LGMORM
3111995 10:50:00 PM H.330E-02 3.430E-04 Real 1.8 el dn]=3l
3121995 2:30:00 AM 1.670E-0L Z.180E-04 Real 1.8 [eleydn]=3l
3121995 4:30:00 PM 5.830E-01 7.B90E-05 Real 1.8 [ale]din]=1

Figure 4.97. Uranium-in-urine bioassay data set.

Tip: The reported (normal) measurement errors are given in the data
file "IU _URINE 2.txt" - which is included in the [Install
Drv]:\JABASOFT\IMBAEXUS\UserDatal\Demo\ folder at installation. It is
instructive to re-analyze this case using these reported_errors instead
of the (realistic) lognormal errors.

-

This completes the 2nd Step in the uranium isotopic mixture example:
e Proceed to Enter Fecal Data.

e Return to the case description and list of steps.

Enter Uranium-in-Feces Data (in
mg/d)

Figure 4.98 shows the fecal bioassay data as entered in a NotePad® text file, ready
for importing into the Table Tool of IMBA Professional Plus. Note that:

00

e Again, these are real data.

e Again, the dates have been changed (by subtracting from the reported values
the same number of yy:mm:hh as for the urine data) - in order to preserve
confidentiality.

e The third column of values (the actual bioassay quantity) is the calculated daily
uranium excretion rate - in uygd-1. These values are calculated from the reported
values of excretion rate in terms of pCi d-1, using the displayed
(calculated) specific activity of the mixture (2,421.9 pCi/mg - see Figure 4.94).
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e We have assumed a lognormal error distribution, with a sq of 3.0 ,c.f., sg= 1.8 for
the urine data. This is a more realistic representation of the variability in fecal
excretion rate than the reported measurement uncertainties. _The raw
measurement uncertainties drastically underestimate the sytematic (biological)
variability in fecal excretion.

& Untitled - Notepad

File Edit Format Yiew Help

3/10,,1955 3:00:00 AM 1.250E-01 1.220E-01 Real 3. 000E+00
371015985 4:30:00 PM S.630E-01 2. 500E-01 Real 3. 000E+00
3/10,,19585 5:35:00 PM 8. 680E-02 1.140E4+00 Real 3. 000E400
3/11,,1955 4:30:00 PM 5.130E-01 2.170E-02 Real 3. 000E+00
3/12,/1985 4:30:00 PM 1. 000E+00 1.090E-02 Real 3. 000E400

Figure 4.98. Uranium-in-feces bioassay data set.

L Tip: The reported (normal) measurement errors are given in the data
file "IU_FECES_2.txt" - which is included in the [Install
Drv]:\JABASOFT\IMBAEXUS\UserDatal\Demo\ folder at installation. Itis
instructive to re-analyze this case using these reported_errors instead
of the (realistic) lognormal errors.

This completes the 3rd Step in the uranium isotopic mixture example:
e Proceed to Initial Joint Analysis of Urine/Fecal Data.

e Return to the case description and list of steps.

Initial Joint Analysis of Urine/Fecal o0
Data
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Ey Bir assay Calculations

Page 68 of 185
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4.99. Initial data "'fit" for assumed acute inhalation of Type 'S’ uranium at t = O.

Figure 4.99 shows the initial result of analysing jointly the measured urinary and
fecal excretion rates, under the following assumptions:

e Acute inhalation, att = 0.
Aerosol characteristics - AMAD/MMAD = 5.9 um, sqg = 2.5, particle density (r) = 10
g cm-3, particle shape factor (SE) = 1.5.
Absorption characteristics - Type 'S'.
Mechanical transport parameters (respiratory tract) - ICRP66 Default.
Gl-Tract transport parameters - ICRP66 Default.
Gut uptake fraction (f1) - 0.002 (ICRP68 - highly insoluble uranium compounds: UO2,
U308).
e Two reported uranium-in-urine outlier values have been excluded from the "fit":
o the first value (from the sample collected 30 minutes after the intake) is
assumed to result from sample contamination. the rate of excretion of
uranium in urine following an acute intake requires several hours to "build up"
- it does NOT decrease over this period.
o the seventh value (from the sample collected at about 1.8 d after the intake)
is also assumed to result from sample contamination.
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Initial findings from plotted data fits

The resulting initial data fits (Figure 4.99) show clearly that:

e After peaking at about 0.2 day after the intake, the predicted urinary excretion rate falls
off more rapidly than the measured values.

e After the first day, the observed urinary excretion rates are relatively constant.

e The predicted fecal excretion rate peaks at approximately the same time after intake as
the measured values.

e Over the period of the first fecal sample (about O - 0.1 d after intake), the predicted fecal
excretion rate is more than_an order of magnitude lower than the measured rate.

e After the measured "peak” in fecal excretion of uranium (during the first day),
the measured excretion rate is about an order of magnitude lower than that predicted.

The above observations suggest that BOTH the measured urinary AND fecal excretion rates
are strongly influenced by a relatively high "background" excretion of uranium. Since, in this
case, continuous workplace air monitoring did NOT indicate the presence of chronic airborne
contamination, in order to "fit" the observed excretion values, it is necessary to consider
another relatively constant source of intake. The obvious candidate is dietary intake.

This completes the 4th Step in the uranium isotopic mixture example:
e Proceed to Correct for Dietary Uranium Intake.

e Return to the case description and list of steps.

Correct for Dietary Uranium Intake 00
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o, Binassay Calculations
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Figure 4.100. Data "fit" for assumed combination of acute inhalation
with background chronic ingestion.

Figure 4.100 shows the result of analysing jointly the measured urinary and fecal
excretion rates, under the assumption that a single acute inhalation of Type 'S’
uranium (Figure 4.99) is superimposed on a long-term (uniform chronic) intake of
uranium in the diet. The chronic intake is defined by:

e A uniform chronic ingestion of uranium with a gut uptake fraction, f1 = 0.02, i.e.,
an "unknown" form of uranium - commencing 20 y prior to the inhalation intake
- and continuing beyond the bioassay monitoring period.

Findings from plotted data fits
The resulting data fits (Figure 4.100) show clearly that:

e The assumption of chronic "background" intake (by ingestion) significantly improves the
"fit" to the urinary excretion data.

e The "peak" values of fecal excretion rate (within a day of the inhalation intake) are
substantially "under-predicted” - and the fecal excretion rates measured over the
following 2 days are substantially "over-predicted."
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These observations indicate that the chronic mass intake rate must have been substantially
higher than the value (of about 8 pg/d) fitted on the assumption of ‘moderate’ absorption
(corresponding to the assumed f1 value of 0.02). In fact, the data shows that the early fecal
excretion rates were about an order of magnitude higher than the fitted rates - without
significantly influencing urinary excretion. This can only happen if the chronically ingested
material has a substantially lower value of f1 than we assumed here, i.e., the dietary
uranium is significantly less readily absorbed. So, we can expect to improve the data "fit"

by finding more appropriate parameter values, i.e., by optimizing the intake model.

This completes the 5th Step in the uranium isotopic mixture example:
e Proceed to Optimize Intake Model Parameters.

e Return to the case description and list of steps.

Optimize Intake Model Parameters 00

In reality, the "background" dietary intake would have been "patural™ uranium, and
not "LEU" - as assumed in the previous analysis. Therefore a different conversion
factor to mass should have been applied to the "baseline™ fecal excretion rates
(measured and reported as "pCi/d'). The "background" uranium mass excretion
rates should be higher by a factor of about 3.55 - in the ratio of the specific activities
of LEU:U-Nat (approximately 2,422:683). Accordingly, before "optimizing" the data
"fit", the "input" uranium mass excretion rates representing the "baseline”
uranium excretion should be adjusted - as shown in Figure 4.101.

2 Untitled - Notepad

File Edit Format Yew Help

3101995 3:00:00 4aM 1.250E-01 1.220E-01 Excluded 3. 000E+
3101995 3:00:00 AM 1.250E-01 4.330E-01 Real 3. 000E+00
3101995 4:30:00 PM 5.630E-010 2. 500E-010 Rea’l 3. 000E+00
3101995 6:35:00 FPM 5. AB0E-02 1.140E+00 Rea’l 3. 000E+00
3111995 4:30:00 PM S.130E-010 2.170E-02 Excluded 3. 000E+
3121995 4:30:00 PM 1. 000E+00 1.050E-02 Excluded 3. 000E+
3/111995 4:30:00 PM 5.130E-010 7. FO0E-02 Rea’l 3. 000E+00
|3,-’12,-’1995 4:30:00 PM 1. 000E+00 3.870E-02 Rea’l 3. 000E+00

Figure 4.101. Adjusting the 1st, 4th and 5th values of uranium mass excretion rates
for the specific activity of natural uranium.
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Figure 4.102. Data "'fit" obtained by "optimizing" intake and Gl-tract model

parameter values - with adjusted "baseline" fecal uranium mass excretion rates.

Figure 4.102 shows the result of "optimizing" the data "fit" - by using the adjusted
"baseline' fecal uranium mass excretion rates (Figure 4.101) and manually varying
the model parameters. The changes made to the model parameters were as

follows:

1. Reducing the f1 value for the acute inhalation (IR1) to 0.0002 (from the "default"

value of 0.002).

2. Reducing the f1 value for the "background™ chronic dietary intake (IR2)
to 0.002 (from the "default” value of 0.02).
3. Doubling the rate of transport through the Sl to 12 d-1(from the "default” value

of 6 d-1).

4. Doubling the rate of transport through the yj| to 3.6 d-1(from the "default” value

of 1.8 d-1).

5. Doubling the rate of transport through the LLI to 2 d-1(from the “default value

of 1 d-1).

e The first change reflects the high-fired (ceramic) nature of the airborne

particles.

e The second change is necessary to improve the "fit" the adjusted "baseline"
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fecal excretion rate, i.e., after the "bolus" of inhaled LEU material has been
excreted.

e The third, fourth and fifth changes (see Figure 4.103) improve the "fit" to the
observed "peak™ in fecal excretion within the first day, and also predict a
substantial reduction in fecal excretion over the following two days - down
towards the adjusted "baseline™ rates.

EY. GI Tract Model =13

Rate conzstants [per day)
for particulate materal

St Stomach (St Ir

! Small Intestine [51] 112

Blood =]

dpper large inteztine 36

ULl (UL

Lower large intestine 2

LLI [LLI

‘ Clear |

Select f_l 0.0z

Uzer Defined

LOAD ICRF DEFAULTS

User Defined """"" gk; """""

............................

Cancel

ety IMportant Note: The interpretation of the data developed here in this

 —— example case is not intended to be "definitive.” It has NOT been
reviewed by USDOE nor any other Regulatory Authority. Itis intended
merely to illustrate the flexibility and power provided in IMBA
Professional Plus - which_enables YOU to "test" the effects of reasonable
"hypotheses™ about the conditions of intake and other "model™ parameters.
You are invited to investigate this example further - in order to draw your own
conclusions!

This completes the 6th Step in the uranium isotopic mixture example:

e Proceed to Committed Doses from U-Mixture.
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e Return to the case description and list of steps.

Committed Doses from U-Mixture 00

Our "optimized" estimates (Figure 4.102) of the components of uranium intake (by
mass) in this example are:

e Acute inhalation of LEU (0.714 mg) at 0:00 AM on March 10th, 1995.

e Chronic dietary intake (natural uranium) of 79.2 yg d-1 (assumed here to have
started at 0:00 AM on March 10th, 1975).

As for all dose calculations, for this "Uranium Mixture™ case, you calculate the
resulting committed doses by clicking the ""Dose Calculations™ button in the Main
Screen (Figure 4.104) - to open the "Dose Calculations™ screen. In this case, we
are only interested in the "occupational™ dose from the acute intake of LEU (IR1).
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Figure 4.104. "Dose Calculations' button for calculating committed doses for
a Uranium Mixture (treated as Associated Radionuclides).

For this example, we have:

e Checked "mrem™ as the dose unit (Figure 4.104).

e Reduced the number of intake regimes to ONE (IR1) - also shown in Figure 4.104.
Selected the "ICRP Default™ values of radiation weighting factor (WR) - in the "Dose
Calculations™ screen.

Selected the "10CFR835 Default” values of tissue weighting factor (WT).

Checked the "Dose from Associated Radionuclides™ box .

Checked the "Dose Committed in Each Calendar Year' box.

Selected the "Speed' calculation option from the Advanced | Advanced Dosimetry
Options | Dose menu (Figure 4.105 - see also Appendix A: Effect of Merging SEES).

e Clicked the *Calculate' button.
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B pdvanced Dosimetry Options
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Figure 4.105. Selecting the " Speed" option - to "merge" the initial short-lived
progeny of 235U and 238U.

iy NOte: In this case (and in all "practical” cases) you should use the
—— "Speed" option to calculate doses from intakes of 235U and 238U. This

=

option "merges" the disintegrations of the initial short-lived progeny of these
uranium isotopes - and represents more closely the actual situation - where
these short-lived progeny are taken into the body in radioactive equilibrium
with the parent uranium isotope. The "Accuracy” option assumes that ONLY
the parent uranium isotopes are taken into the body - which is the case ONLY
for ICRP-published "dose coefficients” (see Appendix C: Dose Quality
Assurance for discussion). Not only will the "Accuracy" option give the wrong
answers, but the dose calculation will take a lot longer to complete - because of
the wasted time spent calculating progeny in-growth!

The resulting calculated doses are shown in Figure 4.106.
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Figure 4.106. Calculated total effective dose together with the year in which it was
committed.
Figure 4.106 shows that:

e The committed effective dose from the estimated acute intake of LEU (IR1 =
0.714 mqg) is 59.1 mrem.

This completes the Last Analytical Step in the uranium isotopic mixture example:
e Proceed to Published Data on "Background"” U-in-Urine.

e Return to the case description and list of steps.

Published Data on Background U-in- 00

file://C:\Documents¥%20and%20Settings\Administrator\L ocal %620Settings\Temp\~hh...  15/10/2005



Example Cases - Bioassay & Dosimetry Page 78 of 185

Urine

In this case, the average of the measured (background) uranium mass excretion
rates in urine was 0.19 ug/d, with a standard deviation of 0.11 pyg/d - see the 6th and
8th through 11th values in the data tabulation (Eigure 4.97). The reported ranges of
the "background™ urinary excretion rate for dietary uranium are:

e 0.01 - 0.05 pg/d (Karpas et al 1996).
e 0.005 - 0.5 yg/d (Dang et al 1992).
e 0.035 - 0.085 pg/d (CDC 2001) - U.S. Population.

iy NOte: The above data were reported as volumetric concentration

L — (ug/L)._They have been converted here to the daily excretion rate,
assuming the New Reference Man (ICRP 2002b) value of 1.6 L/d urinary
output.

In their 2004 Information

Paper (http://www.deploymentlink.osd.mil/du_library/lab assessment/lab _assessment s02.ht
the Department of Defence assumed a "typical” background excretion rate (for
dietary uranium in urine) of 0.05 pg/d. The value of 0.19 pqg/d, that we have
associated in this example with background excretion of dietary uranium is
therefore about four-fold higher than the DoD's estimate of the typical value for a
member of the U.S. population, i.e., it is double the upper bound value reported by
CDC (2001). Therefore, the "background" urinary excretion of uranium in urine
measured in this example case may well include a substantial component from past
""occupational' uranium exposure.

e Proceed to Uranium Example Case Summary.

e Return to the case description and list of steps.

Uranium Example Case Summary 00

In summary, it is instructive to compare the estimates of committed effective dose
obatined at each stage of the analysis for this case.

Assuming single acute inhalation intake of Type 'S' LEU
e Joint analysis of the measured urinary and fecal uranium mass excretion rates

(without correction for "background" excretion) gave an estimated LEU intake
of 2.055 mg - with a corresponding committed effective dose of 170 mrem.

Assuming acute inhalation of Type 'S' LEU - together with chronic dietary intake (f1 value of
0.02)

e Joint analysis of the measured urinary and fecal uranium mass excretion rates

gave an estimated (acute) LEU intake of 0.357 mg - with a corresponding
committed effective dose of 29.6 mrem.
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"Optimizing" the model parameters

e Joint analysis of the measured urinary and (adjusted) fecal uranium mass
excretion rates gave an estimated (acute) LEU intake of 0.714 mg - with a
corresponding committed effective dose of 59.1 mrem.

ety NOte #1: Least squares analysis only of the measured urinary uranium

%2 ——= mass excretion rates (including the two "outlying" dta points) together
with the reported normal (counting) errors - as is the common practice
- gave an estimated LEU intake (assuming acute inhalation of Type 'S’
uranium) of 0.575 mg (% 0.246 mg standard error). The corresponding
estimate of committed effective dose is 47.6

mrem (% 20.4 mrem standard error). In this case, reasonable
agreement with the value of 59.1 mrem derived by more exhaustive
analysis is fortuitous.

. ey NoOte #2: The value of 0.575 mg acute LEU intake obtained using

1 —— the least squares fitting method in IMBA Professional Plus is identical to the
value given by the software package IMBA-URAN (for the same model
assumptions). As expected, the identical value is also obtained using
the maximum likelihood fitting method (in 1MBA Professional Plus).

Case of Wound Uptake - Requires 00
Add-On 5

In this case, a laboratory worker received an accidental needle-puncture wound (on the
thumb) while performing iodinations. The total amount of 1251 used in the procedure was
about 2 mCi, but only a small fraction of this was still in the syringe at the time of the
incident. A thyroid measurement was made within a few hours, and followed up with 4
further measurements over the next 34-d period. ‘Background’ thyroid measurements were
available both prior to the incident, and at 75 and 138 d afterwards. After washing the
wound, the estimated (retained) activity was about 300 nCi. At 4 d after the incident,

the 1251 activity at the wound site had fallen to about 3.5% of the original measurement. At
7 d, the 1251 activity at the wound site remained at about 3.5% of the original
measurement. At 13 d, the 125] activity at the wound site had dropped to about 1.8%.

The thyroid measurements are given in Table D.19.

Table D.19. 1251 activity measured in the thyroid.

Approximate time relative to
puncture-wound (d)

Thyroid activity *+ standard error (pCi)

=177 5.000 + 2.000
-151 2,000 *+ 3,000
0.1 6,000 + 2,000
4 14,000 + 3,000
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7 10,000 =+ 3,000
13 15,000 + 3,000
34 16,000 + 3,000
75 3.000 + 3.000
138 9,000 + 2,000

Figure D.147 shows the data values as entered (from the date + time information) in
the Table Tool of IMBA Professional Plus.

T Tabde Tool - Thyrodd Dela
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Figure D.147. Input data on thyroid uptake of 1251 with assumed error distribution.

In this example, we will:

Set up a "Wound" intake scenario.

Test "default" assumed value(s) for the uptake rate(s) from the wound to blood.

* Derive the mast likely absorption rate(s) from the wound to blood.

Calculate the Bayesian "Posterior Probability Distribution" of the intake amount.

Setting Up Wound Intake 00

The necessary steps (carried out in the Main Screen) are:

1. Set the Reference Date, i.e., the Date and Time of the incident.
2. Select the Indicator Nuclide, i.e., lodine-125.
3. Select the “Wound” radio button to define the Intake Scenario — in the “Model
Parameters” panel (Figure D.148).

Selecting “Wound” as the Intake Scenario will automatically activate the “Wound” model
button (displayed in pink in Figure D.148).
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Figure D.148. Main Screen with activated button to define the “Wound” model.

Click the “Wound” model button to open the ‘Generic Wound Model’ window (Figure D.149).
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Figure D.149. The ‘Generic Wound Model’ window.

Mot Specified

At this time (March, 2004), the National Council on Radiological Protection (NCRP) has not
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yet recommended specific parameter values to represent retention of different types of
material in a sub-cutaneous wound. Therefore, IMBA Professional Plus has incorporated a
“generic” form of “wound model”, in which retention is represented by the sum of a series of
exponentially decaying terms (Figure D.149). You can define up to five exponential terms in
the “User Defined Mode” by clicking the so-named button (Figure D.150).

Fiet(t] = ai1) essp| lan(1) t] + &(2) exp| dam(2)t] +
St wionand] Fosterinon
Wi Db Mide ] W] ™=
; L
HCAF Defaks F
EN|
[]
Oy
fal Larcsl
User Dafined :

Figure D.150. User Defined Mode for entering a “Wound Retention” function.
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For all compounds of iodine, ICRP Publication 68 (ICRP 1994b) recommended Type ‘F’ to
represent absorption from the respiratory tract (at a characteristic rate of 100 d-1), with a
Gl-tract absorption fraction of 1. Therefore, as a first “guess”, it is reasonable to assume
very rapid uptake of the 1251 “iodination” compound from the puncture-wound involved in
this incident. We can represent this simply by entering the following values for the retention
parameters (as shown in Figure D.151):

e a(l) =1;
e lam(1l) = 100 d-1.

Ret{t) = a1 exp[Ham{1) 1] + a(2) expf dami2)t] + ... _.
Selact ‘wound Ratention
Lires Distried Mocle | i T Tiarriil
I ] {100
HCAR Defauly 7]
3
| ]
5
| s
or | Cancel
User Defined

Figure D.151. Setting the rate constant for retention in a wound as 100 d-1.

In the next section, we will test how well this assumed rapid eleimination rate from the
wound site “fits” the measured time-course of 1251 uptake and retention in the thyroid.

e Proceed to the next step in this example case.
e Return to the case description.

Test Default Absorption Rates 00
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Figure D.152. Thyroid uptake and retention predicted for ‘rapid’ release of 1251 from the
wound site to the blood.

The assumed uptake rate of 100 d-1 accounts well for the observed rapid initial uptake

of 1251 by the thyroid, but not for the apparent “retention” of 1251 in the thyroid up to 34 d
after the incident. The calculated total value of the c2 statistic (as shown in the Table Tool —
Figure D.153) is 32.2. This is substantially higher than the “expected” value (= 9), which is
equal to the number of data points.
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Figure D.153. Calculated Chi-Square values for an assumed uptake rate of 100 d-1.

However, as shown in Figure D.153, the first 2 data points (primarily the 1st point)
contribute a large fraction of the total c2, and these points are clearly NOT related to the
incident (at time t = 0). Thus, the appropriate value of c2 to consider is that related to the 7
data points obtained “post-incident”. This value is 25.5.

We can conclude that the assumption of an uptake rate of 100 d-1 from the wound site is
NOT supported by the bioassay (thyroid) data. In the next section, we let IMBA Professional
Plus itself “select” the most likely absorption behavior.

e Proceed to the next step in this example case.
e Return to the case description.

Most Likely Wound Uptake Rate(s) 00
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IMBA Professional Plus allows up to 10 intakes to be analyzed simultaneously. In this case,
and many others for which critical intake scenario parameter values are UNKNOWN, this
facility for simultaneous analysis provides a direct means of “fitting” the unknown parameter
values. This is done by choosing an appropriately broad range of hypothetical values, and
letting IMBA Professional Plus “rank” these values according to the amount of intake that it
calculates for each. In this example, both the observed thyroid “retention” and the
measured retention of contamination on the worker’s hand suggest that a significant
component of the absorption occurs slowly.

In this example, in order to examine the degree of “slow uptake”, we have set up 6
simultaneous acute ‘wound’ intakes at time t = 0. The ‘hypothetical’ rates tested are:

IR1 = 100 d-1;
IR2 = 0.2 d-1;
IR3 = 0.1 d-1;
IR4 = 0.05 d-1;
IR5 = 0.02 d-1;
IR6 = 0.01 d-1.

Figure D.154. shows the resulting amounts of intake calculated using the maximum
likelihood method for each of these 6 intake scenarios, and the resulting overall ‘fit’ to the
observed thyroid retention. The corresponding calculated values of c2 are shown in Figure
D.155 (as displayed in the Table Tool).
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Figure D.154. Data ‘fit’ obtained with 6 hypothetical absorption rates.
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Figure D.155. Calculated values of c2 for 6 hypothetical absorption rates.
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The calculated intake amounts are:

e IR1 = 46,940 pCi;
e IR2 = 0 pCi;

e IR3 =0 pCi;

e IR4 = 0 pCi;

e IR5 = 0 pCi;

e IR6 = 117,900 pCi.

In other words, IMBA Professional Plus calculated a total intake of 164,840 pCi, with 28.5%
of this assigned an absorption rate of 100 d-1 and 71.5% the slowest assumed absorption
rate of 0.01 d-1. The total c2 is now reduced to 17.1. This is significantly lower than the
previous value (obtained for 100% absorption at a rate of 100 d-1), but it is still significantly
higher than the “expected” value (for the 7 residual data points).

However, the largest c2 contribution (of 5.6) is made by the data point obtained at 138 d
after the incident. We can examine the effect of treating this point as an “outlier” by
marking it as “excluded” in the Table Tool (as we did for the first 2 data points — prior to the
incident). The effect of excluding the last data point from the ‘fit’ is shown in Figure D.156.

T Bjoassay Coloulations

M Advarced [nok Heb

B @ [0 Bioassay Calculations
Seww  Quack Syew Tribm
INTAKES CALCULATION BIDASSAY QUANTITY
_—Jb Gragh = Table s Ty e | 1o |
Al P i pii I .
A oF Speedid Trsc ] [ Coimed |Mowuomert Twmi [ *
; | |
A2 [GarEdy 6O Fridabes lo Wanatap l B sy bo Indshs | TTEREITEE 0T [ ] TEAY BBGETE =10
| TRASVEZE W2 000 w0 SIRTEEEETE ol
) = GO = 1 FIZVETE 000 00 4 3IIIITE A2
T b ot of Himsa [{09) " i 1 BEISTHREEE o0 000 ) 4 DEIITIITE <0
b e Gl Tint [11C 1] 1 BASBIGEE 43 (00K <0 TORTIEENOE S0
| ki ) A BIEMMNE 07 0008 40 1 MEXN =0
T NIIaEE | Loes 1 SRANOIE 00 000 20 LARITIEE 81
A5 [(OiEa0 0 TR 2 el 1SS CBAE 42 G000 o21) 7 SRTIIITE o1
: Lopelteie et 1| 571 280875 02 QI000E 40 1 BETITE -
BE  [oE-m PO Siep T[4 17 1cemesusces 125 rocke = - —
% Goaph Tabls " Hide |Thesd e el
Semoly Cobecton Peiods Lol 2] . FIT5WY0und Case - Thoid NeaEuemed
fard 1 BEv . )
= 14 [
Calondabe Paseray Qusnbily [Cal 3 E—
i

AN 0 8 X 0 N W W 1M 1
Progract lmdicalon Tiemsts [ v | voto i e

Figure D.156. Data ‘fit’ obtained by excluding the data point at 138 d.

Treating the data point at 138 d as an “outlier” clearly improved the ‘fit of predicted thyroid
retention of 1251 to the remaining 6 measured values. The resulting values of c2 are shown
in Figure D.157 (from the Table Tool).
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Figure D.157. Calculated values of c2 after excluding the data point at 138 d.

The The total c2 is now reduced to 8.2, which is a substantially more likely value (for 6
residual data points).

Notice also (from Figure D.156) that the intake amounts assigned to each of the 6
hypothetical absorption rates have now changed substantially. The new values are:

e IR1 = 39,520 pCi;
e IR2 = 0.0064 pCi;
e IR3 = 0.018 pCi;
e IR4 = 45,080 pCi;
e IR5 = 0 pCi;

e IR6 = 0 pCi.

In other words, neglecting both IR2 and IR3, IMBA Professional Plus calculated a significantly
smaller total intake of 84,600 pCi, with 46.7% of this assighed an absorption rate of 100 d-
1 and 53.3% assigned an absorption rate of 0.05 d-1. The corresponding ‘retention
function’ is:

R, . (1)=0467exp(-1002)+0.533exp (-0.05¢2) .........(D.1).

This function can now be entered directly in the ‘Generic Wound Model’ window to define the
most likely absorption behavior for the single acute intake in this case (Figure D.158).

Fet(t] = all) exp| am{1) t] « a(2) eup] Ham(2)t ] +
] w'rnarad Festerdn
v [1 sl bl b ! i 1iI7-| -l_-'ll
1 [G4ET ]
- X e
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EN|
| ]
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|
=
| e
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Figure D.158. Derived absorption behavior of 1251 needle-puncture wound.

In the next section, we use the integrated Bayesian Analysis ‘tool’ to calculate the posterior
probability distribution of intake for this case.
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e Proceed to the next step in this example case.
e Return to the case description.

Bayesian Probability of Wound Intake 00

Having entered the derived retention function [in the form of Equation (D.1)], we can now
use Bayesian Inference to calculate the posterior probability distribution of intake and its
associated statistics. This is done in the Bioassay Calculations screen, by first selecting
the ‘Bayesian’ radio button from the Advance | Fitting Options | Fitting menu. Clicking

the ‘Start Calculation’ button then gives the result (calculated intake amount and resulting
data ‘fit) shown in Figure D.159. As expected, the calculated (mean) intake value (85,220
pCi) is close to the total intake value obtained earlier (84,600 pCi) using the maximum
likelihood method (with non-rounded parameter values). The resulting ‘fit’ to the bioassay
data is shown in Figure D.160.
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Figure D.159. Calculated mean value of the intake distribution_using the ‘Bayesian’ fitting
option.
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Figure D.160. Dat ‘fit’ obtained with derived wound retention function.

In the ‘Bayesian Analysis Tool. (Figure D.161), we will select a ‘Uniform prior probability
distribution of intake, over the range 1 pCi to 1,000,000 pCi (1 uCi).

s, Bayesian Amatycis Tl

| Bayesian Analysis Tool

INTAKE GRAPH
B Deatrivubenm 120 Intake Rogirme 1 febert Guagh to Pt
LU T 00E-06 -
i [Py Dostritutors
1BSE06
1 Fioll-b Ez“.‘:ﬂm
1 45E.0% 4 " Pughukality of stghen
§ 18008
E 1 25606 Caboudyperss
1 50008 - —
% Mo Cler P9 o
E 50E0T <4 .
B00ELT [Pe] Cacupn Disnusion, |
& SE-OT = |
w
BITEST e e ek e el L 5 5 LLimy 5 peiale Ll
AE=D0 SE=i AE=02 SE=03 AE=Dd SE=05 1E=D6
e (pCH) AUTO CALE
R e e
Sebact Fran Prohatsbty [ eiibetion e [ 3 ...-. Meletersli  [n Wiy l_'.‘ll.'..'.cl.l-'“ Ko bk fe
T Franymate gy Momax [{o00000 Yom [ZHEE
E i I Showiinfines # kg © In [ Shomladra: ™ leg & In
Iervein From
Fourral Format
" Dsssan To [P0 Moleehes [p - o Sl NoDacPles [3 - Sowie
k-‘ TR
 Lopresrsal Canosl
fehibes : -
Hodan | Bade | ;=i I I
Hagn 1] [

Caloulatn Slabetior |

Figure D.161. Selecting a ‘Uniform’ prior in the ‘Bayesian Analysis Tool .

The calculated ‘Log-Likelihood Function’ is shown in Figure D.162.
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Figure D.162. Calculated Log-Likelihood intake distribution for 1251 wound case
(with ‘Uniform’ prior).

The resulting calculated ‘posterior’ probability distribution for the intake amount is shown in
Figure D.163.
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Figure D.163. Calculated posterior probability distribution for the amount of intake.

The calculated ‘statistics’ of the posterior probability distribution are shown in Figure D.164.
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Figure D.164. Calculated ‘statistics’ of the posterior probability distribution.

The calculated statistics’ of the posterior probability distribution of intake amount are:

e Median value = 85,271 pCi;
e Modal (most likely) value = 85,225 pCi;
e Mean value = 85,200 pCi;
e Standard Deviation = 9,077 pCi, i.e., 10.7% of the Mean;
e 959% Confidence Interval = 66,939 pCi — 105,260 pCi.

Case Using the Least Squares Fitting
Method - Requires Add-On 6

To illustrate the use of the least squares fitting method for evaluating the error on

an estimated intake, we will re-analyze the first example case (JAEA 1999) - which is
stored in the parameter file "[Install Drv]:\\JABASOFT\IMBAEXUS\USERDATA\Demo\IAEA
Case 3 - 60Co.ix". This case involved an accidental inhalation of a cobalt metal
and/or oxide aerosol - with whole body measurements of 60Co starting at 1 d after
the intake. The data were given in Tahle 4.1.

ety NOte: The least squares fitting method can be used only in cases

i

=—— involving a single intake - with REAL (explicit) error values on each data
point, and a single bioassay quantity.

To use the least squares fitting method, you select this option in the Bioassay
Calculations screen (Figures 4.145 and 4.146) - and click "OK".

3 Bioassay Calculations

tEing & 5 E
EF Bioassay Opticurfs Eurln
INTAKE

Figure 4.145. Opening the "Fitting Options" menu.
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Figure 4.146. Selecting the "Least Squares" Fitting option.

Back in the Bioassay Calculations screen, you then click the Blue arrow - to re-calculate the
amount of Intake (IR1) from the tabulated bioassay data. The result is shown in Figure

4.147.
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Figure 4.147. Result of least squares fitting for "IAEA Case 3 - 60Co".

As expected, the calculated value of IR1 is 9,805 Bq - the same value as calculated by
the maximum likelihood method. However, the least squares method also calculates
the standard error on this estimated intake - in this case = 978.2 Bq.

.. =y Note: More precisely, the calculated values of intake differ in the fith
2 — significant figure - 9,805.1 Bg for the least squares method c.f. 9,804.8
Ba for the maximum likelihood method. This (computational) difference

is trivial.

To further illustrate the application of the least squares fitting method, we can use
this to "fit" the 241Am chest-counting data from the HAN-1 case. Figure 4.148
shows the result - for the "optimized" set of HRTM model parameters. The least
squares method calculates an intake of 9,875 pCi (x_114.2 pCi standard error) - c.f.,
the same value (9,875 pCi) obtained with maximum likelihood fitting.
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Figure 4.148. Least squares "fit" of the bioassay data in the HAN-1 case.

It is also of interest to re-analyze the HAN-1 case using the least squares method - with the
(inappropriate) assumption of all |ICRP Default HRTM parameter values and Type 'S’
absorption behavior (Figure 4.149).
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Figure 4.149. Using the least squares method to analyze the HAN-1 case with ICRP default
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parameter values.

Again, the least squares method calculates the same (to the fourth significant figure) value
for the intake amount (44,550 pCi) as the maximum likelihood method - with a calculated
standard error of = 4,800 pCi - c.f., 44,560 pCi.

. ey Cautionary Note: The standard error calculated by the least
= squares method is a numerical statistic only. It DOES NOT measure the
""goodness of fit" of the underlying model assumptions. Hence,

the relative standard error is the same for the "fits" shown in Figures
4.148 and 4.149 - whereas, in Figure 4.149, the "model" clearly DOES
NOT "fit" the data! The overall "goodness of fit" of the model is
measured by the c2-sum statistic.

Case Using Bayesian Analysis - o0
Requires Add-On 7

To illustrate the use of the Bayesian inference in the fitting procedure, we will again
re-analyze the first example case (1AEA 1999) - stored in the parameter file " [Install
Drv]:\\JABASOFT\IMBAEXUS\USERDATA\Demo\IAEA Case 3 - 60Co - Bayes.ix". This case
involved an accidental inhalation of a cobalt metal and/or oxide aerosol - with
whole body measurements of 60Co starting at 1 d after the intake. The data were given
in Table 4.1.

An introduction to Bayesian inference, and a description of how this is implemented
in IMBA Professional Plus, is given in the section of Appendix A: Technical Basis entitled
"Using Bayesian Inference"”. That description includes the types of Bayesian Prior probability
distribution that are available in in this version of the software.

To use the "Bayesian" Fitting option, you must first select this - from the Bioassay
Calculation screen's Advanced | Fitting Options menu (Figure 4.150).
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Figure 4.150. Selecting the "Bayesian' Fitting option.

This will activate the ""Bayesian Analysis' button in the Bioassay Calculations screen
(Figure 4.151).
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Figure 4.151. ""Bayesian Analysis" button activated.

Clicking the "Bayesian Analysis" button opens a new screen - the Bayesian Analysis tool
(Figure 4.152).
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Bayesian Analysis
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i:iqure 4.152. Bayesian Analysis screen as it appears for a "New' case - with no

bioassay data loaded.

-»\,‘ =

Tip: Figure 4.152 shows the " default” settings of the Bayesian

Analysis tool - for the type of prior (defaulted to ""Uniform™), the X-and Y -
axis ranges, and for display of the " Log Likelihood Function'). Other
types of prior are selected using radio buttons (bottom-left-corner). The
other types of function ("Prior Distribution™ or "Probability of Intake ™) are
also selected using radio buttons (top-right-corner).

If you have previously calculated the amount of intake (e.g., using the maximum
likelihood or least squares method), the X-axis in the Bayesian Analysis tool will "auto-
range" accordingly - when the tool is opened (Figure 4.153).

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...

15/10/2005



Example Cases - Bioassay & Dosimetry

. Ba yesian Analysis

Page 99 of 185

Bayesian Analysis

INTAKE GRAPH
Lo Likelihood Function for Infake Regime 1 Select Gia
A1 [agsE.03 Ba 10 -
™ Priy
044
- Logl
04+ [ Fune
0.7 A " Probs
0%
E 0.5+ C
A nad
2 Mo Cales
= 034
02+ [Fie] Calc
014
Up
010 T T T T T T T 1
i} 1000 00 3000 4000 S000 B000 T000 B0 Q000 10000
Intske (B _.*.I
IR e iz
Sebsct Prict Probatabty Distribution Mamin o Holnbervalz 1 min [g Hal
= oo Pasarnater W auss Femax 40000 Ymaw [1
= i I” ShowhGndime: |© kg & In [T Show Gisdrss U}
i P
it s om | - -
4 1000000 e Scientfic T
™ Goussian To | HaDec Pz [p & Numesca MoDecPles [1
 Lognomal Lancel
Slalistics
¢ Apha Medan [ Mode [ @mxO[
M
ok | ean 5D Calo

Figure 4.153. "Auto-ranging' of X-axis when the intake amount (IR1) has already

been calculated.

Note: The Y-axes also "auto-ranges"™ when you calculate the other types
of probability distribution. However, the X-axis DOES NOT. You have
to choose the appropriate X-axis range - to include the whole calculated
distribution.

In this section of the User Manual, we will show how each type of "Prior Distribution™ affects
the calculated "Log Likelihood Function" and the posterior probability distribution of intake

("Probability of Intake™) in the "1AEA Case 3" 60Co whole body monitoring example - as

follows:

Uniform prior.
Inverse prior.

[ )

[ )

e Gaussian prior.
e | ognormal prior.
e 'Alpha' prior.
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Figure 4.154. "Prior Distribution" calculated (and displayed) over a suitable X -axis range.

Figure 4.154 shows the starting point for Bayesian Analysis of the bioassay data in "]AEA
Case 3" - the calculation (and display) of the "Prior Distribution™. In this case, we have
selected "Uniform™ as the " Prior Probability Distribution™ type - and clicked the "AUTO CALC"
button (middle-right-side of the Bayesian Analysis tool).

ey Cautonary Note: Before you can use the Bayesian Analysis tool to calculate
== —— (and display) the posterior probability distribution of intake, after

selecting your prior distribution, you must FIRST calculate the median value of
the intake distribution. You do this back in the Bioassay Calculations screen -
by clicking the "Start Calculations™ button (just as you do for maximum
likelihood or least squares fitting).

To calculate (and display) the Log Likelihood Function, you simply click its radio button -
and click "AUTO CALC™" again. The calculated Log Likelihood Function is shown in Figure
4.155.
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Figure 4.155. Calculated Log Likelihood Function.

: Tip: Notice here that the Y-axis has "auto-ranged" - but the X-axis range has
w retained its initial setting.

ey NOte: The |oglikelihood Function, P(m]l), is independent of the prior. It is the

24— logarithm of the Likelihood Function, i.e., the logarithm of the [ikelihood of
observing ALL of the measured values (m) expressed as a function of intake
(D. This depends only on the measurements and the hjoassay function-

To calculate the posterior probability distribution, i.e., the "Probability of Intake", you
simply click its radio button - and then click "TAUTO CALC" again. The result is shown in
Figure 4.156.
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Figure 4.156. Calculated Probability of Intake - for a uniform prior.

To calculate the statistical parameters of this distribution, you simply click the " Calculate
Statistics" button (bottom-right-corner of the Bayesian Analysis tool). The results are
automatically displayed (Figure 4.157).
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Figure 4.157. Calculating and displaying the statistical parameters of the posterior

probability distribution of intake.

In this example, the statistical parameters of the intake distribution are:

Median: 9,805.0 Bq.

Mean: 9,805.1 Bq.

Mode: 9,805.3 Bq.

Standard Deviation: 358.53 Bq.
95% Confidence Interval: 9,091 -

v I T—
“i’._. —
. ey NOte #2:
“i’._. —

by

10,519 Bq.

Note #1: This distribution is very close to normal (symmetrical).

As expected, the calculated median of the posterior probability
distribution of intake (9,805 Bq) is IDENTICAL to the mean value calculated
- but the standard deviation of the intake distribution (358.5 Bq)

is NOT the same as the standard error of the intake calculated by least squares

(978.2 Bq).
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Figure 4.158. Inverse prior - plotted on Log-Log axes. -

The |nverse prior probability distribution is shown in Figure 4.158. With this prior, the
calculated median value of the intake distribution is 9,793 Bq (c.f., 9,805 Bq for

the uniform prior). The calculated Log Likelihood Function (which is independent of the
prior) was shown in Figure 4.155 (for the uniform prior).

The calculated posterior probability distribution of intake is shown in Figure 4.159, together
with the calculated statistical parameters of this distribution.
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Figure 4.159. Posterior probability distribution of intake calculated for the inverse prior.

In this example, the statistical parameters of the intake distribution are:

Median: 9,792.0 Bq.

Mean: 9,791.9 Bq.

Mode: 9,791.7 Bq.

Standard Deviation: 358.78 Bq.

95% Confidence Interval: 9,078 - 10,506 Bq.

Probability Distribution of Intake
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Note: This posterior distribution is very close to normal (symmetrical) - as was
the case for the uniform prior. However, the distribution has been shifted (very
slightly) to lower values of the median, mean and mode.
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Figure 4.160. Example of a Gaussian prior.

A Gaussian prior probability distribution is shown in Figure 4.160. The median (= mean) of
this distribution is 2,000 Bg, and the standard deviation 1,500 Bq. With this prior, the
calculated median value of the intake distribution is 9,383 Bq (c.f., 9,805 Bq for

the uniform prior). The calculated Log Likelihood Function (which is independent of the
prior) was shown in Eigure 4155 (for the uniform prior).

The calculated posterior probability distribution of intake is shown in Figure 4.161, together
with the calculated statistical parameters of this distribution.
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Figure 4.161. Posterior probability distribution of intake calculated for a Gaussian prior.

In this example, the statistical parameters of the intake distribution are:

Median: 9,383.3 Bq.

Mean: 9,383.2 Bq.

Mode: 9,382.9 Bq.

Standard Deviation: 348.71 Bq.
95% Confidence Interval: 8,688 - 10,076 Bq.

2

as was the case for the uniform prior.
distribution has been shifted to lower values of the median, mean and mode.

However, in this example, the

ey NOte: Again, this posterior distribution is very close to normal (symmetrical) -

The amount of "shift" depends on BOTH the assumed median (= mean) value
AND the standard deviation of the Gaussian prior.

Probability Distribution of Intake
Assuming a Lognormal Prior
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Figure 4.162. Example of a Lognormal prior.

A Lognormal prior probability distribution is shown in Figure 4.162. The median (X mean) of
this distribution is 2,000 Bg, and the geometric standard deviation is 3. With this prior, the
calculated median value of the intake distribution is 9,775 Bq (c.f., 9,805 Bq for

the uniform prior). The calculated Log Likelihood Function (which is independent of the
prior) was shown in Eigure 4 155 (for the uniform prior).

The calculated posterior probability distribution of intake is shown in Figure 4.163, together
with the calculated statistical parameters of this distribution.
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Figure 4.163. Posterior probability distribution of intake calculated for a Lognormal prior.

In this example, the statistical parameters of the intake distribution are:

Median: 9,774.7 Bq.

Mean: 9,774.6 Bq.

Mode: 9,774.3 Bq.

Standard Deviation: 358.89 Bq.

95% Confidence Interval: 9,062 - 10,489 Bq.

- sy NOte: Again, this posterior distribution is very close to normal (symmetrical) -
28— as was the case for the uniform prior. However, in this example, the
distribution has been shifted to marginally lower values of the median, mean

and mode. The amount of "shift" depends on BOTH the
assumed median (X mean) value AND the geometric standard deviation of

the Lognormal prior.

Probability Distribution of Intake 00
Assuming an 'Alpha' Prior
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Figure 4.164. Example of an 'Alpha’ prior.

ok | Mean  [3350E.03 S0

4737 &3 Cale

An 'Alpha' prior probability distribution is shown in Figure 4.164. This example is defined by
an 'Alpha’ value of 0.001, and an 'Imax' value of 100,000. The calculated median of this
distribution is 50.79 Bq, with a very large standard deviation of 4,737.2 Ba. With this prior,

the calculated median value of the intake distribution is 9,805 Bq - which is identical to the
value for the uniform prior. The calculated Log Likelihood Function (which is independent of

the prior) was shown in Eigure 4 155 (for the uniform prior).

The calculated posterior probability distribution of intake is shown in Figure 4.165, together

with the calculated statistical parameters of this distribution.
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Figure 4.165. Posterior probability distribution of intake calculated for an 'Alpha' prior.

In this example, the statistical parameters of the intake distribution are:

Median: 9,792.0 Bq.

Mean: 9,791.9 Bq.

Mode: 9,791.7 Bq.

Standard Deviation: 358.78 Bq.
95% Confidence Interval: 9,078 -

10,507 Bq.

as was the case for the uniform prior.
distribution has been shifted to marginally lower values of the median, mean

and mode.

Case ImplementingTritium Tool -

Requires Add-On 8
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This case is an example of routine tritium urinalysis (for exposure to tritium vapor - HTO)
carried out over a 553-d period on a weekly sampling schedule. The case is taken from the
European IDEAS project (Case #22) -

see hitp://hikwww? fzk de/hs/strahlenschutz/IDEAS/default htm .

The urinalysis data (ready for importing into IMBA Professional Plus) is provide in the ACSII
text file "Case 22 Tritium.txt" - - which is included in the [Install

Drv]:\JABASOFT\IMBAEXUS\USERDATA\Demo\ folder at installation. The first part of this

file is shown in

Figure 4.107.

[ Case_232 Tritium.txt - Notepad

File Edit Format Miew Help

7. 000E+00 4. GE7S0E+05 Real 1. 800E+00 [Wele]lal=ll
1.400E+01 2.83500E+05 Real 1. 800E4+00 Wele] el
2. 100E+01 6.95625E+05 Real 1. 800E+00 (Wale] el
2. BOOE+01 5. 74875E+0S Real 1. 800E+00 [Wele]lal=ll
3. 500E+01 1.26000E+05 Real 1. 800E4+00 LOEMOR M
4. 200E+01 1.12875E+05 Real 1. 800E+00 [Wale]lal=1|
d. SO0E+0L S.4500E+04 Real 1. 800E+00 Wele] el
5.600E+01 4. 7250E+04 Real 1. 500E+00 L MOR M
6. 300E+01 5.6625E+04 Real 1. 800E+00 [Wele]lal=ll
7. 000E+01 8. 4000E+04 Real 1. 800E4+00 Wele] el
7. FO0E+0L 3.6750E+04 Real 1. 800E+00 (Wale] el
8. 400E+01 2.68250E+04 Real 1. 800E+00 [Wele]lal=ll
1. 050E+02 7.0875E+04 Real 1. 800E4+00 LOEMOR M
1.120E+02 3.6750E+04 Real 1. 800E+00 [Wale]lal=1|
1.1%90E+02 5. 2500E+04 Real 1. 800E+00 Wele] el
1. 260E+02 3.9375E+04 Real 1. 500E+00 L MOR M
1.330E+02 3.9375E+04 Real 1. 800E+00 [Wele]lal=ll
1.400E+02 5.5125E+04 Real 1. 800E4+00 Wele] el
1. 540E+02 5.250E+03 Real 1. 800E+00 (Wale] el
1. 610E+02 5.4125E+04 Real 1. 800E+00 [Wele]lal=ll
1. 56B0E+02 7.B75E403 Real 1. 800E4+00 LOEMOR M
1. 750E+02 1. 0500E+04 Real 1. 800E+00 [Wale]lal=1|
1. 820E+02 5. 2500E+04 Real 1. 800E+00 Wele] el
1. 890E+02 4. 7250404 Real 1. 500E+00 L MOR M
1. SE0E+02 3.9375E+04 Real 1. 800E+00 [Wele]lal=ll
2. 020E+02 1.05000E+05 Real 1. 800E4+00 Wele] el
2.100E+02 8. 4000E+04 Real 1. 800E+00 (Wale] el
2.310E+02 5.5125E+04 Real 1. 800E+00 [Wele]lal=ll
2.380E+4+02 3.1500E+04 Real 1. 800E4+00 LOEMOR M
2. 590E+02 1.05000E+05 Real 1. 800E+00 [Wale]lal=1|
2. F30E+02 G.9750E+04 Real 1. 800E+00 Wele] el
2. BO0OE+0Z 1.07625E+05 Real 1. 500E+00 L MOR M
2.BT0E+02 1.023750E+06 Real 1. 800E+00 [Wele]lal=ll
2. 594 0E+02 3.A7500E+05 Real 1. 800E4+00 Wele] el
3. 010E+02 5.53875E+05 Real 1. 800E+00 (Wale] el
5. 080E+02 2.33625E+05 Real 1. 800E+00 [Wele]lal=ll
3.150E+4+02 3.415125E+086 Real 1. 800E4+00 LOEMOR M
3. 220E+4+02 8.32125E+05 Real 1. 800E+00 [Wale]lal=1|
3. 300E+02 3. 04500E+05 Real 1. 800E+00 Wele] el
3.430E4+02 2. 32000E+07 Real 1. 500E+00 L MOR M
Figure 4.107. ASCII text file of input data for tritium urinalysis case.

In this example, we will:

e Use the whole dataset to determine individual intake events - and the resulting effective
doses. This is the way that IMBA Professional Plus is used for most radionuclides.

e Use the special routine tritium urinalysis 'tool' to calculate intakes and resulting doses

automatically - from sub-sets of urinalysis data.
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e Compare doses estimated by these two different methods.

Determine Individual Tritium Intakes o
) 00
and Resulting Doses

This is done in IMBA Professional Plus by:

e Identifying and "fitting" discrete intake events.

e Calculating doses from HTO intakes.

You can also use IMBA Professional Plus to:

e Calculate doses committed over several monitoring periods.

This feature is used in this example to provide "benchmark™ values of committed dose - in
order to "test” the values of dose calculated directly (from the HTO urinalysis data) using

the routine tritium urinalysis "tool".

Setting up the HTO Models 00

Figure 4.108 shows the Main Screen of IMBA Professional Plus as set up to analyze
the jnput data. The setup steps are:

Select "H(i)-3" as the Indicator Nuclide - j.e., inorganic tritium (HTO).

Specify "Time (d) since" (the Start Date) as 9/25/1986.

Select 10" _Intake Regimes.

Define All Intake Regimes as "Injection’ - ICRP treats inhalation of HTO as injection -
see Appendix A: Assumed Metabolism of Tritiated Water.

e Click the "Load ICRP DEFS" button - this loads the "Std H(i)" bioassay model
(Figure 4.109) defining retention of HTO in the "bioassay quantity'™ (Whole Body) -
and also the "ICRP Default H(i)" biokinetic model (Figure 4.110) defining HTO
retention in the blood, bladder and whole body (WB) - for dosimetry.
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Figure 4.108. Main Screen setup for analysis of 10 discrete intakes of inorganic tritium vapor
(HTO).
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Oy Binassay Model

File  [Edk Function
Bioazsay Furchon
[whaie bady |
Transfer Comparrent
Jml ‘mm Iml Eall0]
Systemic
T Comp 1 Camp 2 Cormp 4 Comp
Lam(l] Lami2] Lami3) Lam{10]
Excration
Bioassay Funclion
Lami] |-250504741170739€ 02 Blcod hak time [K) [0.0000001
i e [ Lami Select
1_|-z506E02 277IE+00
T3 BIED2 Liser Defined Mode |
13| 3302 1.733E02
4
T LOAD ICRP DEFALLTS |
5 |
;_ Std Hii) Model
El
10
oK Cancal
WHOLE BODY|  LUMGS URINE FECES BLOOD THYROID LMER  USER DEFINED
S Hifj Model

Page 115 of 185

Figure 4.109. ICRP's "Standard H(i) Model" for HTO bioassay (Whole Body retention).
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Oy Biokinetic Model
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Figure 4.110. Default "ICRP H(i) Model" for HTO biokinetics.

e Proceed to the next step in this example case.
e Return to the case description.

Fitting Discrete HTO Intake Events 00
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Figure 4.111. Routine tritium urinalysis data together with 'fit' obtained by assuming 10
separate intake events.

Figure 4.111 shows the result of an analysis of the variation of whole body retention of HTO
at the time of each weekly urine sample carried out for the IDEAS Project (personal
communication, Dr. M. Puncher, NRPB). Note that: the whole body retention is calculated on
the assumption that the concentration of HTO in all body tissues is in equilibrium with, i.e.,
equal to, that in urine. IMBA Professional Plus allows up to 10 discrete intakes to be
defined. In this case, it was necessary to use all 10 in order to "fit" the major
temporal features of the bioassay data.

The "fitting" process is not as complicated as it might appear to be. Since HTO is
eliminated rather rapidly from the body (97%b with an assumed 10-d half-time,
with 3%6 retained with a 40-d half-time - see Appendix A: Assumed Metabolism of Tritiated
Water), there is relatively little "carry over™ of HTO through to monitoring periods
several weeks into the future. The "fitting" process is therefore carried

out iteratively - starting with the earliest monitoring results. Once a reasonable "fit"
is obtained to the first "temporal pattern' of HTO retention - by postulating either
an "acute" intake at an assumed time - or ""chronic" intake over an assumed time-
range (and leaving all "future" intakes undefined) - you can repeat this process for
the second ""temporal pattern™. In order to "fit" both patterns, you will probably
have to refine your assumptions (somewhat) about the timing of the first intake
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event.

ey NOte: It is only necessary for you to "guess" the temporal parameters of each
—— postulated intake. IMBA Professional Plus automatically calculates the
resulting value(s) of the intake amount(s) (in the bioassay data to
intakes mode of the Bioassay Calculations screen) - to give the "most
likely" fit to the data. This is a surprisingly quick process - once you
get the hang of it!

B

Figure 4.112 shows this "solution™ of the progressive "fitting" task.
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Figure 4.112. Calculated intakes (IR1 through IR10) for tritium urinalysis case.

The "best estimates™ of the 10 discrete intakes that gave rise to the observed HTO retention
pattern are:

Table 4.6. Discrete intake calculated from the tritium urinalysis data.
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Intake regime

Assumed timing

Page 119 of 185

Intake amount/rate (Bq/Bq d-1)

IR1 - chronic 0-20d 84,810 Bqg/d
IR2 - chronic 40 -150d 4,016 Bqg/sd
IR3 - chronic 170 - 280d 6,271 Bqg/d
IR4 - acute 280d 2,530,000 Bq
IR5 - acute 310d 3,571,000 Bq
IR6 - chronic 340 - 357 d 61,810 Bg/d
IR7 - chronic 413 - 425d 1,287,000 Bqg/d
IR8 - chronic 390 - 440d 5,646 Bg/d
IR9 - acute 500 d 139,900 Bq

IR10 - chronic 502 - 530d 13,650 Bqg/d

-

Tip: Try this fitting process yourself - from "scratch" - using the raw input data

(by importing the text file [Install Drv]:\JABASOFT\IMBAEXUS\UserDatal
\Demo\Case_22 Tritium.txt into the Table Tool). The "solution" above is
saved in the parameter file "Case22 - HTO - MP.ix" (in the same folder).

e Proceed to the next step in this example case.

e Return to the case description.

Calculating Doses from HTO Intakes
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By Dose Tool : Effective Do
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Figure 4.113. Contributions to total effective dose from each HTO intake.

The contributions to the overall committed effective dose made by each of the 10 intakes
(Figure 4.113) is calculated simply in the Dose Calculations screen, in this example (Figure

4.114) by:

e Selecting the "ICRP Default" radiation weighting factors (wR).
e Selecting the "ICRP68" tissue weighting factors (wT).
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Figure 4.114. Calculating and displaying both the contributions to effective dose from each
HTO intake and the effective doses committed each year.

Note: In this example, the TOTAL (committed) effective dose is 4.79 ~ 10-
4 Sv (479 usSv).

e Proceed

to the next step in this example case.

e Return to the case description.

Dose Committed During HTO
Monitoring Periods

00

The next section (Using the Routine Tritium Urinalysis "Tool™), describes how to calculate
committed doses directly from the tritium urinalysis data - without having first to determine
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(by manual fitting) the amounts of each discrete tritium intake. The urinalysis "tool"
analyses up to 10 sequential urinalysis results - and calculates automatically the total
effective dose committed over this whole monitoring period.

In this example, we can use the special feature provided in IMBA Professional Plus to
calculate the Annual Committed Doses resulting from a series of intakes - to generate
"benchmark" values of dose for comparison with the results obtained using the Urinalysis
"Tool". The "Tool" analyses a sequence of up to 10 routine monitoring results. In this
example, the first 10 monitoring results covered the period from day "0" to day " 70" (Figure
4.107). In this example, we can calculate the total dose committed over just this initial 70-
day period, by simply:

e Changing the "Start Date" (in the Main Screen) to [December 31st, 1986 - 70 d]
= October 22nd, 1986.
e Re-calculating the "Annual Committed Doses".

Figure 4.115 shows the resulting values of committed effective dose for the years 1986,

1987 and 1988. The value displayed for 1986 (33.3 uSv) corresponds to the effective dose
committed during the first 70-d monitoring period.

| Annual Committed Doges bool
Eff Dioge from| E ffective
'ear HIil-3 [IM] Dioze [Sv)
[Sw] Toatal
1986 3.33E-05 3.33E-05
1987 4, 36E-04 4. 36E-04
1988 9.95E-06 9.95E-05
TOTAL 4, 79E-04 4.79E-04

£ )| »
Figure 4.115. Annual committed doses in 1986, 1987 and 1988.

- Tip: The effective dose committed during the first 70-d period of monitoring
can also be calculated easily from the tabulated values of effective dose
resulting from each discrete intake (Figure 4.113) together with the tabulated
duration of each intake (Table 4.6). The required value is the sum of 31.0
uSv (from IR1) and 30/110 ~ 8.1 uSv (from IR2) = 33.2 uSv (rounded). You

can extract the dose committed during any other monitoring period in the
same way.

This completes the Determine Individual Tritium Intakes example:
e Proceed to Using the Routine Tritium Analysis 'Tool'.
e Return to the case description.

Using the Tritium Routine Monitoring
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'Tool" 00

The Tritium Routine Monitoring Tool works independently of the standard "Bioassay
Data to Intake" calculation mode (for determining the occurrence and amounts of discrete
tritium intakes) that was described in the previous section. Here we will describe how you
set up and use the Tritium Routine Monitoring Tool from "scratch” to calculate intakes and
committed doses automatically from the bioassay data, in this case the whole body
retention of HTO at a series of time-points that is derived from the urinalysis samples. See:

e Setting up the Tritium Tool.

Setting up the Tritium Tool 00

After clicking the "New" button - or opening IMBA Professional Plus from its desktop icon -
you first:

Select "H()-3" - "inorganic tritium (HTO)" - as the Indicator Nuclide.

Click the "ICRP DEFS Load" button.

Click the "Bioassay Calculations" button.

Select "Whole Body" as the bioassay data to use.

Click the "H3 Tritium " button - top-left-corner of the Bioassay Calculations screen.

This will open the "Tritium Routine Monitoring Tool" window (Figure 4.116).
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Figure 4.116. Opening the Tritium Routine Monitoring Tool.

.. wey NOte #1: This example considers only intakes of "inorganic H (HTO)" - for
%2 == which the bioassay quantity is automatically set as "Measurement Data

(Whole Body)". However, you also have the option to select "organic H
(HCT)" from the Tritium Routine Monitoring Tool. In that case, the bioassay
quantity will automatically be set as "Measurement Data (Urine)" - in

the Tritium Routine Monitoring Tool, and "Urine Data" in the Table Tool.

.. e NoOte #2: The Tritium Routine Monitoring Tool works independently of
%2 ——= the Indicator Nuclide (which is selected in the Main Screen). None of the
options selected in the "Tritium Tool" affect settings in the Main Screen.

You can use the Tritium Routine Monitoring Tool in two different ways:
1. To work on bioassay data already "loaded" in the Table Tool.

2. To work on bioassay data imported directly from an external ASCI1 text file.

The Tritium Routine Monitoring Tool is designed to simplify both ways of working, as
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follows:

e Using "pre-loaded" binassay data - from the Table Tool.

e Using the "Import Wizard".

Loading
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o I_. Defaul Monitoring Periods Edit Measurement Data |

Colatirg Times [
Binszzay Cales |_'

S IR Lk [This laurwhes the Tabie Tool]

_*x |_

Cunert
Opstahan

H3

113

Mt Likedhood fi

Figure 4.117. Opening the Tritium Routine Monitoring Tool with "Whole Body" data already
in the Table Tool - from "Case22 - HTO - MP.ix".

If you open the
bioassay data, i

Tritium Routine Monitoring Tool when the Table Tool already contains
n this case "Whole Body" data, the first 10 rows of "Time (day)" and "Value

(Bqg)" data will be displayed automatically in the tritium tool (Figure 4.117) - under the
heading "Measurement Data (whole Body)". The tritium tool will also display the last-
calculated values of intake amounts (IR1 through IR10) - under the heading "Intake (Bq)".
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The Tritium Routine Monitoring Tool analyzes the bioassay data a maximum of 10 rows (i.e.,
10 data points) at a time. Therefore, you need to select up to 10 rows of data from

the Table Tool - exclude all other rows. Figure 4.118 shows how you do this for rows 11 and
below - by highlighting the corresponding " Real" entries in the "Data Type" column, right-
clicking anywhere in the highlighted column, and clicking "Excluded".

By Tabbe Tool : Whole body Data

Filz Edit Bioassay Measuemert Help

_A 148844220 1E+ 2 BO0E 4N
_ 5 1,751 256281E +O 3. 500E -+ ki
__Bj 2 014070F52E + 01 A 200+ 1.12875E+05 Real 1. 800E +00 LOE
_7 2 ZTREEHIZE + 4 500E S 4500E«04 Real 1.800€ +00 LOE
L 2 SI96SEHG2E N 5.R00E N 4.7250E +04 Real 1.800E +00 LOE
9 2 B251 2563E + 6. 300E 40N BBGISE <04 Real 1.800E +00 LOE
1o} 3 0E53E8EI3E 0N 7. 00CE +01 B 4000E +04 Feal 1.800E +00 LOL
_mnj 3B 40T04E + 0 7.T00E +I H 1 RINE L0 10F
12 3 590954774E 00 BACDE
13 JEAITESMME 1.060E 02
14 A TIE5EZ SE 4 1.1VAE A2
_15| 4 IFIFSEEASE + O 1,190E+02
_1) 4 B2 T055E + 01 1.2E0E +02
17 4. 9050251 26E « 01 1.3G0E 02
BIG7EET196E + N 1A 02 551256 «04 [iET]
B AI0BEIEEE +IN 1. 5A0E 402 5 2508 +03 [iEF]
S EI3AETIITE +ON 1. EI0E+02
5SREZENA0TE + N 1. EELE +02
B.Z1505547TE + 1 1. 75002 Dot il Cioribennits
B0 SOES4EE + 1.60E 02
B TAATZ3BE +IN 1. B0E 2
7.00753T6E8E +0N 1,960E +02 1,800€ +00 LOC
T 203517556 +00 2.000E 02 1. 200€ +00 LOC
753 ERA2SE + 01 2100E 02 1.800E +00 LOE
T.TI55TSR95E + 2H0E02 1.800E +00 LOE
BUISETIIATE 2 360E 12 1.800E +00 LOE
8321 EOB04E +01 2. 580 +02 1.800€ +00 LOL
BEBA4ZZ111ED 2THEHZ 1. 800E +00 LOE
BEMTZEIRIE I 2 B0E 02 1. 800E +00 LOE
S110050251E + 2 BTE 02 1.800E +00 LOE
A ITIBEAIZE 4N 2 540E 12 1.800€ +00 LOL
SEISETEIIZE DN J.0MCE+02 1.800€ +00 LOT
SEHBASR4RZE « 1 J.0ETE 12 1. 200€ «00 LOC
1061 H0EE3E +02 F150E 02 1.800E +00 LOE
1. 04247 206E +02 AZAE A2 1.800E +00 LOE
1.06BES34ETE +02 1 360E A2 1.800€ +00 LOL
1. 034574874 + 02 JAEADZ 1,800€ +(0 LOC
121 Z5E2HE 02 3. 500E 02 1. 200E +00 LOE
1. 14753 T6R0E « 02 A 5T0E 02 1.800E +00 LOE
117361 30956 +02 A TEE 2 1.800E +00 LOE

1.2001 DOB03E 02 I BE0E 02

1.800€ +00 LOE

[] Eicassay Fredictions
I:l Measuremment Data Mo Fiows : ﬁ:’

I:l Measurement Fit Dutput

i:igure 4.118. Excluding all data in rows 11 and below in the Table Tool.

This will change the color of all data entries in row 11 and below to red, and also change the
color of the corresponding data points plotted in the Bioassay Quantity graph (Figure 4.119).
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Ik = =
e [ I Bioassay Calculations
Sawe  Cuick Save Tritim
INTAKES CALCULATION BIOASSAY QUA
ool B3 |~ Grach & Tabke bide |Wholbody
B Messursm
= Measuwement Time [d] M/ VabuefBal
- - _ 7 000E +00 1967506+
ibes of Irkake Regimes [Fis] to use in the calcudation. 10 1 Iniske assumption™ 5T Scule o midpoint of perind 1.400E+01 LE500E 4
= ~ Constant chuoric thoughout period 2 100E 1 3.95525E
2 BO0E 11 5. T4S75E
3 500E +01 1. 26000E +
responding to each measurement 42006 +01 |1275E +
Measurement Data [Whale Bods) Intake: [Bq) 4 900E 401 9 4500E +
: 5 GO0E (11 47506
d [day) Timee [day] Walue [Hyg) -~ E300E +01 BEEXSE+
| IR1 [54805E-04 £
IR2 [Toieeeem % Giagh  Table  Hide |Whotebody
IR [52706E-03 IDEAS Case 22 Roull
|:> IR4 [2525E+06 #0608
IRS [357106+05 & 10608
Caike Intakes IRE |61808E-04 i
IR7 [12850€-08 '
IREB —EEHE'BE{G g 1.0E+05
IR9 [17eesE8
| 2 IF: 10 [1 35486 +04 g 1 Ex04
53603 ' '
10 Priod: Ecit Measuremeri Data 70 816 162 1708 ﬂ‘-‘;ﬂé
@ Pesiods
i L * Hide |
oK LCancel |
=TT ]

Figure 4.119. Excluding the 11th and all further data points from analysis by the tritium
tool.

The next step is to " Specify the monitoring period corresponding to each measurement™. If
the sampling intervals are contiguous, the associated monitoring periods can be specified
automatically - by simply clicking the "Default Monitoring Periods" button (as in Figure
4.120).

file://C:\Documents¥%20and%20Settings\Administrator\L ocal %620Settings\Temp\~hh...  15/10/2005



Example Cases - Bioassay & Dosimetry Page 128 of 185

By Tritium Routine Monitoring Tool

Bk Took Help
Chemical Foim Intakes
& irceganic HMTO) Humbes of Inkake Fiegimes IFs] to use inthe cokuaion.  [10 —] Infake assumpiion -9 acule & midpomt of period
™ gaenc: H [HCT) ™ Corstant chionic througheut period
Specily the monitoring perind conesponding to each meazuiement
Monitaring Perieds Meazurement Data (Whole Body) Intake [Baq)
Stant [day) |End [dag) [ Time [day) Value [Bg] -
IR 1 1] T.000E +00 IR 1 |34805E-04
IR 2 7.000E +00 1, 400E «01 IR2 |40E4E-03
IR 3 1.400E +1 2 100E+0 IR 3 |62NEE-03
IR 4 2. 100E +M 2. 800E +01 ¢> R4 |2522‘5E-{ﬁ 1
RS 2 BO0E +01 2500E+01 IRE (357106
IRE 500+ 4. 200E 401 Cokclntskes, | IRE [61806E-04
R7 4, 200E +0 4,300 +01 "7 |‘I 2BESE - 05
IR 8 4,900E +1 5 G00E +01 IRB |‘E|6|1E-'i-rﬂ3
IRg A=y £.300E +01 IRY [13585E-05
IR 10 B. 200+ T.000E «01 0 IR10 |‘| IB4BE 04
[ Dslaui Mioniioing Fedods | Ecil Measuremerd Data
Claar Monioning Pesicds |
ok | Cancel

Figure 4.120. Specifying the monitoring periods automatically.

If the monitoring periods are not in fact all contiguous, you can edit any " Start (day)" value
directly in the Tritium Routine Monitoring Tool table. Also, clicking the "Edit Measurement
Data" button (Figure 4.120) will return you to the Table Tool - so that you can edit any of the
"input” bioassay data values. The functioning of the Tritium Routine Monitoring Tool is fully
integrated with that of the Table Tool.

- ey Warning: By default, the Tritium Routine Monitoring Tool assumes a "Start
=% =—= (day)" value of "Q" - since the actual value is not included in the imported
~ data. If"0" is incorrect, you will have to enter the appropriate value yourself.
This is generally the "End (day)" of previous (most recent) set of monitoring
data.
- ety NOte: You can select ANY sub-set of contiguous data rows (up to a maximum
== —— of 10 rows) from the Table Tool - for automatic importation into the Tritium

Routine Monitoring Tool.

This completes the step of loading a sub-set_of the bioassay data into the Tritium Routine
Monitoring Tool - directly from the Table Tool.

e Proceed to Using the Tritium 'Tool' to Calculate Intakes Automatically.

Loading Tritium Data with the Import OO
Wizard

Clicking the "Edit Measurement Data" button in the Tritium Routine Monitoring Tool opens
the Table Tool. You can then import the required bioassay data (Figure 4.117A).
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2y Tabbe Tool : Whole body Data

Meas

nl | — L
Dalta Typpe oy

Cabculated
Wabue|Bq)

Measmement Time [d] Wik :’l;lul-lllll.:!lw

| KEY
[] Eicassay Fradctions
] Measurement Data MoFiows: [ j
[ ] Messurement Fi Ouput

Figure 4.117A. Blank Table Tool ready to import a file of whole body bioassay data.

In the Table Tool, right-click on the empty cell under the "Measurement Time (d)" heading
(Figure 4.117A). From the drop-down menu, select "File Import" (as in Figure 4.117A). This
will open the "ASCII file import wizard" (Figure 4.118A).
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E% ASCII file import wizard

Text file CAJABASOFTUMBAEXUS\USERDATADemo\Case_2 .. |

Select type of text file

" Comma separated f* Tab delimited (" Space delimited

" Other delimiter

| Hests | Cancel |

Figure 4.118A. The ASCII file import wizard.

In the ASCII file import wizard, browse to the folder [Install
Drv]:\\JABASOFT\IMBAEXUS\UserDatal\Demo\ and select the file "Case 22 Tritium.txt"

data file, and click View (Figure 4.118A). This will open the file in NotePad® (Figure
4.119A).

B Case_27_Tritium. txt - Motepad r__llﬁlgl
B Edt Fgrmat Wiew Help

[F . QOGE+0D 4., GETS0E+OS Real 1. BOOE+0D LCWHORM -
1.400E+01 2.83500E+05 rReal 1. BO0E+00 LOHEMHGRM

2. 100E+01 G. 95625E+05 rReal 1. BOOE+OD L HORM

2. BO0E+01 5. FABFIE+DS real 1. BO0E+0QD LOGHORM

3. 500E+01 1.26000E+05 real 1.BO0E+0QD LOGHORM

4. 200E+01 1.12B73E+03 real 1.B00E+00 LOGHORM

4. 900E+D1 .4 S00E+04 real 1. BOOE+00 LOGRORM

3. GO0E+DL 4, T250E+04 Real 1. BO0E+00 LOGRORM

6. 300E+0L H. 662 5E+04 real 1. BO0E+00 LOGRORM

7. 000E+DL H. 4 000E+04 real 1. BO0E+00 LOGHORM

7. TOdESOL 3.6750E+04 real 1. 800400 LOGHORM

B.400E+01 2.6250E404 Real 1. 800E+00 LOMGHORM

1. 050E+02 7. 087 SE+04 Real 1. B00E+00 LOGRORM

1.120E+02 3.6750E+04 Real 1. BO0E+00 LCHSRORM

1.190E+02 5. 2500E+04 Real 1. BO0E+00 LCiEHORM

1. 260E+02 3.9375E+04 Rea] 1. BO0E+OD LiEHORM

Figure 4.119A. First part of the "Case 22 Tritium.txt" data file - viewed in NotePad®.

This file is "tab delimited” - and so you need to click the "Tab delimited™ button (Figure
4.118A) before clicking Next. The whole file will then be imported (into rows and columns)
in the ASCII file import wizard (Figure 4.120A).
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E% ASCII file import wizard

Pleaze zelect the data that you wizh to impaort
C D E F A
7
] 3 1.800E+00 ___
] Y 1.800E+00
10 1.800E+00
11| 3.6750E+04 Real 1.800E+00 LOGHNORM
12| 2.6250E+04 Real 1.800E+00 LOGHNORM 3
< E
Select Al
<Back Hests Cancel

Figure 4.120A. Selecting the first 10 rows of data.

The Tritium Routine Monitoring Tool analyzes the bioassay data a maximum of 10 rows (i.e.,
10 data points) at a time. Therefore, you should highlight just 10 rows of data in the import
wizard - before clicking the Next button. The highlighted 10 rows are then automatically
loaded into the Table Tool (Figure 4.121).

B Table Taol @ ¥hobe body Data

Fle [Edt Bosccsy  Mescursment  Help

= Calculaled Measuremenl % Measurement |Emn

1 T.000E +00 4 SETS0E +05 Fasl 1.800E +00 LOE
2 1.400E +0 2 BES00E+05 Aeal 1.B00E +00 LOE
3 2100E - B.95525E +[5 Aeal 1, B00E +00 LOE
4 2ZB00E+ 5.74975E+05 Real 1.800€ +00 LOC
5 A500E+M 1.ZE000E +(5 Real 1.800E +00 LOE
E 4. 200€ + 1124756 +05 Al 1.800E +00 LOE
7 4 300E +0 9 4500€+04 Aeal 1.B00E +00 LOE
B SB00E +0 4, T250E+04 Real 1, B00E +00 LOE
) BIE-M B.ESIZ5E+(4 Real 1.800€ +00 LOC
10 T.000E + B 4000E+04 Real 1.800E +00 LOC

Figure 4.121. 10 rows of bioassay (whole body) data imported into the Table Tool.

Clicking "OK" in the Table Tool returns you to the Bioassay Calculations screen - with
the Iritium Routine Monitoring Tool window still open. However, the imported data is now
visible (automatically) in this window (figure 4.122).
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By Tritium Routine Moniloring Tool

Bl Tods Hol
Chemical Fomm Intak ez
i L) Humbes of réake Fegimes (IFs) 10 use in the calculaion (10 =] Inkake assumiion * 579k acule ot midpoint of period
" oigaric:H [HCT) ™ Corslart chiore throughaut period

Specily the monitoring perind conesponding to each meazurement

Maonitaring Periods Measurement Data Phole Body) Intake [Bq)
Stant [day) |End [day) [ Time [day) Value [Bg]
IR1 IR1 [1.0000E-00
IR 2 IR2 |00O000E 00
IR 3 IR 3 |0000CE-00
IR 4 |:’|> IR 4 |00000E+00
RS IRS |00000E-00
IRE Cokclnigkes.. | IRE |OOOOCE-00
IR 7 IR7 |00000E-00
IR & IRE [00000E-00
IR S IRY [0000CE-00
IR 10 IR 10 [0 0000E 00
Dl st Morstering Perinds | [ —
Clear Monionng Pesicds |
(4[4 | Cancal

Figure 4.122. Tritium Routine Monitoring Tool window showing 10 rows of imported data.

The next step is to " Specify the monitoring period corresponding to each measurement”. If
the sampling intervals are contiguous, the associated monitoring periods can be specified
automatically - by simply clicking the "Default Monitoring Periods” button (as in Figure
4.123).

By Tritium Routine Manitoring Tool

Ble Tooks Help
Chemical Form Intakes
R Mumbes of Iréake Regimes (1Fs) 1o use in the calculaion (10 ] Inkake assumplion * =79k acule 2t midpoint of peciod
ez H HCT] = I~ Conttant chioric roughout period

Specily the monitoring perind comnesponding to sach meazurement

Manitaring Peripds Meazurement Data [Whole Body) Intake [Baq)
Start [dayp) |End [day) | Timee [day) Walue [Biqg]
IR1 0 T.000E+00 IR1 [1.00006-00
IR 2 7.000E +00 1.400E+01 IR2 [00000E-00
IR 3 1,408+ 2100 +011 IR 3 [00000E-00
IR 4 2. 100E +01 2 800E +01 |:’|> IR4 |00000E-00
RS 2,800 +01 3S00E+01 IR5 [00000E-00
IRE 2,500+ 4, 200E +01 Cokelniskes . | RE [0000CE-00
IR7 4, 200E + 4. 900E «01 IR7 |00000E-00
IR 8 4,900 +01 5 B00E +(11 IRE [00000E-00
IRg 5, EO0E + 01 £ 300E +11 IRS [0O00CE-00
IR 10 £, 200E +I1 7.000E +(11 IR 10 [0.0000€-00
|EIIIIZIIIIIIJ??JHHél?i‘ﬁté'.r@...’.'.”..'..”..".."..".."..'II Ecit Measurement Data
Cheal Momitoring Pesods |
oK | Cancel

Figure 4.123. Specifying the monitoring periods automatically.

If the monitoring periods are not in fact all contiguous, you can edit any "Start (day)" value
directly in the Tritium Routine Monitoring Tool table. Also, clicking the "Edit Measurement
Data" button (Figure 4.123) will return you to the Table Tool - so that you can edit any of the
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"input" bioassay data values. The functioning of the Tritium Routine Monitoring Tool is
integrated with that of the Table Tool.

ey Warning: By default, the Tritium Routine Monitoring Tool assumes a "Start

24— (day)" value of "Q" - since the actual value is not included in the imported
data. If"Q" is incorrect, you will have to enter the appropriate value yourself.
This is generally the "End (day)" of previous (most recent) set of monitoring
data.

This completes the step of loading the bioassay data into the Tritium Routine Monitoring
Tool - using the Import Wizard.

e Proceed to Using the Tritium 'Tool' to Calculate Intakes Automatically.

Automated "Fitting" of Tritium OO
Intakes

Once you have loaded a series of up to 10 bioassay results (i.e., 10 rows in the Measurement
Data table) and defined all of the associated Monitoring Periods (as in Figure 4.123), you
can use the Tritium Routine Monitoring Tool to calculate automatically a set of

discrete Intakes that "fit" the measured bioassay values. In order to do this, you must first
assume a value of the "time™ of occurrence of each intake. The Tritium Routine Monitoring
Tool provides two standard (commonly made) assumptions - that are applied automatically
to all potential intakes:

e Single Acute intake at the mid-point of each monitoring period - set by default.
e Constant Chronic intake throughout each monitoring period.

For the default setting (Single Acute), the Tritium Routine Monitoring Tool automatically
calculates_the time value corresponding to each sample mid-point. For the "Constant

Chronic" option, the pre-calculated " Start (day)" and "End (day)" values are used to calculate
the associated Intake values. In order to "fit" the monitoring data (bioassay values),

the Iritium Routine Monitoring Tool uses the maximum likelihood method (as extended ta
multiple intakes in IMBA Professional Plus) to find the most likely value of the hypothetical

intake during each sampling period.

. = |Important Note #1: In effect, this method in which a limited sequence of
i == monitoring results (maximum of 10) is analyzed does not correct the earliest
" monitoring results for "carry over" of tritium activity from previous intakes.

Thus, the first "calculated" intake amount will always over-estimate the actual
intake during this monitoring period - by the amount of "carry over". However
this effect will become smaller for each subsequent intake calculation, i.e., later
intakes will be calculated more accurately.

... ey IMportant Note #2: This methodology leads to a

- =—— somewhat conservative estimate of the effective dose committed over the

whole monitoring period - although, usually not a serious over-estimate if the
whole monitoring period is greater than a month.
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Figure 4.124 shows the calculated values of intake (IR1 through_IR10) that result for the first

10 bioassay measurements (values of whole body activity) in this example.

In this case, we

have assumed (by default) that each potential intake would have occurred at the mid-point

of each sampling period.

By Tritium Routine Moniloring Tool

Bl Took Help
Chemical Foim

Inakes

* mnceganic H [HTO)
™ pigaric H [HCT)

Specily the manitorng perind conesponding to sach meazuiement

Humbes of Inkake Fiegimes IFs] to use in the cokuation.  [10 —] Infake sssumpiion -9 acule 3 midpomnt of period

™ Corslart chioric theoughoul penod

Monitoning Periods Heasurement Data Pwhole Body)
Stant [day) |End [day) [ Time [day) Value [Bg]

R 1 0. D00E +00 T.D00E +00

R2 7.000E +00 1. £00E +01

IR 3 1.400E 2 100E «01

R4 2.100E +M 2800E +01

RS 2.500E +I 3500E+07

IR B 3,500+ 4 200 +(1

IR7 4, 200E + 4,300E +01

[1=%] 4, 900E +In SE00E «01

IR 9 5. E00E +0 B.300E 07

IR 10 E.200E +01 7000 «(11

Dheslaidt Morslonng Penods

Ect Meszurement Data

Cloar Monioring Pesicds |

IR1
IR 2
IR 3
IR 4
IRS
IR E
IR 7
IR B
IRS

IR 10 [33435€-04

oK |

Intake [Bq)

S B40TE 5

(LO00CE 00

4 2T9TE 015

[oo0ce 00
[0cE +00
|5.8375E +04

Cancal

Figure 4.124. Result of clicking the "Calc Intakes .." button in the Tritium Routine Monitoring

Tool.

=4

[t

iy NOte: For this set of 10 bioassay values, the Tritium Routine Monitoring

Tool calculated 4 finite values of intake (for 1R1, IR3, IR9 and IR10). All other

potential intakes were calculated to be zero._

Clicking the "OK" buttton in the Tritium Routine Monitoring Tool returns you to the Bioassay

Calculations screen (Figure 4.125).
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o, Binassay Calculations
File Advenced Tooks Help

e
Save  CuickSave
INTAKES

[ Bioassay Calculations

A1 [5a0E«05  Bq

A2 [pooog«o0  Bq

A3  Jszonc.06 2 Ba

W4 [ooooEw0 B
RS [ooooe«00  Ba
IRE  [poooe+o0  Ba

AT [pooog+0o g

e |[ppooE+00 B

A3 [5ezac.04  Ba
IRI0 (33446404  Bn

CALCULATION
Intakes lo Buoassay T Biaasay bo Inkake

Specily Times [d) (Col 1]

Start Time ) |1 = | Lneas Serd 1o &l

™~ Logarthmic ms
5Iinl'r-e|d]|p|;7 R s

Mumber of Times [1-200] .?U i'

BICASSAY QUA

- Gragh & Table  Mide |Wiholebody
Specified Time [d] A E“b—""’“ o
1.000E +00 (LO00E +

2000E +00 0.000E +

2 000E «00 CLC00E +

4 000E+00 3. TROE0E +

5 000E +00 5. 40520E +

EOD0E +00 5.05300€ +

7 000E +00 1 72240E +

2 000E +00 L 41200E +

S000E+00 1.12550E +

<

Specily Collsction Penads [Cal 2]

|7 s

Caloulshe Buosssay Quarnly jCal 3]

% Graph © Tabk  Hide |“hols body

oo

Progress Indicalon

Deposition AN RN EERENENEEEEEN

Colatig Tines IR NN NN ENEENEEEEENENEEEEEN

Basony Calce IR NN NN EE NN ENEENENEERENEEEEEN

Cutierk
Opesation

H-3

Calculation Complete

= |

Mt Likedhood fi

TE+5 v P |

Figure 4.125. The amount of intake calculated to have given rise to each successive
bioassay measurement is displayed automatically in the Bioassay Calculations screen.

L Tip: If you set up a Graph window for the Bioassay Quantity (Figure 4.125),

you can view (automatically) the result of the fitting process - in this example,
the fitted whole body retention as a function of time together with the input
"point estimates” represented by the measured (bioassay) values.

ey NOte: The fitted whole body retention shown in Figure 4.125 results from
== —— assuming that each of the 4 fitted intakes occurred at the mid-point of the

corresponding sampling interval. The effect of the alternative assumption (that

each intake occurred continuously over the corresponding sampling interval) is
described in the topic "Effect of Assumed HTO Intake Pattern™.

Clicking "OK" in the Bioassay Calculations screen then returns you to the Main Screen (Figure

4.126).
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By Main Screen

Filz Edit Parameters Caloulstions Took Advanced Help

EED-@@@

Mew  Quick Save Lowad Load Report Help
Ve 3.2 CABBASOFTUMBAEXLSAUSERDATAN remo \CasedZ - HTO - M

‘ st IMBA Expert™ OCAS-Edition

Intake Scenario

Intake Regimes Units : -
Im— = S T Intake (IR 10) Indicator Mucli
| Enter Mumber of Inkake Regimes (110 —
Cleai Al inkake Regrme: o & Regimes: [1-10]) =i  Doo W Ba Calaet Fladky
1] Rz RI| R4 ] RG] RG] A7 | ARa | B3 ) IR10 & Tomi
e S
Aoute Mode |U1.-'15ﬁﬂ ﬂ -
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i:igure 4.126. Main Screen after returning from the Tritium Routine Monitoring Tool.

ey NOte: The calculated intake values (and the assumed times and durations of

-2 —— the intakes) are automatically displayed in the Main Screen - so that you can
proceed directly to the Dose Calculation.

This completes the step of calculating automatically the associated Tritium Intakes:

e Proceed to Using the Tritium 'Tool' to Calculate Doses Automatically.

Automated Tritium Dose Calculation 00

Clicking the Dose Calculations button in the Main Screen opens the Dose Calculations screen
(Figure 4.127). Then, to calculate the resulting values of effective dose, you simply click the
"Calculate" button. The results for the whole tritium monitoring period (0 to 70 d) are shown
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in Figure 4.127.
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Figure 4.127. Calculating and displaying the resulting committed effective dose.

H-3 WE= ICEP Defads WT=ICRF 3 ICRF Hifi Model

In this case, the total committed effective dose is 20.2 uSv.

Repeating this whole process for subsequent sets of 10 tritium monitoring results - by
importing rows of data 10-at-a-time from the ASCII text file "Case 22 Tritium.txt" - gives
the calculated values of committed effective dose shown in Table 4.7.

=% ™% Note: There are 65 rows of data, imported as 6 sets of 10 values with a
——= residual set of 5 values.

Table 4.7. Total committed effective dose calculated for each monitoring period.
Total Committed Effective

Monitoring period (d) Dose (uSv)

#1:0-70 20.2
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#2:70 - 161 4.6
#3: 161 - 259 8.7
#4: 259 - 343 57.6
#5: 343 - 427 179
#6: 427 - 518 43.6
#7:518 - 553 3.5
Total: O - 553 317

ey NOte: These calculated values assume that intakes occurred at the mid-point
== of the corresponding sampling interval. The total committed effective dose
(317 uSv) is substantially lower than the value (479 uSv) calculated earlier - by

manually "fitting" discrete intake events to the whole bioassay data set.

This completes the step of calculating doses automatically - assuming that all intakes
occurred at the mid-point of the corresponding sampling interval:

e Proceed to Effect of Assumed HTO Intake Pattern.

Effect of Assumed HTO Intake

00
Pattern

Instead of using the default assumption that all intakes occur at the mid-point of the
corresponding sampling period, the Tritium Routine Monitoring Tool gives you the option of
assuming that all intakes occur continuously (i.e., are uniform chronic) over the
corresponding sampling interval. Figure 4.128 shows the effect of making the uniform
chronic assumption on the intakes calculated for the first set of monitoring data (from O to
70d).
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Figure 4.128. The amount of intake calculated to have given rise to each successive
bioassay measurement on the assumption of constant chronic intake over the corresponding
sampling interval.

The resulting values of committed effective dose calculated for all 7 monitoring periods in
this example (assuming constant chronic intake over the corresponding sampling interval)
are shown in Table 4.8.

Table 4.8. Total committed effective doses calculated for each monitoring period.
Total Committed Effective

Monitoring period (d) Dose (uSv)
#1:0-70 20.0
#2:70 - 161 4.5
#3: 161 - 259 8.3
#4: 259 - 343 57.0
#5: 343 - 427 177

#6: 427 - 518 43.1
#7: 518 - 553 3.4
Total: 0 - 553 313

—
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corresponding sampling interval. The total committed effective dose is (313
MSV) - to be compared with (317 uSv) for the "mid -point” assumption (Table

.. e Note: These calculated values are very close to (marginally lower than) the
4 — values calculated by assuming that the intakes occurred at the mid-point of the
4.7).

This completes the step of calculating doses automatically - assuming that all intakes
occurred continuously over the corresponding sampling interval:

e Proceed to a comparison of Automated vs Manual HTO Analysis.

Automated vs Manual HTO Analysis 00

In this section we:
e Test the repeatability of the manual "fitting" procedure.

e Examine the effect of using < 10 sampling intervals in the "automated" procedure.

e Compare the "

1. Repeatability of "Manual" Fitting

The parameter file "Case22 - HTO - JA.ix" contains a solution to this example case that was
obtained (by ACJ & Associates, Inc.) independently of the "Case22 - HTO - MP.ix" solution.
This independent solution is shown in Figure 4.129.
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Figure 4.129. A second solution of the tritium routine monitoring example case.

Table 4.8 shows the 10 discrete intakes fitted to the bioassay data - c.f., the results of the
earlier solution (Table 4.6).

Table 4.8. Discrete intake calculated from the tritium urinalysis data.

Intake regime Assumed timin Intake amount/rate (Bq/Bg d-1
IR1 - chronic 0-20d 51,330 Bg/d

IR2 - chronic 40 - 155 d 1,860 Bg/sd

IR3 - chronic 180 - 280 d 5,495 Bg/d

IR4 - acute 280 d 1,354,000 Bq

IR5 - acute 310 d 1,940,000 Bqg

IR6 - chronic 340 -357 d 61,810 Bg/d

IR7 - chronic 400 - 440 d 5,837 Bg/d

IR8 - acute 418 d 4,977,000 Bq

IR9 - acute 500 d 213,700 Bq
IR10 - chronic 520 - 550 d 1,654 Bg/d

file://C:\Documents¥%20and%20Settings\Administrator\L ocal %620Settings\Temp\~hh...  15/10/2005



Example Cases - Bioassay & Dosimetry Page 142 of 185

Comparison of the values in Table 4.8 with those in Tahle 4 6 shows substantial differences.
However, it is more difficult to detect (by eye) substantial differences (biasses?) in the
graphical displays of the corresponding data fits - Figure 4.129 vs Figure 4.111, respectively.

Figure 4.130 shows the committed effective doses calculated from the estimates of intake
given in Table 4.8.
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Figure 4.130. Dose calculated from the second solution of the tritium routine monitoring
example case.

... een NoOte #1: The total committed effective dose calculated in this second solution

i — (199 uSv) is less than half the value (479 uSv) calculated in the earlier
solution.

.. ey Note #2: However, the average of the two independent estimates of total

d — committed effective dose is 339 uSv (£ 198 pSv standard deviation). This is

within 8% of the average value (315 uSv) obtained using the "automated" fitting
procedure!
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2. Effect of using Fewer Sampling Intervals in the "Automated" Procedure

In order to examine the effect of using fewer sampling intervals in the automated analysis,
we repeated the Automated Tritium Intake Fstimation (@nd Dase Calculation) using 13 sets of 5
measured values (rows of data) - instead of 6 sets of 10 values plus a residual set of 5
values. The resulting calculated doses are shown in Table 4.9. They are to be compared
with those shown in Table 4.7 (where the monitoring period was divided into seven parts). In
both cases, it was assumed that intakes occurred at the mid-point of the corresponding
sampling interval.

Table 4.9. Total committed effective dose calculated for each monitoring period.

Total Committed Effective

Monitoring period (d) Dose Sv
#1: 0 -35

19.9
#2: 35 -70 4.7
#3:70 - 119 36
#4: 119 - 161 1.9
#5: 161 - 196 1.9
#6: 196 - 259 74
#7: 259 - 301 25.5
#8: 301 - 343 40.9
#9: 343 - 392 11.3
#10: 392 - 427 168
#11: 427 - 476 37.7
#12: 476 - 259 8.2
#13: 518 - 518 35
Total: 0 - 553 334

iy NOte #1: The total committed effective dose (334 uSv) shown in Table 4.9
is higher (by 5%) than the value (317 ySv) obtained earlier - when we

analyzed larger sets (6~ 10 + 1~ 5) of bioassay data.

Note #2: This observation is consistent with our earlier Important Note that the
analysis of a small series of tritium sample values tends to over-estimate the
total intake (and thus dose). If previous intake has occurred (within a month-
or-so), the value of intake calculated for the first sampling interval of a new set
will ALWAYS over-estimate the actual intake value (assuming no bias in the
"time of intake™ model, since there will always be some "carry-over" of tritium
activity from the previous intake. The amount of this "un-corrected" carry -over
decreases with each subsequent sample. Therefore, the more sample values
included in the set, the smaller the resulting over-estimate for the set as a
whole. It follows that the earlier analysis (using the maximum number of
sample values in each set) should have given a less biassed estimate of total
intake (and committed dose) than this analysis carried out with only 5 sample
values in each set.

il

3. "Goodness of Fit" Comparison between "Automated" and "Manual" Procedures
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Table 4.10 summarizes the estimates of effective dose committed over the whole (553-d)
monitoring period - comparing the results of both manual fitting exercises and both
"automated" fits. The table also shows the total value of c2 _calculated in each case by

comparing the "predicted" and "observed" values of the bioassay quantity.

Table 4.10. Comparison of estimated total committed doses and the associated c2-

sum_statistic.

Case Analysis: Intake Estimated Effective Dose

Assumption (USv) c2-sum
Manual (Whole Dataset):
MP 479 56.9
JA 199 55.7
Automated (6~ 10 + 1~ 5):
"Mid-point" 317 25.2
"Continuous™ 313 25.2
Automated (13~ 5):
"Mid-point" 334 24.4
"Continuous™ 331 24.4

The points to note from Table 4.10 are:

e The "Manual" analyses (of the whole dataset) differed only marginally in their "goodness
of fit" - i.e., the respective c2-sum_statistics were 56.9 and 55.7 (for 10 intakes fitted to
65 data points) - and yet the resulting estimates of total committed dose differed by

a large factor (2.4).

e The "Automated" analyses can (and do) fit a larger number of discrete intakes to the
dataset as a whole - thus there are fewer "degrees of freedom" - with the result that

the c2 values are substantially smaller.

e With these example data (from routine weekly monitoring), the assumed time of
occurrence of intake ("mid-point” or "continuous') makes very little difference (less than
2%) to the calculated values of committed dose - and no overall difference to

the c2 statistic.

e The (5% lower) value of total committed dose calculated using bioassay values 10-at-a-
time (the maximum number) is likely to be more accurate (less biassed) than value

obtained by analyzing bioassay values 5-at-a-time.

.. mmey Note: This topic should be studied further using Monte Carlo methods to

2 —— simulate complex tritium intake patterns - and the resulting variability in the
bioassay sample values. The applicability and performance of the "Tritium
Tool" provided here should thus be examined further.

Dose Calculations for Causation -
Requires Add-On 9

00
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r Note: The case example below is taken from IMBA Expert™ OCAS-Edition.

weaith | It relates specifically to the application of calculated annual tissue doses

w in that software to the U.S. Department of Labor's compensation program

. for former workers at atomic weapons sites. The implementation of annual

dose calculations in IMBA Professional Plus is modified from that in IMBA
Expert™ OCAS-Edition. This decsriptive material will be updated in
due course by the U.K. Health Protection Agency - Radiation
Protection Division (HPA-RPD), as appropriate specifically to
the IMBA Professional Plus implementation.

IMBA Expert™ OCAS-Edition was designed specifically to meet NIOSH's requirements
under the Energy Employees’ Occupational lllness Compensation Program Act
(EEOICPA). In particular, the software is customized to do the following:

1. Provide all of the capabilities of the IMBA Expert™ USDOE-Edition (Phase
I1) software for analyzing bioassay data and estimating the most likely intake(s)
of radionuclides, as described in previous sections of this User Manual. The
software is designed to provide the means for initial input of bioassay data -
via the built-in Table Tool - for each individual claimant whose internal exposure
is to be assessed.

2. Calculate equivalent doses received by specified target organs and tissues in each
Calendar Year - from the start of a claimant’'s qualifying occupational exposure
through to the date(s) of diagnosis of the claimant’'s qualifying cancers.

3. lmport claimant-specific information in a standardized format - from the *Initiation file* (*.ini)
generated by Oak Ridge Associated Universities Inc.'s (ORAU's) Energy
Employees Ocupational lllness Compensation Program Dose Reconstruction Project.

4. Interface with the Interactive RadioEpidemiological Program (NIOSH-IREP) - for
calculation of the probability distribution of cancer causation.

. ey IMportant Note: IMBA Professional Plus was designed to function best in

 — the above listed order - for each internal dose

assessment, i.e., (1) carry out the bioassay data analysis and
assessment of intake(s), then (2) 'merge' the calculated annual
equivalent doses with the externally generated claimant case data (in
the form of a standard Initiation file - "*.ini") - in order to (3) produce a
complete case report suitable for direct input into 'FeedlIREP".

Dose Calculations for NIOSH-IREP

We will use here the example bioassay data analysis for the_IAEA (1999) whole -body activity
measurements of 60Co (Annex IV Case 3) to illustrate the calculation of annual equivalent

doses to designated target organs in relation to a hypthetical diagnosis of cancer. Figure 9.1
shows the Main Screen of IMBA Expert™ OCAS-Edition after opening the file [Install
Drv]:\\JABASOFT\IMBAEXUS\UserDatal\Demo\IAEA Case 3 - 60Co.ix.
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i:iqure 9.1. Main Screen after opening the parameter file "IAEA Case 3 - 60Co.ix

. e 1Mmportant Note: NIOSH-IREP_requires calculated annual equivalent doses to
.,:i =—— be experessed in centi-Sv (cSv), i.e., in the traditional dose unit 'rem’.

Therefore, it is IMPORTANT to ensure that you have selected ‘rem' as the dose
unit (in the Main Screen) - as shown in Figure 9.1.

In this example case, the most likely intake was calculated to be 9,805 Bq - by inhalation of
a 1-um AMAD aerosol of 'Type M' 60Co on February 24th, 1988. To calculate the annual
equivalent doses received by all target organs or tissues:

e click the "Dose Calculations" button - to open the Dose Calculations screen.
e click the "ORG DOSE Calendar” button - to open the 'Equivalent Dose to selected organ
received in each calendar year' window (Figure 9.2).
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Figure 9.2. Opening the 'Equivalent Dose to selected organ received in each calendar year'

window.

B

Note #1: The 'Equivalent Dose to selected organ received in each calendar

vear' window opens with the default settings shown in Figure 9.2, i.e., 'Start

it

)
(I

i

Year' = 1980; 'Select Organ' = Adrenals; 'Date of Diagnosis' = 6/6/2000; 'Split

doses into components' = unchecked.

Note #2: As specified by NIOSH/OCAS, Version 3.2 of IMBA Expert™ OCAS-

Edition enables you to select for display (and to send to the output
report file) the calculated annual doses received by ONE designated
target organ, as selected from a drop-down list. It is anticipated that a
future enhanced version of the software will enable you to select

several target organs (or tissues) for which the calculated annual doses
will ALL be tabulated in the output report file. In Version 3.2, a separate
output report file is needed to pass the calculated annual doses for
each additional target organ (or tissue) to "FeedIREP".

Note #3: Again, as per initial specification, Version 3.2 of IMBA Expert™
OCAS-Edition enables you to define a time-span of up to 50 years for
calculation of the annual doses received by target organs. However, in
practice, it has been found that greater time-spans may be needed in
some cases. Accordingly, it is anticipated that a future enhance version
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of the software will enable annual doses for a time-span of up to 70 y
to be calculated (in a single step).
Note #4: The selected 'tissue weighting factors' - shown in the 'Status

Bar' (Figure 9.2) do NOT affect the calculated values of equivalent dose. These

apply ONLY to the calculation of effective dose -

e Proceed to " Example Annual Dose Calculation™-

Example Annual Dose Calculation

We will assume for this example (1AEA Case 3 - 60Co.ix):

e that the (hypothetical) claimant data file defines the diagnosed cancer as

"Cancerl=Stomach (151)";

e that the (hypothetical) claimant data file defines the 'Date of Diagnosis' as

"CancerlDiagnosisDate=02/25/1997".

00

The corresponding data values in the ‘Equivalent Dose to selected organ received in each
calendar year' are shown in Figure 9.3.

By Equivalent Dose to sebected organ received in each calendar year

Apely

Priogiess rdcaho

2 1251987 -

x|

STOMACH
Calendar Yeat| StatDate | End Date Equrvalent Diose [rem)
1388 (R ERE E T (LDOGE +00
15889 mAnASE 050 (LIDO0E +00
1930 oS30 A s 0.D00E 00
{EE] A oA R (LDOCE «00
1932 oaiAsEz oA s CUOO0E 00
1953 MANAT3 00 S (LDO0E <00
1954 mAnASE 055 (LIDOGE +00
1935 mMAASIS 0 556 0.D00E =00
1336 maA3es oA nse7? (LDOCE «00
1997 0/ ASE7 | 225497 CLDD0E «00
Select Caenda Years Cancer Dol Calculate Dosss
Sedact Drgan Artvancasd
Shark Year 1o =l
=1 — Split doses inlo
siomach [ conponerts
Erd e
Drate ol Desgriosis

Stanl Caleulshon

Euport Results

To Chipbomd

LCancsl

T il

Figure 9.3. Settings of 'Equivalent Dose to selected organ received in each calendar year'

window for hypothetical case of stomach cancer.

:I'o calculate the total annual equivalent doses, you simply click the 'Start Calculation’

button. The resulting values are shown (in 'rem") in Figure 9.4.
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B Equivalent Doze to zelected organ received in each calendar year

Apply

Prosgees: |rmdcabo

27251957 -

x|

Shait Caleulstior

STOMACH
Calendar Yea | Stat Dale End Date Equivalent Diose [rem)
15388 (LU GE= IR E ] ZEASEDS
1589 mAnA%E A %0 TAT0E-04
1330 /M50 00400 7% 3313E
199 AN A e 1. 98404
1992 oAz AN 1.256E 04
1953 mAATE A A 1.597E05
15934 mAnAS A 15ES S102E-05
1335 0/IMAES 00400588 3.2:0E-05
1996 0o NSE8s 1A 19T 2.058E-05
1997 a7 2254987 2 404E 06
Select Caendat ‘ears Carcer Delad Calculate Doves
Shart Voo | Sedect Drgan Avarced
=l — Splt doves inlo
Sromach - componerts
Erd e
Drats ol Dsgriosis:

E uport Flesults

ot |

To Chipboard
ToFie

Figure 9.4. Total annual equivalent doses displayed for the stomach wall.
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To 'split' the annual equivalent doses into separate alpha, beta, and gamma components,

yvou simply check the 'Split doses into components' box before clicking the 'Start Calculation’

button. The resulting 'split' values are shown (in 'rem") in Figure 9.5.
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Dy Equivalent Dose to selected organ received in each calendar year

_ tooly |

Priosgees: |mdcabor

27251957 -

x|

|

STOMACH
Gamma Dose | Gamms Doge | Gamma Dogs
ColndarYew| StartDate | EndDae | APRaDose | BelaDose | = o) frem] [rem)

leem lper] Cked | WEORY | 250k
1368 /A58 WA1A%S  OO000E«D0  8B03EL0S | 4450E40  ODDOE-DD  2ESTEO3
1389 MmA%E  WA1A5%0  OO00E.D0  4453E05 0 3012690  QOD0E-00  BTAOE04
1330 0/MAE30  MAMA50 0.000E+DD 2H5EE-(5 1.912E-10 CLDD0E «00 3. 0Z3E 04
1991 0N A% DOODE+D0  1E2EE0S | 1.221E90  QUDDDEsDD  1.BOCZE-D4
1992 0mAsEE  MAIA%G DODIE«D0  116SE0S | TE1BEAT QUDDDEsDD  1.740E404
1993 M/mMA%93 A% DO00E+D0  T446E-06 | A9TIEAT ODDOEsDD  7242EDS
13534 MmN%d 1155  O000E+D0  ATSEE0E | 318267 OQO00E.00 A EXREDS
1335 0/MANES  MAA5E 0000E+DD A041E-05 2034E-11 CLDD0E +00 2. 555E-05
1996 0/mA%Ees  MAA9%7  DO00E+D0 194808 | 1302617  OUDDDEsDD  1.E9GEDS
1997 0NASE7 | /254957 DODDE+D0 | 2247807 | 1500E42  QUDDDEsDD | 21S0EO6

Select Caends ‘ears Carcer Delal Calculate Doves
Siat Yoo e Sedect Organ Advanced
=1 i Se doses inlo
| Somach - " comporents
Erd e WR
Drats ol Dsgriosis:

Shait Caleulstior

E xport Flesults

To Chiphoard

T Fibe

Figure 9.5.
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'Split' components of annual equivalent doses displayed for the stomach wall.

Important Note: The values of radiation weighting factor used by IMBA
Expert™ OCAS-Edition to calculate the annual equivalent dose are shown
by clicking the "WR' button (Figure 9.5). These 'standard’ values
(Figure 9.6) are those currently required by NIOSH-OCAS - and MUST
NOT be changed. The NIOSH-IREP program automatically applies the required

pre-defined 'weighting' distributions (as multipliers) to evaluate the
corresponding uncertainty distributions of equivalent dose.
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| Radiation Weighting... Ej@@l

Theze weighting Factors wil be used for the
calculation of equivalent dozes to each
target organ when the 'Split D oses into
Components' option is checked. These
weights apply to compenzation calculations
arly.

Enter WHs:
’207 Alpha

’17 Beta

’17 Gamma [£ 30 ke
’17 Gamma [30-250 Mev]
’17

Gamma [>250 Mev]

E

Cancel

Figure 9.6. Standard values of radiation weighting factor used to calculate 'split’ annual
equivalent doses.

.. e IMportant Note: IMBA Expert™ OCAS-Edition (Version 3.2) calculates annual
22 —— equivalent doses ONLY for the Indicator Nuclide. Annual doses from
~  any Associated Radionuclide(s), must be calculated separately for the
corresponding intake amount(s) - and intake regimes -
and summed (year-by-year) before entry into the NIOSH-IREP program.
e See' i i i i ' - by exporting results to a

spreadsheet via the Windows clipboard.

e Proceed to "How to Use the '*.ini' File".

Summing Annual Doses Calculated for OO
Associated Radionuclides
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Oy Equivalent Dose to selected organ received in each calendar year

Epply

Priosgees: |mdbcabor

STOMACH
Gamma Dose | Gamms Dose | Gamma Do
CalendarYeu| StatDate | EndDate | APheDose | Bete Dose | =0y frem) lrem)

leem lper] Cked | WK | 2250k
1388 m/nA%E MATA5E  D000E«00  880GE05 4.450E-10 CLD00E «00 256TE03
1389 mmmA%E mATAN50  0000E+00 4 45GE-05 A02E10 (LD00E +00 B. TA0E 04
1330 AN 50 A A En 0. CO0E +00 2H5EE-05 1.912E-10 CLD00E =00 3.028E-04
1991 DA M8 DO0DE+DD  1.838E-05 1.23E-10 CLDO0E +00 1. B0ZE 04
1932 052 AN A%E  QOODE«DD  1.163E-05 T.H1BE11 CLD00E =00 1. 140E 04
1333 mnMATE AN DO00E«D0  7.846E-06 4.973E11 [LD0O0E +00 1. 262E05
19594 Mg MAN5S  0000E+00 4 75EE-08 A1eEN (LD00E -00 A B26E 05
1935 mMANANES M5 D0D0E+DD A0A1E-05 203E-11 CLD00E =00 2. 958E-05
1936 MmMASEE M%7 DO0DE+DD  1.948E-05 1.302E11 CLDO0E »00 1.B33E 05
1997 0 A%E7 2251997 QOODE«DO 2 M42E07 1.500E-12 0.000E +00 2 180E 06

Select Caends Yeaars Carcar Dualad
Sedect Organ
Start Year 1 i |
® 2
Saomach -
Ered et
Drats ol Drsgrosis:

Figure 9.7. The 'Export Results - To Clipboard" button.
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Clicking the Export Results - To Clipboard' button (Figure 9.7) copies the displayed table of
calculated annual equivalent doses to the Windows® clipboard. These data can then be
pasted into any Windows® spreadsheet (or database) application - as in Figure 9.8.
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B3 Microsoft Excel - Case 11122333_Cob0. xls

Page 153 of 185

@ File Edt Yiew Insert Format  Tools Data  Window  Help
N EH S S| P59 8 s bl - @ e
P 4 By o 2y K] | | [ = | ¥4 Reply with Changes... End Revisw... !

F22 - &

A | B C D E F G H | | |

1 |Eguivalent Doses calculated to; STOMACH
2 1983 1/145983| 1/145989| 0.00EHI0| 5.80E-05| 4.45E-10| 0.00EHIO| 2.56E-03
3 1989 1/14989] 1/14990| 0.00EHI0| 4.459E-05| 3.01E-10| 0.00EHIO| B.72E-04
4 1990 114990 114991 | 0.00EHI0| 2.86E-05| 1.91E-10| 0.00EHIO| 3.05E-04
5 1991 114991 114992 0.00E+HI0| 1.83E-05| 1.22E-10| 0.00EHIO| 1.80E-04
B 1992 114992 114993 0.00EHI0| 1.17E-05| 7.82E-11|0.00EHIO| 1.14E-04
7 19593 1449593 1414994 0D.00EHIO 7 45E-06 4.98E-11 0.00EHIO 7 Z2Z24E-D5
a 1994 1414994 1414995 D.00EHID 4 76E-06 3.18E-11 0D.00EHIO 4 53E-05
9 1995 114995 114996 | 0.00EHID| 3.04E-06| 2.03E-11|0.00EHID| 2.96E-05
1a 1996 114996 114997 | 0.00EHIO| 1.95E-06| 1.30E-11|0.00EHIO| 1.69E-05
11 1997 114997 | 2025M 997 | 0.00EHID| 2. 24E-07| 1.50E-12| 0.00EHIO| 2. 15E-06
12
13
14
15

Figure 9.8. Calculated 'split" annual equivalent doses imported into a spreadsheet.

The Windows® spreadsheet (or database) application can be used to add the annual doses
calculated (separately) for ALL Associated Radionuclides. The resulting total annual
equivalent doses can then be copied and pasted directly into the NIOSH-IREP input file - by-

passing part of the function of 'FeedIREP'.

As an alternative to copying the calculated results directly to a Windows® spreadsheet (or
database) application (using the Windows® clipboard), you can export the calculated data

table to an ASCII (*.txt) file.

e Proceed to "Exporting to an ASCII Data File".

e Proceed to "Haow to Incarpaorate the " inj' File Data"-

Exporting to an ASCII1 Data File
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O Dose Calculations

. = Dose Calculations
INTAKE
Gamens Dose | Gamma Doss | Gamma Doss
CoknduYeu| StatDate | EnDae | APhaDose | BetaDome | ™y lrem) {iem)
- - LL leem] keY | IS0k | 3250keV
ABOSE 3 — 986 | GANASE  G/NA%E  DOUE«00  BO0ELS | A4S0EI0 | DO000EWD  ZSTES
Caleu| 1983 | OLMASES /D90 OOO0E-00  44SEEDS  3MI2EA0 Q000N BT0E
1980 | O/NAS80  01/DIA1S1 DOODE+DO0  286ECS | 1912610 QO00E.0 3026604
1991 | LTSS OL/DIAISSR OOODE+D0  1EZEELS | 1221EAD  QODCE.0 1 B02Ed
1992 | 0N 0/DIAISE3 OOODE+D0  19BSECS | TEIBEAT  DODIED | 1.140E-04
1983 | OLNAE 001394 DOO0E-D0  T446E06  4SPSE1 OODOE-00 7242605
1984 | OLMASSE DDISSS  OOO0E-00  47SEECE  3N82E1  (O00E.00  4EEDS
1985 | O/NASE  01/01/15%6 DOODOE+D0  J041EDE | 203411 QO00E-00 2956605
1336 | PN 1.693E05
e w Export wizard 21 EE 08 |
Howe do wout veari B0 sxport the: data 7 R
&= | wamrl L eocport Bhe dats o an ASCH [ 2] e e
Select Calerea)
i
Starl Yoo | weari Lo eepeet the data Lo an (b Exgert [~pd] fle for Faed REP -
| 3
Erel Yem I oo |
Drabs ol Desgrosis
ooy |
I?.l'25ul'1'99'|" - Export Resuls |
Prospass |mdicatos 'ﬁ
To Chipbomd
i1
2 Progae:s | st To File
[El]
Bparaon
- ® | o |
oK ‘
[cog0 WH= ICRP Defads WT- 10 CFR 835 ICRP Co Model

Figure 9.9. Opening the 'Export Wizard".

IMBA Professional Plus provides an 'Export Wizard® (Figure 9.10) that is opened in
the 'Equivalent Dose to selected organ received in each calendar year' window. This enables
the calculated annual doses to be exported to:

e an ASCII (*.txt) file, or;

e an IMBA Expert (*.rpt) file for ‘FeedIREP".

Exporting to an ASCII (*.txt) File

With the 'l want to export the data to an ASCII (*.txt) text file' option checked (the
default), clicking the 'Next' button opens 'Please specify the name and location of the ASCII
file you want to create' browse option in the ' Export Wizard® (Figure 9.10).
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E% Export wizard [g|

Flease zpecify the name and location of the ASCI file pou want to create:;

|CAJABASOFTAUMBAERUS  seDatal MAEA Case 3 - BOCo - Output Text Filet J

<Back Hests Cancel

You simply browse to the folder where you want to store the output (*.txt), and name the
file. Clicking the 'Next' button enables you to select the type of text delimiter that you want
to use (Figure 9.11).

E% Export wizard rz|

Fleaze select the text delimiter pou want to uze ;

" Comma zeparated (" Space delimited

" Other delimiter

<Back | Finizh | Cancel

Figure 9.11. Selection of a Tab delimited' output (*.txt) file.

In this example we have selected a 'Tab delimited' output file. Clicking the 'Finish' button
completes the data export process. Successful export of the data will be confirmed (Figure
9.12), and clicking the 'View File ..." button will display the resulting (*.txt) file (Figure 9.13)
in NotePad®.

E% Export wizard [g|

The export process has been completed successfully |

Yiew File ..

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Example Cases - Bioassay & Dosimetry

E' 1AEA Caze 3 - 60Co - Output Text File.txt - Hotepad

Page 156 of 185

EEX

1288
1989
1200
1561
1562
19593
1904
1995
1694
16497

Figure 9.13. Resulting (*.txt) file displayed in NotePad®.

e Edt Fprmat iew Help
Equivalent Doses calculated to: STOMACH
Calendar vear

01,701 /1958
01,701 /1959
O1,/01 /1990
O1/01 /1990
Lea s W Ko
OL/0L /1993
O1/01/19%4
O1,/00 /1995
000 1056
0100 S 10GT

Start Date

01,/01/1989
01,/01,/1990
01,/01,/1291
01/01,/1992
00./01,/1993
01/01,/1994
01/01/1%95
01/01/1994
01 /01 /1997
2/25/1997

End Date

ocCoooooooo o

Alpha Dose (rem)
8. BO3E-O3

- DOQE+00
- O0OQE+00
- QOQE+DD
- QOOE+D0
« DOOE® DD
» QOQE+0D
« QOQE+0D
« BOOE+0D
- QOGE+DD
L QOOE+DD

Pl b e ) B S b

-493E-03
.B5BE-D3
. B2HE=-05
1GRE=0F

446E=-06

. FIBE-06
JM1E-06
B4 BE-D6
24 2E-OT

Beta Dose (rem) Gamma Dose (rem)

4.45%0E-10

g b s S

012E-10

- 212E-10

22LE-10
FlEE-11
S7BE-11

182E-11
U34E-11
L302E-11
. S00E-12

0. Q0OE+0D
0. Q0OE+0D

oo o oo0

- DO0E+QD
- DODE+DD
- QODE+QD
OOQESQD
«OOQE+QD
«OOOE+0D
L O00E+0D
L O00E+0D

2

The Input "*.ini' File - and How to Use

It
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ey NOte: The exported (*.txt) file contains only the results of the last-performed
calculation of annual equivalent doses. You will have to add other information,

such as the identity of the indicator nuclide, or other case details.

IMBA

Professional Plus can add such case information automatically - in a file
format that can be fed directly to '‘FeedIREP' - see " Input "*.ini' File" and

"Incorporating the '*.ini' File Data".
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e of the fndividual ko whom the information

-laimant Informatlian

tory=-Havar Smiked
ea-Han-Hispanic
h [L51]

5,/1997

Figure 9.14. Standard 'Case Configuration File' (*.INI) used to import Case

Information into IMBA Professional Plus

Page 157 of 185

The detailed specification of the data fields in the 'Case Configuration File' (*.ini) is
Proprietary to Oak Ridge Associated Universities, Inc. and MJW Corporation Inc. This
specification was incorporated into IMBA Professional Plus, to enable the software to import
all of the claimant-specific information in the precise form needed to pass through to

the NIOSH-IREP program.

Figure 9.14 shows the general layout of the "*.INI" file. We describe here how to import this

file into IMBA Professional Plus.

'--------------------------------------------"
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.. ey lMportant Notice: The information contained in the '"*.INI" file is protected by
28 =—— Privacy Act 5 USC Section 552a; disclosure to any third party without the
~ written consent of the individual to whom the information pertains is strictly
prohibited.
. ey NOte: The example "*.INI" files used here are purely for the purpose of
24 =—— llustrating the operation of IMBA Professional Plus. They utilize previously

published bioassay data. They contain NO personal information - and
are NOT associated in any way with any identified individual claimant.
The identifying file names are arbitrary.

e Proceed to "Incorporating the '*.ini' File Data".

Incorporating the "*.ini' File Data 00

STOMACH :
Gamemns Dose | Gamms Dose | Gamma Doss
Colendar Yem| StatDate | ErdDate | APRaDose | BelaDose | = oy [rem) fiem]
Ll pem] kY | 00K | 2250ke

1 1588 0101558 ANASE DODDE+00  BB0GELS  4450E10  QOODE+00  2557E03
i 1985 0AmASE  MANA%30  O000E+00 445305 3012610 O000E+00  6.FAE-04
1330 00530 A% DUOO0E+DO 2B5EE-05 1.912E-10 CLOD0E +000) 3.028E-04
1991 0A58 AMA%EE  DOODE+DD  18ZEELS  1221E-0 | OD0DE+00  1.BOZE-D4
1992 ommoiAsEee oAaiA%E DODDE«D0  196%E05 | TA1BEAT QUDDDE+DD  1.140E404
1933 0AA53  MANASH DODDE+00  7446E06 4575E-11 QODDE+00 7242405
1954 0AA93 MAMASS  DO00E+00 4758E06 3182611 OO000E+00 4 E2E0S
1335 0095 0S5 DO00E+DD AD41E-05 Z034E-11 CLODDE +000) 2.95EE 05

1336 3 ort i 1.B3E 05
e % Export wizard 21 EIE08 i
How dho ol vrard 1o suport the data 7
1 el ecepooet the clata Lo an S50 [* 4] lesd e
Select Calardal
i
Stal Yoor i [ piari U g e A 1 10 Ergeetd [ AL 1 (21 F sl FIETY .
H
e | teo | Gored || WA

[rabe ol Desgriosis
4 Lpply | Shanl Caloulston |
; 225357 = Expoit Flesubs 4

Prisgiess rdaabol T il

o | o |

Figure 9.15. Using the 'Export Wizard"' to'export data directly to a (*.rpt) file - formatted for
'FeedIREP'.

The 'Export Wizard' enables you to export calculated annual equivalent doses to a
(*.rpt) file that is formatted for direct input into "FeedIREP" (Figure 9.15). This
method of exporting the calculated results has two advantages:

1. Personal information about the claimant (from the approved standard format Initiation
file - "*.ini") is automatically combined with the calculated doses in the output (*.rpt) file.

2. ALL details of the intake and dose assessment that you have performed can also
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be automatically included (and thus recorded) in the (*.rpt) file.

Checking the 'l want to export the data to an IMBA Expert (*.rpt) file for FeedIREP'

and clicking the ' Next ' button (Figure 9.15) opens the Export Wizard's 'Browse' dialog box
(Figure 9.16). Use this to find, and load, the required Initiation file (*.ini). In this example,
we are using the file "C:\JABASOFT\IMBAEXUS\UserDatal\11122333_Co060.ini".

E% Export wizard §|

Pleaze zupply the [nitialization file [*.ini] far this claimant:

|C:JABASOFTAMBAERIIS \serD atal\Demat1122333_Cobl.ini

[Mate: The rpt file will be created with the zame name and location as the ini file]

<Back | Heuts Cancel

Figure 9.16. Browsing to locate the Initiation file (*.ini).

. memn NoOte: In ORAU's Energy Employees Occupational lliness Compensation
-l —— Program Dose Reconstruction Project, the name of the Initiation file is
—  composed of two parts (1) the NIOSH Claim number - full 6 digits with leading
zeros, and (2) the file extension ".ini'. For example, '000251.ini" is a valid file
name.

Once you have located the "*.ini' file, clicking 'Next' in the 'Export Wizard' will ask you "How
do you want to configure the *.rpt file?" (Figure 9.17). The default option is "Automatically"
- and this is RECOMMENDED for compatibility with 'FeedIREP'.

E% Export wizard §|

How do wou want bo canfigure the = rpt file

o Automatically - Use the default layout specified by the ini file
[RECOMMENDED].

(" Marwally - Let me review the lapout zpecified by the ini file.

<Back Cancel

Figure 9.17. Default option for "Automatically” configuring the "*.rpt’ file.

Clicking 'Einish* will complete the export process. The resulting "*.rpt' file can be viewed by
clicking the 'View File ..." button (Figure 9.18.).
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%)

B Export wizard

The export proceszs has been completed successfully |

Wiew File ...

<Back 0K

Standard-format Output to
'FeedIREP’

:;;;5_’ """"'_ Notg #1: Tk.\e.o_l_Jt[M "* rpt' file is automatically saved in the same folder as
—— the input "*.ini" file.

e T—

22 —— Note #2: The resulting **.rpt’ file is shown in "Qutput to 'FeedIREP"".

00

E 11122333 Co60.rpt - Hotepad E"El@l

e Ede Format Wew [Help
Report Generated by IMBA Expert OCAS-Edition on 3/24 /2004
Report Filemame is C:\JABASOFT\IMBAEXUSWUserDatalsbemoh11122333_Cosd. rpt

W

ADMINISTRATIVE DETAILS
PR AT PR T ORI PEERY PRCIE O PEAY PRCL R PRy PR AR o Tt
HaME: John C. smith

pate of sirth: 02/25/1950
employee ID:

Employee S5M: 111-22-3333
Sex: Male

Case ID: 999909

File Hame Prefix:

Case Flag:

pescription of cCase:
pate of ASSEsSSMEnT :
additional Comments: ®

SOFTWARE WVERSION

LR Rl TR R T
IMBA Expert acas-edition

Issued 1n Feb 2004
version number 3.2.00

FARAMETER FILENSHE

U R R Y R N

A17 of the parameter values used in this assessment are stored in the following file
C 1% JABASOFT W IMBAE=USY IMBAT W< th JABASOF T IMBAEXUS \USERDATA \Demoh TAER Case 3 - &60Co. ix

INDICATOR RADIOHUCLIDE
MR AR R

radionuclide: Co=60

Figure 9.19. '11122333 Co060.rpt’ file produced for the example case - as viwed in
NotePad®.

The complete '11122333 Co060.rpt’ file listing is:
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Report Generated by IMBA Expert OCAS-Edition on 3/24/2004
Report Filename is C:\JABASOFT\IMBAEXUS\UserDatal\Demo\11122333 Co60.rpt

A A A A A A A A A A A A A A A A A A A A A A A AAAAAAAAAAAAAAAAAXAAAAAAAAAAAALAAA LA LKA

ADMINISTRATIVE DETAILS
Rk o e R S e e R R e R e e b
NAME: John C. Smith

Date of Birth: 02/25/1950
Employee ID:

Employee SSN: 111-22-3333
Sex: Male

Case ID: 999999

File Name Prefix:

Case Flag:

E)escription of Case:
Date of Assessment:
Additional Comments: *

SOFTWARE VERSION

B o S S S R e S

IMBA Expert OCAS-Edition
Issued in Feb 2004

Version number 3.2.00

PARAMETER FILENAME

ECE R R SR o o o SE R SRR S S S

All of the parameter values used in this assessment are stored in the following file
C:\JABASOFT\IMBAEXUS\IMBA1\C:\JABASOFT\IMBAEXUS\USERDATA\Demo\IAEA Case 3 -
60Co0.ix

INDICATOR RADIONUCLIDE

FAEAAAXKAAAAXAXAAXAAAXAAAKXAXKX

Radionuclide: Co-60
Halflife: 1924 (d)

INTAKE REGIMES

E R S e e

There is only one intake regime
Intake 1 :acute inhalation on day O

I_\/IODEL PARAMETERS

R SR e R e * XXk

The following model parameters are different for each intake regimes

INTAKE REGIME 1

_AerosoI/deposition parameters were: User Defined
AMAD =1 um
GSD = 2.47
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Density =3g/cc
Shape Factor = 1.5
Worker Type =light

Absorption to blood was:Type M
Fr=9.99549977498875E-02
Sr=100

Ss= 0.005

Fb=0

Sb=0

Particle transport parameters were ICRP Defaults
All to bbl =0.02

Al2 to bbl = 0.001
Al3 to bbl = 0.0001
Al3 to LNTH = 0.00002
bbl to BB1 =2

bb2 to BB1 = 0.03
bbseqg to LNTH = 0.01
BBl to ET2 =10

BB2 to ET2 0.03
BBseg to LNTH = 0.01
ET2 tO GI =100
ETseqg to LNET = 0.001
ET1 out 1

Initial deposition partitioning
ETseq/ET2 = 0.0005
BBseq/BB = 0.007
bbseg/bb = 0.007

Al2/Al = 0.6

AlI3/Al  =0.1

Gl-tract parameters were ICRP Defaults
Stomach (ST) = 24

Small intestine (SI) = 6

Upper Large Intestine (ULI) = 1.8
Lower Large Intestine (LLI) = 1
Absorption to Blood (f1) = 0.1

Eiokinetic model parameters were ICRP Co Model
Organ/tissue retention functions were as follows:

IVER
a(i), lam(i)
-5.281760000000000E-02, 1.386290000000000E+00
3.272730000000000E-02, 1.155250000000000E-01
1.008400000000000E-02, 1.155250000000000E-02
1.000630000000000E-02, 8.664340000000000E-04
Fraction to urine 8.571430000000000E-01

SOFT TISS

a(i), lam(i)

-4.753576000000000E-01, 1.386290000000000E+00
2.945450000000000E-01, 1.155250000000000E-01
9.075630000000000E-02, 1.155250000000000E-02
9.005630000000000E-02, 8.664340000000000E-04
Fraction to urine 8.571430000000000E-01

BLOOD
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a(i), lam(i)
1.000000000000000E+00, 1.386290000000000E+00
Fraction to urine 8.571430000000000E-01

Bioassay function for Whole body was Std Co Model
a(i), lam(i)

5.301073120979730E-01, 1.000000000000000E+00
3.397310000000000E-01, 1.155250000000000E-01
-3.019360000000000E-01, 1.386290000000000E+00
2.864620000000000E-01, 1.800000000000000E+00
1.011860000000000E-01, 1.155250000000000E-02
1.000880000000000E-01, 8.664340000000000E-04
-5.563920000000000E-02, 1.200000000000000E+01
Blood retention: 1.0000E-07

Bioassay function for Urine was Std Co Model

a(i), lam(i)

-6.676703004002170E-01, 1.200000000000000E+01
6.338750000000000E-01, 1.386290000000000E+00
3.272190000000000E-02, 1.155250000000000E-01
9.994940000000000E-04, 1.155250000000000E-02
7.431760000000000E-05, 8.664340000000000E-04
Blood retention: 1.0000E-07

Bioassay function for Feces was Std Co Model

a(i), lam(i)

-1.052446700679250E+00, 1.386290000000000E+00
5.301070000000000E-01, 1.000000000000000E+00
5.156320000000000E-01, 1.800000000000000E+00
6.525410000000000E-03, 1.155250000000000E-01

1.694540000000000E-04, 1.155250000000000E-02

1.240210000000000E-05, 8.664340000000000E-04

Blood retention: 1.0000E-07

R/IEASUREMENT DATA

FTEAAAXAXAAAXAAXAXAKAXKX

Whole body data

1. , , 2720 , Real , 272 , NORM , 3334.2

6. , , 1150 , Real , 115 , NORM , 1195.9

16. , , 1010 , Real , 101 , NORM , 1007.7
33. , , 790 , Real , 79 , NORM , 828.3

82. , , 482 , Real , 48.2 ., NORM , 555.59
169. , , 358 , Real , 35.8 , NORM , 338.12
1009. 78 Real 7.8 NORM 37.122

1456. , , 35 , Real , 3.5 , NORM , 20.779

E)urinq the fitting procedure, the following data were used:

ES IOASSAY RESULTS

Whole body results

Time, N/A, Value

d. . Bg

1, , 3334.2
1.4671759259254 , , 2683.8
2.1526041666657 , , 2032.1
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3.15825231481358 , , 1540
4.63370370370467 , , 1278.4
6.79846064814774 , , 1169.2
9.97454861110964 1101.1
14.6344097222209 , , 1026.9
21.4712499999987 , , 939.97
31.5021064814828 , , 841.05
46.2191319444428 , , 731.49
67.8115972222222 614.57
99.4915393518531 , , 495.85
145.971585648149 , , 380.5
214.165983796298 , |, 272.57
314.219155092593 , , 178.78
461.014768518518 108.29
676.389756944445 , , 63.956
9902.382731481484 , , 38
1456 , , 20.779

INTAKES

E o

Intake 1 was 9804.8 Bq

EQUIVALENT DOSE to Stomach (Sv) from the Indicator Radionuclide (Co-60) in each
calendar year

KA AA I EA AKX AA XA A A XA A XA A A XA A AKX A A XA A A XA AKX XA XA AKX AXAXAXAXAXAXAAXAAXTA XXX AXAXAAXTXA XXX XXX AKX XXX XxALXXS

year, alpha, beta, gammal, gamma2, gammaa3,

1988, 0.000E+00, 8.803E-07, 4.450E-12, 0.000E+00, 2.557E-05,
1989 0.000E+00 4.493E-07 3.012E-12 0.000E+00 6.720E-06
1990, 0.000E+00, 2.858E-07, 1.912E-12, 0.000E+00, 3.028E-06,
1991, 0.000E+00, 1.826E-07, 1.221E-12, 0.000E+00, 1.802E-06,
1992, 0.000E+00, 1.169E-07, 7.818E-13, 0.000E+00, 1.140E-06,
1993, 0.000E+00, 7.446E-08, 4.979E-13, 0.000E+00, 7.242E-07,
1994 0.000E+00 4.758E-08 3.182E-13 0.000E+00 4.626E-07
1995, 0.000E+00, 3.041E-08, 2.034E-13, 0.000E+00, 2.956E-07,
1996, 0.000E+00, 1.948E-08, 1.302E-13, 0.000E+00, 1.893E-07,
1997, 0.000E+00, 2.242E-09, 1.500E-14, 0.000E+00, 2.180E-08,

Note(A): The calendar dose in 1997 is that received up to 2/25/1997
because this is when the cancer was diagnosed.

Note(B): The additional enerqgy from the nucleus caused by alpha recoil has
been included where necessary

Note(C): These calculations have been optimised for accurac

Note(D): gammal = 30 keV, gamma2 = 30-250 keV, gamma3 = >250keV

iy NOte: Consult the approved operating procedure documentation for ORAU's

= Energy Employees Occupational Illness Compensation Program Dose
Reconstruction Project for instructions on how to use 'FeedIREP' to read the
*.rpt’ file formatted by IMBA Professional Plus - and also the "User's Guide’
to run NIOSH-IREP.
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Case of ?4*Am In-growth - Requires 00
Add-On 10

This case involved an acute inhalation of high-fired plutonium oxide. It is of particular
interest because about 94% of the plutonium activity was 241 Pu (at the time of the
inhalation), with a substantial . The 241Am progeny of 241Pu was present in the
inhaled material - with about 0.9%6 of the total plutonium activity. However, this
amount of 241 Am "contamination" enabled the retention of material in the lungs to
be measured relatively accurately - over many years.

The case was first reported in the literature by Bihl et al (1988), with a longer-term
"follow-up" reported by Carbaugh et al (1991). These authors concluded that this
case demonstrated very unusual respiratory tract clearance behavior, both in terms
of low "solubility' of the plutonium particles (evidenced by an undetectable
excretion rate in urine), and the virtual absence of particle clearance from the
respiratory tract. In fact, Bihl et al coined the term "Super Class Y" to describe the
unusually low solubility, and, rather than decreasing over time, the 241Am activity
in the lungs actually built up - by a factor of about 2 - over 12 years.

Very recently (January 28th, 2004), Gene Carbaugh has published an updated slide
presentation on this case - entitled 'The Plutonium Reality Show: "Super Class Y vs.
Class W and Class Y™ - A Contest of Bioassay and Internal Dosimetry® - available

at http://bidug.pnl.gov/references/Carbaugh PNNL 9%20Plutonium %20Reality %
20Show_s.pdf. We have taken an exploratory look at this case (HAN-1) here -

since IMBA Professional Plus is always ready for a challenge!

The raw data (provided in an Excel spreadsheet by Gene Carbaugh) include:

e Measured isotopic composition of the inhaled material (26 by atom) - from mass
spectrometry.

e Measured 241Am-in-lung activity in vivo - from the first through 6,639th day (18-y
follow-up).

e Measured 241Am-in-liver activity in-vivo - measurable from about 6,000 d.

e Measured 241Am-in-skeleton activity in-vivo - also measurable from about 6,000 d.

e Measured 239/240Pu excretion rate in urine - measurable from about 1,800 d
onwards.

See Input Data for Am-241 in Lung Case.

Input Data - **Am in Lung Case Q0

1. Isotopic Composition

Table 4.11. Isotopic composition of plutonium oxide material inhaled in HAN-1.

% by Number of

Radionuclide  atoms Yo By Activit
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241Am 0.25 0.56
238Pu 0.065 0.71
239Pu 86.4 3.46
—-u 11.6 1.71
241Pu 1.4 93.6
242Pu 0.24 6~ 10-4

Clearly, from Table 4.11:

e 239/240Pu dominates by number of atoms.

e 241Pu dominates by activity.

e 241Am is a minor "contaminant" of the plutonium particle "matrix” - in terms of both
number of atoms (mass) and activity.

2. 241Am in the Lungs

A total of 259 in vivo measurements of 241 Am activity in the lungs. This exceeds the
capacity (200) for any single Bioassay Quantity provided in IMBA Professional Plus.
Therefore, we ""reduced” the data set in a manner that would not introduce bias
into the fitting procedure - by averaging each successive pair of measurement date and
value. The last (odd-numbered) data point was discarded. Table 4.12. gives the reduced
data set.

Table 4.12. Reduced data set_of 241 Am activity in the lungs.
Mid-point
Date/Time Activity (pCi)
5/23/78 12:00 PM 1300

5/724/78 12:00 PM 1200
5/26/78 12:00 AM 1350
5/730/78 12:00 AM 1300
6/12/78 12:00 PM 1250
6/27/78 12:00 AM 1200
7/10/78 12:00 PM 1200
7/31/78 12:00 PM 1300
9/16/78 12:00 PM 1300
10/11/78 12:00 AM 1500
1173778 12:00 AM 1450
2/13/79 12:00 PM 1250
3/714/79 12:00 AM 1450
4/13/79 12:00 AM 1500
5/710/79 12:00 PM 1550

6/29/79 12:00 AM 1700

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Example Cases - Bioassay & Dosimetry Page 167 of 185

8/13/79 12:00 PM 1600
10/12/79 12:00 AM 1600
11/30/79 12:00 AM 1600
1/25/80 12:00 AM 1600
3/14/80 12:00 AM 1700
4/11/80 12:00 AM 1950
6/13/80 12:00 AM 1750
9/29/80 12:00 PM 1950

1/2/81 12:00 AM 1850
3/16/81 12:00 PM 1700
5/15/81 12:00 AM 1700
6/26/81 12:00 AM 1800
9/23/81 12:00 AM 1650
1/20/82 12:00 AM 1550
4/26/82 12:00 PM 1500
8/13/82 12:00 AM 1750
12/13/82 12:00 PM 1750
3/728/83 12:00 PM 1950
7/11/83 12:00 PM 1900
9/12/83 12:00 PM 2250
1/13/84 12:00 AM 2650
2/24/84 12:00 AM 2800
5/728/84 12:00 PM 3000
7/27/84 12:00 AM 2550
10/12/84 12:00 AM 2150
11714784 12:00 PM 2400
3/11/85 12:00 PM 2500

572785 12:00 AM 2350

572785 12:00 AM 2450

572785 12:00 AM 2300
7/12/85 12:00 AM 2100
9/13/85 12:00 AM 2450
11725785 12:00 PM 2500
3/28/86 12:00 AM 2350

5/716/86 12:00 AM 2450
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6/27/86 12:00 AM 2375
8/11/86 12:00 PM 2515
10/6/86 12:00 PM 2350
10/17/86 12:00 AM 2445
12719786 12:00 AM 2300
2/13/787 12:00 AM 2480
3/727/87 12:00 AM 2600

6/7/87 12:00 AM 2630
8/13/87 12:00 PM 2315
11/712/87 12:00 AM 2975
11/25/87 12:00 AM 2725
3/14/88 12:00 PM 2500
7/11/88 12:00 PM 2335
9/12/88 12:00 PM 2275
10/24/88 12:00 PM 2335
10/24/88 12:00 PM 2335
12/23/88 12:00 AM 2240
2/10/89 12:00 AM 2445
3/710/89 12:00 AM 2060
4/10/89 12:00 PM 2510
5/726/89 12:00 AM 2740

8/4/89 12:00 AM 3375
8/25/89 12:00 AM 2510
10/27/89 12:00 AM 2310
1/26/90 12:00 AM 2840
3/26/90 12:00 PM 2635
5/11/90 12:00 AM 2695
6/11/90 12:00 PM 3130
7/30/90 12:00 PM 2825
9/28/90 12:00 AM 2585
11712790 12:00 PM 2760
12/14/90 12:00 AM 2895
1/11/91 12:00 AM 2880
2/8/91 12:00 AM 2530

3/11/91 12:00 PM 2395
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4/29/91 12:00 PM 2595
6/14/91 12:00 AM 2695

7/8/91 12:00 PM 2725
8/30/91 12:00 AM 2345
9/27/91 12:00 AM 3160
10/25/91 12:00 AM 2735
11722791 12:00 AM 2490
12/27/91 12:00 AM 1965
1/31/92 12:00 AM 3585
3/27/92 12:00 AM 3395
4/24/92 12:00 AM 3090
5/729/92 12:00 AM 3465
7/31/92 12:00 AM 3300
8/28/92 12:00 AM 3355
9/28/92 12:00 PM 2940
11/9/92 12:00 PM 3225
1274792 12:00 AM 3375

1/8/93 12:00 AM 3050
2712793 12:00 AM 2930
3/12/93 12:00 AM 2810
4/12/93 12:00 PM 3050
5/14/93 12:00 AM 3105

6/7/93 12:00 PM 3085

7/5/793 12:00 PM 2855
8/23/93 12:00 PM 3325
10/8/93 12:00 AM 3160
11/24/93 12:00 PM 3455
1712794 12:00 PM 3160
2/11/94 12:00 AM 3335
4/1/794 12:00 AM 2985
6/10/94 12:00 AM 3480
7/22/94 12:00 AM 3610
9/29/94 12:00 AM 3630
10/13/94 12:00 AM 3630

11716794 12:00 AM 3680
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12/30/94 12:00 AM 3505
1727795 12:00 AM 3390
2/24/95 12:00 AM 3290
4/21/95 12:00 AM 3410
5719795 12:00 AM 3145
6/30/95 12:00 AM 2565
9/22/95 12:00 AM 4010
11/3/95 12:00 AM 3390

4/26/96 12:00 AM 3670

3. 241Am in the Liver

Table 4.13. In vivo measurements of 241 Am activity in the liver.

Date ofMeasured 241 Am Minimum Detectable
Measurement Activity (nCi) Activity (nCi)

9/29/1994 0.2 0.05

1/27/1995 0.3 0.05

8/25/1995 0.2 0.05

11/17/1995 0.3 0.06

5/31/1996 0.2 0.05

7/26/1996 0.0 0.06

The activity of 241Am in the liver was measurable (in vivo) from September, 1994 onwards
(see Table 4.13). To represent these data we have averaged all 6 measured values, and
taken this average value (and its standard deviation) to represent the amount of 241Am in
the liver on September 20th, 1995 (the average of the measurement dates). The resulting
"point" estimate is 0.21 + 0.09 nCi.

4. 241Am in the Skeleton

Table 4.14. In vivo measurements of 241Am activity in the skeleton.

Date ofMeasured 241 Am Minimum Detectable
Measurement  Activity (nCi) Activity (nCi)
7/29/1994 0.0 0.2
12/6/1994 0.4 0.2
5/19/1995 0.2 0.2
3/22/1996 0.2 0.2

The activity of 241 Am in the skeleton, as measured (in vivo) over a similar period to that
measured in the liver, is shown in Table 4.14. To represent these data we have averaged
the 4 measured values, and taken this average (and its standard deviation) to represent the
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amount of 241 Am in the skeleton on April 11th, 1995 (the average of the measurement
dates). The resulting "point" estimate is 0.20 + 0.18 nCi.

'_5. 239Pu in Urine

The rate of excretion of 239Pu in urine was measurable (by ICP mass spectrometry) from
1983 onwards. The calculated activity excretion rates (simulated 24-h urine samples) are
shown in Table 4.15.

Table 4.15. Measured urinary excretion rate of 239Pu.

Estimated Error

Date ofMeasured Excretion Rate

Measurement (pCi d-1) (pCi d-1)
4/20/1983 0.0071 0.0038
12/21/1983 0.0081 0.0041
9/20/1984 0.0090 0.0025
7/11/1985 0.0207 0.0043
7/9/1986 0.0062 0.0021
7/8/1987 0.0017 0.0019
7/12/1988 0.0031 0.0018
7/13/1989 0.0065 0.0035
8/21/1990 0.0059 0.0041
7/11/1991 0.0153 0.0058
7/22/1992 0.0131 0.0034
7/14/1993 0.0194 0.0039
7/20/1994 0.0071 0.0025
7/18/1995 0.0181 0.0038
7/10/1996 0.0179 0.0037

® Proceed to Analysis of 241 Am Retention in the Lungs - Using ICRP Default HRTM Parameter
Values.

Analysis of 24tAm-in-lung Data - 00
using ICRP Defaults
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Han-1  ?Am Lung Burden
with Class Y Projection

1.00E+01

E _______________________________________________________
E 1UUE+ﬂﬂ _E. == :::::::::::::::::::::::::::::::::::::::::fffff;;fffffffffffffffffffffffffff
O I
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Figure 4.131. Comparison of 241 Am-in-lung data with ICRP30 Class "Y' prediction
(from Carbaugh 2004).

Figure 4.131 shows Gene Carbaugh's updated summary of the 241 Am-in-lung data from
the HAN-1 case, compared with the temporal behavior "predicted" by the ICRP
Publication 30 (ICRP79) lung model - for Class "Y' plutonium. Beyond 6,000 d, the
measured 241 Am retention is about 30-fold greater than predicted.

We have analyzed these data using IMBA Professional Plus - with the current ICRP
"default"” assumption of Type 'S' absorption characteristics (Figure 4.132). The
"fit" is better than for Class 'Y" - but still very bad. Figure 4.132 also compares the

"predicted" build-up of 241 Am activity in the Liver and Skeleton with the in
vivo measurements.
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Figure 4.132. Most likely "fit" to HAN-1 241 Am-in-lung data assuming ICRP default
HRTM parameter values (Type 'S").

ey NOte: The predicted monotonic decrease of 241Am activity in the lung
== —— includes the calculated "in-growth™ of 241Am activity into that of the
parent 241Pu.

In this example, IMBA Professional Plus automatically calculated the "in-growth"

of 241 Am activity in the respiratory tract that resulted from the decay of 241 Pu.
However, in order to do this, it was first necessary to define the lsotopic
Composition of the inhaled plutonium material. This was done by treating all of the
isotopes of plutonium that are present in the particle matrix as Associated
Radionuclides of 241 Am (the Indicator Nuclide) - see Figure 4.133.
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i:igure 4.133. Setting up plutonium isotopes as Associated Radionuclides.

Figure 4.133 shows the 5 associated plutonium isotopes -
238Pu, 239Pu, 240Pu, 241Pu and 242Pu. Note that the "Abundance' of 241Pu is very
high (16,813% - relative to the 241 Am activity).

The calculated amount of 241 Am intake was 41,691 pCi - on the assumption that the
inhaled plutonium oxide (particle matrix) had Type 'S* absorption behavior. The
relative abundance of 239Pu was 621% (Table 4.11). Therefore, the associated intake
of 239Pu would have been 258,900 pCi (258.9 nCi).

We can test this estimate of the 239Pu intake by comparing the predicted excretion
rate in urine with that actually measured (Table 4.15). To do this, however, we have
to set up a second "case” in IMBA Professional Plus - with 239Pu as the Indicator
Nuclide, and the amount of intake set at 258,900 pCi. The resulting "predicted"
urinary excretion rate is shown in Figure 4.134.
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B inassay Calculations
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Figure 4.134. Urinary excretion rate and lung retention predicted for Type 'S’
plutonium.

The urinary excretion rate for inhaled Type 'S’ plutonium is predicted

to decrease after about 1,000 d (Figure 4.134). However, the trend in the measured
values (from about 1,800 through 6,700 d) is for the actual urinary excretion rate
to increase with time. Again, therefore, the "fit" to the observed temporal behavior
of urinary excretion (of 239Pu) is not good.

Summary of Observed Departures from ICRP-Default Behavior

The following observations are NOT consistent with the predictions (for a particle
matrix consisting of Type 'S’ plutonium):

1. The the measured 241Am activity in the lungs remained essentially constant
over the first 70 d (Figure 4.135) - whereas Type 'S’ absorption together with
ICRP's recommended mechanical transport rates from the alveolar-interstitial (Al)
region predicted a marked decrease of activity over this initial period (Figure
4.135). Note that the effect of "in-growth" of 241 Am activity as a result
of 241 Pu decay over this period is negligible.

2. Over the long term (18 y) the 241Am activity in the lungs was observed
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to increase markedly - whereas, for Type 'S"' plutonium it should
have decreased approximately 10-fold (Figure 4.132).

By Graph Tonl for Lungs

HAaM-1 Case. Am-241 Build-up in the Lungs
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Figure 4.135. Comparison of predicted and measured early changes in 241 Am
activity in the lungs.

From the above, it appears that BOTH the absorption characteristics of the plutonium
particle matrix AND the mechanical elimination rate of particles deposited in the ""deep
lung™ of this individual worker differ substantially from the standard

ICRP default values.

.. mmmn Note: ICRP has recommended that Default parameter values should be used in

- — the absence of better (specific) information. This case is a prime example of
significant departure in parameterized characteristics from the available
defaults.

e Proceed to Optimizing the HRTM Parameter Values to Fit the HAN-1 Data.

Optimizing HRTM Parameter Values OO0
to Fit HAN-1 Data

In order to obtain a credible "fit" to ALL of the HAN-1 data, we found it necessay to vary the
following parameter values:

1. In the HRTM Mechanical Transport Model (Figure 4.136) - the rates of transport to the
bronchioles (compartments bb1) from BOTH compartments All and Al2 (of the alveolar-
interstitial region).
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2. In the HRTM Particle Absorption Model (Figure 4.137) - the "slow" absorption rate.

3. Inthe HRTM Particle Deposition Model (Eigure 4.138) - the aerosol AMAD.

E% Particle Transport Model
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Figure 4.136. User Defined values of the Rate Constants "All to bb1" and "Al2 to bb2" -
from their default values of "0.02 d-1" and "0.001 d-1", respectively.

These changes to the transport rates out of compartments All and Al2 are equivalent
to eliminating the "fast" and "intermediate" phases of mechanical particle clearance from the

Al region.

In other words, ALL of the material deposited in the Al region is cleared "slowly" -

at the ICRP-recommended rate for "slow" clearance. Such clearance behavior has been
observed previously in some individuals (ICRP 1994a) - and is not uncommon in cigarette

smokers.
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Figure 4.137. User Defined value of the "Slow" absorption rate (Ss) - from the default value

of 0.0001 d-1 for Type 'S'.

This changed "slow" absorption rate (Ss) represents a five-fold reduction from the Type 'S’

default values (0.0001 d-1).
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B Depasition Model
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Figure 4.138. User Defined value of the aerosol AMAD (0.5 um).

e Examine the Resulting "Fit" to the HAN-1 Data.

L Tip #1: The parameter files "HAN-1_Am-241.ix" and "HAN-1_Pu-239.ix",
for 241Am and 239 Pu as the Indicator Nuclide, respectively, have been set up
with these modified parameter values - together with the HAN-1 "test" data.
L B Tip #1: Itis informative to try varying these parameter values - so as to
understand the effect of each one on the overall "fit" to these data. You will
find that the "approriate"” range of parameter values is reasonably tightly
defined.

Improved Representation of HAN-1 o0
Data

Figure 4.139 shows the resulting improved "fit" to the measured build-up of 241Am activity
in the lungs. Furthermore, Figure 4.140 shows that the very much improved "fit"
to the observed early "constancy" of the 241 Am activity in the lungs.
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¢ Graph Tool for Lungs

HAM-1 Case: Am-241 Build-up inthe Lungs
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Figure 4.139. Improved "fit" to the measured build-up of 241 Am activity in the lungs.

By Graph Tool for Lungs

Wiew

HAM-1 Case: Am-241 Build-up in the Lungs
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Figure 4.140. Resulting "fit" to the constant 241 Am activity in the lungs maesured over
the first 70 d.

You will have noted (from Figure 4.139) that we have excluded from this "fit" the
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last "block" of data (from about 5,000 d onwards). There is clearly a
"discontinuity" in the measured values at about 5,000 d. By excluding these data,
we have obtained a better overall "fit".

L]
"‘.- ’fi Tip: See for yourself how inclusion/exclusion of the last "block" of data affects

the overall "fit". You will find that the effect is not unduly critical!

Figure 4.141 includes the "predicted” build-up of 241Am activity in the Liver and Skeleton.

Oy Binassay Calculations
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Figure 4.141. Improved overall "fit" to the HAN-1 data obtained by modifying
parameter values in the HRTM.

Important Note: The calculated build-up of 241 Am activity in

e
(Il

the Liver and Skeleton does NOT include "in-growth" from 241 Pu that is
also taken up by these organs. IMBA Professional Plus calculates
such_"in-growth" ONLY for the lungs - where it is assumed that 241 Am
formed from decay of 241 Pu in the particle matrix remains with the
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plutonium "bulk" material. For the Associated Radionuclides in body
organs, including 241Pu, progeny "in-growth" is calculated ONLY as
part of the Dose Calculation.

5 ey NOte: Skeletal Retention is NOT one of the 7 "explicit" Bioassay
=% =—= Quantities in IMBA Professional Plus. However, the " User Defined™ quantity

can be set up (with the appropriate bioassay function) to represent
skeletal retention. Appendix A: Technical Basis includes a suitable hinpassay
function for americium retention in the skeleton. This is already
implemented in the parameter file "HAN-1_Am-241.ix".

Figure 4.142 shows the resulting "fit" to the 239Pu excretion rate in urine. thisis a
substantially more "credible" representation of the measured values than the
initial "prediction” - based on ICRP default parametr values (Figure 4.134).

Oy Binassay Calculations
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Figure 4.142. Predicted 239Pu urinary excretion rate and lung retention.

... ey NoOte: As with the other example cases "solved” in this User Manual, the
-2 —— "solutions" offered are NOT intended to be scientifically definitive. They are
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presented ONLY to demonstrate the scope and flexibility of the IMBA
Professional Plus. More thorough review of the specific health physics

information relating to each case may well indicate revised modeling

assumptions.

e Proceed to Compare Doses Calculated using ICRP Default and Optimized Parameter

Values.

Dose Calculation for HAN-1 Case

We can use EITHER the "HAN-1_Pu-239.ix" OR the "HAN-1_Am-241.ix" parameter file to
calculate the resulting committed effective doses - so we will use BOTH - with
the 10CFR835 tissue weighting factors.
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Figure 4.143. Effective doses calculated using 239Pu as the Indicator Nuclide.
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Figure 4.144. Effective doses calculated using 241Am as the Indicator Nuclide.

As expected, the calculated total effective dose is the same - irrespective of
whether specific radionuclides are defined as the Indicator Nuclide or as an Associated

Radionuclide. Table 4.16 summarizes the contributions to total effective dose made

by each of the 6 radionuclides involved in this example - for both of the above
calculations - and the fraction of effective dose contributed by radionuclide
retention in the lungs. For comparison, the Table also shows the calculated

effective dose that would result from the initial assumption of Type 'S’ plutonium -

and all ICRP default parameter values.

Table 4.16. Contributions to effective dose (in rem and %).

Contribution

Optimized Parameter

Optimized Parameter

Values - with 239 Pu

Values - with 241Am

as the Indicator

as the Indicator

ICRP Default

Parameter Values —

Type ‘S’ Plutonium

from: Nuclide Nuclide
238Pu 2.95 2.96 3.05
239Pu 15.1 15.1 14.9
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242Pu 0.00256 0.00252 0.00247
241Am |55 2.52 2.44

Total from All

34.9 (100%)

34.9 (100%)

31.5 (100%)

Nuclides
Total from
Lungs 27.7 (79% 27.7 (79%) 10.9 (39%)

Case Using Statistics Package -

Note #1: You will have noticed that the quantity "effective dose" is remarkably

"robust” (at least, for highly insoluble plutonium). In this case, the changes
that we had to make to the HRTM "input" parameter values - in order to "fit"
the bioassay data - changed the total effective dose only marginally from that
calculated using standard ICRP default parameter values. Using "case specific"
parameter values increased the calculated effective dose by just 119%6!

Note #2: However, use of "case specific" HRTM parameter values DOES have a
substantial effect on the distribution of effective dose between

the Lungs and other body organs. The lung dose is calculated to increase by

a factor of about 2.5 (154%).

00

Requires Add-On 11
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Note: The "Statistics Package" (Add-On 11) was developed especially
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Case of ?4*Am In-growth - Requires 00
Add-On 10

This case involved an acute inhalation of high-fired plutonium oxide. It is of particular
interest because about 94% of the plutonium activity was 241py (at the time of the

inhalation), with a substantial . The 241 Am progeny of 241py was present in the inhaled

material - with about 0.9% of the total plutonium activity. However, this amount of 241 Am

"contamination" enabled the retention of material in the lungs to be measured relatively
accurately - over many years.

The case was first reported in the literature by Bihl et al (1988), with a longer-term "follow-
up" reported by Carbaugh et al (1991). These authors concluded that this case
demonstrated very unusual respiratory tract clearance behavior, both in terms of low
"solubility" of the plutonium particles (evidenced by an undetectable excretion rate in urine),
and the virtual absence of particle clearance from the respiratory tract. In fact, Bihl et al
coined the term "Super Class Y" to describe the unusually low solubility, and, rather than

decreasing over time, the 241Am activity in the lungs actually built up - by a factor of about 2
- over 12 years.

Very recently (January 28th, 2004), Gene Carbaugh has published an updated slide
presentation on this case - entitled 'The Plutonium Reality Show: "Super Class Y vs. Class W
and Class Y" - A Contest of Bioassay and Internal Dosimetry' - available

at http://bidug.pnl.gov/references/Carbaugh PNNL %20Plutonium %20Reality %
20Show_s.pdf. We have taken an exploratory look at this case (HAN-1) here - since IMBA
Professional Plus is always ready for a challenge!

The raw data (provided in an Excel spreadsheet by Gene Carbaugh) include:

e Measured isotopic composition of the inhaled material (% by atom) - from mass
spectrometry.

e Measured 241Am-in-lung activity in vivo - from the first through 6,639th day (18-y
follow-up).

e Measured 241Am-in-liver activity in-vivo - measurable from about 6,000 d.

e Measured 241Am-in-skeleton activity in-vivo - also measurable from about 6,000 d.

e Measured 239/240Pu excretion rate in urine - measurable from about 1,800 d onwards.

See Input Data for Am-241 in Lung Case.

Input Data - ““*Am in Lung Case Q0O

1. Isotopic Composition

Table 4.11. Isotopic composition of plutonium oxide material inhaled in HAN-1.
% by Number of
Radionuclide atoms

% By Activity
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241Am 0.25 0.56
238p, 0.065 0.71
239, 86.4 3.46
2405, 11.6 1.71
241Pu 1.4 93.6
242p 0.24 6~ 1074

Clearly, from Table 4.11:

o 2397240p, qominates by number of atoms.

e 2*'pu dominates by activity.

e 2*1Am is a minor "contaminant” of the plutonium particle "matrix" - in terms of both
number of atoms (mass) and activity.

2. 241Am in the Lungs

A total of 259 in vivo measurements of Am activity in the lungs. This exceeds the
capacity (200) for any single Bioassay Quantity provided in IMBA Professional Plus.
Therefore, we "reduced"” the data set in a manner that would not introduce bias into the
fitting procedure - by averaging each successive pair of measurement date and value. The
last (odd-numbered) data point was discarded. Table 4.12. gives the reduced data set.

241

Table 4.12. Reduced data set_of 241

Mid-point Date/Time  Activity (pCi)
5/23/78 12:00 PM 1300
5/24/78 12:00 PM 1200
5/26/78 12:00 AM 1350
5/30/78 12:00 AM 1300
6/12/78 12:00 PM 1250
6/27/78 12:00 AM 1200
7/10/78 12:00 PM 1200
7/31/78 12:00 PM 1300
9/16/78 12:00 PM 1300
10/11/78 12:00 AM 1500
11/3/78 12:00 AM 1450
2/13/79 12:00 PM 1250
3/14/79 12:00 AM 1450
4/13/79 12:00 AM 1500
5/10/79 12:00 PM 1550
6/29/79 12:00 AM 1700
8/13/79 12:00 PM 1600
10/12/79 12:00 AM 1600
11/30/79 12:00 AM 1600
1/25/80 12:00 AM 1600
3/14/80 12:00 AM 1700
4/11/80 12:00 AM 1950
6/13/80 12:00 AM 1750
9/29/80 12:00 PM 1950
1/2/81 12:00 AM 1850
3/16/81 12:00 PM 1700
5/15/81 12:00 AM 1700
6/26/81 12:00 AM 1800
9/23/81 12:00 AM 1650

Am activity in the lungs.
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1/20/82 12:00 AM
4/26/82 12:00 PM
8/13/82 12:00 AM
12/13/82 12:00 PM
3/28/83 12:00 PM
7/11/83 12:00 PM
9/12/83 12:00 PM
1/13/84 12:00 AM
2/24/84 12:00 AM
5/28/84 12:00 PM
7/27/84 12:00 AM
10/12/84 12:00 AM
11/14/84 12:00 PM
3/11/85 12:00 PM
5/2/85 12:00 AM
5/2/85 12:00 AM
5/2/85 12:00 AM
7/12/85 12:00 AM
9/13/85 12:00 AM
11/25/85 12:00 PM
3/28/86 12:00 AM
5/16/86 12:00 AM
6/27/86 12:00 AM
8/11/86 12:00 PM
10/6/86 12:00 PM
10/17/86 12:00 AM
12/19/86 12:00 AM
2/13/87 12:00 AM
3/27/87 12:00 AM
6/7/87 12:00 AM
8/13/87 12:00 PM
11/12/87 12:00 AM
11/25/87 12:00 AM
3/14/88 12:00 PM
7/11/88 12:00 PM
9/12/88 12:00 PM
10/24/88 12:00 PM
10/24/88 12:00 PM
12/23/88 12:00 AM
2/10/89 12:00 AM
3/10/89 12:00 AM
4/10/89 12:00 PM
5/26/89 12:00 AM
8/4/89 12:00 AM
8/25/89 12:00 AM
10/27/89 12:00 AM
1/26/90 12:00 AM
3/26/90 12:00 PM
5/11/90 12:00 AM
6/11/90 12:00 PM
7/30/90 12:00 PM
9/28/90 12:00 AM
11/12/90 12:00 PM
12/14/90 12:00 AM
1/11/91 12:00 AM
2/8/91 12:00 AM
3/11/91 12:00 PM
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1550
1500
1750
1750
1950
1900
2250
2650
2800
3000
2550
2150
2400
2500
2350
2450
2300
2100
2450
2500
2350
2450
2375
2515
2350
2445
2300
2480
2600
2630
2315
2975
2725
2500
2335
2275
2335
2335
2240
2445
2060
2510
2740
3375
2510
2310
2840
2635
2695
3130
2825
2585
2760
2895
2880
2530
2395
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4/29/91 12:00 PM
6/14/91 12:00 AM
7/8/91 12:00 PM
8/30/91 12:00 AM
9/27/91 12:00 AM
10/25/91 12:00 AM
11/22/91 12:00 AM
12/27/91 12:00 AM
1/31/92 12:00 AM
3/27/92 12:00 AM
4/24/92 12:00 AM
5/29/92 12:00 AM
7/31/92 12:00 AM
8/28/92 12:00 AM
9/28/92 12:00 PM
11/9/92 12:00 PM
12/4/92 12:00 AM
1/8/93 12:00 AM
2/12/93 12:00 AM
3/12/93 12:00 AM
4/12/93 12:00 PM
5/14/93 12:00 AM
6/7/93 12:00 PM
7/5/93 12:00 PM
8/23/93 12:00 PM
10/8/93 12:00 AM
11/24/93 12:00 PM
1/12/94 12:00 PM
2/11/94 12:00 AM
4/1/94 12:00 AM
6/10/94 12:00 AM
7/22/94 12:00 AM
9/29/94 12:00 AM
10/13/94 12:00 AM
11/16/94 12:00 AM
12/30/94 12:00 AM
1/27/95 12:00 AM
2/24/95 12:00 AM
4/21/95 12:00 AM
5/19/95 12:00 AM
6/30/95 12:00 AM
9/22/95 12:00 AM
11/3/95 12:00 AM
4/26/96 12:00 AM

2595
2695
2725
2345
3160
2735
2490
1965
3585
3395
3090
3465
3300
3355
2940
3225
3375
3050
2930
2810
3050
3105
3085
2855
3325
3160
3455
3160
3335
2985
3480
3610
3630
3630
3680
3505
3390
3290
3410
3145
2565
4010
3390
3670

3. 241Am in the Liver

Table 4.13. In vivo measurements of

241

Date of Measured 241 Am

Minimum Detectable

Measurement Activity (nCi) Activity (nCi)
9/29/1994 0.2 0.05
1/27/1995 0.3 0.05
8/25/1995 0.2 0.05
11/17/1995 0.3 0.06
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5/31/1996 0.2 0.05
7/26/1996 0.0 0.06
241

The activity of “““Am in the liver was measurable (in vivo) from September, 1994 onwards
(see Table 4.13). To represent these data we have averaged all 6 measured values, and

. . _ 241 .
taken this average value (and its standard deviation) to represent the amount of Am in

the liver on September 20th, 1995 (the average of the measurement dates). The resulting
"point" estimate is 0.21 + 0.09 nCi-

4. 241Am in the Skeleton

Table 4.14. In vivo measurements of ***Am activity in the skeleton.
Date of Measured 241 Am Minimum Detectable
Measurement Activity (nCi) Activity (nCi)

7/29/1994 0.0 0.2

12/6/1994 0.4 0.2

5/19/1995 0.2 0.2

3/22/1996 0.2 0.2

The activity of 241Am in the skeleton, as measured (in vivo) over a similar period to that

measured in the liver, is shown in Table 4.14. To represent these data we have averaged
the 4 measured values, and taken this average (and its standard deviation) to represent the

amount of >**Am in the skeleton on April 11th, 1995 (the average of the measurement
dates). The resulting "point" estimate is 0.20 + 0.18 nCi.

5. 239Pu in Urine

The rate of excretion of Pu in urine was measurable (by ICP mass spectrometry) from
1983 onwards. The calculated activity excretion rates (simulated 24-h urine samples) are
shown in Table 4.15.

239

Table 4.15. Measured urinary excretion rate of 239py.,
Date of Measured Excretion Rate Estimated Error
Measurement (pCi d-1) (pCi d-1)
4/20/1983 0.0071 0.0038
12/21/1983 0.0081 0.0041
9/20/1984 0.0090 0.0025
7/11/1985 0.0207 0.0043
7/9/1986 0.0062 0.0021
718/1987 0.0017 0.0019
7/12/1988 0.0031 0.0018
7/13/1989 0.0065 0.0035
8/21/1990 0.0059 0.0041
7/11/1991 0.0153 0.0058
7122/1992 0.0131 0.0034
7/14/1993 0.0194 0.0039
7/20/1994 0.0071 0.0025
7/18/1995 0.0181 0.0038
7/10/1996 0.0179 0.0037
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e Proceed to Analysis of 241 Am Retention in the Lungs - Using ICRP Default HRTM Parameter
Values-

Analysis of ?**Am-in-lung Data -

: 00
using ICRP Defaults

Han-1  %1Am Lung Burden
with Class Y Projection

1.00E+01
E _______________________________________________________
& 1.00E+00 N i
3] OO
I - o T e m1m Bim 0 S S SR O S e S AE TS B ST ST SO SIS A S A C A EE S ST eSS Aan T

1.00E-01 : | | | + |

0 2000 4000 6000 8000 10000 12000
Days Post Intake
Pacific Northwest Mational Laboratory
BE’JITE‘HE LS. Department of Energy 12

Figure 4.131. Comparison of 241Am—in—lung data with ICRP30 Class "Y' prediction
(from Carbaugh 2004).

Figure 4.131 shows Gene Carbaugh's updated summary of the 241Am—in—lung data from the
HAN-1 case, compared with the temporal behavior "predicted" by the ICRP Publication 30

(ICRP79) lung model - for Class 'Y' plutonium. Beyond 6,000 d, the measured 241 Am
retention is about 30-fold greater than predicted.

We have analyzed these data using IMBA Professional Plus - with the current ICRP "default"
assumption of Type 'S' absorption characteristics (Figure 4.132). The "fit" is better than for

Class 'Y' - but still very bad. Figure 4.132 also compares the "predicted” build-up of 241 Am
activity in the Liver and Skeleton with the in vivo measurements.
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Figure 4.132. Most likely "fit" to HAN-1

parameter values (Type 'S").

Am-in-lung data assuming ICRP default HRTM

Note: The predicted monotonic decrease of 241Am activity in the lung includes
the calculated "in-growth" of 24 Am activity into that of the parent 241,

In this example, IMBA Professional Plus automatically calculated the "in-growth" of 241Am

activity in the respiratory tract that resulted from the decay of

241

Pu. However, in order to

do this, it was first necessary to define the Isotopic Composition of the inhaled plutonium
material. This was done by treating all of the isotopes of plutonium that are present in the

particle matrix as Associated Radionuclides of

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...
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i:igure 4.133. Setting up plutonium isotopes as Associated Radionuclides.

Figure 4.133 shows the 5 associated plutonium isotopes -

238Pu, 239Pu, 240Pu, 241Pu and ?*?Pu. Note that the "Abundance" of 241Pu is very
high (16,813% - relative to the

241am activity).

The calculated amount of 241Am intake was 41,691 pCi - on the assumption that the inhaled
plutonium oxide (particle matrix) had Type 'S' absorption behavior. The relative abundance
of 239Pu was 621% (Tahle 4.11)- Therefore, the associated intake of 239 Pu would have
been 258,900 pCi (258.9 nCi).

We can test this estimate of the 239 Pu intake by comparing the predicted excretion rate in
urine with that actually measured (TIable 4.15). To do this, however, we have to set up a
second "case" in IMBA Professional Plus - with 239Pu as the Indicator Nuclide , and the amount
of intake set at 258,900 pCi. The resulting "predicted" urinary excretion rate is shown in
Figure 4.134.
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Figure 4.134. Urinary excretion rate and lung retention predicted for Type 'S’ plutonium.

The urinary excretion rate for inhaled Type 'S’ plutonium is predicted to decrease after about
1,000 d (Figure 4.134). However, the trend in the measured values (from about 1,800
through 6,700 d) is for the actual urinary excretion rate to increase with time. Again,
therefore, the "fit" to the observed temporal behavior of urinary excretion (of 239Pu) is not
good.

Summary of Observed Departures from ICRP-Default Behavior

The following observations are NOT consistent with the predictions (for a particle matrix
consisting of Type 'S" plutonium):

1. The the measured 241Am activity in the lungs remained essentially constant over the
first 70 d (Figure 4.135) - whereas Type 'S" absorption together with ICRP's
recommended mechanical transport rates from the alveolar-interstitial (Al) region predicted
a marked decrease of activity over this initial period (Figure 4.135). Note that the effect

of "in-growth" of 241 Am activity as a result of 241py decay over this period is negligible.

2. Over the long term (18 y) the 241 Am activity in the lungs was observed
to increase markedly - whereas, for Type 'S’ plutonium it should
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have decreased approximately 10-fold (Figure 4.132).

By Graph Tonl for Lungs

HAaM-1 Case. Am-241 Build-up in the Lungs
4500 -
o |
=00
w0 |
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= 0 \‘"\
= -—\_‘K_‘_
5 —
= o ——
-
3 —_—
2 a0 -
1000
g -
0 ) I I I I I I I I I I I
o 7 14 3| b S a3 0 a7 64 M ] £6
Time since imaka, d

Figure 4.135. Comparison of predicted and measured early changes in 241Am activity in the
lungs.

From the above, it appears that BOTH the absorption characteristics of the plutonium particle
matrix AND the mechanical elimination rate of particles deposited in the "deep lung" of
this individual worker differ substantially from the standard ICRP default values.

ety NOte: ICRP has recommended that Default parameter values should be used in

=4 — the absence of better (specific) information. This case is a prime example of
significant departure in parameterized characteristics from the available
defaults.

e Proceed to Optimizing the HRTM Parameter Values to Fit the HAN-1 Data.

Optimizing HRTM Parameter Values o0
to Fit HAN-1 Data

In order to obtain a credible "fit" to ALL of the HAN-1 data, we found it necessay to vary the
following parameter values:

1. In the HRTM Mechanical Transport Model (Figure 4.136) - the rates of transport to the

bronchioles (compartments bbl) from BOTH compartments At and AI? (of the alveolar-
interstitial region).

2. Inthe HRTM Particle Absorption Model (Eigure 4.137) - the "slow" absorption rate.
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3. In the HRTM Particle Deposition Model (Figure 4.138) - the aerosol AMAD.

By Particle Transport Model

Fate Constants
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ET1 Out

ETseq/ET2
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bbseg/ bb
Al248)
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o
[
o
oo
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| 0,007
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Chaay
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ET1 Erwionment
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o o O BE2 BE1
LMTH g b bb2 bb1
——* &3 B2 AN
Sedect
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LO&AD ICRP DEFALLTS |
User Defined oK | Cancel |

B

Figure 4.136. User Defined values of the Rate Constants "All to bb1" and "Al2 to bb2" -
from their default values of "0.02 d-1" and "0.001 d-1", respectively.

These changes to the transport rates out of compartments Al and AlI? are equivalent
to eliminating the "fast” and "intermediate"” phases of mechanical particle clearance from the

Al region.

In other words, ALL of the material deposited in the Al region is cleared "slowly" -

at the ICRP-recommended rate for "slow" clearance. Such clearance behavior has been
observed previously in some individuals (ICRP 1994a) - and is not uncommon in cigarette

smokers.
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Figure 4.137. User Defined value of the "Slow" absorption rate (S°) - from the default value

of 0.0001 d-1 for Type 'S".

This changed "slow" absorption rate (S°) represents a five-fold reduction from the Type 'S’

default values (0.0001 d-1).
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B Depasition Model
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Figure 4.138. User Defined value of the aerosol AMAD (0.5 um).

e Examine the Resulting "Fit" to the HAN-1 Data.

1. Tip #1: The parameter files "HAN-1_Am-241.ix" and "HAN-1_Pu-239.ix",
for 241Am and 239Pu as the Indicator Nuclide, respectively, have been set up
with these modified parameter values - together with the HAN-1 "test" data.
L B Tip #1: Itis informative to try varying these parameter values - so as to
understand the effect of each one on the overall "fit" to these data. You will
find that the "approriate"” range of parameter values is reasonably tightly
defined.

Improved Representation of HAN-1 o0
Data

Figure 4.139 shows the resulting improved "fit" to the measured build-up of 241Am activity
in the lungs. Furthermore, Figure 4.140 shows that the very much improved "fit" to the
observed early "constancy" of the 241 Am activity in the lungs.
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HAM-1 Case: Am-241 Build-up inthe Lungs
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Figure 4.139.

Improved “fit" to the measured °"""P of 241Am activity in the lungs.

By Graph Toal for Lungs
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Figure 4.140.
first 70 d.
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Resulting "fit" to the constant 241 Am activity in the lungs maesured over the
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You will have noted (from Figure 4.139) that we have excluded from this "fit" the last "block"
of data (from about 5,000 d onwards). There is clearly a "discontinuity" in the measured
values at about 5,000 d. By excluding these data, we have obtained a better overall "fit".

1 _
fad TP* gee for yourself how inclusion/exclusion of the last "block" of data affects

w the overall "fit". You will find that the effect is not unduly critical!

Figure 4.141 includes the "predicted"” build-up of 241Am activity in the Liver and Skeleton.

Oy Binassay Calculations
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Figure 4.141. Improved overall "fit" to the HAN-1 data obtained by modifying parameter
values in the HRTM.

&7 ™= |mportant Note: The calculated build-up of 241Am activity in
#= —— the Liver and Skeleton does NOT include "in-growth" from 241Pu that is also

taken up by these organs. IMBA Professional Plus calculates such_"in-growth"
ONLY for the lungs - where it is assumed that 241Am formed from decay

file://C:\Documents%20and%020Settings\Administrator\L ocal %20Settings\Temp\~hh...  15/10/2005



Case of Am-241 In-growth Page 16 of 19

of 241 Pu in the particle matrix remains with the plutonium "bulk" material. For
the Associated Radionuclides in body organs, including 241Pu, progeny "in-
growth" is calculated ONLY as part of the Dose Calculation.

& mumy NOte: Skeletal Retention is NOT one of the 7 "explicit" Bioassay Quantities in IMBA
== —— Professional Plus. However, the "User Defined" quantity can be set up (with the

appropriate bioassay function) to represent skeletal retention. Appendix A:
Technical Basis includes a suitable bioassay function for americium retention in
the skeleton. This is already implemented in the parameter file "HAN-1_Am-
241.ix".

Figure 4.142 shows the resulting "fit" to the 239 Pu excretion rate in urine. this is a
substantially more "credible" representation of the measured values than the initial
"prediction” - based on ICRP default parametr values (Figure 4.134).
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Figure 4.142. Predicted 239Pu urinary excretion rate and lung retention.

User Manual

Note:  As with the other example cases “solved" in this , the

"solutions" offered are NOT intended to be scientifically definitive. They are
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information relating to each case may well indicate revised modeling

.. ey presented ONLY to demonstrate the scope and flexibility of the IMBA
24 — Professional Plus. More thorough review of the specific health physics

assumptions.

e Proceed to Compare Doses Calculated using ICRP Default and Optimized Parameter

Values.

Dose Calculation for HAN-1 Case

the 10CFR835 tissue weighting factors.

By Dose Calculations

00

We can use EITHER the "HAN-1_Pu-239.ix" OR the "HAN-1_Am-241.ix" parameter file to
calculate the resulting committed effective doses - so we will use BOTH - with
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Figure 4.143. Effective doses calculated using 239pyu as the Indicator Nuclide.
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Figure 4.144. Effective doses calculated using 241

Am as the Indicator Nuclide.

As expected, the calculated total effective dose is the same - irrespective of whether specific
radionuclides are defined as the Indicator Nuclide or as an Associated Radionuclide. Table
4.16 summarizes the contributions to total effective dose made by each of the 6

radionuclides involved in this example - for both of the above calculations - and the fraction

of effective dose contributed by radionuclide retention in the lungs. For comparison, the
Table also shows the calculated effective dose that would result from the initial assumption

of Type 'S’ plutonium - and all ICRP default parameter values.

Table 4.16. Contributions to effective dose (in rem and %).

Optimized Parameter |Optimized Parameter ICRP Default
Values - with 239 Pu Values - with 241Am -
. . - - Parameter Values —
Contribution as the Indicator as the Indicator . -
; ; Type ‘S’ Plutonium
from: Nuclide Nuclide
238Pu 2.95 2.96 3.05
239Pu 15.1 15.1 14.9
240Pu 7.47 7.48 7.30
241Pu 6.82 6.82 3.93
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242Pu

0.00256

0.00252

0.00247
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241 Am

2.52

2.52

2.44

Total from All

34.9 (100%)

34.9 (100%)

31.5 (100%

Nuclides
Total from 27.7 (79%) 27.7 (79%) 10.9 (39%)
Lungs

. ey NOte #1: You will have noticed that the quantity "effective dose" is remarkably

28 — "robust"” (at least, for highly insoluble plutonium).

In this case, the changes

~  that we had to make to the HRTM "input" parameter values - in order to "fit"
the bioassay data - changed the total effective dose only marginally from that
calculated using standard ICRP default parameter values. Using "case specific"
parameter values increased the calculated effective dose by just 119%o!
.. wen NOte #2: However, use of "case specific" HRTM parameter values DOES have a
o p— substantial effect on the distribution of effective dose between
~  the Lungs and other body organs. The lung dose is calculated to increase by
a factor of about 2.5 (154%).
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