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1. Introduction

AIDE is a software for calculations of activities in compartments and committed dose estimates
due to occupational exposures, and intake and dose estimates using bioassay data.

This software has been solely prepared by Dr. Luiz Bertelli. Part of it was initially meant to be
used as a training tool in Internal Dosimetry. Every effort has been made to reproduce the
original predicted values of the measured quantities following a single intake and the Dose
Coefficients published by ICRP. However, minor differences might be noted since the
calculation methods used in this software differ from those used to derive the original ICRP
tables.

Biokinetic models and associated radioactive decay data are available for the following elements
listed in ICRP Publication 78"": H, Fe, Co, Sr, Ru, I, Cs, Ra, Ra, Th, Th, U, Np, Pu, Am, Cm,
Cf. Predicted monitoring data tables for inhalation and ingestion associated with their most
important isotopes, as appear in the ICRP Publication 78" tables, are available. Similar data
have also been added for other important elements used in medicine, such as: Tc, P, S, C, Sm,
Re, Po and Pb. In this way, the calculation of internal doses and interpretation of intakes for any
isotope of the listed elements is already possible. In order to help the user predicted values of the
measured quantities following single intake and associated dose coefficients are already
available for the most common forms of occupational intakes of the following radionuclides: H
I8F e 5Co, $Co, ©Co, *58r, ¥Sr, S, 10Ry, 1257, 121, BI] 134cs, 137Cs, 2%Ra, 2*Ra, 2°Th,
227y, 24y, 25, 238 BN, 238P 239Pu 240Pu 241 Am, 242Cm 244Cm 252Cf 99mT 32 358 14C
153gm . %R, 21°Pg and 21°Pb,

As an additional feature calculations of activities and doses can be promptly carried out for the
complete list of gases and vapors shown in the recent ICRP Supporting Guidance 3
Publication''?.

The latest highlight was the inclusion of the Wound Model recently proposed by the American
National Council on Radiation Protection & Measurements (NCRP)!'®, which shows seven
categories to characterize the retention of radionuclides in the wounds, namely: weak soluble,
moderate soluble, strong soluble, avid soluble, colloid, particle and fragment.

It must be pointed out that besides having the biokinetic models for the isotopes listed above this
software allows the user to enter any biokinetic model and associate any isotope whose decay
scheme is available in ICRP Publication 38"”. Predicted values of measured quantities and
corresponding equivalent doses can be calculated and stored in tables for later use in bioassay
interpretation. This feature together with the ability to simulate inhalation cases using any
AMAD, any set of mechanical transport parameters and any set of compound specific absorption
parameters makes it particular powerful and useful in site-specific dosimetry applications.

This software has been continuously developed and tested for more than twenty years''?. Its
calculation core has been applied in several situations in internal dosimetry ranging from dose
estimates due to "*’Cs intakes, which occurred during the Goiania accident, through modeling
data from intakes of uranium trioxide and octoxide. The last important application of this
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software, which needs to be highlighted, was to produce the tables and plots of activities in
compartments and dose coefficients as a function of time using the NCRP Wound Model. This
NCRP report (NCRP Report no. 156.) is named “Development of a Biokinetic Model For
Radionuclide-contaminated Wounds and Procedures for Their Assessment, Dosimetry and
Treatment” and it will be released soon by NCRP!®.

Some publications, whose results were produced using this software, have been added to the
“Selected Publications Where Previous Versions of This Software Have Been Used” section.
Several new features have been implemented in this version, which have been fully tested but
might eventually show some discrepancies with results calculated by other authors. The author
makes no warranties, expressed or implied, that this software and associated data files are totally
free of error. Use of this software in regulatory manners, is at the user's risk. The author
disclaims all liabilities for direct or indirect damages resulting from the use of this software.

This author is totally indebted to Dr. Keith Eckerman, from Oak Ridge National Laboratory, for
kindly providing the radioactive decay tables and the Biomods help file, for his time dedicated to
intercompare many calculation results and for his constant support and encouragement and
fruitful discussions. The constant support, friendship, inspiration and encouragement offered by
Drs. Dunstana Melo, Joyce Lipsztein, Albert Keane, Raymond Guilmette, Guthrie Miller and by
Cremilce and Dante Bertelli are also greatly appreciated. The financial support of the
International Atomic Energy Agency during the latest steps of this project was extremely
valuable.

This software comprises three basic modules:

A) Activity and Internal Dose Calculations: calculations of activities in bioassay compartments
and effective doses for inhalation, ingestion and injection of radionuclides, for single, several,
continuous and worker’s intake patterns, for infinite or limited time under intake. For the case of
inhalation, vapors and gases have also been included besides particulate matter. The case of
injection was considerably expanded with the inclusion of the Wound Model recently proposed
by NCRP.

B) Bioassay Interpretation: intake and internal dose estimates can be carried out through the use
of single or multiple bioassay measurements. All estimate procedures are in accordance with the
methods presented in the ICRP-78 Publication'”, in the IAEA Safety Reports Series no. 37 and
in the IDEAS Project Guidelines 2006.

C) Edit Models: it allows the user to view all parameters used in the biokinetic models to
produce the tables of predicted values of the measured quantities following single intake and
corresponding dose coefficients, which are available in this software. It also allows the user to
enter, edit and erase own biokinetic models to be used in similar calculations.

Figure 1.1 shows the switchboard, which allows loading each of the three modules: Activity and
Internal Dose Calculations, Bioassay Interpretation and Edit Models
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The Biomods help file can be seen after pressing the “Biokinetics” button located on the upper
left corner of the screen. This manual can be seen by pressing the “Combined Help” button.

Biokinetics Combined Help  About

Al D E

ACTWITY AND INTERMNAL DOSE ESTIMATES

Version 6.0

Activity and Dose

Calculations Edit Models

Bicassay
Interpretation

Exit

Figure 1.1 Initial switchboard screen of AIDE
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1.1 Supporting the IDEAS Guidelines

The “Bioassay Interpretation” module of AIDE was developed to be simple and powerful. It has
been tested by users from all levels of expertise in the field, i.e., from its application as a tool in
introductory courses on internal dosimetry to tasks of bioassay interpretation involving
sophisticated reconstructions of intake scenarios. More recently it has been modified to
accommodate the proposals of the IDEAS guidelines''”. More specifically, to provide means to
the practical application of the concepts associated with the philosophy of Harmonisation,
allowing the user to follow all steps of the series of flow-charts proposed in the guidance.

In order to give such flexibility:

- AIDE has many tested biokinetic models and also allows the user to create its own.

- It allows generating bioassay tables and calculating customized dose coefficients from intakes
due to inhalation, ingestion, injection, intakes by gases and vapors as proposed in the ICRP
Supporting Guidance 3: Guide for the Practical Application of the ICRP Human Respiratory
Tract Model'” and intakes by wounds using the NCRP Wound Model"®.

- It allows modifying the original systemic model, and/or the HRTM default mechanical and/or
blood absorption parameters and generating bioassay tables and calculating customized dose
coefficients from intakes due to inhalation.

- AIDE contains all mathematical methods proposed by IDEAS for evaluating intakes, criteria
for rejecting fit, dealing with non-single intake exposure scenarios.

- AIDE fully meets the IDEAS approach for dealing with uncertainty on data.

- AIDE can handle accordingly the four “Levels of Task” as defined in the IDEAS Guidelines
with respect to operational radiation protection procedures.

Because of its flexibility AIDE can fully execute all stages associated with the “Structured
Approach to Dose Assessment”, as defined in Chapter 6 of the IDEAS Guidelines!'".

2. Installing AIDE Version 6.0

The software is installed through a simple procedure. The software can be installed in any hard
disk drive. However it should reside in the root directory, i.e., C:\AIDE®6, or D:\AIDE®, etc. The
list of sub-directories is shown on the “Directory Structure” section at the end of this manual.

To install AIDEG6.0:

1. Insert the AIDE6.0 distribution disk into the CD ROM drive
Doubleclick on the AIDE60Setup.exe file
Follow the steps indicated by the installation program
Accept the default path name for the directory
AIDE6.0 will be available to run on your programs list

el
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3. Activity and Internal Dose Calculations

Figure 3.1 shows the initial screen for this module. This module was especially designed to
perform calculations of activities in bioassay compartments and effective doses for intakes of
radionuclides and to generate tables of intake retention fractions and dose coefficients. In order
to provide a better understanding of the capabilities of this module this chapter first presents a
description of the input parameters for running activity and internal dose calculations. The
subsequent sections explain the use of the parameters for running each intake case.

The case selection comprises the following steps, according to the intake characteristics:

1) Biokinetic Model, Isotopes and Radioactive Series: selection of biokinetic model, isotope and
radioactive series

2) Intake Characteristics: type and pattern of intake, respiratory tract parameters for inhalation
cases, intake amount and intake rate, gastrointestinal absorption fraction.

3) Other: dosimetric quantities, dosimetric system, times for calculations, selection of output,
options for running calculations, options for generating and editing bioassay tables, saving
custom inhalation model.

P =10
Help
| Activity and Internal Dose Calculations
Biokinetic Models, |zotopes and Radioactive Series
’7 Click Here to Select a Model |
~  Intake Characteristics
— Intake fode Frespiraton Tract Iefinite ntake
: ) S ! ICRE-EE Custorm I
! [nhalation  Ves
£ [ngestion 9 Bzvel £ Ho
€ Inicetion { Continuaus " ICRE-20
C worker AMaD furl [ Duratien (d}
Gases I Wound I iy lﬁ
— Other
= Dosimetic Buantities Dosimetric System Calzulation Fesults Options
|EHP'5D_I Activities < Féesul;s Fun Calzulations
13m0
L Eepivalent ez Chanaz Standard/Times EaD [Generate Bioassay Tables
Edit Times I [oses < = - OLSEB:_ Edit Bioassay T ables
{1 Absorbed Diose = u Save Euston, [nhal Madsl
Detailed Dutput —_—
Us Resulk:
) Ho ) Tes SEEs Reslts Close

Figure 3.1 Initial screen for the “Activity and Internal Dose Calculations” module



AID E -Version 6.0
Reference Manual
(July 2007)

3.1 Description of the Input Parameters for Activity and Internal Dose Calculations
3.1.1 Biokinetic Model, Isotopes and Radioactive Series

3.1.1.1 Selection of the Biokinetic Model

Start the selection by clicking on the “Click Here to Select a Model” button. A form named
“Biokinetic Models, Isotopes and Radioactive Series”, shown on Figure 3.2, is loaded. As a
result the radioactive series and the corresponding biokinetic models can be selected by scrolling
and clicking the listbox inside the “Available Biokinetic Models” frame.

3.1.1.2 Selection of the Isotope and Radioactive Series

Once the biokinetic model has been chosen, the next step is to select the isotope representing the
mother of the series. Once it is selected, the corresponding radioactive series is shown in the
“Radioactive Series” frame located on the lower half of the form. At the bottom of the form a
textbox shows a truncation number, which suggests the minimum number of elements of the
series to be used for calculating doses, as can be seen on Figure 3.2, where 4 elements of the ***U
series are suggested. The user can change this number but the dose results will be different from
those published by ICRP, if a standard ICRP case is being run. Once it is changed and “Enter” is
pressed the series is automatically truncated. The number shown in the textbox will be adopted in
the calculations when the “Close” button is pressed.

The same biokinetic model will be used for the whole series if the checkbox named “Biokinetic
Model for the Daughter(s)” is checked. Different biokinetic models can be used for every
element of the series, as used in ICRP Publication 71, once they are available. This last option
is the default choice by the software. In this case, once a radioactive series is chosen, the
software searches for the appropriate models and lists them under the column “Biokinetic Model
for the Isotope”

If the specific models for the daughters of the series are not available they can be entered later by
clicking the “Edit Models” button on the main screen, as shown in Figure 1.1 (See “5.3 Model
Names for Radioactive Series” at the end of this manual). After the models have been chosen
and the “Close” button is pressed the “Activities and Internal Dose Estimates” form will be
loaded again.
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4 Biokinetic Models, Isotopes and Radioactive Series x|
Help
— Awailable Biokinetic Models

Model | Observation -

THTH Biokinetics of Th as a member of a Th chain, ICRP-E3

THU Bickinetics of Th as 5 member of U chaing, ICRP-G9 Part 3

TLPE Bickinetics of Tl as a member of Ra chains, [CRP-56 Part 2

TLRA Biokinetics of Tl as Aa decay product

TLTH Bickinetics of Tlas a member of 5 Th chain, ICRP-63

TLU Biokinetics of Tl as a member of U chains. ICRP-63 Part 3 —

u Biokinetics of uranium, ICRP B3 ad

1| I B

Model: U

— lsotopes
Chaose an |zotope: Biokinetic: Madel far the Daughter(s)

Check the box below if the biokinetic: model far the
mother of the series will be also used to describe
the metabalizm of &l the daughters.

[~ Same as for the mother

 Radioactive Series

Element # [lsolope | Daughter | Yield Daughter | Yield Hall-fe [d) [ Bickinetic Model for the Isatope: |
1|0-238 Th234 1 O0E+00 1 B3E 12| U il
2|Th23s__ [Fazaim §.98E-01| Fa-234 2 O0E-03]__2.41E+01| THU
3|Pa23dm |Fa23d 1.30E-03] U234 9.95E01]  8.13E 04[PAU
42234 [U238 1.00E+00 2.79E-01| PAU
5(0-234 Th230 1.00E+00 8.92E+07| U ]

For dosimetric purposes this series can be truncated at element 4. |4—
Enter the number of elements that will be used in the calculations if it Close:
differs from the one on the textbox, (Max.= 16]

Figure 3.2 The “Biokinetic Models, Isotopes and Radioactive Series” form showing an example
for the selection of the U model for uranium, **U as the isotope and the corresponding
radioactive series.

3.1.2 Intake Characteristics

After the model is selected the “Activities and Internal Dose Estimates™” form is loaded again.
The selected model names, corresponding isotopes and the possible choices for the
gastrointestinal absorbed fraction (f1) are shown on the grid located inside the “Intake
Characteristics” frame at the lower half of the form, as shown in Figure 3.3 for the example of
the **U series.

The “Intake Characteristics” frame is comprised of the following selections, which are described
below:

1) Intake

2) Mode or Intake Pattern

3) Respiratory Tract

4) Activity Median Aerodynamic Diameter (AMAD)

5) Blood Absorption

6) Duration of Intake

7) Intake or Intake Rate

8) Selection of f1

Intake: the available intake cases are inhalation, ingestion, injection, and the special cases of
inhalation of gases or vapors and the intake through wounds.

10
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Mode or Intake Pattern: Single (or acute), Several (daily acute intakes with same magnitude),
Continuous (chronic intake at a constant rate) and Worker's intake (periodic intakes representing
a standard working week with same magnitude steps of 5 days/week, 8 hours/day, 2 days off).

Respiratory Tract: For the particular case of inhalation two respiratory tract models are
available for use: the Human Respiratory Tract Model (HRTM) proposed in the ICRP
Publication 66", which is the default choice, and the respiratory model proposed in the ICRP
Publication 30%°.

Activity Median Aerodynamic Diameter (AMAD): In micron for inhalation intake

Blood Absorption: The F (fast), M (moderate) and S (slow) types, which were proposed in the
ICRP Publication 66"V, are provided if the AMAD is greater than zero, i.c., it is not a gas or a
vapor. These are the default choices. Material-specific absorption parameters can also be entered
as explained below. The F, M and S absorption types are replaced by the D, W and Y Classes
respectively if the respiratory tract model proposed in ICRP Publication 30*” is used.

Infinite Intake (Duration of Intake): This option is enabled for non-single intake patterns. The
intake duration can be infinite or can last a number of days. In this latter case the duration of the
intake should be entered in the appropriate textbox. This option is particularly useful when
remaining activities in compartments after periods of finite prolonged intakes are calculated.

Intake or Intake Rate: This field is located on the fourth column of the grid at the lower half of
the form, which is inside the “Intake Characteristics” frame. This number represents the initial
activity (in Bq) if the intake mode is single or intake rate (in Bq.d™") for the non-single intake
modes. It must be entered in the appropriate field on the grid. This software also allows the use
of initial activities or activity rates for daughters. Committed Equivalent Dose Coefficients (dose
per unit intake) can be calculated by entering one for the value of the initial activity. The other
columns of the grid have been entered automatically after the systemic model and the radioactive
series have been selected.

IMPORTANT NOTE: For cases like tritiated water the activity in urine is proportional to the
concentration in the body tissues. So the daily urinary activity in urine must be derived from the
activity in the body. Tritiated water mixes rapidly with total body water. Activity in urine must
be calculated as activity concentration. Since the reference man has 42 litres (70kg * 600 ml/kg
of weight) of total body water the activity concentration in urine will be given by the activity in
the total body / 42, so the intake or intake rate must be 1/42 = 2.381E-02 an the urinary excretion
result is given in the Whole Body column. Its vapor form is SR-2. So, the 24h-urine table can be
generated reading the results on the Whole Body column and using an injection intake of 1/42.
For elemental tritium 0.01% (also SR-2) of inhaled activity is assumed to be absorbed rapidly
and converted to tritiated water. So an injection intake of 0.0001 should be used.

Selection of f1: In the case of inhalation, when a blood absorption choice is F, M or S (ICRP-66)
the gastrointestinal absorption factor fl is automatically selected. However, for non-inhalation
cases, a specific selection must be made by clicking the appropriate f1 column on the grid. Nil f1
values for normally indicate that the absorption type is inexistent. The specific selection is done

11
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by clicking the appropriate f1 column header, namely f1(1), f1(2), or f1(3), on the grid. Nil f1
values for normally indicate that the absorption type is inexistent.

L ame 1o
Help
| Activity and Internal Dose Calculations
Biokinetic Models, |sotopes and R adioactive Senes
’7| L0 A LA A M T ) 1
~  Intake Characteristics
— Intake Mode Respiratony Tract | fimite Intate
. ! ICRRF-EE Custam
" Inhalation (o Bl * Yes
" Ingestion ® S L]
 Iniection = Continuous | ICRR-20
" worker AMAD fum) [ DR ;[
Gases Wound el lﬂ
Element H Madel |sotope Intake or Intake Rate f11) A2) F[3]
1 U-238 0.02] 0.0z 0.002
2[ THU Th234 1] 0.0005 0.0002
3[Pal Pa-234m 0.0005] 0.0005 0.0005
4[PALL Pa-234 0.0005] 0.0005 0.0005
— DOther
— Dosimetric Quantities Drosimetric System Calculation Results Optiohs
IERF-E0 Activities ( F‘GeSUI: Fun Calculations
- 13p
@ Bttt B Change Standard Times EaD Generate Bioassay Tables
Edit Times | Doses o DLS; Edit Bioassay Tables
" Absorbed Dose 7 = e Custom, nbal, Hode/
Deetailed Output —_—
Us Fiesults
Mo  “es SEEs Besults Close

Figure 3.3 The “Activity and Internal Dose Estimates” form showing an example for running
activities and dose calculations using the U model for uranium, >**U and the corresponding
biokinetic models to represent the metabolism associated with the radioactive series.

3.1.3 Other

The “Other” frame is comprised of the following options for running the calculations, generating
and editing tables and retrieving results, which are described below:
1) Dosimetric Quantities

2) Dosimetric System

3) Change Standard Times

4) Detailed Output

5) Calculation Results

6) Run Calculations

7) Generate Bioassay Tables

8) Edit Bioassay Tables

9) Save Custom Inhalation Model

Dosimetric Quantities: Two dosimetric quantities can be selected for calculation: Equivalent
Dose and Absorbed Dose.

12
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Dosimetric System: Four dosimetric systems can be used: ICRP-60"'", ICRP-26"®, US-DOE
(10 CFR Part 835)"” and User, as shown in Figure 3.4. The first three systems are named after
the corresponding publications, where they have been originally proposed. The “User” system
could be one proposed by the user through its own set of tissue weighting factors (WTs).
However it must be pointed out that all dose calculations will follow the same method proposed
by ICRP Publication 60", In this way, the “User” system would be similar to the ICRP-60
system but using different WTs. Figure 3.4 shows that the “Tissue Weighting Factors” form is
comprised of three main columns, namely: “Organ or Tissue”, “WT” and “Rem.”. The first
column contains the names of all organs, which could participate in the committed effective dose
calculation: Adrenals, Bladder, Bone Surface, Brain, Breast, Esophagus, Stomach, SI, ULI, LLI,
Colon, Kidneys, Liver, ET, Lungs, Muscle, Gonads, Pancreas, Red Marrow, Skin, Spleen,
Thymus, Thyroid, Gall Bladder, Heart, Uterus and Remainder. The second column shows the
tissue weighting factors, which are used in the calculation of either the committed effective dose
for the ICRP-60 and User dosimetric systems or of the committed effective dose equivalent for
the ICRP-26 and US-DOE (10CFR Part 835"”) dosimetric systems. The summation of all WTs
must be equal to one. The third column checks if the organ participates on the remainder dose
calculation.

The user is able to select but not to modify the parameters related to the ICRP-60, the ICRP-26
and the 10CFR Part 835 dosimetric systems. When the “User” dosimetric system is selected the
WT textboxes and the Remainder checkboxes are made available for editing. The parameters
will be saved on a table when the “Close” form button is pressed and can be retrieved when
opening this form.

x
Help
I Tissue Weighting Factors
—ICRP-E0
Organ or Tissue wWT Rem. Organ or Tissue wWT Rem.
Adrenals l— W Lungs IW ]
Bladder W ] Muscle I— W
Bone Suface IF ] Gonads lgg— ]
Brain l— W Pancreas l— W
Breast 0.05 ] Fied Maraw 01z ]
E zophagus W ] Skin IF ]
Stomach IW ] Spleen l— W
Sl I— v Thyruz I— v
ULl l— ] Thyroid W ]
LLI I— ] Gall Eladder I— ]
Calan 012 ] Heart l— ]
Kidneys l— W Uterus l— W
Liver W ] Fiemainder W =
ET  F
" ICRP-26 " 10 CFR Part 835 " User ‘
Cloze |

Figure 3.4 The “Tissue Weighting Factors” form showing the WTs for the “ICRP-60 option
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Change Standard Times: One hundred default time values ranging from 0.1 to 18250 days are
suggested for performing calculations of activities and doses. Since tables of activities can be
exported for later use in bioassay interpretations, this number was found to be suitable when
interpolation procedures are used to calculate activities for times not listed on the tables.

This list can be modified by clicking the “Edit Times” button in the “Change Standard Times”
frame on the main form, as shown in Figure 3.3. A form named “Times for Calculations of
Activities and Doses” is then loaded, as shown in Figure 3.5, allowing the user to modify the
default values. Two choices for default times are available. One to be used in intake cases
excluding those for worker’s intake and another option specifically recommended for worker’s
intake. The reason is because the worker’s intake characterizes cycles of periodic intakes
representing a standard working week with same magnitude steps of 5 days/week, 8 hours/day
and 2 days off. In many cases the calculation of activities measured in in vitro bioassay
compartments differs significantly if the collection was right after the last day of intake (Friday)
or during the day before the start of the shift (Sunday). The latter was chosen to compose default
times list for worker’s intake and are multiples of seven to account for a whole seven day cycle.
Nevertheless the user can always enter with time values corresponding to any day of the week.

A maximum of one hundred time values are available with choices of units in years, days, hours
or minutes. The default times will be used in the calculations in case the time values are cleared
from the form.

Note: Once the user has changed the default times they will be saved in an auxiliary file and will
be used in all calculations to be performed thereafter.

‘ Times for Calculations of Activities and Doses x|
Help
| Times tor Activities and Dose Calculations
T fos T0E) |7 T3 [22 TI46] [g5 TIET [140 T(7E] [300 TIE1 [3500
T2 |n2 T07) fa T(32) [23 7 [0 TIE2) [145 T 315 T(52) [4000
3 o3 T018 [ T(33 [z T48) [75 T83) [150 1178 [330 T(33) 4500
T foa4 109 [10 T(34) [25 T3] [an TiE4) [155 T(73) [345 T(34) [5000
165 [os (20 f11 T(35) |26 T(50) [g5 TIES) [160 T80 [360 T(35) [go00
TE [oe T2 f12 T(38) [27 T51) [0 TIEE) [165 T (400 TI36) [7o00
17 oz T(22) 13 T(37) |28 Ti52) f95 TiE71 [170 T(82] [500 TI37) [a000
T8 Jos T(23) 14 T(38) [23 Ti531 100 TiE81 [120 T831 [e0o T138] {3000
T3 Jos T[4 15 T(33) [30 Ti54] [105 TiE9] [195 T(84] [720 T133] [10000
100 f1 T(25] [16 T(40] [35 T(58) [110 TF0) [210 T(25) [3nn 701001 [15262
T fz T(28] [17 T(#1] [40 TI%E] [115 Ti71] [225 TI2E] [1000
102 |3 T127) [18 T132) [45 157 [120 T72) [240 T8 [1500
T03) f4 T(28) [19 T(43) [50 Ti58) [125 T(73) [255 T(88) [2000
T4 |5 T(23) [0 T(44) [55 T53) [130 Ti74) (270 T(E3) [2500
T08) fg T(E0) f21 T(45) [50 T(EO) [135 T(78) [285 T(830) [3000
—  Unit
@ itz ® e Clear ‘ Default Times [\)’:fn‘?ﬁ'gr];m‘;fgr Close
* Daps = Minutes

Figure 3.5 The “Times for Calculations of Activities and Doses” form showing the time values
for the “Default Times” option
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Detailed Output: When the choice is “Yes” the results for Number of Nuclear Transformations
(Us) and Specific Effective Energies (SEEs) can also be seen.

Calculation Results: Results for activities and doses are available. The calculation results of
activities can be seen by pressing the corresponding “Results” button. When more then one time
value was used in the calculations the “Graph” button shows the calculated activities in a
graphical form. When the equivalent dose quantity is chosen the results can be seen by pressing
the “Eq.Doses” button. When the absorbed dose quantity was chosen the results will be given by
radiation type and by LET and can be seen by pressing the “Type” and “LET” buttons
respectively. Results for Number of Nuclear Transformations (Us) and Specific Effective
Energies (SEEs) can also be seen depending on the “Detailed Output” choice.

Run Calculations: The requested calculations will be executed after all suitable data have been
entered. The buttons indicating the corresponding results will be enabled and turned to green
after the calculation is successfully finalized. At this time all files containing results can be
edited or printed.

Generate Bioassay Tables: Bioassay tables and corresponding dose coefficients can be
generated using all options described above except that for Absorbed Dose as a dosimetric
quantity. The calculations will always employ the Equivalent Dose quantity option. These
customized tables can be used to interpret bioassay results in the bioassay interpretation module.
The software automatically composes a standard name for the file that will contain the table and
suggests a comment sentence to later identify the table to be generated. The user is able to
modify the comment sentence only. Figure 3.6 shows an example for inhalation of Type S
compounds of ***U with 3 um AMAD.

It is advisable to produce and scrutinize run cases, as described above in the item “Calculation
Results”, before generating the final tables through this option. As explained above in the item
“Standard Times”, it is also advisable to use as many time values as possible. Nevertheless any
table generated by the user can be rewritten and absolutely no table, which comes originally with
this software, can be accidentally deleted due to the generation of new bioassay tables using the
same parameters. It must be pointed out that it should be expected to take considerable time
when running long series like those for Ra, U and Th isotopes.
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4 a0E =10 x|
Help
| Activity and Internal Dose Caleulations
— Biokinetic Models, lsotopes and Fadioactive Series
Click Here to Select a hModel |
—  Intake Charactenistics
— Intake tode Reszpiratary Tract |rfimite Intake
. & Single i+ ICRP&R Custom |
{* |nhalation [Btandard Worker [Nose]] ¥ ‘ez
[Detault Travsp. and AT Depos.]
- Ingestian " Several [Dietault Type 5 Abzorp. Pararm.]  No
- . "~ Continuous ¢ ICRP-3N
x

File name: J-238140053,0E+0050
Suggested Comment: Model: U, U-238, Inhalation, Single, Type 5, AMAD: 3.0E4+00, HRTM: Standard Mech, Transp., Dosim.:

ICRP-&0
Accepk it ¥
Yes Mo
— Other
— Dosimetric Quantities — Dozimetric System — Calculation Results Optiong ———————————
ICRP-ED _I Activities ( _ Resuts | Run Calculations
Graph

& Equivalsnt Doss  Change Standard Times —— | Generate Binazsay Tables

I+ Ti EqDoses T
Edit T I b
it Times ozes <T TieT Edit Binassay Tables

— Detailed Output Save Custom. Inhal. Model

{~ Abszorbed Dose

s Results
* Mo "~ Yes SEEs Results Close

Figure 3.6 An example for generating bioassay tables for the case of inhalation of
Type S compounds of ***U with 3 pm AMAD.

Edit Bioassay Tables: The “Bioassay Tables” form is shown (Figure 3.7) listing all available
bioassay tables. Table names shown on the grid on a yellow background refer to those tables that
are part of the software. Table names shown on a white background refer to those generated by
the user. The grid contains three columns, namely: “Number”, “Table Name” and “Comments”.
This form also presents a handy feature, which allows the user to filter the tables by applying a
filter on any of the columns. For instance, if the user wishes to see table names for Pu-239 only,
then the “Table Name” Field should be selected and the text “Pu-239” should be typed in the
“Text:” field. The filter is applied by pressing the “Apply Filter” button. The filter can be
removed by pressing the “Remove Filter” button.

The desired table name and associated comments can be selected by clicking on the
corresponding line on the grid. Both fields are then copied to the “Table Name:” and
“Comments” textboxes located inside the “Edit Bioassay Table” frame. The latter field can be
edited if it corresponds to a table, which was generated by the user.
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zl
| Bicassay Tables
— Available Bioazzay T ables
Mumber Table Hame Comments :I
160| U-235AF5. 068, txt U-235, Inhalation, Acute. Type F, AMAD = 5.00, F1 = 2.0E-02

161| U-2351AMS. 06, st

U-235, Inhalation, Acute, Type M, &MaD =500, F1 = 2.0E-02

162| U-2351455.068. bt

U-235, Inhalation, Acute, Type S, AMAD = 5.00, F1 = 2.0E-03

163| U-235)40. 0268 bt U-235, Injection, Acute, F1 = 0.02

164|U-238G42 0E 0268 txt U-238, Ingestion, Acute, F1 = 2.0E-02

165| U-238G42 0E 0368 =t U-238, Ingestion, Acute, F1 = 2.0E-03

166) U-23814005 3.0E+0050UB. ket Modet U, U-238, Inhalation, Single, Type 5. AMAD: 3.0E+00, HRTM: Standz

167 U-2381AF5.068. kxt U-238, Inhalation, Acute, Type F, AMAD = 5.00, F1 = 2.0E-02
168) U-23814M5. 068, kat U-238, Inhalation. Acute. Type M. AMAD = 500, F1 = 2.0E-02 [
169 U-2381455. 068, tt U-238, Inhalation, Acute, Type 5, AMAD = 5.00, F1 = 2.0E-03 -
 Filter
Apply Filker | Field: j Text: I
{ f I‘I 75 Binassay Tables
— Edit Bioazzay Table
Table Mame: I
Cormmerts: I
Save Delete Table Frint Trabile | Clear Info |

Close |

Figure 3.7 The “Bioassay Tables” form
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3.2 Intake by Inhalation

Figure 3.8 shows the available options for running calculations for the intake case by inhalation.

4 ame P i
Help
| Activity and Internal Dose Calculations
— Biokinetic Models, lzotopes and Radioactive Series
Click Here to Select a Model
— Intake Characteristics
— Ilntake ———— ~ Mode —————  Respiratary Tract — Infikite Intake
& Single ‘s: ICRP-BE Custom |
E (Detadh Ty, and A1 Depos) 9t
etaul 3 .
- Ingestion " Several [Default Absorp. Faram.]  Ho
£ Injection £ Continuaus " ICRP-30
 worker AMAD [ur] I— Duration [d): I
Gazes I Wwiound I Asslian lﬁ'
Element # todel |zotope Intake or Intake Rate FF] k] f[5]
11U 1J-238 1 0.0z 0.0z 0.002
2| THU Th-234 1 0.0005 0.0002
3| PAL Pa-234m 0.0005 0.0005 0.0005
4| Fall Pa-234 0.0005 0.0005 0.000%
— Other
— Dogimetic Duantities — Dosimetric Sypstem Calculation Results Options ————————
ICRP-E0 | Activities ( HGBS"“:]S Run Calculations
: A - 1ap
o Eevindani D - Change Standard Times —— = Generate Binaszay Tables
Edit Times | Doses 4 . T‘; Edit Binassay Tables
" Absorbed Dose — Detailed Dutput = Sawe Custom, [nball Madel
Us Results
= No " Yes SEEs Fesults Cloge

Figure 3.8 The “Activity and Internal Dose Calculations” form showing an example for running
activities and dose calculations for single inhalation of >**U

3.2.1 Mode or Intake Pattern

As explained above: Acute (or single), Several, Continuous and Worker's.

3.2.2 Respiratory Tract

The ICRP-66 Human Respiratory Tract Model (HRTM)" is the default choice. This choice
allows selecting customized options for the subject and for the transport and absorption
parameters associated with the HRTM. An additional feature allowing the use of non-default
parameters for partitions of deposit in the Al region was also incorporated in this version. The
default options are: Standard Worker (Nose), Default Transport Parameters and Default
Absorption Parameters. After clicking on the “Custom” button the “HRTM-Customization” form
is shown. It contains three main framed areas: “Subject”, “Mechanical Transport and Partition of
Deposit in Al Region” and “Absorption into Blood”. Figure 3.9 shows the details.
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A HRTM - Customization |

| Customization of the HRTM Farameters

— Subject

Current Selection:
Subject

|[Stanl:|an:| wiorker [Moze])

— Mechanical Tranzport and Partition of Depasit in Al Region

Thaispert « 10 4] Current Selection:

Depozit Parameters

|[Defau|t Tranzp. and Al Depos.|

— Abzorption Inta Blood

. - Current S election:
M atenal-specific

Abzorption Parameters

|[Defau|t Abzorp. Param.]

Figure 3.9 The “HRTM-Customization” form with selections of “Subject”, “Mechanical
Transport and Partition of Deposit in AI Region” and “Absorption Into Blood”

After clicking on the “Subject” button twenty-three different kinds of subjects can be chosen
regarding breathing patterns and gender, as shown in Figure 3.10. The standard worker is the
default software choice. The only time the user needs to enter this form to select the “Standard
Worker” subject is when previous calculations were performed using another subject in the same
program session. The “Close” button will take the program back to the “HRTM-Customization”
form.
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A subject x|

Available Subjects
(Default = Standard Worker)

Standard ‘Worker [Noze Breather)

Adulk Public: [ICRP-71]

Heawy wWarker [Moze Breather)

Adult Male - Indoaors fuway [Moze Breather]

Adulk Male - Indoors [Moze Breather]

Adulk Male - Dutdoors [Moze Breather)

Standard Worker [Mouth Breather]

Heawy wWarker [Mouth Breather)

Adulk M ale - Indoors Aveay [Mouth Breather|

Adulk K ale - Indoars [Mauth Breather]

Adult b ale - Dutdoors [Mouth Breather]

Adul b ale - 100% Sitting [Moze Breather)

Adulk M ale - 100% Heawy Exercize [Moze Breather)
Adulk Male - 100% Light Exercize [Mose Breather)
Adulk Male - 100% Sleeping [Moze Breather]

Adulk M ale - 100 Sitting [Mouth Breather]

Adulk KMale - 100% Heawy Exercize [Maouth Breather]
Adulk bale - 100% Light E=ercize [Maouth Breather]
Adulk kM ale - 100% Sleeping [Mouth Breather]

Adulk Female - 100% Sitting [Moze Breather|

Adulk Female - 100% Heawy Exercize [Moze Breather]
Adulk Female - 100% Light Exercize [Mose Breather)
Adulk Female - 100% Sleeping [Moze Breather)

O

Cloze

Figure 3.10 Available subjects to be used with the HRTM

Clicking on the “Transport and Al Deposit Parameters” button inside the “Mechanical Transport
and Partition of Deposit in Al Region” frame of the “HRTM-Customization” form (Figure 3.9)
will load the “HRTM: Mechanical Clearance Rates and Partition of Deposit in Al Region” form,
as shown in Figure 3.11. This form allows modifying and saving any transport parameter value
associated with the HRTM for posterior use in calculations. New values should be directly edited
on the corresponding textboxes. The default values for the partitions of deposit in the AI Region
can also be modified. All modified parameters will be shown in textboxes with red background
color. The parameters can be saved and read to be used later in the software. The default
transport parameters can be retrieved by clicking the “Reset Parameters to Default Values”
button. The most common applications of modified parameters are in calculations of customized
dose coefficients and in the generation of bioassay tables for inhalation of compounds of
radionuclides, which present lung transport characteristics that cannot be described by the default
HRTM parameters. The “Close” button will take the program back to the “HRTM-
Customization” form (Figure 3.9).
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HRTM: Mechanical Clearance Rates and Partition of Deposit in AI Reg 5[

Extrathoracic [
ET *I Enwironment
: [ oom o
i I LM ET <_| ET se0 # Gl Tract
SequesteredinTissue /& ‘
E 0.0 E E Save textbox
i ] values as
H BE seq H Parameter
Yalues
Read Last Used
I 0. Parameter

Values

Ay < [bb b
H TH seq
E Reset

by -
Parameters to
Default Valuss
| 0.00002 0.0001 0.001 0.0z ; S —
Ay [ Al AI1 :

01 | os 0.3 ' Close

[ : Mechanical Clearance R ates
I . Partition of Depozit in Al Region
I : Mon-default Parameter Y alues

Figure 3.11 The “HRTM: Mechanical Clearance Rates and Partition of Deposit in Al Region”
form

Clicking on the “Material-specific Absorption Parameters” button inside the “Absorption Into
Blood” frame of the “HRTM-Customization” form will load the “Material-specific Absorption”
form, as shown in Figure 3.12. As explained above for the mechanical clearance parameters, the
user can also read, modify and save these parameters for using in posterior calculations. Figure
3.12 shows the schematics with the “Alternative 2” representation, i.e. using Sy, Sy, Si, fs and Sy
absorption parameters. The “Alternative 1 representation of the blood absorption parameters is
also available and uses the f;, S;, Ss, fg and S, absorption parameters. It can be reached by
clicking the “Alternative 1” button, which is located on the lower left corner of the form. The
“Close” button will take the program back to the “HRTM-Customization” form (Figure 3.9).

After closing the “HRTM-Customization” form all customized selected options will be seen on

the label under the ICRP-66 option button of the “Activity and Internal Dose Calculations” form,
which will be reloaded. Figure 3.8 shows the default options.
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A Material-specific Absorption x|

Help
— Absorption to Badp Fluids [Alemative 2)

Deposition

Farticles in Farticles in
Iritial State S Transformed State
15 o .5
b D\ll \ll b=t

Bourd
matetial

(1-1,)8, V5 1135

I Blood

— Absorption P
Absorption Typg ———————
Parameter F L] 5 I aterial

5, d1] 100 10 01 |

Syl 17 i a0 100 I

5, (d1) - 0.005 0.0001 |

fy i i i I

By dT1) e e e ]
» - »

Alternative

il Abzoiption to Blood
Ifr. 50 83 E

Diagrams

Fead Saved Mat. Spec.
Abs. Parameters

Save Mat.Spec.
Absorption Parameters

Close |

Figure 3.12 The “Material-specific Absorption” form with the “Alternative 2” representation

The default F, M and S types can also be directly selected by using the “Absorption” combo box
located in the “Respiratory Tract” frame on the “Activity and Internal Dose Calculations” form
(Figure 3.8). If the respiratory tract model proposed in ICRP Publication 30?” is selected in the
“Activity and Internal Dose Estimates” form the F, M and S absorption types are replaced by the
D, W and Y Classes respectively.

Activity Median Aerodynamic Diameter (AMAD): In micron for inhalation intake. The AMAD
must be a positive number. For gases and vapors the appropriate button in the intake frame must
be pressed.

Blood Absorption: The F, M or S choices are provided if the AMAD is greater than zero, i.e., it
is not a gas or a vapor. Material-specific absorption parameters can be entered as explained
above in this section.

3.2.2.1 Save Custom Inhalation Model

This feature was especially made to be employed in situations where the user wishes to make
repetitive runs using a particular customized combination of parameters associated with the
selections of “Subject”, “Mechanical Transport and Partition of Deposit in Al Region” and
“Absorption into Blood”, as shown in Figures 3.9, 3.10, 3.11 and 3.12.
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For instance, the user wants to run an inhalation case of inhalation of ***U using the “U*
biokinetic model for uranium, and has selected the combination of non-default mechanical
clearance rates and partition of deposit in Al Region, as shown in Figure 3.13.

A HRTM: Mechanical Clearance Rates and Partition of Deposit in AI Regi x|
Extrathoracic !
I ET1 #I Environment
om
ET, »| Gl Tract
1' 10 Save textbox
values as
EB{ Parameter
Walues
Fiead Last Usad
= I 2 Parameter
I bb Walues
Flesst
Parameters to
Default Values
| 0.00002 0.0005 0.00 0
« Ay | Al Aly
Thoracic [ na | 08 o EEse

Mechanical Clearance Rates
Partition of Deposit in Al Region
Nor-default Parameter Yalues

Figure 3.13 The “HRTM: Mechanical Clearance Rates and Partition of Deposit in AI Region”
form showing a non-default selection of parameters

After properly closing the form with the customized selection and returning to the “Activity and
Internal Dose Calculations” form (Figure 3.8) the “Save Custom. Inhal. Model” button is
available. Figure 3.14 shows a typical message to be displayed if the user wants to save a
particular combined model. As can be seen, in order to avoid having the original “U” model
overwritten the new biokinetic model would be saved with the name “U2”. The new model
would comprise the data from the “U” biokinetic model together with the customized HRTM
parameters, and it would be part of the list of the available biokinetic models as shown in Figure

3.2.

Customized Inhalation Model

Maodel to be saved:UZ

Systemic Model; U

Resp. Tract Model: Standard Worker {Mose), Modified Trans. andfor Al Dep., Default Tvpe S Absarp. Param.

Zancel |

X|

Figure 3.14 Typical message occurring when a customized inhalation model is about to be saved
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3.2.3 Infinite Intake

As defined in section 3.1.2 Intake Characteristics, it is used for non-single intake patterns. If the
intake duration is infinite then click on the “Yes” option. Click on the “No” option otherwise and
provide the number of days that it lasts by entering it in the appropriate textbox.

3.2.4 Intake or Intake Rate

Enter with a number on the cell located on the first row and on the fourth column of the grid at
the lower half of the form, which is inside the “Intake Characteristics” frame, as can be seen in
Figure 3.8. This number represents the initial activity (in Bq) if the intake mode is single or
intake rate (in Bq.d"') for the non-single intake modes. Initial activities or activity rates for
considering intakes of daughters can be entered on the second row and thereafter.

3.2.5 Other

In order to have selected the rest of the options which are necessary to run the desired inhalation
case, just follow the instructions from the section “3.1.3 Other” from the “Description of the
Input Parameters for Activity and Internal Dose Calculations”.

3.2.6 Results

Figure 3.15 shows the “Activity and Internal Dose Calculations” form, with the highlighted
green buttons in the “Calculation Results” frame, after running an example for calculations of
activities and doses for single inhalation of 2**U. Figure 3.16 shows typical views of calculation
results for activities and doses. The results are given on a tabular form are printed on text files. In
this way they can be edited, printed, or copied and exported to another text editor.

The results for activities are given for all times shown in the form shown in Figure 3.5 and for:
- the individual compartments forming the gastrointestinal tract,

- total gastrointestinal tract,

- the individual compartments forming the respiratory tract,

- the corresponding respiratory tract regions (ET1, ET2, LN-ET, BB, bb, Al, LN-TH),
- the total extrathoracic,

- the total thoracic,

- total respiratory tract,

- Accumulated and daily urinary and fecal excretions,

- the individual compartments forming the systemic model,

- totals for selected organs and tissues, like kidneys, liver and skeleton

In addition, a summary of the case run is printed on the beginning of the printout like the one
below for calculation of activities:

Date: 3/24/2007 , 10:55:15 PM
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Model: U , Isotope: U-238

Observ.: Biokinetics of uranium, ICRP 69.
Subject: Standard Worker (Nose Breather)
Intake: Inhalation , Single

Element: 1 (Series with 4 element(s))
Initial ou Daily Activity: 1.000E+00 Bg
Inhalation: Respiratory Tract: ICRP-66
Compound: Type S

GI Tract Absorption Factor: Fl1 = 2.000E-03
AMAD (um): 5.000E+00

The dose results are given for all times shown in the form displayed in Figure 3.5 and for the
following organs and tissues: Adrenals, Bladder Wall, Bone Surface, Brain, Breasts, Esophagus,
St Wall, SI Wall, ULI Wall, LLI Wall, Colon, Kidneys, Liver, Muscle, Ovaries, Pancreas, Red
Marrow, ET Airways, Lungs, Skin, Spleen, Testes, Thymus, Thyroid, Uterus, Remainder and
Effective Dose.

A summary of the case run is printed on the beginning of the printout like the one below:

Series with 4 element(s):
Isotope(s): U-238 Th-234 Pa-234m Pa-234

Model (s) : U THU PAU PAU
Observ.: Biokinetics of uranium, ICRP 69.
Subject: Standard Worker (Nose Breather)

Intake: Inhalation, Single, without intake of progeny.
Element: U-238

Initial or daily activity: 1.000E+00 Bg

Inhalation: Respiratory Tract: ICRP-66

Compound: Type S

GI Absorption Fraction: f1 = : 2.000E-03

AMAD (um): 5.000E+00

Dosimetric System: ICRP-60

A full printout example showing calculations of activities and doses for single inhalation of Type
S compounds of ***U with AMAD = 5 um is available for perusal in section 3.8.
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 Worker AMED ) 5 BT ||
Gazes | Waund | Absorption m
Element # Model lzotope Intake or Intake Rate f1[F] F1[k] 5]
1d -238 1 00z 0.02 0.002
2| THU Th-234 I 0.0005 0.0002
3| Pal Pa-234m 0.0005 0.0005 [.0005
4| Pall Pa-234 0.0005 0.0005 [0.0005
r Other
— Dozimetric Quantities — Dozimetric System — Calculation Results Options
ICRP-E0 _I Achivities <= Fun Calculstions
@ Erptalen Deee r Change Standard Times —— Generate Binassay T ables

EditTimes | Doses  { Edit Bioassay Tables

" Abszorbed Dose - ikl Save Custom, Inhal, tads]
— Detailed Output
Us Flesults
f* Mo ™ “es SEEs Reslts Cloze

Figure 3.15 The “Activity and Internal Dose Calculations” form showing the highlighted green
buttons after running calculations of activities and doses for single inhalation of >**U
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x|

Date: 3242007 , 11:21:24 PH

Hodel: U | I=sotope: U-238

Observ.: Biokinetics of uranium, ICEF £9.
Subject: Standard Worker (Hose Breather)
Intake: Inhalation . Single

Element: 1 (Serie= with 4 element{=))
Initial ou Daily Actiwity: 1.000E+00 Bg
Inhalation: Respiratory Tract: ICRP-G6E
Compound: Type S

GI Tract Abzorption Factor: F1 = 2. 000E-03
AMAD (um): 5. 000E+00

Actiwvity (Bg) X Time (Dawy=)

Gastrointestinal Tract

Time Stomach Small Int Low.Lg.Int Upp.Lg.Int
.100 5.02E-02 2.51E-01 9.84E-02 6.5EE-03
.200 5.84E-03 1.70E-01 1.99E-01 3.2BE-02
L300 1.22E-03 9. 78E-02 2.38E-01 6.76E-02
400 L. 43E-04 & .GOE-02 2.39E-01 1.02E-01
.500 3.58E-04 3.09E-02 2.22E-01 1.32E-01
LE600 2.71E-04 1.75E-02 1.99E-01 1.56E-01
.700 2.18E-04 1.00E-02 1.73E-01 1.73E-01
.e0n 1.80E-04 5. BEE-03 1.49E-01 1.894E-01
.900 1.51E-04 3.50E-03 1.27E-01 1.90E-01

1.000 1.28E-04 2.17E-03 1.07E-01 1.92E-01

2 nnn 4 NAF_NE 1 91F_n4d 1 AQF_N2 1 2M1F_N1

E

A viewResults

Filz  Edit

Date: 30242007 , 11:21:24 FH

Seriesz with 4 elementi=s):
I=otope(=): U-238 Th—234 Pa-234m FPa-234

Hodel(s): U THU FAU PAU
Observ.: Biokinetics of uranium, ICRF 69.
Subject: Standard Worker (Ho=e Breather)

Intake: Inhalation, Single, without intake of progeny.
Element: T-228

Initial or daily actiwvity: 1.000E+00 Bg

Inhalation: Respiratory Tract: ICEP-66

Compound : Type S

I Abszorption Fraction: £1 = @ 2. 000E-03

AMAD (um): 5. 000E+00

Do=inetric System: ICREP-&0

Committed Equivalent Doses (Sv):

Highest committed egquivalent dose: ET Airwaws. 6.48E-05
FEemainder formulation: Split

Time (Days=) J10 L2

1.19E-12

hdrenals 3.35E-13 7 .G8E-1 1. G58E-12 1 91E-12 2 .13E-12
Bladder Wall 6.81E-13 1.68E-12 2 67E-12 3 51E-12 4 .18E-12 4 9E-12
Bone Surface 6.27E-12 2.21E-11 4 57E-11 7 48E-11 1.07E-10 1 42E-10
Rrain 2 MF_1% 7 EIF_17 1 19F_17 1 E7F_17 1 91F_17 % 19F_17

Figure 3.16 Activity and dose calculation results corresponding to the input

parameters of Figure 3.15

27



AID E -Version 6.0
Reference Manual
(July 2007)

3.3 Intake by Ingestion

The selection of the case of intake by ingestion is comprised of the Type of Intake (ingestion),
the Intake Mode or Pattern (single, several continuous, or worker) and Duration of Intake for
non-single intake cases.

Intakes by ingestion and by injection require the selection of the appropriate fl (gastrointestinal
absorption fraction), which can be made by clicking the appropriate f1 column on the grid on the
“Activity and Internal Dose Calculations” form. Nil fl values for normally indicate that the
absorption type is inexistent. The specific selection is done by clicking the appropriate f1 column
header, namely f1(1), f1(2), or f1(3), on the grid. Nil fl values for normally indicate that the
absorption type is inexistent.

The selection of the rest of the options, which are located in the “Other” frame, can be done by
following the instructions on the “Section 3.1.3 Other” from the “Description of the Input
Parameters for Activity and Internal Dose Calculations”.

After pressing the “Run Calculations” button the calculation results should be available as shown
in section “3.2.6 Results” above.

3.4 Intake by Injection

Similarly to the previously shown examples for inhalation and ingestion intakes the selection of
the case of intake by injection is comprised of the Type of Intake (injection), the Intake Mode or
Pattern (single, several continuous, or worker) and Duration of Intake for non-single intake
cases.

As explained above the gastrointestinal absorption fraction fl1 can be selected by clicking the
appropriate f1 column on the grid. The case is run similarly to the ones explained above and the
results can be retrieved in the same way.

The only important observation for this case is that injection cases are normally associated with

intakes by wounds, whose procedure is explained in section “3.6 Intake by Wound” below in
more details.
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3.5 Intake by Gases and Vapors

For running intake cases by gases and vapors the appropriate button in the Intake frame on the
“Activity and Internal Dose Calculations” form (Figure 3.1) must be pressed, which will load the
“Gases and Vapors” form shown in Figure 3.17. This allows the selection of twenty-three gases
or vapors, as proposed in the ICRP Supporting Guidance 3% document. The selection is
comprised of the automatic assignment of:

a) The Percentage of Deposition in each of the following regions of the HRTM: ET1, ET2, BB,
bb and Al,

b) The blood absorption Class (F or V)

c) The specific absorption parameter S, associated with clearance from “Bound Material”
compartment as described in ICRP Publication 66" and in the Supporting Guidance 3.

x
Help
I Available Gases and Vapors
Element Chemical form Class
Hypdrogen Tritiated water, HTO SR-2 o
Organic Bound Tritium [DET] SR-2 o
Tritiurn gas, HT SR o
Tritiated methane, CH4 S5R-1 -
Carbon Carbon monoxide, CO SR-1 "
IMethane, CH4 5R-1 9
Carbon dioxide, CO2 Sgp-2
Organic compounds SR-2 o
Unzpecitied SR-2 o
Sulphur Sulphur dioxide, 502 SR-2n) O
Sulphur dioxide, 502 SR-1F)
Carban disulphide, C52 SR-2)
Carbon disulphide, C52 5R-1F)
Carboryl zulphide, COS SR-2 o
Hydrogen sulphide, H2S SR-2 o
Unzpecitied SR o
Mickel Carbongl, Mi[CO)4 SR r
Ruthenivnm Tetroxide, Rul4 SR-1 -
T elluriurm Unspecified 5R-1 .
lodire Elemert, 12 SR-1 @
fd bl iodide, CH3 5R-1 -
Unzpecitied SR o
tercury Elermnent SR o
OTHER "

Figure 3.17 The available gases and vapors extracted from the
ICRP Supporting Guidance 3 document.
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In case the user wants to run another specific case, which is not contemplated on the list above,
the option “OTHER” at the end of the form shown in Figure 3.17 can be used. When this option
is selected the form shown in Figure 3.18 is displayed. The following additional options with
respect to deposition in the HRTM regions are possible for SR-1 Class (soluble and reactive) of
gases, as originally assigned with Class SR-1 in ICRP Publication 68: “ICRP-66 Default”,
“Gas with Low Solubility”, “100% in AI Region” and “Other”. The corresponding choices for
blood absorption Class are F or V. The specific absorption parameter S, associated with
clearance from “Bound Material” compartment, if any, can also be entered.

x

Help

| Gases and Vapors

— 5SA-0 [inzoluble and non-reactive]
ICRP-6E and B8 consider that the inhalation of gas of this class produces a negligible internal dose and
should be treated as immersion. This software does not deal with this exposure case.
— SR-1 [soluble and reactive]
Compartment P tage of Depositi
ICRP-66 Gag with Low 100% in Other
[Default] Solubility Al Reaion
ET1 10 5 0 ID
ET2 20 10 0 Jo
BB 10 5 0 Jo
bb 20 10 0 Jo
Al 40 70 100 Jo
Tatal 100 100 100 a
Abzorption T F - [F T F CF
to Blood:
oy [l oy oy
A
sl ) |D
— SR-2 [highly zoluble and reactive]
According to ICRP-ES, the inhalation of this class of gas should be eated as injection. [Ex.
Carbon diozide] L

Abzorption to Blood
Diagrams

Figure 3.18 Form for assigning intake parameters for gases and vapors

As an example, let’s assume that the “lodine Element 12 option was selected on the “Gases and
Vapors” form shown in Figure 3.17. The “Biokinetic Models, Isotopes and Radioactive Series”
form is then loaded, as shown Figure 3.19. The biokinetic model for iodine, as proposed in
ICRP-67?), is automatically selected and the user is prompted to select the isotope of iodine and
the corresponding series. Figure 3.19 shows that the ">'I was selected for this particular example.
The “Activity and Internal Dose Calculations” form is subsequently loaded, as shown in Figure
3.20. The rest of the parameters can be entered and the case can be run as shown above for other
intake cases.
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‘ Biokinetic Models, Isotopes and Radioactive Series jl
Help
— Availablz Biokinetic Models

tdodel | Observation ;I

FRTH Biiokinetics of &t az a member of a Th chain, ICRP-£9

FRU Biiokinetics of Fr az a member of U chains, ICRP-69 Part 2

HG_INORG Inorganic Mercury According to ICRP-30 —

HG_ORG Organic Mercury According to ICRP-30

H_Hz0 Tritiated ‘water [CRP-E7)

H_ORG Organically Bound Tritium [ICRP-56] with LI-Bladder

lodine as in [CRP-E7

4

| Model: |

— lsotopes

Chooze an lsotope: Biokinetic Madel for the D aughter(s)

Check the box below if the biokinetic model far the
mather of the series will be alzo used to describe
the metabalism of &l the daughters.

[~ Same as for the mather

|
-

— Radioactive Series

Element # | |zotope Daughter | vield Daughter | ield Halfite [d] | Biokinetic Model for the |zotope
1)1 Heldm 111E-02 H.04E+00] |
2| ¥e131m 1.19E+01{ 1

For dozimetiic purposes this sefies can be tuncated at element 1. h—
Eriter the number of elements that will be used in the calculations if it Close
differs from the one on the textbox. [Max = 18]

Figure 3.19 The “Biokinetic Models, Isotopes and Radioactive Series” form after
the selection of the lodine Element 12

i

Help
| Activity and Internal Dose Calculations

" Biokinetic Models, |sotopes and Radioactive Series

Click Here to Select a Model |

—  Intake Characteristics
— Intake Made Fiespiratany Tract Infinite Intake
. & Single = [CRPEE Custom |
' Inhalation " Yes
£ Ingestion & S = Mo
 Inisction " Continuous 1 [CRP:30
 Worker AMAD [um]  [Gas Duration (d): |
M Absorption IF vI
Element # | Madel | lsatope | IntakearintskeRate | AM) [ AR [ A@ |
1[I [1-13 | | 1] [l i
—  Other
— Dosimetric Quantities — Dosimetric Systern ———— — Calculation Results Options
ICRP-E0 I Activities ( F:SL’": Rur Calculations
0 i - rapl
'@ Egivatait D - Change Standard Times —— =5 Generate Bioassay Tables
Edit Times I Doses ( T - DLSEE_Sr Edit Binazzay Tables
" Absorbed Dose - = Saye Custom, [hhal. Model
— Detailed Output ————— —
Us Results
* Mo  Yes SEEs Fesults Clase

Figure 3.20 The “Activity and Internal Dose Calculations” form after
the selection of the lodine Element 12
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3.6 Intake by Wound

In order to run this particular kind of intake press the “Wound” button located in the Intake
frame of the “Activity and Internal Dose Calculations” form, as shown in Figure 3.1. The “Intake
by Wound” form will be loaded, as shown in Figure 3.21. The case can be run by selecting both
a category of wound model and a systemic biokinetic model.

Seven Categories for the Wound Model can be selected, which is comprised of the Soluble
Model (with four categories: Weak, Moderate, Strong and Avid), the Colloid Model, the Particle
Model and the Fragment Model. A category can be selected by clicking the button, which shows
the category name.

The biokinetic diagram for the selected category of radionuclides in wounds is shown on a
picturebox and the corresponding default transfer rates (d™') are shown on the grid located on the
right side of the picturebox. A diagram for the “General Model” can also be visualized.

After the Wound Model category was selected the user must select a corresponding systemic
model from the “Available Systemic Biokinetic Models” listbox to run the case. When both
models are properly selected click on the “Select and/or Close” button to continue running the
case. The “Biokinetic Models, Isotopes and Radioactive Series” form is then loaded in the exact
way as shown on Figure 3.19 for the case of intake by gases and vapors and the isotope can be
selected. After this step the program will return to the “Activity and Internal Dose Calculations”
form where the user will complete the data entry to run the case.

The program will return directly to the “Activity and Internal Dose Calculations” form when the
user does not select both models and wants to leave the form.

It must be pointed out that the great flexibility given to the user to select and run a hypothetical
combination of a wound model with any systemic model does not imply that in reality such
combination exists. More details can be found on the NCRP Report no. 156, “Development of a
Biokinetic Model For Radionuclide-contaminated Wounds and Procedures for Their Assessment,
Dosimetry and Treatment”'®, which will be released soon.
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‘ Intake by Wound x

Help

| Select a Default Wound Model and a Corresponding Available Systemic Model

— Default ‘Wound Models
Soluble kaodel

& W "ERAGMENT MODEL" Transfer Transfer Rate [d-1]
 Moderate Accidenital Injection Soluble > Blood
® e Soluble -» CI5
 avid CIS -> Soluble
Cl5 -» PABS
CI5 > LM
Colloid Maodel | PABS -» Soluble
PABS -» LN 0.004
. PABS -> TRA 0.7
Paticle Model | TFA - PABS 00005
LM -» Blood 0.03
Fragment Maodel | ™y |Fragment > Soluble
T Fragment -» PABS 0.008
General Maodel | Fartion of Waund Model Pertinent ta Fragment B adionuclides and Caorrespanding Default Transfer Rates.

— Available Systemic BiokineticMaodely ———— ey

Model | Observation :l

FU Biokinetics of Pu, ICRP E7

FUICRP30 FLUTONIUM ACCORDING TO ICRF30

PuRL2003 Pu according to Leggett 2003

PULURIS4 Pu Urinary Excretion Only [ICRPS4) =» Urinary Escretion is in Spstemic Select
p_sur Phosphoruz az a bone suface seeker [ICRP-30) and/ar
p_val Phogphomus az a bone volume seeker [ICRP-30) = Close
R Biokinetics of radium, ICRP E7

RaRA Biokineticz of Fa az Fa decayp product

R&TH Biokinetics of Ra a5 a member of Th chains, ICRP-E3 -

1| | 3|

Figure 3.21 The “Intake by Wound” form

3.7 Quality Assurance of Calculations of Activities and Dose Coefficients

Four basic steps are required for calculating committed dose coefficients: a) calculations of
activities in compartments for all elements of the radioactive series, b) calculations of number of
transformations (Us) in compartments for all elements of the radioactive series, which use the
results from calculations of activities, c) calculations of Specific Effective Energy (SEE(T<«-S))
from all source organs to all target organs for all types of radiations, and d) calculations of
committed dose coefficients, which use the results from Us and SEE(T<«-S). As a result, the
quality assurance procedure for the committed dose coefficients must encompass the quality
assurance of all four steps.

As explained earlier in this manual, AIDE contains biokinetic models and associated radioactive
decay data for the following elements listed in ICRP Publication 787: H, Fe, Co, Sr, Ru, 1, Cs,
Ra, Ra, Th, Th, U, Np, Pu, Am, Cm, Cf. In addition, Tc, P, S, C, Sm, Re, Po and Pb were added
to this list. The full checking involved comparison of results for the four steps mentioned above
for all forms of occupational intakes of the following radionuclides: H, "®F, *°Fe, *'Co, **Co,
OCo, 35S, 998y, gy, 106Ry, 1251, 1291, 131 134cg 1370, 20Ra, 228Ra, 225Th, 22Th, 24U, 23U, 2%,
2INp, B8Py, 2Py, 2Py, 2 Am, 22Cm, 24Cm, 22CF, ™ Tc, 2P, 3, 14C, 18Sm, '®Re, 21%P0 and
210py
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In this way, the calculation of the activities were promptly checked against the predicted values
of the measured quantities following single intake, which are listed in ICRP Publication 78",
The calculations of the dose coefficients were checked against the values of the ICRP CD“Y. All
SEE(T<«-S) calculations were checked against the calculation values from the SEECAL®
program.

It must be pointed out that the broad set of selected biokinetic models and corresponding
radionuclides allowed performing very comprehensive run checks. The biokinetic models
comprised the main patterns of metabolic pathways of the elements: uniformly distributed in the
whole body, bone seekers, other organ seekers (like iodine in thyroid) and gases. The
radionuclides belonged to long and short decay series and presented all types of radiation decays.
More comprehensive tests involving all details of calculations for activities and number of
transformations for all compartments and for times ranging from 0.1 days to 50 years after the
intake and SEE(T<«-S) calculations for all possible source-target relationships were performed
for the following radionuclides: *H (HT, vapor and OBT), 54Mn, 60C0, 90Sr, 95Zr, 106Ru, 125Sb,
31 1370g, 26Ra. 22Th, 20, 2°Py and ' Am.

These thorough intercomparison tests were carried out in person with Dr. Keith Eckerman, at
Oak Ridge National Laboratory. The author wishes to thank him once more for his kindness,
patience, his time dedicated to intercompare many calculation results and for his constant support
and encouragement.

Table 3.1 shows the results for calculated Committed Effective Doses using AIDE (E calc),
reference Committed Effective Doses (E_ref), which were extracted from the ICRP CD“", and
calculated to reference Committed Effective Dose ratios for several radionuclides.

As can be seen, 93.5% of ratios lie on the + 3% range with reference to the value 1, 97.6% lie on
the + 5% range and all calculation results lie on the + 9% range

These results can be rated as excellent taking into account that the programs and algorithms used
by AIDE to calculate activities in compartments, number of transformations, Specific Effective
Energies and committed dose coefficients are totally different from those used to derive the
reference values.
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Calculated Committed Effective Doses (E calc), reference Committed Effective

Doses (E ref) and calculated to reference Committed Effective Dose ratios for several

radionuclides

Radionuclide, Type of Intake

H-3, HTO

H-3, OBT

H-3, HT

F-18, Type F

F-18, Type M

F-18, Type S

F-18, Ingestion

Fe-59, Type F

Fe-59, Type M

Fe-59, Ingestion

Co-57, Type M

Co-57, Type S

Co-57, Ingestion, f1=0.1
Co-57, Ingestion, f1=0.05
Co-58, Type M

Co-58, Type S

Co-58, Ingestion, f1=0.1
Co-58, Ingestion, f1=0.05
Co-60, Type M

Co-60, Type S

Co-60, Ingestion, f1=0.1
Co-60, Ingestion, f1=0.05
Sr-85, Type F

Sr-85, Type S

Sr-85, Ingestion, f1=0.3
Sr-85, Ingestion, f1=0.01
Sr-89, Type F

Sr-89, Type S

Sr-89, Ingestion, f1=0.3
Sr-89, Ingestion, f1=0.01
Sr-90, Type F

Sr-90, Type S

Sr-90, Ingestion, f1=0.3
Sr-90, Ingestion, f1=0.01
Ru-106, Type F

Ru-106, Type M

Ru-106, Type S

Ru-106, Ingestion, f1=0.05
[-125, Type F

[-125, Ingestion

[-125, Element 12

[-129, Type F

[-129, Ingestion

E_calc
1.8E-11
4.1E-11
1.8E-15
5.4E-11
8.9E-11
9.3E-11
4.9E-11
3.0E-09
3.1E-09
1.8E-09
3.9E-10
6.0E-10
2.2E-10
1.9E-10
1.4E-09
1.7E-09
7.5E-10
7.0E-10
7.1E-09
1.7E-08
3.4E-09
2.5E-09
5.6E-10
6.5E-10
5.6E-10
3.3E-10
1.4E-09
5.6E-09
2.6E-09
2.3E-09
3.0E-08
7.7E-08
2.8E-08
2.7E-09
9.9E-09
1.7E-08
3.4E-08
7.1E-09
7.4E-09
1.5E-08
1.4E-08
5.1E-08
1.1E-07
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E_ref
1.8E-11
4.1E-11
1.8E-15
5.4E-11
8.9E-11
9.3E-11
4.9E-11
3.0E-09
3.2E-09
1.8E-09
3.9E-10
6.0E-10
2.1E-10
1.9E-10
1.4E-09
1.7E-09
7.4E-10
7.0E-10
7.1E-09
1.7E-08
3.4E-09
2.5E-09
5.6E-10
6.4E-10
5.6E-10
3.3E-10
1.4E-09
5.6E-09
2.6E-09
2.3E-09
3.0E-08
7.7E-08
2.8E-08
2.7E-09
9.8E-09
1.7E-08
3.5E-08
7.0E-09
7.3E-09
1.5E-08
1.4E-08
5.1E-08
1.1E-07

E_calc/E_ref

o

H
PorRrPFrRPFRPRPPPPPPPOPRPPPPPPOPRPPPORPPRPRORPRPRPREPRPRERREPR

=

[

=

0.97
1.01
1.01
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[-129, Element 12 9.6E-08 9.6E-08 1
[-131, Type F 1.0E-08 1.1E-08 0.91
[-131, Ingestion 2.2E-08 2.2E-08 1
[-131, Element 12 2.0E-08 2.0E-08 1
Cs-134, Type F 9.7E-09 9.6E-09 1.01
Cs-134, Ingestion 1.9E-08 1.9E-08 1
Cs-137, Type F 6.7E-09 6.7E-09 1
Cs-137, Ingestion 1.4E-08 1.3E-08 1.08
Ra-226, Type M 2.2E-06 2.2E-06 1
Ra-226, Ingestion, f1=0.2 2.8E-07 2.8E-07 1
Ra-228, Type M 1.7E-06 1.7E-06 1
Ra-228, Ingestion, f1=0.2 6.6E-07 6.7E-07 0.99
Th-228, Type M 2.3E-05 2.2E-05 1.05
Th-228, Type S 2.6E-05 2.5E-05 1.04
Th-228,Ingestion, f1=0.0005 7.0E-08 7.2E-08 0.97
Th-228,Ingestion, f1=0.0002 3.4E-08 3.5E-08 0.97
Th-232, Type M 2.9E-05 2.9E-05 1
Th-232, Type S 1.2E-05 1.2E-05 1
Th-232, Ingestion, f1=0.0005 2.3E-07 2.2E-07 1.05
Th-232, Ingestion, f1=0.0002 9.4E-08 9.2E-08 1.02
U-234, Type F 6.5E-07 6.4E-07 1.02
U-234, Type M 2.1E-06 2.1E-06 1
U-234, Type S 6.8E-06 6.8E-06 1
U-234, Ingestion, f1=0.02 4.9E-08 4.9E-08 1
U-234, Ingestion, f1=0.002 8.4E-09 8.3E-09 1.01
U-235, Type F 6.0E-07 6.0E-07 1
U-235, Type M 1.8E-06 1.8E-06 1
U-235, Type S 6.1E-06 6.1E-06 1
U-235, Ingestion, f1=0.02 4.6E-08 4.6E-08 1
U-235, Ingestion, f1=0.002 8.3E-09 8.3E-09 1
U-238, Type F 5.8E-07 5.8E-07 1
U-238, Type M 1.6E-06 1.6E-06 1
U-238, Type S 5.7E-06 5.7E-06 1
U-238, Ingestion, f1=0.02 4.4E-08 4.4E-08 1
U-238, Ingestion, f1=0.002 7.6E-09 7.6E-09 1
Np-237, Type M 1.5E-05  1.5E-05 1
Np-237, Ingestion 1.1E-07 1.1E-07 1
Pu-238, Type M 3.0E-05 3.0E-05 1
Pu-238, Type S 1.0E-05 1.1E-05 0.91
Pu-238, Ingestion, f1=5E-04 2.3E-07 2.3E-07 1
Pu-238, Ingestion, f1=1E-05 8.8E-09 8.8E-09 1
Pu-239, Type M 3.2E-05 3.2E-05 1
Pu-239, Type S 8.3E-06 8.3E-06 1
Pu-239, Ingestion, f1=5E-04 2.5E-07 2.5E-07 1
Pu-239, Ingestion, f1=1E-05 9.0E-09 9.0E-09 1
Pu-240, Type M 3.2E-05 3.2E-05 1
Pu-240, Type S 8.3E-06 8.3E-06 1
Pu-240, Ingestion, f1=5E-04 2.5E-07 2.5E-07 1
Pu-240, Ingestion, f1=1E-05 9.0E-09 9.0E-09 1
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Am-241 Type M

Am-241, Ingestion
Cm-242, Type M
Cm-242, Ingestion
Cm-244, Type M
Cm-244, Ingestion
Cf-252 Type M

Cf-252, Ingestion
Tc-99m, Type F

Tc-99m, Type M
Tc-99m, Ingestion, f1=0.8
P-32, Type F

P-32, Type M

P-32, Ingestion, f1=0.8
S-35, Type F

S-35, Type M

S-35, SO2, Type V

S-35, Inorg, Inges, f1=0.8
C-14,CO

C-14,C0O2

C-14, Organic

Sm-153, Type M
Sm-153, Ingestion
Re-188, Type F

Re-188, Type M

Re-188, Ingestion, f1=0.8
Po-210, Type F

Po-210, Type M

Po-210, Ingestion, f1=0.1
Pb-210, Type F

Pb-210, Ingestion, f1=0.2

2.7E-05
2.0E-07
3.6E-06
1.2E-08
1.7E-05
1.2E-07
1.3E-05
8.9E-08
2.0E-11
2.9E-11
2.2E-11
1.1E-09
2.9E-09
2.4E-09
8.0E-11
1.1E-09
1.2E-10
1.4E-10
8.0E-13
6.5E-12
5.8E-10
6.8E-10
7.6E-10
6.6E-10
7.5E-10
1.4E-09
7.1E-07
2.1E-06
2.4E-07
1.1E-06
6.8E-07
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2.7E-05
2.0E-07
3.7E-06
1.2E-08
1.7E-05
1.2E-07
1.3E-05
9.0E-08
2.0E-11
2.9E-11
2.2E-11
1.1E-09
2.9E-09
2.4E-09
8.0E-11
1.1E-09
1.2E-10
1.4E-10
8.0E-13
6.5E-12
5.8E-10
6.8E-10
7.4E-10
6.6E-10
7.4E-10
1.4E-09
7.1E-07
2.2E-06
2.4E-07
1.1E-06
6.8E-07
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3.8 Example of Printout for Calculations of Activities and Dose Coefficients

Tables 3.2 and 3.3 show respectively the results of calculations of activities and doses for single
inhalation of Type S compounds of ***U with AMAD = 5 um. The times after the intake to run
this particular example were: 0.1, 0.5, 1, 5, 10, 50, 100, 500, 1000, 5000 and 10000 days.

Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of Z**U
with AMAD =5 um

Date: 3/24/2007 , 10:55:15 PM

Model: U , Isotope: U-238

Observ.: Biokinetics of uranium, ICRP 69.
Subject: Standard Worker (Nose Breather)
Intake: Inhalation , Single

Element: 1 (Series with 4 element(s))
Initial ou Daily Activity: 1.000E+00 Bg
Inhalation: Respiratory Tract: ICRP-66
Compound: Type S

GI Tract Absorption Factor: F1 = 2.000E-03
AMAD (um): 5.000E+00

Activity (Bg) X Time (Days)

Gastrointestinal Tract

Time Stomach Small Int Low.Lg.Int Upp.Lg.Int
100 5.02E-02 2.51E-01 9.84E-02 6.55E-03
.500 3.58E-04 3.09E-02 2.22E-01 1.32E-01
1.000 1.28E-04 2.17E-03 1.07E-01 1.92E-01
5.000 2.46E-05 9.86E-05 4.21E-04 8.55E-03
10.000 2.18E-05 8.75E-05 2.96E-04 6.00E-04
50.000 9.04E-06 3.63E-05 1.22E-04 2.25E-04
100.000 3.64E-06 1.46E-05 4.92E-05 9.01E-05
500.000 7.78E-07 3.15E-06 1.06E-05 1.92E-05
1000.000 4.51E-07 1.85E-06 6.23E-06 1.14E-05
5000.000 3.61E-09 6.04E-08 2.64E-07 6.19E-07
10000.000 0.00E+00 1.92E-08 1.26E-07 3.70E-07
Activity (Bg) X Time (Days)
Time = --—-—-——-- Extrathoracic -------- Bronchial Bronchiolar
(ET1) (ET2) (LN-ET) (BB) (bb)
100 3.06E-01 7.70E-04 1.99E-08 1.11E-02 9.84E-03
.500 2.05E-01 2.74E-04 9.96E-08 6.62E-03 6.90E-03
1.000 1.25E-01 2.28E-04 1.99E-07 6.09E-03 5.34E-03
5.000 2.28E-03 2.04E-04 9.94E-07 5.22E-03 3.98E-03
10.000 1.54E-05 2.02E-04 1.98E-06 4.50E-03 3.44E-03
50.000 6.53E-23 1.91E-04 9.67E-06 1.40E-03 1.09E-03
100.000 1.26E-44 1.79E-04 1.88E-05 3.43E-04 2.79E-04
500.000 0.00E+00 1.15E-04 7.46E-05 2.69E-06 9.94E-06
1000.000 0.00E+00 6.65E-05 1.14E-04 1.11E-06 5.53E-06
5000.000 0.00E+00 8.56E-07 1.20E-04 3.07E-08 1.54E-07
10000.000 0.00E+00 4.41E-08 7.33E-05 5.94E-09 3.00E-08
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

Time Alveolar Thoracic Extratho. Thoracic

Interstit Lymph Nod. Total Total RT-TOTAL GIT-TOTAL
(AI) (LN-TH)
.100 5.31E-02 2.13E-07 3.07E-01 7.40E-02 3.81E-01 4.06E-01
.500 5.30E-02 1.06E-06 2.06E-01 6.65E-02 2.72E-01 3.86E-01
1.000 5.28E-02 2.11E-06 1.25E-01 6.42E-02 1.89E-01 3.02E-01
5.000 5.14E-02 1.03E-05 2.49E-03 6.06E-02 6.31E-02 9.09E-03
10.000 4.99E-02 2.02E-05 2.20E-04 5.78E-02 5.80E-02 1.00E-03
50.000 4.13E-02 8.41E-05 2.01E-04 4.38E-02 4.40E-02 3.93E-04
100.000 3.59E-02 1.36E-04 1.98E-04 3.67E-02 3.69E-02 1.58E-04
500.000 2.32E-02 2.39E-04 1.90E-04 2.34E-02 2.36E-02 3.37E-05
1000.000 1.49E-02 2.73E-04 1.81E-04 1.52E-02 1.53E-02 1.99E-05
5000.000 1.90E-03 3.64E-04 1.21E-04 2.26E-03 2.38E-03 9.47E-07
10000.000 5.89E-04 3.02E-04 7.34E-05 8.91E-04 9.64E-04 5.16E-07
Activity (Bg) X Time (Days)
Time Accumulat 24-Hour Accumulat 24-Hour
Urine Urine Feces Feces
.100 9.14E-05 0.00E+00 1.73E-04 0.00E+00
.500 5.62E-04 0.00E+00 2.73E-02 0.00E+00
1.000 7.10E-04 7.04E-04 1.14E-01 1.14E-01
5.000 8.24E-04 2.16E-05 4.10E-01 1.40E-02
10.000 9.13E-04 1.58E-05 4.21E-01 6.45E-04
50.000 1.25E-03 5.68E-06 4.35E-01 2.27E-04
100.000 1.49E-03 4.09E-06 4.42E-01 9.05E-05
500.000 2.65E-03 2.33E-06 4 .55E-01 1.89E-05
1000.000 3.60E-03 1.52E-06 4.62E-01 1.11E-05
5000.000 5.91E-03 2.47E-07 4.73E-01 3.09E-07
10000.000 6.71E-03 1.01E-07 4.73E-01 6.00E-08
Activity (Bg) X Time (Days)

Time Other_0 Blood_1 UB_Cont Kidneys_1 Kidneys_2 Liver_1
.100 8.50E-05 2.97E-06 1.06E-04 3.01E-05 1.51E-07 4.51E-06
.500 6.08E-05 8.68E-06 5.57E-05 1.07E-04 4.81E-07 1.40E-05

1.000 9.25E-06 8.65E-06 8.45E-06 1.19E-04 5.56E-07 1.55E-05

5.000 9.71E-07 2.66E-06 1.73E-06 9.00E-05 6.07E-07 1.17E-05

10.000 7.48E-07 8.44E-07 1.28E-06 6.25E-05 6.47E-07 8.10E-06
50.000 3.75E-07 2.15E-07 4.72E-07 1.08E-05 8.25E-07 1.35E-06
100.000 2.78E-07 1.57E-07 3.41E-07 6.88E-06 9.62E-07 8.60E-07
500.000 1.60E-07 8.96E-08 1.95E-07 3.79E-06 1.54E-06 4.74E-07
1000.000 1.05E-07 5.86E-08 1.28E-07 2.48E-06 1.84E-06 3.10E-07
5000.000 1.73E-08 9.50E-09 2.12E-08 4.00E-07 1.03E-06 5.00E-08
10000.000 7.31E-09 3.90E-09 9.07E-09 1.64E-07 3.61E-07 2.05E-08
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of Z**U
with AMAD =5 um (cont.)

Activity (Bg) X Time (Days)

Time Other_1 Other_2 T_Bone-S C_Bone-S Liver_2 T_Bone-V_.
.100 2.01E-05 9.09E-07 2.50E-05 2.00E-05 1.70E-09 9.44E-08
.500 6.36E-05 2.90E-06 7.70E-05 6.16E-05 3.05E-08 1.67E-06

1.000 7.24E-05 3.35E-06 8.39E-05 6.71E-05 8.30E-08 4.50E-06

5.000 6.94E-05 3.66E-06 5.54E-05 4.42E-05 4.61E-07 2.23E-05

10.000 6.33E-05 3.91E-06 3.44E-05 2.75E-05 7.99E-07 3.41E-05
50.000 2.86E-05 5.05E-06 9.80E-06 7.83E-06 1.66E-06 3.87E-05
100.000 1.44E-05 5.97E-06 7.10E-06 5.68E-06 2.00E-06 2.87E-05
500.000 6.11E-06 1.05E-05 3.10E-06 2.48E-06 3.44E-06 9.75E-06
1000.000 3.99E-06 1.42E-05 2.01E-06 1.61E-06 4.40E-06 6.27E-06
5000.000 6.36E-07 2.20E-05 3.19E-07 2.55E-07 4.08E-06 9.68E-07
10000.000 2.60E-07 2.30E-05 1.31E-07 1.04E-07 2.25E-06 3.95E-07

Activity (Bg) X Time (Days)

Time C_Bone-V_e T _Bone-V C_Bone-V Testes Ovaries C_Bone-S_1
.100 7.54E-08 1.90E-11 1.52E-11 0.00E+00 0.00E+00 0.00E+00
.500 1.34E-06 1.79E-09 1.43E-09 0.00E+00 0.00E+00 0.00E+00

1.000 3.59E-06 1.07E-08 8.52E-09 0.00E+00 0.00E+00 0.00E+00

5.000 1.78E-05 3.39E-07 2.71E-07 0.00E+00 0.00E+00 0.00E+00

10.000 2.73E-05 1.17E-06 9.39E-07 0.00E+00 0.00E+00 0.00E+00
50.000 3.10E-05 1.05E-05 8.45E-06 0.00E+00 0.00E+00 0.00E+00
100.000 2.30E-05 1.98E-05 1.61E-05 0.00E+00 0.00E+00 0.00E+00
500.000 7.79E-06 4.68E-05 4.24E-05 0.00E+00 0.00E+00 0.00E+00
1000.000 5.01E-06 5.64E-05 5.84E-05 0.00E+00 0.00E+00 0.00E+00
5000.000 7.74E-07 2.52E-05 7.69E-05 0.00E+00 0.00E+00 0.00E+00
10000.000 3.16E-07 7.77E-06 6.25E-05 0.00E+00 0.00E+00 0.00E+00

Activity (Bg) X Time (Days)

Time R_Marrow Spleen Excreta Plasma Systemic Whole Body
.100 0.00E+00 9.66E-19 0.00E+00 1.05E-04 4.00E-04 7.87E-01
.500 0.00E+00 1.68E-18 0.00E+00 2.92E-05 4.84E-04 6.59E-01

1.000 0.00E+00 1.71E-18 0.00E+00 4.01E-06 4.00E-04 4.91E-01

5.000 0.00E+00 1.71E-18 0.00E+00 7.63E-07 3.22E-04 7.25E-02

10.000 0.00E+00 1.71E-18 0.00E+00 5.89E-07 2.68E-04 5.93E-02
50.000 0.00E+00 1.71E-18 0.00E+00 2.97E-07 1.56E-04 4.46E-02
100.000 0.00E+00 1.71E-18 0.00E+00 2.20E-07 1.32E-04 3.71E-02
500.000 0.00E+00 1.71E-18 0.00E+00 1.27E-07 1.39E-04 2.38E-02
1000.000 0.00E+00 1.71E-18 0.00E+00 8.29E-08 1.57E-04 1.55E-02
5000.000 0.00E+00 1.71E-18 0.00E+00 1.35E-08 1.33E-04 2.52E-03
10000.000 0.00E+00 1.71E-18 0.00E+00 5.54E-09 9.73E-05 1.06E-03
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of Z**U
with AMAD =5 um (cont.)

Activity (Bg) X Time (Days)

Totals for Selected Organs or Tissues

Time Kidneys Liver CortBo.Vol TrabBo.Vol U.BladCont Other Tiss
.100 3.02E-05 4.51E-06 7.54E-08 9.44E-08 1.06E-04 1.06E-04
.500 1.07E-04 1.41E-05 1.34E-06 1.67E-06 5.57E-05 1.27E-04

1.000 1.20E-04 1.56E-05 3.60E-06 4.51E-06 8.45E-06 8.50E-05

5.000 9.06E-05 1.22E-05 1.81E-05 2.27E-05 1.73E-06 7.41E-05

10.000 6.32E-05 8.90E-06 2.82E-05 3.53E-05 1.28E-06 6.80E-05
50.000 1.16E-05 3.02E-06 3.94E-05 4.92E-05 4.72E-07 3.40E-05
100.000 7.84E-06 2.86E-06 3.91E-05 4.85E-05 3.41E-07 2.07E-05
500.000 5.33E-06 3.91E-06 5.02E-05 5.65E-05 1.95E-07 1.68E-05
1000.000 4.32E-06 4.70E-06 6.34E-05 6.27E-05 1.28E-07 1.83E-05
5000.000 1.43E-06 4.13E-06 7.77E-05 2.62E-05 2.12E-08 2.26E-05
10000.000 5.25E-07 2.27E-06 6.28E-05 8.17E-06 9.07E-09 2.33E-05

Activity (Bg) X Time (Days)

Totals for Selected Organs or Tissues

Time Blood CortBo.Sur TrabBo.Sur Skeleton
.100 1.08E-04 2.00E-05 2.50E-05 4.52E-05
.500 3.79E-05 6.16E-05 7.70E-05 1.42E-04

1.000 1.27E-05 6.71E-05 8.39E-05 1.59E-04

5.000 3.43E-06 4.42E-05 5.54E-05 1.40E-04

10.000 1.43E-06 2.75E-05 3.44E-05 1.25E-04
50.000 5.12E-07 7.83E-06 9.80E-06 1.06E-04
100.000 3.78E-07 5.68E-06 7.10E-06 1.00E-04
500.000 2.16E-07 2.48E-06 3.10E-06 1.12E-04
1000.000 1.41E-07 1.61E-06 2.01E-06 1.30E-04
5000.000 2.30E-08 2.55E-07 3.19E-07 1.04E-04
10000.000 9.44E-09 1.04E-07 1.31E-07 7.12E-05

Model: THU , Isotope: Th-234

Observ.: Biokinetics of uranium, ICRP 69.
Subject: Standard Worker (Nose Breather)
Intake: Inhalation , Single

Element: 2 (Series with 4 element(s))
Inhalation: Respiratory Tract: ICRP-66
Compound: Type S

GI Tract Absorption Factor: Fl1l = 2.000E-04
AMAD (um): 5.000E+00

Activity (Bg) X Time (Days)

Gastrointestinal Tract

Time Stomach Small Int Low.Lg.Int Upp.Lg.Int
.100 1.44E-04 7.20E-04 2.82E-04 1.88E-05
.500 5.11E-06 4.43E-04 3.18E-03 1.89E-03

1.000 3.63E-06 6.18E-05 3.05E-03 5.44E-03

5.000 3.29E-06 1.33E-05 5.64E-05 1.15E-03

10.000 5.46E-06 2.20E-05 7.39E-05 1.50E-04
50.000 6.90E-06 2.77E-05 9.33E-05 1.72E-04
100.000 3.44E-06 1.38E-05 4.63E-05 8.53E-05
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

500.000 7.86E-07 3.20E-06 1.04E-05 1.94E-05
1000.000 4.59E-07 1.89E-06 6.03E-06 1.15E-05
5000.000 1.19E-08 9.71E-08 5.45E-08 7.33E-07
10000.000 1.53E-09 5.58E-08 0.00E+00 4.84E-07
Activity (Bg) X Time (Days)
Time - ----—---—- Extrathoracic -------- Bronchial Bronchiolar
(ET1) (ET2) (LN-ET) (BB) (bb)
.100 8.80E-04 2.21E-06 5.73E-11 3.17E-05 2.83E-05
.500 2.93E-03 3.91E-06 1.42E-09 9.45E-05 9.85E-05
1.000 3.53E-03 6.46E-06 5.65E-09 1.73E-04 1.51E-04
5.000 3.06E-04 2.73E-05 1.33E-07 6.99E-04 5.33E-04
10.000 3.84E-06 5.06E-05 4.95E-07 1.12E-03 8.59E-04
50.000 4.98E-23 1.46E-04 7.38E-06 1.07E-03 8.29E-04
100.000 1.12E-44 1.69E-04 1.77E-05 3.23E-04 2.63E-04
500.000 0.00E+00 1.15E-04 7.46E-05 2.69E-06 9.94E-06
1000.000 0.00E+00 6.65E-05 1.14E-04 1.11E-06 5.53E-06
5000.000 0.00E+00 8.19E-07 1.20E-04 3.07E-08 1.54E-07
10000.000 0.00E+00 4.58E-09 7.33E-05 5.94E-09 2.97E-08
Time Alveolar Thoracic Extratho. Thoracic
Interstit Lymph Nod. Total Total RT-TOTAL GIT-TOTAL
(AT) (LN-TH)
100 1.53E-04 6.07E-10 8.82E-04 2.13E-04 1.09E-03 1.17E-03
.500 7.56E-04 1.51E-08 2.94E-03 9.49E-04 3.88E-03 5.51E-03
1.000 1.50E-03 5.98E-08 3.54E-03 1.82E-03 5.36E-03 8.55E-03
5.000 6.89E-03 1.39E-06 3.33E-04 8.12E-03 8.45E-03 1.22E-03
10.000 1.25E-02 5.05E-06 5.49E-05 1.45E-02 1.45E-02 2.52E-04
50.000 3.15E-02 6.41E-05 1.53E-04 3.34E-02 3.36E-02 3.00E-04
100.000 3.39E-02 1.29E-04 1.87E-04 3.46E-02 3.48E-02 1.49E-04
500.000 2.32E-02 2.39E-04 1.90E-04 2.34E-02 2.36E-02 3.37E-05
1000.000 1.49E-02 2.73E-04 1.80E-04 1.52E-02 1.53E-02 1.99E-05
5000.000 1.90E-03 3.64E-04 1.21E-04 2.26E-03 2.38E-03 8.97E-07
10000.000 5.89E-04 3.02E-04 7.33E-05 8.91E-04 9.64E-04 5.42E-07

Activity (Bg) X Time (Days)

Time Accumulat 24-Hour Accumulat 24-Hour
Urine Urine Feces Feces
.100 1.72E-04 0.00E+00 7.10E-07 0.00E+00
.500 1.72E-04 0.00E+00 3.90E-04 0.00E+00
1.000 1.76E-04 7.15E-06 3.23E-03 3.23E-03
5.000 2.18E-04 1.79E-05 5.49E-02 1.31E-02
10.000 2.88E-04 2.27E-05 1.05E-01 1.21E-02
50.000 8.66E-04 3.58E-05 3.32E-01 1.25E-02
100.000 1.29E-03 4.25E-05 4.18E-01 1.26E-02
500.000 2.58E-03 7.54E-05 4.55E-01 1.29E-02
1000.000 3.55E-03 1.02E-04 4.62E-01 1.31E-02
5000.000 5.90E-03 1.68E-04 4.73E-01 1.34E-02
10000.000 6.70E-03 1.90E-04 4.73E-01 1.34E-02
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of Z**U
with AMAD =5 um (cont.)

Activity (Bg) X Time (Days)

Time Other_0 Blood_1 UB_Cont Kidneys_1 Kidneys_2 Liver_1
.100 0.00E+00 4.56E-09 0.00E+00 0.00E+00 2.91E-07 1.47E-06
.500 0.00E+00 7.08E-08 0.00E+00 0.00E+00 2.64E-07 1.43E-06

1.000 0.00E+00 1.57E-07 0.00E+00 0.00E+00 2.40E-07 1.48E-06

5.000 0.00E+00 1.55E-07 0.00E+00 0.00E+00 1.76E-07 2.28E-06

10.000 2.38E-07 4.76E-08 0.00E+00 0.00E+00 2.53E-07 3.34E-06
50.000 2.89E-06 8.68E-09 3.24E-08 4.23E-06 1.26E-06 5.95E-06
100.000 3.01E-06 6.31E-09 3.36E-08 4.45E-06 1.89E-06 6.40E-06
500.000 2.03E-06 3.57E-09 2.09E-08 2.56E-06 2.30E-06 4.34E-06
1000.000 1.32E-06 2.34E-09 1.36E-08 1.67E-06 2.33E-06 2.82E-06
5000.000 2.09E-07 3.78E-10 2.15E-09 2.65E-07 1.11E-06 4.38E-07
10000.000 8.50E-08 1.55E-10 8.71E-10 1.08E-07 3.92E-07 1.78E-07

Activity (Bg) X Time (Days)

Time Other_1 Other_2 T_Bone-S C_Bone-S Liver_2 T_Bone-V_.
.100 3.68E-06 5.82E-07 1.02E-05 1.02E-05 0.00E+00 2.67E-12
.500 3.83E-06 5.45E-07 9.81E-06 9.65E-06 0.00E+00 4.80E-11

1.000 4.41E-06 5.26E-07 9.85E-06 9.46E-06 0.00E+00 1.29E-10

5.000 1.04E-05 6.52E-07 1.27E-05 1.09E-05 3.57E-08 6.42E-10

10.000 1.80E-05 1.11E-06 1.73E-05 1.46E-05 1.30E-07 9.81E-10
50.000 4.07E-05 4.85E-06 3.76E-05 3.53E-05 1.14E-06 1.11E-09
100.000 3.42E-05 7.27E-06 4.60E-05 4 .50E-05 1.86E-06 8.27E-10
500.000 1.62E-05 1.19E-05 3.14E-05 3.15E-05 3.47E-06 2.80E-10
1000.000 1.05E-05 1.51E-05 2.04E-05 2.04E-05 4.41E-06 1.80E-10
5000.000 1.63E-06 2.21E-05 3.16E-06 3.16E-06 4.08E-06 2.78E-11
10000.000 6.63E-07 2.31E-05 1.28E-06 1.28E-06 2.25E-06 1.14E-11

Activity (Bg) X Time (Days)

Time C_Bone-V_e T_Bone-V C_Bone-V Testes Ovaries C_Bone-S_1
.100 2.13E-12 0.00E+00 0.00E+00 1.02E-08 3.14E-09 0.00E+00
.500 3.83E-11 1.69E-09 5.88E-09 9.11E-09 2.81E-09 0.00E+00

1.000 1.03E-10 4.67E-08 4.11E-08 7.98E-09 2.46E-09 0.00E+00

5.000 5.13E-10 1.63E-06 1.30E-06 3.57E-09 1.10E-09 1.46E-09

10.000 7.84E-10 5.41E-06 4.32E-06 3.67E-09 1.13E-09 7.06E-09
50.000 8.90E-10 3.40E-05 2.73E-05 2.44E-08 7.54E-09 8.53E-08
100.000 6.61E-10 4.51E-05 3.64E-05 3.76E-08 1.16E-08 1.59E-07
500.000 2.24E-10 5.50E-05 4.89E-05 2.89E-08 8.92E-09 1.81E-07
1000.000 1.44E-10 6.16E-05 6.25E-05 1.88E-08 5.80E-09 1.87E-07
5000.000 2.22E-11 2.60E-05 7.75E-05 2.91E-09 8.97E-10 1.82E-07
10000.000 9.08E-12 8.10E-06 6.27E-05 1.18E-09 3.64E-10 1.45E-07

Activity (Bg) X Time (Days)
Time R_Marrow Spleen Excreta Plasma Systemic Whole Body

.100 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.65E-05 2.29E-03
.500 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.56E-05 9.42E-03
1.000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.62E-05 1.39E-02
5.000 1.13E-08 0.00E+00 0.00E+00 0.00E+00 4.02E-05 9.71E-03
10.000 5.13E-08 0.00E+00 0.00E+00 5.53E-07 6.55E-05 1.48E-02
50.000 5.94E-07 0.00E+00 0.00E+00 1.71E-06 1.98E-04 3.41E-02
100.000 1.08E-06 0.00E+00 0.00E+00 1.76E-06 2.35E-04 3.52E-02
500.000 1.17E-06 0.00E+00 0.00E+00 1.19E-06 2.12E-04 2.38E-02
1000.000 1.12E-06 0.00E+00 0.00E+00 7.76E-07 2.05E-04 1.56E-02
5000.000 3.99E-07 0.00E+00 0.00E+00 1.23E-07 1.40E-04 2.53E-03
10000.000 1.28E-07 0.00E+00 0.00E+00 4.99E-08 1.00E-04 1.07E-03

43



AID E -Version 6.0
Reference Manual
(July 2007)

Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

Activity (Bg) X Time (Days)

Totals for Selected Organs or Tissues

Time Kidneys Liver CortBo.Vol TrabBo.Vol U.BladCont Other Tiss
.100 2.91E-07 1.47E-06 2.13E-12 2.67E-12 0.00E+00 4.27E-06
.500 2.64E-07 1.43E-06 5.92E-09 1.73E-09 0.00E+00 4.38E-06

1.000 2.40E-07 1.48E-06 4.12E-08 4.69E-08 0.00E+00 4.95E-06

5.000 1.76E-07 2.32E-06 1.30E-06 1.63E-06 0.00E+00 1.11E-05

10.000 2.53E-07 3.47E-06 4.32E-06 5.41E-06 0.00E+00 1.94E-05
50.000 5.48E-06 7.09E-06 2.73E-05 3.40E-05 3.24E-08 4.91E-05
100.000 6.34E-06 8.26E-06 3.64E-05 4.51E-05 3.36E-08 4.58E-05
500.000 4.87E-06 7.81E-06 4.89E-05 5.50E-05 2.09E-08 3.15E-05
1000.000 4.01E-06 7.23E-06 6.25E-05 6.16E-05 1.36E-08 2.82E-05
5000.000 1.37E-06 4.52E-06 7.75E-05 2.60E-05 2.15E-09 2.45E-05
10000.000 5.00E-07 2.43E-06 6.27E-05 8.10E-06 8.71E-10 2.41E-05

Activity (Bg) X Time (Days)
Totals for Selected Organs or Tissues

Time Blood CortBo.Sur TrabBo.Sur Skeleton
.100 4.56E-09 1.02E-05 1.02E-05 2.04E-05
.500 7.08E-08 9.65E-06 9.81E-06 1.95E-05

1.000 1.57E-07 9.46E-06 9.85E-06 1.94E-05

5.000 1.55E-07 1.09E-05 1.27E-05 2.65E-05

10.000 6.01E-07 1.46E-05 1.73E-05 4.17E-05
50.000 1.71E-06 3.53E-05 3.76E-05 1.34E-04
100.000 1.77E-06 4.50E-05 4.60E-05 1.73E-04
500.000 1.20E-06 3.15E-05 3.14E-05 1.67E-04
1000.000 7.79E-07 2.04E-05 2.04E-05 1.65E-04
5000.000 1.23E-07 3.16E-06 3.16E-06 1.10E-04
10000.000 5.01E-08 1.28E-06 1.28E-06 7.34E-05

Model: PAU , Isotope: Pa-234m

Observ.: Biokinetics of uranium, ICRP 69.
Subject: Standard Worker (Nose Breather)
Intake: Inhalation , Single

Element: 3 (Series with 4 element(s))
Inhalation: Respiratory Tract: ICRP-66
Compound: Type S

GI Tract Absorption Factor: Fl1 = 5.000E-04
AMAD (um): 5.000E+00

Activity (Bg) X Time (Days)

Gastrointestinal Tract

Time Stomach Small Int Low.Lg.Int Upp.Lg.Int
.100 1.42E-04 7.10E-04 2.78E-04 1.86E-05
.500 5.08E-06 4.41E-04 3.16E-03 1.88E-03

1.000 3.60E-06 6.15E-05 3.04E-03 5.42E-03

5.000 3.27E-06 1.32E-05 5.60E-05 1.14E-03
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

10.000 5.43E-06 2.18E-05 7.34E-05 1.50E-04
50.000 6.88E-06 2.76E-05 9.28E-05 1.72E-04
100.000 3.42E-06 1.37E-05 4.59E-05 8.50E-05
500.000 7.72E-07 3.11E-06 1.01E-05 1.92E-05
1000.000 4.46E-07 1.81E-06 5.73E-06 1.14E-05
5000.000 0.00E+00 2.27E-08 0.00E+00 6.35E-07
10000.000 0.00E+00 0.00E+00 0.00E+00 3.86E-07
Activity (Bg) X Time (Days)
Time = ----—--—- Extrathoracic -------- Bronchial Bronchiolar
(ET1) (ET2) (LN-ET) (BB) (bb)
.100 8.68E-04 2.11E-06 5.65E-11 3.13E-05 2.79E-05
.500 2.92E-03 3.81E-06 1.42E-09 9.41E-05 9.80E-05
1.000 3.52E-03 6.36E-06 5.63E-09 1.72E-04 1.51E-04
5.000 3.05E-04 2.72E-05 1.33E-07 6.97E-04 5.32E-04
10.000 3.84E-06 5.04E-05 4.94E-07 1.12E-03 8.57E-04
50.000 1.03E-08 1.45E-04 7.36E-06 1.06E-03 8.27E-04
100.000 1.03E-08 1.69E-04 1.77E-05 3.23E-04 2.62E-04
500.000 1.03E-08 1.15E-04 7.45E-05 2.68E-06 9.92E-06
1000.000 1.03E-08 6.63E-05 1.14E-04 1.11E-06 5.51E-06
5000.000 1.03E-08 8.35E-07 1.20E-04 3.09E-08 1.54E-07
10000.000 1.03E-08 2.51E-08 7.32E-05 6.18E-09 3.03E-08
Time Alveolar Thoracic Extratho. Thoracic
Interstit Lymph Nod. Total Total RT-TOTAL GIT-TOTAL
(AI) (LN-TH)
.100 1.50E-04 8.90E-10 8.70E-04 2.10E-04 1.08E-03 1.15E-03
.500 7.53E-04 1.53E-08 2.92E-03 9.45E-04 3.87E-03 5.49E-03
1.000 1.49E-03 5.99E-08 3.53E-03 1.81E-03 5.34E-03 8.53E-03
5.000 6.87E-03 1.38E-06 3.32E-04 8.10E-03 8.44E-03 1.22E-03
10.000 1.24E-02 5.04E-06 5.47E-05 1.44E-02 1.45E-02 2.51E-04
50.000 3.14E-02 6.40E-05 1.53E-04 3.34E-02 3.35E-02 2.99E-04
100.000 3.38E-02 1.29E-04 1.87E-04 3.45E-02 3.47E-02 1.48E-04
500.000 2.31E-02 2.39E-04 1.89E-04 2.34E-02 2.35E-02 3.32E-05
1000.000 1.48E-02 2.72E-04 1.80E-04 1.51E-02 1.53E-02 1.94E-05
5000.000 1.90E-03 3.64E-04 1.21E-04 2.26E-03 2.38E-03 6.57E-07
10000.000 5.88E-04 3.01E-04 7.32E-05 8.89E-04 9.63E-04 3.86E-07
Activity (Bg) X Time (Days)
Time Accumulat 24-Hour Accumulat 24-Hour
Urine Urine Feces Feces
.100 1.61E-06 0.00E+00 7.69E-07 0.00E+00
.500 6.49E-06 0.00E+00 3.88E-04 0.00E+00
1.000 1.61E-05 1.61E-05 3.22E-03 3.22E-03
5.000 9.94E-05 9.94E-05 5.48E-02 5.48E-02
10.000 2.06E-04 2.06E-04 1.05E-01 1.05E-01
50.000 8.61E-04 8.61E-04 3.31E-01 3.31E-01
100.000 1.28E-03 1.28E-03 4.17E-01 4.17E-01
500.000 2.57E-03 2.57E-03 4.54E-01 4.54E-01
1000.000 3.54E-03 3.54E-03 4.61E-01 4.61E-01
5000.000 5.89E-03 5.89E-03 4.72E-01 4.72E-01
10000.000 6.69E-03 6.69E-03 4.72E-01 4.72E-01
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

Activity (Bg) X Time (Days)

Time Other_0 Blood_1 UB_Cont Kidneys_1 Kidneys_2 Liver_1
.100 0.00E+00 4.45E-09 9.54E-08 1.25E-06 2.90E-07 1.46E-06
.500 0.00E+00 7.03E-08 1.53E-07 2.06E-06 2.64E-07 1.43E-06

1.000 0.00E+00 1.56E-07 1.62E-08 3.59E-06 2.39E-07 1.48E-06

5.000 0.00E+00 1.54E-07 5.03E-08 1.31E-05 1.76E-07 2.28E-06

10.000 2.38E-07 4.74E-08 7.81E-08 1.83E-05 2.52E-07 3.33E-06
50.000 2.88E-06 8.66E-09 4.79E-08 8.24E-06 1.26E-06 5.94E-06
100.000 3.01E-06 6.29E-09 3.39E-08 4 .54E-06 1.89E-06 6.39E-06
500.000 2.03E-06 3.56E-09 2.08E-08 2.56E-06 2.30E-06 4.33E-06
1000.000 1.32E-06 2.33E-09 1.36E-08 1.67E-06 2.33E-06 2.82E-06
5000.000 2.09E-07 3.78E-10 2.14E-09 2.65E-07 1.10E-06 4.37E-07
10000.000 8.49E-08 1.55E-10 8.66E-10 1.08E-07 3.91E-07 1.78E-07

Activity (Bg) X Time (Days)

Time Other_1 Other_2 T_Bone-S C_Bone-S Liver_2 T_Bone-V_.
.100 3.67E-06 5.81E-07 1.02E-05 1.02E-05 0.00E+00 1.21E-12
.500 3.82E-06 5.44E-07 9.79E-06 9.63E-06 0.00E+00 2.20E-11

1.000 4.40E-06 5.25E-07 9.83E-06 9.44E-06 0.00E+00 5.93E-11

5.000 1.04E-05 6.50E-07 1.27E-05 1.08E-05 3.55E-08 2.95E-10

10.000 1.80E-05 1.10E-06 1.73E-05 1.46E-05 1.29E-07 4.51E-10
50.000 4.06E-05 4.84E-06 3.75E-05 3.52E-05 1.13E-06 5.12E-10
100.000 3.41E-05 7.26E-06 4.59E-05 4.49E-05 1.85E-06 3.80E-10
500.000 1.61E-05 1.18E-05 3.14E-05 3.14E-05 3.46E-06 1.29E-10
1000.000 1.05E-05 1.50E-05 2.04E-05 2.04E-05 4.40E-06 8.28E-11
5000.000 1.63E-06 2.21E-05 3.15E-06 3.16E-06 4.07E-06 1.28E-11
10000.000 6.62E-07 2.30E-05 1.28E-06 1.28E-06 2.25E-06 5.22E-12

Activity (Bg) X Time (Days)

Time C_Bone-V_e T_Bone-V C_Bone-V Testes Ovaries C_Bone-S_1
.100 9.69E-13 0.00E+00 0.00E+00 1.02E-08 3.14E-09 0.00E+00
.500 1.76E-11 1.66E-09 5.83E-09 9.09E-09 2.81E-09 0.00E+00

1.000 4.74E-11 4.66E-08 4.09E-08 7.97E-09 2.46E-09 0.00E+00

5.000 2.36E-10 1.63E-06 1.30E-06 3.56E-09 1.10E-09 1.46E-09

10.000 3.60E-10 5.40E-06 4.31E-06 3.66E-09 1.13E-09 7.05E-09
50.000 4.09E-10 3.40E-05 2.72E-05 2.44E-08 7.52E-09 8.52E-08
100.000 3.03E-10 4.50E-05 3.63E-05 3.75E-08 1.16E-08 1.59E-07
500.000 1.03E-10 5.49E-05 4.88E-05 2.88E-08 8.90E-09 1.81E-07
1000.000 6.62E-11 6.15E-05 6.24E-05 1.87E-08 5.78E-09 1.87E-07
5000.000 1.02E-11 2.60E-05 7.74E-05 2.90E-09 8.94E-10 1.82E-07
10000.000 4.17E-12 8.08E-06 6.26E-05 1.18E-09 3.62E-10 1.44E-07

Activity (Bg) X Time (Days)

Time R_Marrow Spleen Excreta Plasma Systemic Whole Body
.100 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.77E-05 2.26E-03
.500 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.78E-05 9.39E-03

1.000 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.98E-05 1.39E-02

5.000 1.13E-08 0.00E+00 0.00E+00 0.00E+00 5.33E-05 9.70E-03

10.000 5.12E-08 0.00E+00 0.00E+00 5.52E-07 8.37E-05 1.48E-02
50.000 5.93E-07 0.00E+00 0.00E+00 1.70E-06 2.01E-04 3.40E-02
100.000 1.08E-06 0.00E+00 0.00E+00 1.76E-06 2.34E-04 3.51E-02
500.000 1.17E-06 0.00E+00 0.00E+00 1.19E-06 2.12E-04 2.38E-02
1000.000 1.11E-06 0.00E+00 0.00E+00 7.75E-07 2.05E-04 1.55E-02
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

5000.000 3.98E-07 0.00E+00 0.00E+00 1.23E-07 1.40E-04 2.52E-03
10000.000 1.28E-07 0.00E+00 0.00E+00 4.98E-08 1.00E-04 1.06E-03

Activity (Bg) X Time (Days)

Totals for Selected Organs or Tissues

Time Kidneys Liver CortBo.Vol TrabBo.Vol U.BladCont Other Tiss
.100 1.54E-06 1.46E-06 9.69E-13 1.21E-12 9.54E-08 4.26E-06
.500 2.32E-06 1.43E-06 5.85E-09 1.68E-09 1.53E-07 4.37E-06

1.000 3.83E-06 1.48E-06 4.10E-08 4.66E-08 1.62E-08 4.93E-06

5.000 1.33E-05 2.31E-06 1.30E-06 1.63E-06 5.03E-08 1.11E-05

10.000 1.86E-05 3.46E-06 4.31E-06 5.40E-06 7.81E-08 1.94E-05
50.000 9.50E-06 7.07E-06 2.72E-05 3.40E-05 4.79E-08 4.90E-05
100.000 6.42E-06 8.24E-06 3.63E-05 4.50E-05 3.39E-08 4.57E-05
500.000 4.86E-06 7.79E-06 4.88E-05 5.49E-05 2.08E-08 3.14E-05
1000.000 4.00E-06 7.22E-06 6.24E-05 6.15E-05 1.36E-08 2.82E-05
5000.000 1.37E-06 4.51E-06 7.74E-05 2.60E-05 2.14E-09 2.45E-05
10000.000 4.99E-07 2.42E-06 6.26E-05 8.08E-06 8.66E-10 2.40E-05

Activity (Bg) X Time (Days)
Totals for Selected Organs or Tissues

Time Blood CortBo.Sur TrabBo.Sur Skeleton
.100 4.45E-09 1.02E-05 1.02E-05 2.04E-05
.500 7.03E-08 9.63E-06 9.79E-06 1.94E-05

1.000 1.56E-07 9.44E-06 9.83E-06 1.94E-05

5.000 1.54E-07 1.08E-05 1.27E-05 2.64E-05

10.000 6.00E-07 1.46E-05 1.73E-05 4.16E-05
50.000 1.71E-06 3.52E-05 3.75E-05 1.34E-04
100.000 1.77E-06 4.49E-05 4.59E-05 1.72E-04
500.000 1.19E-06 3.14E-05 3.14E-05 1.67E-04
1000.000 7.78E-07 2.04E-05 2.04E-05 1.65E-04
5000.000 1.23E-07 3.16E-06 3.15E-06 1.10E-04
10000.000 5.00E-08 1.28E-06 1.28E-06 7.32E-05

Model: PAU , Isotope: Pa-234

Observ.: Biokinetics of uranium, ICRP 69.
Subject: Standard Worker (Nose Breather)
Intake: Inhalation , Single

Element: 4 (Series with 4 element(s))
Inhalation: Respiratory Tract: ICRP-66
Compound: Type S

GI Tract Absorption Factor: Fl1l = 5.000E-04
AMAD (um): 5.000E+00

Activity (Bg) X Time (Days)

Gastrointestinal Tract
Time Stomach Small Int Low.Lg.Int Upp.Lg.Int

.100 5.44E-08 2.69E-07 1.06E-07 7.09E-09
.500 7.63E-09 6.23E-07 4.48E-06 2.66E-06
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

1.000 8.00E-09 1.28E-07 6.36E-06 1.13E-05
5.000 1.05E-08 3.95E-08 1.72E-07 3.49E-06
10.000 1.78E-08 6.89E-08 2.35E-07 4.77E-07
50.000 2.31E-08 9.02E-08 3.07E-07 5.64E-07
100.000 1.18E-08 4.47E-08 1.53E-07 2.80E-07
500.000 3.02E-09 9.63E-09 3.45E-08 6.26E-08
1000.000 1.94E-09 5.32E-09 2.01E-08 3.67E-08
5000.000 4.69E-10 0.00E+00 3.58E-10 1.18E-09
10000.000 4.35E-10 0.00E+00 0.00E+00 3.60E-10
Activity (Bg) X Time (Days)
Time - ---—---—- Extrathoracic -------- Bronchial Bronchiolar
(ET1) (ET2) (LN-ET) (BB) (bb)
.100 3.29E-07 8.34E-10 2.14E-14 1.19E-08 1.06E-08
.500 4.13E-06 5.51E-09 2.01E-12 1.33E-07 1.39E-07
1.000 7.36E-06 1.35E-08 1.18E-11 3.60E-07 3.16E-07
5.000 9.31E-07 8.33E-08 4.06E-10 2.13E-06 1.62E-06
10.000 1.24E-08 1.61E-07 1.58E-09 3.58E-06 2.73E-06
50.000 1.43E-10 4.78E-07 2.42E-08 3.50E-06 2.72E-06
100.000 1.43E-10 5.58E-07 5.84E-08 1.07E-06 8.66E-07
500.000 1.43E-10 3.80E-07 2.46E-07 8.87E-09 3.28E-08
1000.000 1.43E-10 2.19E-07 3.76E-07 3.67E-09 1.82E-08
5000.000 1.43E-10 2.70E-09 3.96E-07 1.13E-10 5.13E-10
10000.000 1.43E-10 1.82E-11 2.42E-07 3.17E-11 1.04E-10
Time Alveolar Thoracic Extratho. Thoracic
Interstit Lymph Nod. Total Total RT-TOTAL GIT-TOTAL
(AT) (LN-TH)
.100 5.71E-08 0.00E+00 3.30E-07 7.96E-08 4.10E-07 4.36E-07
.500 1.07E-06 2.04E-11 4.14E-06 1.34E-06 5.47E-06 7.77E-06
1.000 3.12E-06 1.24E-10 7.38E-06 3.80E-06 1.12E-05 1.78E-05
5.000 2.10E-05 4.22E-09 1.01E-06 2.47E-05 2.58E-05 3.71E-06
10.000 3.97E-05 1.61E-08 1.75E-07 4.60E-05 4.62E-05 7.99E-07
50.000 1.03E-04 2.11E-07 5.03E-07 1.10E-04 1.10E-04 9.84E-07
100.000 1.12E-04 4.24E-07 6.17E-07 1.14E-04 1.15E-04 4.89E-07
500.000 7.64E-05 7.89E-07 6.26E-07 7.72E-05 7.78E-05 1.10E-07
1000.000 4.91E-05 8.99E-07 5.95E-07 5.00E-05 5.06E-05 6.40E-08
5000.000 6.26E-06 1.20E-06 3.99E-07 7.46E-06 7.86E-06 2.01E-09
10000.000 1.94E-06 9.95E-07 2.42E-07 2.94E-06 3.18E-06 7.94E-10
Activity (Bg) X Time (Days)
Time Accumulat 24-Hour Accumulat 24-Hour
Urine Urine Feces Feces
.100 4.67E-11 0.00E+00 6.85E-11 0.00E+00
.500 5.95E-09 0.00E+00 5.49E-07 0.00E+00
1.000 2.79E-08 2.79E-08 6.74E-06 6.74E-06
5.000 3.00E-07 2.81E-07 1.67E-04 1.57E-04
10.000 6.54E-07 6.05E-07 3.35E-04 3.09E-04
50.000 2.83E-06 2.60E-06 1.09E-03 1.00E-03
100.000 4.23E-06 3.88E-06 1.38E-03 1.26E-03
500.000 8.49E-06 7.78E-06 1.50E-03 1.37E-03
1000.000 1.17E-05 1.07E-05 1.52E-03 1.40E-03
5000.000 1.95E-05 1.78E-05 1.56E-03 1.43E-03
10000.000 2.21E-05 2.03E-05 1.56E-03 1.43E-03
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U
with AMAD =5 um (cont.)

Activity (Bg) X Time (Days)

Time Other_0 Blood_1 UB_Cont Kidneys_1 Kidneys_2 Liver_1
.100 5.28E-11 1.19E-12 3.34E-11 1.58E-11 3.07E-13 3.06E-12
.500 1.98E-09 7.62E-11 1.36E-10 1.16E-09 1.76E-11 2.05E-10

1.000 4.25E-09 2.77E-10 5.68E-11 5.09E-09 5.99E-11 8.24E-10

5.000 3.19E-09 4.27E-10 1.69E-10 3.94E-08 3.76E-10 6.21E-09

10.000 3.72E-09 1.32E-10 2.49E-10 5.86E-08 7.83E-10 1.06E-08
50.000 9.66E-09 2.24E-11 1.57E-10 2.71E-08 4.17E-09 1.98E-08
100.000 1.01E-08 1.63E-11 1.12E-10 1.49E-08 6.27E-09 2.13E-08
500.000 6.86E-09 9.21E-12 7.04E-11 8.42E-09 7.62E-09 1.45E-08
1000.000 4.49E-09 6.03E-12 4.67E-11 5.49E-09 7.72E-09 9.41E-09
5000.000 7.24E-10 9.75E-13 8.14E-12 8.73E-10 3.65E-09 1.46E-09
10000.000 2.92E-10 4.00E-13 3.49E-12 3.56E-10 1.29E-09 5.94E-10

Activity (Bg) X Time (Days)

Time Other_1 Other_2 T_Bone-S C_Bone-S Liver_2 T_Bone-V_.
.100 1.13-11 8.45E-13 1.86E-11 1.71E-11 0.00E+00 1.68E-17
.500 7.90E-10 5.42E-11 1.23E-09 1.07E-09 1.81E-13 3.07E-16

1.000 3.35E-09 2.07E-10 4.82E-09 4.12E-09 1.79E-12 8.30E-16

5.000 2.97E-08 1.66E-09 3.35E-08 2.79E-08 1.05E-10 4.13E-15

10.000 5.73E-08 3.47E-09 5.52E-08 4.65E-08 4.03E-10 6.31E-15
50.000 1.35E-07 1.60E-08 1.25E-07 1.17E-07 3.73E-09 7.17E-15
100.000 1.14E-07 2.40E-08 1.53E-07 1.50E-07 6.12E-09 5.32E-15
500.000 5.37E-08 3.92E-08 1.05E-07 1.05E-07 1.14E-08 1.80E-15
1000.000 3.49E-08 4.97E-08 6.81E-08 6.82E-08 1.45E-08 1.16E-15
5000.000 5.43E-09 7.29E-08 1.06E-08 1.06E-08 1.35E-08 1.79E-16
10000.000 2.21E-09 7.60E-08 4.29E-09 4.29E-09 7.42E-09 7.30E-17

Activity (Bg) X Time (Days)

Time C_Bone-V_e T_Bone-V C_Bone-V Testes Ovaries C_Bone-S_1
.100 1.34E-17 2.09E-14 1.57E-14 8.56E-15 2.63E-15 2.25E-16
.500 2.46E-16 7.67E-12 6.08E-12 4.50E-13 1.39E-13 2.11E-14

1.000 6.63E-16 7.76E-11 6.16E-11 1.34E-12 4.13E-13 1.72E-13

5.000 3.30E-15 4.62E-09 3.68E-09 5.32E-12 1.64E-12 6.60E-12

10.000 5.04E-15 1.67E-08 1.33E-08 1.10E-11 3.39E-12 2.38E-11
50.000 5.73E-15 1.12E-07 8.96E-08 8.15E-11 2.52E-11 2.85E-10
100.000 4.25E-15 1.48E-07 1.20E-07 1.25E-10 3.87E-11 5.31E-10
500.000 1.44E-15 1.81E-07 1.61E-07 9.65E-11 2.98E-11 6.05E-10
1000.000 9.26E-16 2.03E-07 2.06E-07 6.27E-11 1.94E-11 6.24E-10
5000.000 1.43E-16 8.58E-08 2.56E-07 9.71E-12 2.99E-12 6.08E-10
10000.000 5.84E-17 2.67E-08 2.07E-07 3.94E-12 1.21E-12 4.83E-10

Activity (Bg) X Time (Days)

Time R_Marrow Spleen Excreta Plasma Systemic Whole Body
.100 6.35E-16 2.07E-24 0.00E+00 1.78E-10 3.32E-10 8.46E-07
.500 1.37E-13 0.00E+00 0.00E+00 1.61E-09 8.34E-09 1.33E-05

1.000 1.12E-12 0.00E+00 0.00E+00 1.61E-09 2.48E-08 2.90E-05

5.000 4.14E-11 3.89E-25 0.00E+00 1.58E-09 1.52E-07 2.96E-05

10.000 1.48E-10 8.13E-25 0.00E+00 2.37E-09 2.70E-07 4.72E-05
50.000 1.68E-09 8.53E-25 0.00E+00 5.83E-09 6.67E-07 1.12E-04
100.000 3.04E-09 8.53E-25 0.00E+00 6.13E-09 7.78E-07 1.16E-04
500.000 3.31E-09 8.53E-25 0.00E+00 4.25E-09 7.03E-07 7.86E-05
1000.000 3.15E-09 8.53E-25 0.00E+00 2.85E-09 6.79E-07 5.13E-05
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Table 3.2: Results of calculations of activities for single inhalation of Type S compounds of ***U

with AMAD =5 um (cont.)

5000.000 1.12E-09 8.53E-25 0.00E+00 5.04E-10 4.63E-07 8.33E-06
10000.000 3.61E-10 8.53E-25 0.00E+00 1.95E-10 3.31E-07 3.51E-06

Activity (Bg) X Time (Days)

Totals for Selected Organs or Tissues

Time Kidneys Liver CortBo.Vol TrabBo.Vol U.BladCont Other Tiss
.100 1.61E-11 3.06E-12 1.58E-14 2.09E-14 3.34E-11 6.50E-11
.500 1.17E-09 2.05E-10 6.08E-12 7.67E-12 1.36E-10 2.83E-09

1.000 5.15E-09 8.26E-10 6.16E-11 7.76E-11 5.68E-11 7.82E-09

5.000 3.98E-08 6.31E-09 3.68E-09 4.62E-09 1.69E-10 3.46E-08

10.000 5.94E-08 1.10E-08 1.33E-08 1.67E-08 2.49E-10 6.47E-08
50.000 3.13E-08 2.35E-08 8.96E-08 1.12E-07 1.57E-10 1.62E-07
100.000 2.12E-08 2.74E-08 1.20E-07 1.48E-07 1.12E-10 1.51E-07
500.000 1.60E-08 2.59E-08 1.61E-07 1.81E-07 7.04E-11 1.04E-07
1000.000 1.32E-08 2.40E-08 2.06E-07 2.03E-07 4.67E-11 9.30E-08
5000.000 4.52E-09 1.49E-08 2.56E-07 8.58E-08 8.14E-12 8.08E-08
10000.000 1.65E-09 8.02E-09 2.07E-07 2.67E-08 3.49E-12 7.94E-08

Activity (Bg) X Time (Days)
Totals for Selected Organs or Tissues

Time Blood CortBo.Sur TrabBo.Sur Skeleton
.100 1.79E-10 1.71E-11 1.86E-11 3.58E-11
.500 1.69E-09 1.07E-09 1.23E-09 2.31E-09

1.000 1.88E-09 4.12E-09 4.82E-09 9.08E-09

5.000 2.01E-09 2.79E-08 3.35E-08 6.96E-08

10.000 2.50E-09 4.65E-08 5.52E-08 1.32E-07
50.000 5.85E-09 1.17E-07 1.25E-07 4.44E-07
100.000 6.15E-09 1.50E-07 1.53E-07 5.72E-07
500.000 4.26E-09 1.05E-07 1.05E-07 5.52E-07
1000.000 2.86E-09 6.82E-08 6.81E-08 5.46E-07
5000.000 5.05E-10 1.06E-08 1.06E-08 3.63E-07
10000.000 1.95E-10 4.29E-09 4.29E-09 2.42E-07
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Table 3.3: Results of calculations of committed equivalent doses for single inhalation of Type S
compounds of ***U with AMAD =5 pm

Date:

3/24/2007

, 10:55:15 PM

Series with 4 element(s):

Isotope(s):

Model (s) : U THU PAU PAU
Observ.: Biokinetics of uranium,
Subject: Standard Worker

Intake: Inhalation, Single,
Element: U-238

Initial or daily activity:

U-238

Th-234

Pa-234m Pa-234

ICRP 69.

(Nose Breather)

Inhalation: Respiratory Tract:

Compound: Type S

GI Absorption Fraction:
5.000E+00
ICRP-60

AMAD (um) :

Dosimetric System:

Committed Equivalent Doses

Highest committed equivalent dose:

Remainder formulation:

f1 =

Split

(Sv) :

1.000E+00 Bg
ICRP-66

2.000E-03

6.

without intake of progeny.

Adrenals

Bladder Wall
Bone Surface

Brain
Breasts
Esophagus
St Wall
SI Wall
ULI Wall
LLTI Wall
Colon
Kidneys
Liver
Muscle
Ovaries
Pancreas
Red Marrow
ET Airways
Lungs
Skin
Spleen
Testes
Thymus
Thyroid
Uterus

Rem.ICRP-60
Eff. Dose:

ET Airways,
1.00 5.00
05E-12 9.36E-12
93E-12 1.28E-11
88E-10 1.51E-09
04E-12 9.28E-12
04E-12 9.35E-12
05E-12 9.38E-12
10E-10 4.20E-10
02E-09 1.04E-09
60E-09 6.35E-09
05E-09 1.87E-08
79E-09 1.17E-08
39E-10 1.91E-09
65E-12 4.51E-11
10E-12 9.46E-12
36E-12 1.04E-11
05E-12 9.35E-12
86E-11 1.44E-10
12E-08 3.55E-07
35E-07 2.00E-06
04E-12 9.30E-12
05E-12 9.35E-12
04E-12 9.31E-12
05E-12 9.38E-12
04E-12 9.31E-12
09E-12 9.47E-12
56E-08 1.77E-07
66E-08 50E-07
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Table 3.3: Results of calculations of committed equivalent doses for single inhalation of Type S
compounds of ***U with AMAD =5 pm (cont.)

500.00

1000.00

5000.00

10000.00

18262.00

Adrenals

Bladder wall
Bone Surface

Brain
Breasts
Esophagus
St wall
SI Wall
ULI Wall
LLI Wall
Colon
Kidneys
Liver
Muscle
Ovaries
Pancreas
Red Marrow
ET Airways
Lungs
Skin
Spleen
Testes
Thymus
Thyroid
Uterus

Rem.ICRP-60
Eff. Dose:
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4. Bioassay Interpretation
This module refers to intake and dose estimates due to occupational exposures to radionuclides.

The software allows performing calculation of internal doses and interpretation of intakes for any
isotope. However, predicted values of the measured quantities following single intake and
associated dose coefficients are already available only for the most common forms of
occupational intakes of the following radionuclides: 3H, 18F, 59Fe, TCo, 58Co, 6OCO, 85Sr, 89Sr,
90gy [106Ry, 125 129] 13If 1340y 1¥g 226p, 28R, 28Ty 22qy By By 28y 27Ny 8py
239py, 240py 2 A 220y Moy 2920p 9mpe 32p 3g M 153gn, 188 210py 210y

The words bioassay tables will be used throughout this text to designate “predicted values of the
measured quantities following single intake”.

Four types of dosimetric systems can be used on the interpretations of the bioassay
measurements: a) [CRP-60, b) ICRP-26, c) 10CFR Part 835 (US-DOE) and d) User. The latter
would be a dosimetric system similar to the one proposed in ICRP Publication 60" but with
different tissue weighting factors. The “User” dosimetric system can only be used if the
corresponding Wrs have been previously generated in the “Activity and Internal Dose
Calculations” module, as explained in the “Dosimetric System” item in the “3.1.3 Other” section.

The bioassay tables, which are comprised by an extended set of those proposed in the ICRP
Publication 78", together with the ICRP-60 dosimetric system are the default options when the
program is installed. For convenience, the following units of activities can be used: Bq, dpm,
uCi, nCi and pCi. The available units of doses are Sv, rem and mrem.

The capability for employing different combinations of units and dosimetric systems gives great
flexibility to the use of the software. The dose coefficients and corresponding bioassay tables,
which were calculated using a certain dosimetric system different than the selected one can
promptly be used in the bioassay interpretation because the effective dose coefficient and the
dose coefficient to the “Remainder” tissues are automatically recalculated according to the
selected option.

Besides the available bioassay tables related to the radionuclides mentioned above, the user can
generate customized tables in the “Activity and Internal Dose Calculations” module, as
explained in the “Generate Bioassay Tables” item in the “3.1.3 Other” section. For this reason,
the selection of bioassay tables is divided into two categories “ICRP-78” and “Own”, as shown
in the “Case Selection” frame of the “Internal Dosimetry Tools” form in Figure 4.1.
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=101

Interpretation of In Vive and In Vitro Bioassay Data

— Case Selection

‘ f* ICRP-78 " Own

Fadionuclide:

Intake:

Iteke Pattern: | 7]
Intake Duration: | =]
|
|
fq I jv

Cormpound:

AbAD:

et File

Retention Fractions | Dose Coefiicients | Intake and Dose Estimates | Baf(Bq Intake) | Rad. Info

Units Drosimetry:
(Sw/Bq) |CRP-60

Frevious
Intake

D ays Between
Two Dates

Faint E stimates

= Intake Estimate Method

Urmeighted LSF

I awirnum
Likelihood
[Minirurn Chi-2]

‘weighted L5F

Close

— IDEAS Data Uncertainties

Edit IDEAS

Uncertainties 8 =@

r— Digtribution

f* Log-non

" MNaormal

mal

Chirsguared Test

Figure 4.1 The “Internal Dosimetry Tools” form

4.1 Case Selection for Bioassay Tables

4.1.1 The ICRP-78 Bioassay Tables Category

54

- Intake: The available intake cases are inhalation, ingestion or injection.

- Intake Duration: Number of days under intake for non-Acute cases.

The case selection for the “ICRP-78” category is comprised of the following mandatory choices,
according to the intake characteristics, as shown in Figure 4.1:

- Radionuclide: There are thirty-seven radionuclides for selection in the combo box.

- Intake Pattern: Acute (or single), Several, Continuous or Worker. The single intake pattern is
the most commonly used.

- Compound: F, M, S (ICRP-68® and ICRP-78"’) and Gases and Vapors or D, W, Y (ICRP-
30@%). Gases and vapors have normally been assigned as V. However in order to match the
bioassay tables with the associated dose coefficients table, special notations were used to
include the several kinds of gases and vapors of hydrogen, carbon and iodine. The hydrogen
compounds are organically bound tritium, elemental hydrogen vapor, tritiated methane and
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tritiated water, which have been identified as o, V, e and t respectively. The carbon compounds
are carbon dioxide, carbon monoxide, carbon labeled methane, organic gases and vapors,
which have been identified as d, m, e and V respectively. The iodine compounds are methyl
iodide and elemental iodine vapor, which have been identified as e and V respectively.

- Activity Median Aerodynamic Diameter (AMAD): In micron if intake is inhalation. Zero when
it is the case of gases and vapors.

- Fractional Absorption in the Gastrointestinal Tract (f1): For all ingestion cases and for the
injection cases with recycling involving compartments of the GI Tract.

When these choices are properly selected the “Get File” button will be enabled and the table can
be selected by clicking on this button.

4.1.2 The Own Bioassay Tables Category

When the “Own” category is selected the “Bioassay Tables” form (Figure 4.2) is displayed
listing all available customized bioassay tables, which were generated by the user in the
“Activity and Internal Dose Calculations” module. In this case, the intake choices could be
inhalation, ingestion, injection and wound. Figure 4.2 shows an example of the list of bioassay
tables, which were generated by the user, as explained in the “Generate Bioassay Tables” item in
section “3.1.3 Other”.

x
| Bicassay Tables
— Available Bioaszap Tables
MHumber Tabls Mame Comments -
1| Am-2411A00 5 0E+0050UE kat Madel AWM. Am-241, Inhalation, Single, Typs M. AMAD: 5.OE+00, HRTM: Sta
2| Am-2411COD M5 0E+0050UE kat Maodel AM, Am-241 . Inhalation, Continuous, Tepe M, AkAD: 5 0E+00, HR TR
3| Am-2411C300DME.0E +00S0UE tat Madel AWM, Am-241, Inhalation, Continuous, Type M, AkAD: 5.0E+00, HRTHk
A{CA14A0051UB bt C_0ORG, C-14 |, Inhalation, Single  cocccoccoooco
5| Co-57GANDS.00E-020UB. txt Ad, Co-B7, Ingestion, Single, F1: 5.0E-02
G| Co-57G5005. 00E-0200UEB . txt Ab, Co-b7, Ingestion, Several, F1: 5.0E-02
7| Co-571A00M2.0E +0050UB ket tAbdbModel: A4, Co-57, Inhalation, Single. Type M, AMAD: 2 0E+00, HRTM:
8| Co-57140052 0E+00S0UB. tat A4, Co-B7, Inhalation, Single, HRTM: Standard Mech. Transp.. Type 5. AMAD
9| Co-57140053. 0E+00S0UB bt Model &4, Cob7, Inhalation, Single, Type S, AMAD: 3.0E+00, HRTHM: Stand
10| Co-57140055 0E+0050UB. tat Time [d] Thoracic  U-Accurmu U-24H F-Accumu F-24H Liver o
e el _horesk —fomud_—otToctum Tt LIJ
— Filter
2pply Filter | Field: j Tent: I
- Cloze
Remove Filter | |25 Bioazsay Tables
r Edit Bioaszay T able

Figure 4.2 The list of Bioassay Tables for the “Own” category

The grid contains three columns, namely: “Number”, “Table Name” and “Comments”. This form
also presents a handy feature, which allows the user to filter the tables by applying a filter on any
of the columns. For instance, if the user wishes to see table names for ¥py only, then the “Table
Name” field should be selected and the text “Pu-239” should be typed in the “Text:” field. The

55



AID E -Version 6.0
Reference Manual
(July 2007)

filter is applied by pressing the “Apply Filter” button. The filter can be removed by pressing the
“Remove Filter” button.

The desired table can be selected by clicking on the corresponding line on the grid. Once it was
selected the “Bioassay Table Name:”, “Case:” and “Comments” textboxes located inside the
“Case Selection” frame will show the bioassay table file name, the observation which describes
the intake case and the comments, which were produced by the user respectively.

The tables retrieved using either the “ICRP-78” or the “Own” case selection are the
corresponding predicted values of the measured quantities as a function of time (or Intake
Retention Fractions (IRF), or simply Retention Fractions) and the dose coefficients. These tables
will be used to perform the intake and dose estimates and are loaded according to the selected
dosimetric system.

4.2 Additional Auxiliary Features

After a case has been selected the following buttons shown in Figure 4.3 are made available:
“Units”, “Dosimetry”, “Previous Intake”, “Days Between Two Dates”, “Edit IDEAS
Uncertainties” and the “IDEAS ON/OFF”. If the selected statistical distribution of the measured
data is the log-normal then the “IDEAS = ON” option is automatically selected.

i
Help  Expart
Interpretation of In Vivo and In Vitro Bioassay Data
— Caze Selection
Retention Fractions | Dose Caeficients | Intake and Dose Estimates | Bu/(Bq Intake) | Rad. info |
‘ (¢ ICRP7E (" Own ‘ Time U-Accumu J-24H F-Accurmu F-24H Thoracic ﬂ
010]  7.18E-04 0.00E+00 1.67E-04 0.00E+00 6.6BE-0:
Radionuclide: [m241 7] 020 1.21E-03 0.00E+00 1.91E-03 0.00E+00 6.34E-0;
030 141E-03 0.00E+00 f.ERE-03 0.00E+00 6. 1RE-0;
Intake: Inhalation = | 0.40] 151E-03 0.00E+00 1 48E-02 0.00E+00 B.05E-0;
050 157E-03 0.00E+00 2 GOE-02 0.00E+00 5 97E-0:
Intake Patiern; |Acut -]
riake Fatem: JRee DED| 162E-03 0.00E+00 398E-02 0.00E+00 B ATE-D;
Intake Duration: | 0.70] 167E-03 0.00E+00 5 54E-02 0.00E+00 5.86E-0;
080 171E03 0.00E+00 724E-02 0.00E+00 5 B2E-0;
Compound:  [M | 090 1.74E-03 0.00E+00 9.02E-02 0.00E+00 5 79E-0:
AMAD: o = 1.00]  177E-03 1.77E-03 1.08E-01 1.08E-01 5.?6E—D:
200 201E-03 2.32E-04 2 B3E-01 1 E5E-01 5 59E-0;
2NN a14AC N7 1. 21C N4 2 A2 N1 e v b d = n Lr} C AnNC Ny
f 2 N T ;l_l
‘ Giet File | Graph |
Units Diasimetry: = Intake Estimate Method
[Sv/Ba) ICRP-G0 i
o — g B Faint Estimates Urweighted LSF wieighted LSF M!_ikelihogﬁ_ .
Intake Two Dates [Minirum Chi-2]
— — Close
—|DEAS Data Uncertainties r— Distribution
; * Log-normal
Edit IDEAS ;
Uncettantics | |DEAS =0N e Chirsguared Test

Figure 4.3 The “Internal Dosimetry Tools” form showing the selection of the inhalation
case of **' Am, Type M, AMAD = 5 um from the “ICRP-78" category
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4.2.1 Units

The “Units” button allows the user to choose units for activities and doses. The corresponding
options are: Bq, dpm, uCi, nCi and pCi for activities and Sv, rem and mrem for doses. When an
activity-dose option is selected all related tables, calculations and numbers entered by the user
are automatically converted. The current selected choices are displayed as “Units (Dose Unit /
Activity Unit), for instance, “Units (Sv/Bq)”.

4.2.2 Dosimetric Systems

The “Dosimetry” button allows the user to select among the four dosimetric systems: ICRP-60,
ICRP-26, 10CFR Part 835 (US-DOE) and User.

4.2.3 Previous Intakes

The “Previous Intake” button allows the user to subtract activity contributions in bioassay
measurements, which would be due to the previous positive estimated intake. The estimated
intake activity from the previous analysis and the time in days between the two most recent
intakes will be required to run this option, as shown in Figure 4.4.

j Internal Dosimetry Tools x|

Influence of Previous Intakes

Enter the previouz estimated intake [activity [Bg)] and the
number of dayz elapsed between thiz intake and the one to
be estimated.

Activity [Ba) D ays bebween the
hwo intakes

Close |

Figure 4.4 Influence of Previous Intakes

4.2.4 Days Between Two Dates

The “Days Between Two Dates” option was meant to be used when the user needs to estimate
the elapsed days between two bioassay measurements.
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4.3 Selections Associated With the IDEAS Project

The frame entitled “IDEAS Data Uncertainties”, shown in Figure 4.3, was specially designed to
accommodate the features presented in the IDEAS Project Document'”. In this document
default scattering factors for Type A and B errors for in vivo and in vitro measurements were
proposed. The document recommends the use of such factors as measurement uncertainty
parameters when performing intakes estimates using log-normally distributed bioassay data. The
section “4.4.3.1 Definitions of Fields and Their Usages” shows more details on the practical
applications of the scattering factors. The “Edit IDEAS Uncertainties” button gives access to
“Log-normal Scattering Factors SF for In Vivo and In Vitro Measurements (IDEAS)” form,
which is shown in Figure 4.5 below, and contains the parameter values that can be edited. It
shows the default values of log-normal scattering factors for Type A (uncertainties due to
counting statistics) and B errors (all other uncertainties) for in vivo and in vitro measurements as
recommended by the IDEAS publication.

A Log-normal Scattering Factors SF for In ¥ivo and In ¥itro Measu x|

Help

Typical values for the components of log-normal uncertainty for in wivo measurements of radionuclides emitting low,
intermediate and high photon energy radiation

Lag-narmal Scattering Factar SF

Intermediate phaton .
Source of Uncertainty [Type) Ly ED?SEDE:\?EIQAJ energyp H'ghESPJIDDtSr;:GergP
20 ke < E < 100 kel
Counting statistics [4] 15 1.3 1.07
‘Wariation of detector positioning [E] 1.2 1.08 1.05
“ariation of background signal (B) 15 1.1 1.05
“ariation in body dimensions [B] 15 1.12 1.07
“ariation of overlaying structures [B] 1.3 1.18 112
“ariation of activity distribution [B] 1.3 1.05 1.05
Calibration [B] 1.05 1.08 1.05
Spectrum evaluation [B] 1.15 1.05 1.03
Total Type & 15 1.3 1.07
Total Type B 208 1.25 1.15
Total 23 1.4 1.2
Energy Calumn Selection | | L ol 8

Default values for the log-normal scattering factor SF for various types of
measurements [Type B emarg)

Quantity Log-narmal Scattering Factor 5F | Quantity Selection Default Values
True 24-hr urine 1.1 -
Simulated 24-hr wine, creatinine or 16 o
specific gravity normalized . Calculate Tatals
Spat urine sample 2 8
Fecal 24-hr sample 3 (o)
Fecal 72-hr sample 2 o
Cloze
Chest count 1.3 v

7 Non-default Values

Figure 4.5 Log-normal Scattering Factors SF for In Vivo and In Vitro Measurements (IDEAS)

The default values can be edited and the corresponding modified cells will be shown with a red
background to indicate that non-default values are in use. All modified parameters can be saved
for later use.

The “IDEAS = ON/OFF” button, shown in Figure 4.3, gives the user the choice to use the
IDEAS Project recommendations. When the button face shows a light yellow color and the text
shows “IDEAS = ON” (default value) the IDEAS method will be used. The button face will
show “IDEAS = OFF” otherwise.
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4.4 The Internal Dosimetry Tools

It is comprised of a set of useful tools for intake and dose evaluations. The following
corresponding features can be seen after the intake case has been properly selected: retention
fractions table, the dose coefficients table, intake and dose estimates, Bq/(Bq intake), Rad. Info.
These features can be accessed through a tabstrip control, which is like the dividers in a
notebook or the labels on a group of file folders. Figure 4.3 shows an example for the inhalation
case of *' Am, Type M, AMAD = 5 pm from the “ICRP-78" category.

General descriptions on the use of each feature will be given in this section. However more
details on the practical use of these features can be found on the help screens.

4.4.1 Retention Fractions

The first tab shows the “predicted values of the measured quantities as a function of time
following a single intake of unit activity or a protracted intake of one unit of activity per day” or
“Intake Retention Fractions” - IRF for the corresponding “in vivo” and “in vitro” bioassay
compartments. When the ICRP-78 Bioassay Tables Category is selected the retention fractions
correspond to biokinetic compartments related to the most commonly recommended in vivo and
in vitro bioassay methods, as shown in Figure 4.3 for the inhalation case of **'Am, Type M,
AMAD =5 um. When the Own Bioassay Tables Category is selected the retention fractions may
correspond to any biokinetic compartment related or not to a feasible bioassay method. The
objective was to give the user flexibility to choose a non-default bioassay method. For example,
in vivo monitoring of **' Am in liver was not recommended in ICRP Publication 78"). As a result,
in vivo measurement of americium deposited in the liver cannot be interpreted by using the
corresponding bioassay table from the ICRP-78 Bioassay Tables Category. The user can thus
generate its own table (see the Section 3. Activity and Internal Dose Calculations) having the
liver as a bioassay compartment, which enables such interpretations of measurements. Figure 4.6
shows an example of bioassay table for the inhalation case of **'Am, Type M, AMAD = 5 pum
from the “Own” category having “Liver” as one of the bioassay compartments.
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Help  Export
Interpretation of In Vivo and In Vitro Bioassay Data
— Caze Selection . "
Retention Fractions | Dose Coefficients | Intake and Dose Estimates | Boi(Bq Intake) | Rad. info |
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010 0.00E+00 1.67E-04 0.00E+00 4 7RE-04 9.54E-0
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Am-2411A0DRME OE +00S0UE 0.30 0.00E+00 B.EEE-03 0.00E+00 5.28E-04 1.07E-0¢
: o 040 0.00E+00 1 43E-02 0.00E+00 5 41E-04 1 11E-0:
K — 050 0.00E+00 2 GOE-02 0.00E+00 5 52E-04 1 14E-0:
Case: 060] 0.00E+00 3.98E-02 0.00E+00 5 G1E-04 1 16E-0:
Am-241, Inhalation, Acute, T 070 0.00E+00 5 54E-02 0.00E+00 5 69E-04 1.19E-0;
[ 080 0.00E+00 7 24E-02 0.00E+00 5 7RE-04 1 21E-0:
A »
u 0a0] 0.00E+00 9.02E-02 0.00E+00 5 B2E-04 1 23E-D0:
Cariaeiitis - 1.00]  1.77E-03 1.08E-01 1.08E-01 5.87E-04 1.25E-0
sme=l A4, o, =l 2.00] 232E-04 2.3E-01 1 BRE-01 B.0ZE-04 1,370
‘I I _’I LI 2NN 1 ‘Jj nAa 2 A2 N e bl =S k] C ot naA 1 A‘JI:_}ni—I
Get File | Graph |
Uitz Daosimetry: i~ Intake Estimate Method
[5v/Baq) ICRP-50 :
b awirnum
Ecdas Days Between Fuoint Estimates Unweighted LSF ‘wieighted LSF M!_ikelihogﬁ_ ;
Intake Two Dates [Minirum Chi-2]
— — Close
—|DEAS Data Uncertainties r— Distribution
; * Log-normal
Edit IDEAS -_
Uncertaintiss o= =@  Nomal Chiraguared Test

Figure 4.6 The “Internal Dosimetry Tools” form showing the selection of a inhalation
case of ' Am, Type M, AMAD = 5 um from the “Own” category

4.4.2 Dose Coefficients

The second tab shows the committed equivalent dose coefficients for twenty-six organs and the
committed effective dose coefficient for the “ICRP-60" and “User” dosimetric systems. These
coefficients denote the committed doses per unit of intake. The corresponding quantities for the
“ICRP-26" and for the “10CFR Part 835” dosimetric systems are the committed dose equivalent
coefficients and the committed effective dose equivalent coefficient respectively. Figure 4.7
shows an example for the inhalation case of **' Am, Type M, AMAD = 5 pm from the “ICRP-
78” category.

As explained above the organ dose coefficients, which were calculated using a certain dosimetric
system different than the selected one can promptly be used in the bioassay measurements
interpretation because the committed effective dose coefficient (or the committed effective dose
equivalent coefficient) and the dose coefficient to the “Remainder” tissues are automatically
recalculated according to the selected option.

The committed organ and effective doses, for a particular case under study, are evaluated by
multiplying the estimated intake by the dose coefficients shown on this form.
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Interpretation of In Vivo and In Vitro Bioassay Data
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Retention Fractions | Intake and Dose Estimates | BBy Intake) | Rad. Infa |
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Get File | |
Units Dasimetry: i~ Intake Estimate Method
[Sv/Ba) ICRP-E0
[ ERT
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Close
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4.4.3 Intake and Dose Estimates

4.4.3.1 Definitions of Fields and Their Usages
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Figure 4.7 The “Internal Dosimetry Tools” form showing the contents of the “Dose Coefficients”
tab for the case of inhalation of **' Am, Type M, AMAD = 5 um from the “ICRP-78" category

The third tab allows the user to perform intake and dose estimates for a single result or multiple
bioassay results. Bioassay results can be typed on the grid or be imported from a Microsoft Excel
spreadsheet using the “Import Bioassay Data” button. Figure 4.8 shows an example of the
“Internal Dosimetry Tools” form showing the contents of the “Intake and Dose Estimates™ tab.
The corresponding grid is comprised of the following columns: “Used”, "Date (mm/dd/yy)",
"Time After Intake(d)", "Bioassay Method", "IRF", "Measurem.", "Std. Dev.", "SF_B", "SF" and
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Figure 4.8 The “Internal Dosimetry Tools” form showing the contents of the
“Intake and Dose Estimates” tab

The first step is to select the appropriate “Bioassay Method”. If the intake estimate is based on a
single type of bioassay measurements, then the bioassay method can be selected either by using
the bioassay method combo box at the end of the grid or by directly clicking the cells under the
“Bioassay Method” column (Figure 4.8). The later choice is also suitable for cases with multiple
measurements using different bioassay types.

The next step is to enter the time after or under intake. When the in vivo or in vitro bioassay
results are directly typed on the grid the dates or times after the intake can be entered. For the
case of in vitro bioassay the dates or times correspond to the date the sample was collected. For
the case of in vivo bioassay the dates or times correspond to the date the measurement was
carried out. The dates should be typed on the “Date (mm/dd/yy)” column of the grid using the
indicated format mm/dd/yy, which corresponds to month/day/year. The times in units of days
should be typed on the “Time After Intake (d)” column. However, if dates will be used on the
first column, at least the first row must contain both numbers. The results will be automatically
converted into days if dates are entered after the first row.

Once the time is entered the corresponding IRF for the bioassay method, which is shown on the
“Bioassay Method” column, is automatically displayed on the “IRF” column. The corresponding
bioassay result can then be entered on the “Measurem.” column as well as the associated
standard deviation, if any.
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Since there are several methods to normalize bioassay data coming from urinary (standard daily
excretion volumes, creatinine excretion levels, gravimetric density, etc) or fecal excretion, these
data must be normalized to daily excretion before entering the grid.

After the bioassay measurement result is properly entered the corresponding point estimated
intake is shown on the last column. Single point estimated intakes are calculated by simply
dividing the bioassay measurement by the corresponding IRF. Figure 4.9 shows an example for
the acute inhalation intake of **' Am, Type M, AMAD = 5 um. In this case, a single measurement
result of 0.1 Bq of a daily urinary excretion sample corresponding to a time of 10 days after the
intake was entered (upper part of Figure 4.9) resulting in an intake estimate of 2060 Bq, which is
shown on the lower part of Figure 4.9.
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Figure 4.9 The “Internal Dosimetry Tools” form showing a single point estimated intake
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The “Doses” button is enabled right after the first intake has been calculated and shown on the
last column. In this case committed doses will be calculated after the estimate of an intake, which
was derived from a single bioassay result. Figure 4.10 shows the result for the committed
effective dose corresponding to the estimated **' Am intake of 2060 Bq from Figure 4.9.

Effective Dose estimate x|

Intake Estimate Methad: Single Measurement

E = 5.56E-02 (Sv)

Figure 4.10 The Committed Effective Dose estimate corresponding
to the data shown in Figure 4.9

The columns “Std. Dev.”, “SF-B” and “SF” are related to the uncertainties on the data
measurement. They were especially designed to allow intake estimates from multiple bioassay
measurements using the IDEAS project proposal.

The following text was extracted from the IDEAS Project Document'”, where the “[IAEA,
2004]” reference corresponds to reference 9 of this manual: “Numerous statistical methods for
data fitting are available [IAEA, 2004]. The two accepted scientific approaches are the
maximum likelthood method and the Bayesian approach. These two methods are most widely
applicable and can be applied to the cases where it is assumed that the measurements are log-
normally distributed as recommended in these guidelines. Other methods, such as the least
squares method are special cases of the maximum likelihood method under certain assumptions.
The standard equations given for the least square method apply to cases where the measurements
are normally distributed and therefore do not strictly apply to these guidelines.”

In this way, the maximum likelihood method was selected as the fitting technique used in this
software to determine the best estimate of intake from multiple measurement data for cases
where it is assumed that the measurements are log-normally distributed. However in order to
contemplate cases of normally distributed data as well and to keep consistency with previous
versions of this software three techniques for estimating intake from multiple bioassay samples
are available for the case of acute intake®'": Point Estimates, Unweighted Least Squares Fit
and Weighted Least Squares Fit.

According to the IDEAS Project document'" the total uncertainty for the measurements which
are log-normally distributed can be given as:

In(SF, ;)]* +[In(SFg; )]?
SFi:eJ[n( )1 +[In(SFg )] .
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where:

SF; is the total scattering factor for the log-normal distribution. It describes the overall
uncertainty for the measurement M;, and

SFaiand SFg; are the scattering factors for Type A and B errors respectively associated with the
measurement M;

The “Std. Dev.” field is associated with the uncertainties due to counting statistics, or Type A
error. When the measurements are log-normally distributed the measurement standard deviation
is related to SF, ; through the following relationship:

O i
ln(SFA’i)zM—'V'_ 4-2)

where o) 1s the standard deviation of the measurement M;

Figure 4.5 shows recommendations from the IDEAS document for SF,; values for in vivo
measurements. The saved parameter values, which can be the default or modified values, are
suggested to the user when entering data from in vivo measurement results. In this case, the
values of Gy shown on the “Std. Dev.” column will be given by Mi.In(SF4 ;). Therefore the user
has the choice either to enter the standard deviation of the measurement or to use the suggested
value on the field corresponding to the “Std. Dev.” column. Once more, it must be pointed out
that this procedure is only applicable to cases where the measurements are log-normally
distributed and the IDEAS treatment was selected (IDEAS = ON button on section 4.3 Selections
Associated With the IDEAS Project).

The SFg value recommended by the IDEAS document will automatically be inserted on the field
corresponding to the “SF-B” column and the value corresponding to the field under the “SF”
column will then be automatically calculated according to the equation (4-1) and shown. As
explained above the SF value corresponds to the total uncertainty on the data measurement.

When the measurements are normally distributed the “Std. Dev.” column will contain the
standard deviation of the measurements and the fields under the “SF-B” and the “SF” columns
will have no use.

4.4.3.2 Intake Estimates

When the pattern of intake is acute and the intake estimate will be obtained from multiple
bioassay results, then the buttons in the “Intake Estimate Method” frame are made available.

The bioassay data are assumed to be either normally or log-normally distributed. As explained in
the previous section, the maximum likelihood method was selected as the fitting technique to
determine the best estimate of intake from multiple measurement data for cases where it is
assumed that the measurements are log-normally distributed. When the data are normally
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distributed three techniques for estimating intake from multiple bioassay samples are available,
for the case of acute intake®'": Point Estimates, Unweighted Least Squares Fit, Weighted Least
Squares Fit. All techniques are described as follows:

4.4.3.2.1 Point Estimates

An arithmetic mean of the individual (point) intake estimates, or simply the average of the
intakes.

The error on the estimate is given by the standard deviation''?, or

o1 =V [[Zi () - (% 1)*]/N]/ [N-1] (4-3)

where: I is the average of the intakes
I; is the individual intake estimate calculated from a single bioassay measurement
N is the total number of bioassay measurements

The final average calculated intake result will be represented as [ + o

4.4.3.2.2 Unweighted Least Squares Fit (LSF)

The resulting intake (I) is calculated by minimizing the sum of the squares of the deviations of
the observed measurements from the model predictions.

[=3; [Mim(t;)] / Zi[m(t)]* (4-4)
where: t;is the time since the intake.

M; is the bioassay result observed at time t;
m(t;) is the value taken from the tables for time t;

The error on the estimate is given by the standard deviation"'?.
o1= i [ow: m(t)] / Zm(t)] (4-5)

where o) 1s the standard deviation of the measurement M;

The final average calculated intake result will be represented as I + o;
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4.4.3.2.3 Weighted Least Squares Fit (WLSF)
The resulting intake (I) is calculated by applying the inverse of the square of the standard
deviation (o) of the measurement as a weighting factor when minimizing the sum of the
squares of the deviations of the observed measurements from the model predictions.
[=3; [Mim(t)/c’mi] / Si[m(t)*/o%wil (4-6)
Where: t;is the time since the intake.

M; is the bioassay result observed at time t;

m(t;) is the value taken from the tables for time t;
owmi1s the standard deviation of the measurement.

The error on the estimate is given by the standard deviation'?.

o1 =3 [omim(t)/o%] / Si[m(t) /o] 4-7)

The final average calculated intake result will be represented as I + o

4.4.3.2.4 Maximum Likelihood Method
In(T) = Z; [In(L;) / [In(SF)]*] / Zi [1/[In(SF) 1] (4-8)

where: In(I) is the weighted average of In(I;), which is the log of the individual intake estimates
calculated from a single bioassay measurement.

SFi is the total scattering factor for the log-normal distribution describing the overall
uncertainty for measurement M; as described in formula (4-1).
The error on the estimate is given by the standard deviation"'?.

o1 = LE; [omi/ [Mi[In(SF)I*1] / =i [1/[In(SF)]*] (4-9)

The final average calculated intake result will be represented as I + o

4.4.3.2.5 Criteria for Rejecting Fit
In order to test goodness of fit for the fitted intakes the X2 Test is employed.

Formulas (4-10) and (4-11) are employed to test fitted intakes coming from log-normally
distributed data and normally distributed data respectively.
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X = i[(ln(M ) -In(1.m(t,)))/ In(SF)]’ (4-10)
X; :Zn:[(Mi -I.mt))/ o1 (@-11)

where I is the estimated intake and m(t;) is the predicted bioassay quantity for unit intake. So the
product I m(t;) is the predicted value. If the predictions are inconsistent with the data, then the
calculated value of % is inconsistent with the theoretical chi-squared (y?) distribution with (n-1)
degrees of freedom. According to the IDEAS"" guidelines, the probability of observing a larger
v value than ) for (n-1) degrees of freedom is given by the p-value, which can be obtained
from the statistical tables. The p-value is the fraction of the theoretical y* distribution that lies
above the calculated 3’ value. So if the p-value is very small, the calculated ¥y value is very
much larger than expected and therefore, it can be concluded that the predictions are likely to be
inconsistent with the data and the assumed uncertainties.

The IDEAS document proposes that the fits to data are judged to be inadequate if:

- the probability that % is greater than x% is 5% or less (i.e. p-value < 0.05). In other words the
fit is inadequate at the 5% level of significance, or if

- the fit displayed graphically looks unreasonable by eye.

For convenience, the chi-squared test for intake estimates implemented in this software already
contains the p-value tables.

4.4.3.2.6 Identification of rogue data

A special feature was developed to help the user identify outliers above or below the trend of a
sequence of data points. The IDEAS"" guidelines defines outliers as rogue data. The
characterization of such measurement data includes a check on whether the inclusion or the
exclusion significantly affects the intake. Additional visual help through graphically displaying
data against the fitted curve is also available as explained in section “4.4.3.3 Graph Capabilities”.

The upper part of Figure 4.11 shows the “Internal Dosimetry Tools” form with the corresponding
intake estimates and chi-squared tests considering all data points entered on the grid for a
hypothetical inhalation case of Type M **'Am. The first column on the left, which is named
“Used”, shows the numbers of the rows on the grid, which contain data that are used to estimate
the intake and consequently the dose. The data on a certain row can be excluded from the
analysis by clicking its corresponding number on column one. At this point the row number will
be converted into an “X” and the corresponding data will not be used on the calculations. The
user can exclude as many rows as necessary. The data on the rows marked with X can be used
again by simply clicking on the “X”. This will cause the original row number to be shown again
and the corresponding data available for use.
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As an example the form shown on the lower part of Figure 4.11 shows the same estimates
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Figure 4.11 The “Internal Dosimetry Tools” form showing intake estimates and corresponding
chi-squared tests considering all (upper part) or selected data points (lower part)

4.4.3.3 Graph Capabilities
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The “Graph” button is available after the intake has been estimated. The graphs of all expected
bioassay quantities after a single intake are plotted with all entered data points. It must be
mentioned that the graph capabilities of this software were developed just to give the user a tool
for visual perception of the quality of the fitted intake with respect to the measured data points.
For more detailed graphs it is recommended to export the data into more sophisticated graphing
software.

4.4.3.4 Further Considerations on Intake and Effective Dose Estimates

For the case of non-acute exposures the intake and the cumulative effective dose are also
estimated. However two cases can occur: a) the bioassay measurement was obtained while the
subject was still under intake; b) The bioassay measurement was obtained after the cessation of
the protracted intake.

As recommended by ICRP(7), intake and dose estimates based on measurements, which were
obtained under conditions of protracted intake should be used as guidance for estimating
tendency of exposure in the workplace. In these cases, the following text is displayed on the
message box: "Doses due to this kind of intake are calculated assuming that the intake pattern
and the intake rate are kept constant until the end of the intake period. Since the measurement
was obtained while the intake period was still active the calculated dose represents only an
estimate of a projected dose, which would be committed if the intake conditions are kept. In this
way, this dose result should be seen as a reference value for the evaluation of intake tendency.
This software uses only one bioassay measurement for this kind of estimate!”

When the duration of the prolonged intake is finite, the following type of message is printed:
"Note: If this intake pattern is kept constant the total predicted intake amount after X days will be
Y and the Cumulative Effective Dose will be Z”.

Similarly, when the duration is infinite, the message is like: "Note: If this intake pattern is kept
constant the total predicted intake amount at 50 years will be Y and the Cumulative Effective
Dose will be Z”.

When the bioassay measurements were obtained after the cessation of the protracted intake
regular intake and dose estimates can be carried out. In these cases, the average intake can be
estimated according to the options described in the section 4.4.3.2 Intake Estimates.

4.4.3.5 Importing Bioassay Measurement Results with built-in data acceptance criteria

The bioassay results can also be imported from a Microsoft Excel spreadsheet using the “Import
Bioassay Data” button, as shown in Figure 4.9. When this button is clicked the “Select a Excel
Spreadsheet to open” dialog box is shown. This dialog box allows the user to browse and to
select the desired spreadsheet, which contains the bioassay data. The Excel file is then read and
its contents are shown on a grid on the “Importing from Excel” form like the one in Figure 4.12
below is shown.
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All columns are named with Field 1, Field 2, etc. The combo boxes inside the “Field
Associations With Bioassay Data” frame allow associating the fields imported from the Excel
file with the quantities to be used to interpret the bioassay data, namely: "Date (mm/dd/yy)",
"Time After Intake (d)", "Measurement", "Standard Deviation", “SF,", "SFg" and “Bioassay
Method”.

Each combo box contains the list of all field names. In order import the results from the Excel
file all table fields must be associated with the corresponding quantities by selecting the desired
field on each appropriate combo box. Since more than one bioassay method can be used to
obtain the measurements it is possible to associate every bioassay type with its measurement. In
the example shown in Figure 4.12 the column named “Field 4” contains the codes denoting the
bioassay methods. The combo box named “Selected Method” contains the bioassay
compartments from the bioassay tables, the combo box named “Select Cell Text” contains all
fields denoting the bioassay measurement types which belongs to the imported spreadsheet. The
“Link Method to Cell Text” button allows correlating the fields from the imported results with
those from the bioassay tables. The “Links” textbox shown in the example of Figure 4.12
illustrates the connections between the several bioassay compartments Thoracic, Skeleton, U-
24h, etc. with the respective symbols of the imported spreadsheet: C, S, U, etc. The data
measurement results are successfully imported into the grid on the “Intake and Dose estimates”
tab as shown in Figure 4.13.

5I
Help
Data Imported from Excel File:
DAAIDEB\Marsh2005 xis
Field 1 Field 2 Field 3 Field 4 Field 5 -
45 35 5[C
84 241 5[C
112 246 5[C
140 226 5[C
175 214 5 C
203 195 4(C
238 156 4(C
315 146 4(C
454 13 4(C
ge8 109 3|E LI
Field Associations With Bioassay Data
— Time &fter or During the Intake —————————— Binassay Method -
Select Method Links
Date Time After Intake Select Field U-24H - Ll Thoracic <--» C
[rmd dd ) [d) lﬁ Skeleton <> §
- Field 4 Select Cell Text  Methodto U_§4T_|D<n__<> G
{Mone = [Field 1 =l 0 Cell Text Tiesi e |
— Meazuremant and Uncertainties
Meazurement Standard Deviation SF, S FB Close
Feldz =] [Fied3 x| fMore x| [More =l

Figure 4.12 Typical form showing bioassay data imported from an Excel spreadsheet
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Intake Duration: I vl 7 238 Thoracic 84E-03 156
i 315 Tharacic 5.40E-03 146
Compound:  [M = 454 Thoracic 2.57E-03 131
10 988 Tharacic 1.19E-04 109
: 5.0 -
AMAD: 11 2135 Tharacic 312E-07 g2
'f1 I—Ll ]? : an o P o LI_I
Get File | |Binassay Method ]U-Accumu j Clear Grid Doses Graph |
Units Dosimetry: r— Intake E stimate Method
[S+/Bq) ICRP-ED )
- . . Maimum
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‘ % ICRP-78 " Duin ‘ Used| Date [mmd/ddfwy] [ Time After Intake(d] | Bioassap Method IRF Measurem. [Bql S;I
20 454 Skeletan 242E-02 133
Radionuclide: Jom241 =] || 21 983 Skeleton 2.90E-02 163
2¢ 2135 Skeletan 3.16E-02 165 J
Irtake: Ilnhalation vI w e a0
=, 84 36
Intake Pattarn: IACUte 'I v T2 -
Intake Duration: I 'I fal 140 52
*, 175 ]
Compound: IM 'I % 203 66
bl 238 64
o 50 -
AbdAD: e 315 il
;. — = T, 1
Get File | IBioassay M ethod ]U-Acc:umu j Clear Grid Doses | Graph |
Units Dosimetry: —Intake Estimate Method
(Sv/Bg) ICRP-E0 )
b axirnum
Previous Days Between Foint Estimates Unweighted L5F wigighted LSF M!_ikelihogﬁ_ 5
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Close
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LEdIHDEA'S IDEAS = ON Chi-squared Test
neertainties  Mamal

Figure 4.13 The Internal Dosimetry Tools form after importing bioassay data from an Excel
spreadsheet
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The upper part of Figure 4.13 shows the imported data on the corresponding cells of the grid on
the Internal Dosimetry Tools form. The first column, which is named “Used”, shows the row
numbers for each imported data point. As described in section “4.4.3.2.6 Identification of rogue
data”, data on numbered rows are used to estimate the intake and consequently the dose.
However the lower part of Figure 4.13 shows rows marked with “X” in the first column. This
means that some information was lost during the importing process and consequently these data
cannot be used to estimate the intake. In this particular case Figure 4.12 showed that enough
fields in the Excel spreadsheet were associated with columns of the grid. However some data
pertained to a bioassay method, which is not listed on the Intake Retention Fractions (like liver
measurements, for example). Consequently these data measurements could not be linked to an
available bioassay method and cannot be used in the intake estimate. As can be seen the cells
under the “Bioassay Method” column for row numbers after 22 are blank.

In this way, AIDE has a very useful tool for importing bioassay data from an Excel spreadsheet
with built-in robust acceptance criteria for imported data.
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4.4.3.6 Exporting Calculation Results

All results and reference values used in the calculations can be exported to either a txt file
(Report.txt located in the RESULTS folder) or a Microsoft Excel file after the “Export” choice
has been selected on the upper menu, shown in Figure 4.9. These files contain the data used to
calculate the intake and doses and other important basic information like the predicted values of
the measured quantities as a function of time following single intake of unit activity and the dose
coefficients used to estimate the intake and dose results. In this way, all estimates could be
reproduced in the future. In addition, this file can be edited, printed and stored, allowing the user
to complement the text with own information and to store the file in any appropriate folder.

4.4.3.7 A Case Study of Intake and Dose Estimates Due to an Acute Inhalation of Type M
Compounds of **' Am with AMAD =5 pm

A very simple case involving the intake by acute inhalation of Type M Compounds of **' Am
with AMAD = 5 um was shown in section “4.4.3.1 Definitions of Fields and Their Usages”.
There the intake and dose estimates were performed using a single bioassay measurement. In this
section the same case will be illustrated. However the best estimate of intake will be obtained
from multiple bioassay measurements, which are assumed to be log-normally distributed.

In this example, shown in Figure 4.14, two urine measurements collected 10 and 20 days after
the intake and two chest measurements performed at 30 and 40 days after the intake were used.
The hypothetical standard deviations used for the urinary measurements were around 30% of the
measurement value. It is obvious that in vivo measurements are always accompanied by their
corresponding standard deviations, however, as a matter of illustration no particular values of
standard deviations will be entered for the chest measurements. In this case, the values proposed
in the IDEAS tables are automatically selected when leaving the corresponding field empty and
they will be used instead.
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Figure 4.14 A case study of intake estimate using multiple bioassay measurements
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Figure 4.15 shows the log-normal scattering factors SF for in vivo and in vitro measurements
proposed by the IDEAS project, which can be seen when the “IDEAS = ON” button is pressed
asking the user if the proposed scattering factors SF will be used in the calculations. Assuming
that the answer in this case was “Yes” it can be seen values of 22.3 and 19.7 Bq on the “Std.
Dev. (Bq)” column for the standard deviations corresponding to the measurements 85 and 75 Bq
respectively. The standard deviation values can promptly be obtained by using equation 4-2. The
“SF B” column on the grid shows that the values corresponding to the urine and chest
measurements are 1.6 and 1.25 respectively. These are the same values for Type B error shown
in Figure 4.15. The values for the total scattering factor SF shown on the “SF” column can
promptly be verified by using equation 4-1.

The intake is estimated by pressing the “Maximum Likelihood” button, which results in 2120 +
582 Bq, as shown in Figure 4.16. Figure 4.17 shows that the corresponding result of the chi-
squared test for three degrees of freedom (number of measurements -1) is 0.105. The associated
“p-value” is 0.991, which means that the intake calculation can be accepted. The estimated
committed effective dose is 57 mSv, as shown in Figure 4.18

Use Selected IDEAS Uncertainty ¥a |

In Viva (Intermediate photon energy: 20 ke < E < 100 ket
Tokal Type &: 1.3
Total Twpe B: 1.25
Total: 1.4

Lrine (Simulated 24-br uring) Type B 1.6

Feces (Fecal 24-hr sample) Tyvpe B: 3

Chest Count: Type B 1.3

Figure 4.15 Log-normal Scattering Factors SF for In Vivo and In Vitro Measurements (IDEAS)

Maximum Likelihood x|

Intake = 2.12E+03 = 5.82E+02 (Bq)

Figure 4.16 Estimated intake using the Maximum Likelihood Fit method
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Chi-squared Test for Intake x|

Inkake: 2. 12E+03 (Bq)
Degrees of freedom: 3

Chi-2: 1.05E-01
p-value: 9,91E-01

Figure 4.17 Chi-squared Test corresponding to the estimated intake of 2120 Bq

Effective Dose estimate x|

Inkake Eskimate Methad: Maximurn Likelibood Fit

E =5.71E-02 {5v)

Figure 4.18 Effective dose estimate

If the data are assumed to be normally distributed the option “Normal” in the “Distribution”
frame located at the bottom of the form must be selected. The three remaining techniques for
estimating intake from multiple bioassay samples will then be available (Point Estimates,
Unweighted Least Squares Fit and Weighted Least Squares Fit). The procedures for intake and
effective dose estimate are essentially the same and will not be exemplified here.

As explained in “4.4.3.6 Exporting Calculation Results™ all results and reference values used in

the calculations can be exported to either a txt file (Report.txt located in the RESULTS folder) or
a Microsoft Excel file after the “Export” choice has been selected.
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4.4.4 Bq per Bq intake

The fourth tab shows either the predicted values (Bq per Bq intake) or DILs, according to the
dosimetry choice. Monitoring intervals, which do not meet the bioassay criteria established in
ICRP Publication 78" and consequently are not recommended for bioassay, are shown with a
red background color. Results for activity in sample per activity intake can be seen for in vivo
and for in vitro bioassay. The results for the later are reported in activities or in concentrations
and for male and female subjects. Figure 4.19 shows an example using acute inhalation of Type
F *'T compounds with AMAD = 5 um. As can be seen, monitoring intervals greater than 30 days
are not recommended for in vitro bioassay and those greater than 14 days are not recommended
for in vivo bioassay.

In order to calculate the results in concentrations the following reference values are used for
normalization and were extracted from ICRP Publication 89"

Wet weight in g/day for daily fecal excretion: 150 g for adult man and 120 g for adult woman
Daily urinary excretion in L: 1.6 L for adult man and 1.2 L for adult woman

RI=IE

Help Export

Interpretation of In Vivo and In Vitro Bioassay Data

— Caze Selection

Retention Fractions I Dose Coeflicients I Intake and Dose Estimates

Rad. Info |

‘ & ICRP-78 ¢ Own ‘ N 1-24H [Bq) F-24H [Eq) Thyraid [Bq) cleBody (B q)
7 1.50E-04 1.60E-05 990E-02 1.10E-01
Fadionuclide: |I-131 | 14. 1.10E-04 3.10E-05 7.B0E-02 7 90E-02
30. 9.90E-05 3.30E-05 3.60E-02 3.90E-02
Intake: [irnaation =] B0 3 70E-05 1.30E-05 @ 70E-03 9 80E-03
90, 1.10E-05 3.80E-06 2.20E-03 2.50E-03
Intake Pattern: IACUEB 'l
iiee Feterm 120, 2.80E-08 1.00E-06 5 40E-04 6.30E-04
Intake Duration: | =] 180 1 BOE-07 B.50E-05 3.30E-05 3 B0E-05
365, 4.20E-11 1.50E-11 7.BOE-D9 5.90E-09
Compound: IF 'l
AbdAD: 5.0 2
1 —d
y Activity ¥ HMae [
BiAl | Concentr. [ Female [
Uit Dasimetry: = Intake Estimate fMethod
[S+/Bal ICRP-60 .
P axirnurn
Previous Tiaws Biclimean Foint E stimates Urweighted LSF “weighted LSF M!_ikelihugﬁ_ .
Imtake Two Dates (Minimum Chi-2]
Cloge
—IDEAS Data Uncertainties — Distribution
. * Log-normal
Edit IDEAS .
Uncertainties IDEAS =0ON  Normal Chirsguaned| Test

Figure 4.19 Example of recommended monitoring intervals as proposed in ICRP Publication 78
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4.4.5 Rad. Info

The fifth tab (Rad. Info) shows information about the selected radionuclide and its series. The
corresponding daughters, yields and half-lives are shown for every element of the series.
Furthermore, the complete decay information can be seen for every element of the series
(including all types of emitted radiations with corresponding energies and yields) by clicking on
the cell with the isotope name located on either the “Isotope” or on the “Daughter” column.
Figure 4.20 shows an example using the "*'I series.

Internal Dosimetry Tools g ] |

Help  Export

| Interpretation of In Vivo and In Vitro Bicassay Data

— Caze Selection

Retention Fractions | Dose Coefiicients | Intake and Dose Estimates | Boi(Bo Intake)  Rad. Info |

| cem com || [omeaw | o x|
1 1131
Radionuclide: [I-131 | 2 ®e-131m Radionuclide: 11131
Intake: fivhaiaton ] P
Intake Pattern: lACUle 'I Energy [Mev] “ield -
Betas: 6 6.94E-02 213E-02
Intake Duration: | "’I 5.69E-02 B.20E-03
9.EEE-02 7.3BE-02 .ﬂ
(o d: |F 'I
SIRCUR Eneiay [Mev] ield =
Electrons: 129 2. 78E-05 219E-02
5 5.0 - . 5
G 8.11E-04 9.97E-02
f I _,,I 3.18E-03 211E-02 .ﬂ
d Energy [Mev] rield -
Rk | Phatons: 37 3.B4E-03 £.97E-05 |
3.96E-03 4.30E-05
- 4 10E-T3 z4zE04 | =l
Units Drosimetoy: = Intake Estimate Wethod
[Sw/Bq) ICRP-E0
Eria i T — Paint E shimates Uriseic
Intake Two Dates
~ IDEAS Data Uncertainties -~ Distibution ——————————
o * Log-nomal
Edit IDEAS
Uncertainties IDEAS =0ON

" Momal I

Figure 4.20 Example of radiation information provided by the “Rad. Info” tab

4.5 Quality Assurance of Intakes and Dose Estimates

A comprehensive discussion on the quality assurance of calculations of activities and dose
coefficients was carried out on section 3.7 of this manual. Since the Retention Fractions and the
Dose Coefficients shown in the first two tabs (Figures 4.3, 4.6 and 4.7) come directly from these
calculations no further analysis will be done in this section.

The quality assurance procedures associated with the four methods for estimating intakes (Point
Estimates, Unweighted Least Squares Fit, Weighted Least Squares Fit, Maximum Likelihood
Fit) were done manually. Combined hypothetical data sets ranging from two to twenty in Vvivo
and In vitro bioassay results were used. The sets were directly typed or imported into the grid
shown in Figure 4.14, and the resulting intake was compared against the hand calculation result.
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The results shown in the Bq/(Bq intake) tab (Figure 4.19) were also directly compared against
those from hand calculations using short and long-lived nuclides. The results from the “Rad.
Info” tab (Figure 4.20) were directly checked against the values given by the ICRP Publication
38112,
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5. Edit Models

Information on available biokinetic models can be edited and new models, even involving
recycling, can be introduced. Figure 5.1 shows the “Model Editing” form, which is described
below.

In order to avoid accidental deletion of the original models used to generate the bioassay tables
that come with the software the data from these models will be shown with yellow background.
In these cases the user will be able to see and print the information but will not be able to edit it.
However the original models can be copied and then edited as explained below. The
“Biokinetics” button provided on the top of the form allows the user to see the schematics of all
models recently used by ICRP. This feature was kindly provided by Dr. Keith Eckerman from
Oak Ridge National Laboratory and was originally developed for the United States
Environmental Protection Agency as a part of the Federal Guidance Report 13®).

A Model Editing x|
Help  Biokinetics
| Model Editing
— Available Biokinetic Models
Model | Cormrments ;l
& ifficial Model o~
ACRA Biokinetics of Ac a3 Ra decay product
ALCTH Biokinetics of &c as a member of a Th chain, ICRP-E3
ACU Biokinetics of Ac as uranium decap product; ICRP 63
A Biokinetics of &m, ICRP 67
ATRA, Biokinetics of At az Ra decay product
ATTH Biokinetics of 4t az a member of a Th chain, ICRF-E3 LI
ATILI Diclivmbime —f A i = ;rmecbime —E L] Al bee- 1TDD CO
— Biokinetic Model Info
MHame:
[up ta 8 Characters) |
Obzervation: I
Element: Selection of Chemical Element and |sotopes
E;zgﬁ;ﬂ;ﬂmal A I e I Aszzignments of:
] M2 M5 1] Compartrnent M ames
Frastion [f1) (2 I ) I 2] Fractions of activities in Compartment
f: 1-3for Inhalation  f1[3] | f1[6) | 3] Biological Half-ives
4-6 for Ingestion
“iew Customized Inhalation Model Parameters: M ateral specific Absarption tech. Transport and 21
Farameters [eposit Farameters
Import Oven Models
Save Hew kodel from Presious savea Copy of Delete Model|  Clear Info Brirt [t Close
) the Madel
Wergions of AIDE

Figure 5.1 The “Model Editing” form
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5.1 Original Models

The “Available Biokinetic Models” frame located on the upper part of the “Model Editing” form
contains a listbox which allows the selection of the biokinetic model to be edited. The lower part
of the form contains the “Biokinetic Model Info” frame, which shows the information regarding
name, observation and the f1 values pertaining to the model.

A ™odel Editing x|

Help  Biokinetics

| Model Editing
—  Awailable Biokinetic Modelz
M odel I Comments ﬂ
THTH Biokinetics of Th az a member of a Th chain, ICRP-E3
THU Biokinetics of Th as a member of U chains, ICRP-E3 Part 3
TLFE Biokinetics of Tl az a member of Ra chaing, ICRP-5E6 Part 2
TLRA Biokinetice of Tl az Ra decay product
TLTH Biokinetics of Tl az & member of a Th chain, ICRP-E3
TLU Biokinetice of Tl az a member of U chaing, ICRP-E9 Part 3
Biokinetics of granium. ICRF B9 LI
LTy el FII mn = remrcbme ~F = T al-ie DD OO
— Biokinetic Model Info
Mame:
[up to 8 Characters) IU
Oibseryation: |Bickinetics of uranium, ICRP 63
Elemnent: Element: U
Gastrointestinal A1) Ig_ug (4] ID.U2
Abzarphion
Fraction [f1] A(2) ID.D2 (5] ID.D2 Click. o zee more detailz on the metabolism of L.
f1: 1-3 for Inhalation  F1(3) Ig_ugz f[E) ID.UUE

4-6 far Ingestion

tech, Transpart and A
Deposit Parameters

Il aterial-speciic Absorption

Wiew Customized Inhalation Model Parameters:
Farameters

Irnpart Owh Models
from Previous
Wersions of AIDE

Save Modifications
[Press the Close
button to cancel]

Saze Comaf Delete Model|  Clear Info Fritt kb Cloze
the M odel

Figure 5.2 The “Model Editing” form showing information of an original model

In most cases the fl values are the same for inhalation and ingestion intakes. However some
exceptions show different values. In this way, the f1 textboxes numbered 1 to 3 were designed to
be used for inhalation intake. The textboxes numbered 4 to 6 should be used for ingestion intake.

When an available model is chosen all fields inside the “Biokinetic Model Data” frame will be
filled, as shown in Figure 5.2.

The model names have been chosen in the following manner:

a) In cases where the element can be either a bone surface seeker or a bone volume seeker the
following pattern has been adopted: the suffix SUR indicates when the isotopes are bone
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surface seeker (Ex. *°P and **P) and the suffix VOL indicates when the isotopes are bone
volume seeker (*°P)

b) There is no general rule for choosing a model name for the mother of the chain.

c) Models for daughters of radioactive series have been chosen according to the standard shown
in the “5.3 Model Names for Radioactive Series” section.

As can be seen in Figure 5.2, the button named “Element:” will display “Element: and the
chemical symbol associated with the model”. This button will be available only when a new
model is entered. It will then allow the user to select a chemical element associated with the
biokinetic model (See 5.2 User Models).

When the “Click to see more details on the metabolism” button is pressed the form
“Compartments” is loaded, as shown in Figure 5.3. This form shows the names of the
compartments used in the model and the associated standard organ or tissue names
(Organ/Tissue column). In the case of “Existing Models” the user is only able see the
compartment names used in the models with their corresponding associations with a standard
source compartment name.

Compartments

Help

Enter the compartment names (up to 10 characters) on the row that best represents the organ or tissue name

— Compartment Mame Azzignments

QrganiTissue Subcompart. 1 Subcompart. 2 Subcompart. 3 Subcompart. 4 ﬂ
Adrenals

Brain

Breast

Gall Bladder
Lower Large Intest.
Small Intestine SI_Cont
Starmach
Upper Large Intest. | ULI_Cont
Heart (Contents)
Heart Wiall
kidneys kidneys_1 kidneys_2
Liver Liver_1 Liver_2
Lungs
huscle

Ovaties hl
4| | b

Source-Target Fractions and
Biol. Halfives

<¢ Back

Figure 5.3 The “Compartments” form showing information of an original model
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Pressing the “Source-Target Fractions and Biol. Half-lives” button a form with the same name is
loaded, as seen in Figure 5.4, showing the respective information for all compartment names
given in the previous form. Fractions of activity going from and to the several compartments
belonging to the model, including the “Plasma” compartment, and those going to urine and feces
are also shown. The associated biological half-lives in days for each source compartment is
shown on the last column.

Pressing the “Back” buttons will direct the user to the starting “Model Editing” form.

Source->Target Fractions and Biological Half-lives
Help
Enter nurmerical values for Source -> Target Fractions
— Source - Target Fractions

SourceTarget Feces Plasrma Uting || Half-Life {d)

Flasma — 0.014981
Other_0 1 0.08331
Blood_1 1 1.993
UB_Cant 1 0.05776
Kidneys_1 7.001
kidneys_2 1 1824
ULI_Cont 1 0.3851
Liver_1 093 7.006
Other_1 1 19.98
Other_2 1 36480
T_Bone-5 0.4 5.001
C_Bone-5 0.4 5.001
Liver_2 1 3648
T_Bone-¥_e 3003
C_Bone-Y_e 30.03
T Bone-¥ 1 «| 1406
TR o

| << Back

Figure 5.4 The “Source->Target Fractions and Biol. Half-lives” form showing
information of an original model

On the bottom of Figure 5.2 it can be seen that four buttons are enabled besides the “Close”
button. They are: “Save a Copy of the Model”, “Delete Model”, “Clear Info” and “Print Info”,
whose description follows below.

Save a Copy of the Model: As mentioned earlier, in order to avoid accidental deletion or
alteration of the original models used to generate the bioassay tables that come with the software
the data in these models will be shown with yellow background. As a result, the “Save a Copy
of the Model” button was created to allow the user to modify and use original models without
changing the original ones.
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First select the original model, as shown for “U”, which designates the ICRP-69 systemic
uranium model, as shown in Figure 5.2. Then press the “Save a Copy of the Model” button. In
this case, the model “U2”, which is a copy of “U”, will be automatically created (Figure 5.5) and
it will be a part of the list shown in the “Available Biokinetic Models” frame. It can then be
selected as done for the original model. The difference is that the cells on the grids shown on
Figures 5.2, 5.3 and 5.4 will be seen with a white background and all the corresponding
information will be available for editing.

Database Info x|

L.l
\]}) Madel U2 saved successiully,

Figure 5.5 The message shown when a copy of a model is created

Delete Model: Any user model can be deleted after it has been selected and its info is shown on
the textboxes shown in the “Biokinetic Model Info” frame.

Clear Info: Erases all information on the “Model Editing” form, on the “Compartments” form
and on the “Source->Target Fractions and Biological Half-lives” form. However no data or
entire model information will be erased on the data files unless the “Delete Model” button is
used.

Print Info: To print information from any retrieved model. The resulting output can also be
edited or transferred into another text editor.

Import Own Models from Previous Versions of AIDE: All the user’s models developed in
previous versions of AIDE can be imported to be used with the latest version. The message box
titled “Find the MODELS sub-directory from the previous version and select the OWN
biokinetic model to be imported into AIDE6\MODELS" will be shown and subsequently a
dialog box will appear providing the interface between AIDE and the directory where the
biokinetic models are stored. The user models can then be selected and imported.

Figure 5.2 also shows the “Save Modifications” button, which is not enabled. The case shown in

this figure refers to an “original” model, which cannot be edited. However this button will be
enabled when the user is editing a non-original model.
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5.2 User Models

Figure 5.6 shows the “Model Editing” form with empty textboxes. The “Clear Info” button on
the form resets all fields and allows the user to enter the information for saving a new biokinetic
model. A model name can be up to 8 characters long. A field for observation was provided for
inserting comments.

A Model Editing x|
Help  Biokinetics
| Model Editing
— Available Biokinetic Models
Model I Comments ;I
& Dfficial Madel o
ALCRA, Biokinetics of Ac as Ra decay product
ACTH Biokinetics of Ac a5 a member of a Th chain, ICRP-E3
ACl Biokinetics of Ac ag uranium decay product; ICRP B9
A Biokinetics of Am, ICRF 67
ATRA, Biokinetics of At az Ra decay product
ATTH Biokinetics of At az a member of a Th chain, ICRP-E3 LI
ATILI Dimleimmbime =F b mm = memrnbmre mF || mlemims DD CO
— Biokinetic Model Info
Marne:
[up to 8 Characters] |
Obzervation: I
Elernent: Selection of Chemical Element and lsotopes
Egsg%g;?tmal gy I At I Agzighments of:
; 2 (5 1] Compartment M ames
ezt ] 2 I ol I 2] Fractions of activities in Compartment
f1:1-3 for Inhalation (3 | QG 3) Biological Half-lives
4-E for Ingestion
Wiew Customized Inkhalation Model Pararmeters: taterialspecific Absorption tdech: Transport and Al
Farameters [eposit Farameters
Import Own Models
Save Mew Model from Previous sewza Doy el Delete Model [i Clear Infa Btk [ Cloze
. the Model
Wergionz of AIDE :

Figure 5.6 The “Model Editing” form ready for new data entry

When the “Selection of Chemical Elements and Isotopes” button is pressed the form named
“ICRP-38 Database”, shown in Figure 5.7, is loaded. The Periodic Table of the Elements is
shown and an element can be selected by clicking on its symbol. When an existing user’s model
is being edited the chemical element can be reselected. This simple selection procedure means
that all possible radioisotopes corresponding to the selected element and associated radioactive
decay data and series present in the ICRP Publication 38" are automatically selected and will
be available when running calculations for activities and doses.
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x

Help

|CRF-38 Database
(Click on the symbol to select the element)

H He

Li | Be BlC (MW |O|F |Ne

Ma | hg Al s [P S [ C|Ar

K |CalSc|Ti|% [Cr|MMn|Fe |Co| M [Cu|in|Ga|Ge|As|Se | Br | Kr

Rh|Sr | % | Zr (Mo Mo [Tc [Ru|[Rh [Pd &g [Cd|In |Sn|Sh|Te | | |¥e

Cs|Ba|La |Hi [Ta |W [Re [Os | Ik [Pt |&u|(Hg | Tl |Pb | Bi |Po | &t |Rn

Fr | Ra [ Ac

Lanthanides Ce | Pr [Md [Pm|Sm|Eu [Gd | Th [ Dy [Ho | EF [Tm (%0 | Lu

Actinides Th|Pa | U |Mp|[Pu|&m|Cm|Bk | Cf |Es |Fm | Md [ Mo | Lr

Cloze |

Figure 5.7 The “ICRP-38 Database” form

When a new model is selected and the button named “Assignments of Compartment names ...”,
shown in Figure 5.6, is pressed the “Compartments” form (Figure 5.3) is loaded and shows the
standard organ or tissue names. New compartment names can then be entered providing that
these names are limited to 10 characters. Any compartment name can be used. However they
must be related to an organ or tissue name from the list shown on the first column. If the organ or
tissue has sub-compartments their names should be entered horizontally on the respective cells
under the columns named “Subcompart. 17, “Subcompart. 2”, etc. When an existing user model
is selected compartment names can be inserted or edited. A maximum of fifty compartments can
be used.

As already explained above, pressing the “Source-Target Fractions and Biol. Half-lives” button a
form with the same name is loaded (Figure 5.4) showing the respective information for all
compartment names given in the previous form. Fractions of activity going from and to the
several compartments belonging to the model, including the “Plasma” compartment, and those
going to urine and feces can be inserted or edited. The associated biological half-lives in days for
each source compartment must be placed on the last column. The sum of fractions going from a
certain source cannot exceed one and the biological half-lives must be positive numbers.
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Back to the “Model Editing” form, in most cases the fl values are the same for inhalation and
ingestion intakes. However some exceptions show different values. In this way, the f1 textboxes
numbered 1 to 3 were designed to be used for inhalation intake. The textboxes numbered 4 to 6
should be used for ingestion intake. Nil fl values for inhalation intake indicate that the
absorption type is inexistent.

The section “5.1 Original Models” provides information about the description of the functions of
the buttons: “Save a Copy of the Model”, “Delete Model”, “Clear Info” and “Print Info”.

Pressing the “Save New Model” button all the information entered in the forms described above
will be saved onto a new file with the selected model name.

As explained above, a model can also be deleted from the list by pressing “Delete Model”
providing that it is a user’s mode, i.e. the model information is not shown with yellow
background.

It was explained in section “3.2.2.1 Save Custom Inhalation Model” how to save a biokinetic
model together with customized parameters associated with the Human Respiratory Tract Model,
HRTM (ICRP Publication 66"), which describe mechanical transport, deposition in the Al
Region and material-specific blood absorption. The buttons named “Material-specific Absorption
Parameters” and “Mech. Transport and Al Deposit Parameters” will be enabled when a model
saved, as explained in section 3.2.2.2, is retrieved for editing in the “Model Editing” form. It
must be pointed out that the saved parameters relative to the HRTM can be viewed but cannot be
edited and that a only the systemic part of the model can be copied onto another model but not
the HRTM parameters.
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5.3 Model Names for Radioactive Series

In order to make the software to be able to automatically associate an individual model name to
every element of a radioactive series the following format must be followed:

It is not necessary for the model of the mother of the chain to be named after the element symbol.
However every model name associated to a daughter must be named by using the element
symbol of the daughter followed by the element symbol of the mother. The example below
shows how names for the chain associated to ***U have been chosen.

Example for the U-238 series:

U-238 U
Th-234 THU
Pa-234m PAU
Pa-234 PAU
U-234 U
Th-230 THU
Ra-226 RAU
Rn-222 RNU
Po-218 POU
Pb-214 PBU
At-218 ATU
Bi-214 BIU
Po-214  POU
Pb-210 PBU
Bi-210 BIU
Po-210 POU

5.4 Quality Assurance

The models utilized in this software were adapted from the original models employed by the
members of the ICRP Task Group on Dose Calculations to calculate and intercompare doses.
The original model parameters were transfer rates, which were “translated” into fractions and
biological half-lives and copied into the models, which are used in this software. Activities and
dose calculations results have been successfully compared against all those from ICRP
Publication 78 and the ICRP CD®" (Database of Dose Coefficients: Workers and Members of
the Public) attesting that the adaptation was properly implemented. Section “3.7 Quality
Assurance of Calculations of Activities and Dose Coefficients” gives more details on the quality
assurance tests.
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6. Directory Structure
This software has the following structure:

AIDEG6: It is the root directory. All executables and necessary elements to run the front end
application are stored in this directory

AIDE6\DB: All tables to run the dose calculations and the BioMods help file are stored in this
directory.

AIDE6\HELP: All help files called by all screens are stored in this directory.
AIDE6\MODELS: All sorts of biokinetic models are stored in this directory.

AIDE6\RESULTS: All files resulting from calculations are stored in this directory. They are
overwritten every time a new calculation is carried out.

AIDE6\TABLES: All tables used to store the bioassay quantities and dose coefficients, which
will be used to interpret bioassay data are stored in this directory.
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