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1 GENERAL DESCRIPTION

Individual Monitoring of the Internal Exposure (IMIE) computer code is developed for the
purposes of the retrospective dosimetry. It gives to the user the sophisticated engine for the
analysis and interpretation of bioassay measurements. The IMIE code helps the user to make
estimations about a history of intakes and associated doses on the basis of individual monitoring
data.

1.1 Minimum system requirements
Personal computer with

CPU: Intel Pentium 100 or higher;
RAM : 64 MB or more;
Video : 1024x768 or higher, 16K colours or more;

Hard Disk: 100 MB of free space (excluding size of databases, which will be filled during
exploitation) or more;

Operating system: Microsoft Windows XP, Windows 7 environment;

CD drive;

Mouse or other pointing device;

Network installation: not supported.

1.2 Installation of the program

To install the IMIE program, insert the installation CD-ROM into a CD-ROM drive. Run
the Setup.exe. The Setup program will prompt you to select the destination folder, where the
program files will be copied. An RPI group will be created in your Windows Start menu. To start
the IMIE program selects the IMIE item in the RPI group of the Start menu.

1.3 Structure of the folders

During the installation the IMIE.exe file is placed to the destination folder and the
following subfolders are created:
— Curves — contains all available response functions and corresponding dose values in
tabulated binary form. These functions are used in approximation during the analysis;
— Data — contains the radionuclides database with energy spectra;
— DB — contains the database with personal information and measurements;
— ICRP-66 - contains files with standard lung deposition fractions from ICRP
Publication 66;
— Mix — contains descriptions of user defined mixed intakes (fractions of paths of intake,
fractions of Types of Material and AMAD:Ss etc.) in binary form;
— Results — contains the results of the analysis in a binary form.
The structure of program folders can be changed in the Preference window of the IMIE
program (see section 8) but this action is not recommended.

1.4 Available parameters and modes
Detailed list of parameters and modes, which are available in the IMIE, is given in Annex E.

1.5 Essential notes

The main aim of the IMIE program is the reconstruction of multiple intakes on the base of
the body counter or bioassay data and known exposure conditions, such as date of exposure,
route of intake, AMAD and Type of Materials (in the inhalation case). Moreover, the program
allows the user to estimate unknown exposure conditions: date of intake, AMAD and Type of
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Materials of inhaled aerosols. In that case unknown conditions can be set out as supposed ranges.
The program will analyse all combinations of parameters from the selected ranges and will find
the set of exposure conditions, which gives the best fit to the analysed measurement series.

The solution in that case is often ambiguous, because several approximation results usually
are close enough to the points of the measurement series. The wider are ranges of unknown
parameters the more ambiguous is the result. The user must pay a great attention to obtained
results. The final selection of the best result is responsibility of user. The IMIE program cannot
give the “absolutely true” solution, it is only a tool, which helps to a skilled user to analyse and
quantitatively compare all possible combinations of exposure conditions.

The reconstruction of date of intake is most reliable if other conditions of the exposure are
known (AMAD and Type of Materials). Due to similarity of slopes of biokinetic response
functions for different AMADS, the precise reconstruction of AMAD is usually problematic even
if lung measurements are used. The significant difference between approximation results can be
seen only for AMADSs, which differ in orders. Usually the user can estimate that the AMAD was
of 0.001 um order, 0.1 um order or 10 um order only. The detailed set of AMADs is available in
the program for cases when the AMAD is known a priori. A reliable answer is problematic if all
exposure conditions are unknown.

One more obvious problem, which makes the analysis harder and the results more
ambiguous, is the lack of data (measurements) and the large time periods between the intake and
first measurements. The single measurement is an extreme case, when the intake value only can
be estimated and other exposure conditions must be supposed.

A more detailed discussion of these subjects can be found in the Annex D ‘Reconstruction
of the intake with an arbitrary shape in the time”’.

The program provides three main modes of the analysis (ICRP78 mode, Semi-Automated
mode and Manual mode) and additional Smart mode. The ICRP78 mode supports the full-
automated analysis based on the ICRP Publication 78. The Semi-Automated mode, the Manual
mode and the Smart mode implement the new intake reconstruction method. The Smart mode is
full automated (like ICRP78 mode) and gives the quickest results. The Semi-Automated mode
provides more interaction with the user. The Manual mode is appropriate for the experienced
user. This mode provides to the user a possibility to participate in the selection of a ‘best fit’
curve on the each step of the analysis. The Accident mode is a modification of the Manual mode
useful for analysis of accidental cases.

2 MAIN WINDOW OF THE IMIE

Figure 1 shows the Main window of the IMIE as it appears after a first start of the
program. The Main window includes 6 basic components:

1. Main menu (see callout 1 on the Figure 1);

2. Toolbar (see callout 2 on the Figure 1);

3. Data panel with all controls, for the management of the data analysis (see callout 3 on the
Figure 1);

4. Graph panel, which displays data measurements, results of approximation and used for
interactive defining of the time intervals for the analysis (see callout 4 on the Figure 1);

5. Status bar, which displays a current mode, an approximation method and a progress of the
analysis (see callout 5 on the Figure 1);

6. Splitter — the thin mouse-sensitive vertical line, which separates the Data panel from the
Graph panel (see callout 6 on the Figure 1). User can change the width of these elements by
dragging the Splitter to the left or to the right. Also, user can set the minimal or maximal
width of the Data panel by double click with the left mouse button on the Splitter.
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Analyse item — execution of the analysis step (see subsection 3.1.1). This action is
identical to the action of the corresponding Toolbar button (see subsection 2.2);

Data manager item — shows the Data manager window (see section 5), which allows to
add/edit/delete personal information and measurement data;

Preference item — shows the Preference window (see section 8), which allows setting
the working folders of the program, mode and global parameters of analysis (user can
also set the mode with the Semi-Automated mode button, the Smart mode button, the
Accident mode button or the ICRP78 mode button on the Toolbar — see subsection 2.2);
Exit item — exit the program.

Help item:
— Reference window item — shows the Reference window (see section 8), which is

designed for obtaining the graphical and numerical reference information on decay
chains and dose spectrums of radionuclides;

— IMIE Help item — calls the help system for the IMIE program;
— About item — information about program version and authors.



2.2 Toolbar
Figure 2 shows the Toolbar of the Main window.
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Figure 2. Toolbar of the Main window

Buttons placed on the Toolbar perform following actions:

NoabkowhE

10 -13:

10.

11.

12.

13.

14.
15.

Select first record of the Persons database;

Select previous record of the Persons database;

Select next record of the Persons database;

Select last record of the Persons database;

Accept changes of the personal data;

Reject changes of the personal data;

Calls Search window (see section 7), which allows to find a record in the Persons
database;

Switch between Retrospective and Prospective modes of analysis. The Retrospective
mode of analysis allows calculating the intake and dose analyzing available bioassay
data (see subsection 3.1). The Prospective mode of analysis allows calculating the
radionuclide retention or excretion from the known intake value (see subsection 3.2);
Performs the analysis step (see subsection 3.1.1). This action is identical to the action of
the corresponding Main menu item (see subsection 2.1);

All of these buttons set on/off status for the selected mode (ICRP78 mode, Semi-
Automated mode, Smart mode). Only one button among three can be down. When all
enumerated buttons are up the Manual mode (see subsection 3.1.2) is active. A message
about a currently active mode is displayed in the Status bar;

Sets on/off status of the ICRP78 mode (see subsection 3.1.3). When this button is down
the ICRP78 mode is active;

Sets on/off status of the Semi-Automated mode (see subsection 3.1.1). When this button
is down the Semi-Automated mode is active;

Sets on/off status of the Smart mode (see subsection 3.1.5). When this button is down
the Smart mode is active;

Sets on/off status of the Accident mode (see subsection 3.1.3). When this button is down
the Accident mode is active;

Turns on/off the Auxiliary graph (see section 6);

Calls the Reference window, which is designed for obtaining the graphical and
numerical reference information on decay chains and dose spectrums of radionuclides
(see section 10).

2.3 Data panel

The Data panel consists of two pages:
— Personal Data page;
— Analyser page.
The Data panel also contains the Create report button, which allows saving a report file
with current results of the analysis. This file can be saved in the Text Format or in the Rich Text
Format (rtf). Annex F



2.3.1 Personal Data page

Personal Data page contains

the following elements (see Figure 3):
1. DB folder edit box and Change DB

Persan
1 DE folder

Dok MMIES 4ADE

wiatker D Family Marie
2 1 |F'erson1

First Mame

|Person1

First Intake iz not  Creatinine excretion

8

Create repart...

ﬂ Change DB

button designed for selection of T AT E—:
Measurements database and results Conment

folders. For selection of the |

Measurements database enter its T S Measurements

full path to the DB folder edit box

and press the Change DB bUtton' [iate |Da_l,ls| Bg |Unc.,°/°|Approximation|State| MDA | Kind |C0mment|A
The program will check presence Mz0/08/2000 0 B73e2 10 £.73e2  Proc. | 1.70e2 regular
. . _15.-"09.-"2000 26  840e2 10 8.40e2 Proc.  1.70e2 regular
of necessary database files in the “|ieroszoo0 31 730e2 100 731e2 Proc 17022 reqular
16M1/2000 31 4172 10 4.19e2 Proc.  1.70e2 regular
SEIECtEd fOIder and Open the _18f12£2DDD 32 243e? 10 2.3Te? Proc.  1.70e2 regular
database. The analysis results will “|1smiszom sz zB0ez 10 25062 Froc 17062 regular
be placed to the Results subfolder 5 | Tlraroerzom 25 160ez 10 1.60e2  Proc. 1.7082 regular
130242000 28 7.53e2 10 7hle2 Proc. 1.70e2 regular
of the selected DB folder. The “|r7msizom 65 2232 0 22822 Proc. 17082 regular
17/06/2000 31 8.37e2 10 8.37e2 Froc.  1.70e2  regular
lﬁes‘lfjlts fOIder dvalue Olfl tge :233'0?3’2001 3B FE3ez 0 7.96e? Froc.  1.70e2 regular
rererence  winaow  wi e _|1ama20m 53 31me2 10 304e2  Proc. 17082 regular 2
|mp||C|t|y Set tO thIS SubeIder If 6 @Datamanager...| o wite... - Yylmport... -

the Results subfolder does not exist
it will be created automatically.
Paths to the working database and

4 | thei | e |

Figure 3. The Personal Data page

results folders can be changed also in the Preference window (see section 8).
2. Personal information:

Worker 1D — the unique personal code;

Family name;

First name;

Date of Birth;

First intake is not earlier than — the supposed date of the first possible intake;

Creatinine excretion rate — the daily creatinine excretion rate for the person (if unknown
the default value of 1.7 g per day is accepted);

Comment — any necessary comments (not obligatory).

3. Radionuclide — drop-down lists, which allows selecting the measurement series from
available sets of measurements for the selected person.

4. Tabs, designed to select the measurement series for the selected person and radionuclide (i.e.
Thyroid measurements, urine measurements, etc.).

5. Table of the measurements — displays the selected measurement series. The set of columns in

this table

is different for urine measurements and other measurement series. For all

measurement series except urine measurements it contains following columns:

Date — date of the measurement;

Time — time of the measurement (displayed if Use time mode is checked in the Preference
window — see section 8);

Days — time in days since the date of the previous measurement;

Measurement value in units of activity or daily excretion selected in the Preference
window;

Unc., % — measurement uncertainty in percents. These values may be used as weighting
factors in the analysis (see the equation 4 in the Annex B). If at least one of these values is
zero or ULSF or WLSF-EV weighting method is set in Preference window (see section 8)
then uncertainty values are not used in the analysis of the measurement set. If uncertainty
values are unknown they must be set to zero;
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Approximation — approximation value for the measurement, calculated in analysis process.
Approximation values are displayed in units selected in the Preference window;

State — indicates the state of the measurement record in the measurement series. It contains
one of three values: Uns. (unselected), Sel. (selected for the analysis) or Proc. (processed;
it means that the record has been used on previous steps of the analysis). The state of
measurement points is also indicated on the Graph panel by different colours;

MDA - value of the minimal detectable activity for the measurement. MDA values are
displayed in units selected in the Preference window;

Kind — the kind of measurement. This value indicates the monitoring program within the
framework of which the measurement was done (regular monitoring, special monitoring).
For each kind of measurement the highlighting colour for the Table of measurements can
be selected (see section 8);

Comment — notes for the particular measurement (not required).

For urine measurements the Table of measurements displays following columns (see

F | g ure 4) . w1 Aralpser | 15 Create repatt..
— Date — date of the (.. B
. [owanumIEs 0B =] Change DB
measurement’ “wiarker |0 Family Name First Name:
_ H _ H 1 |Pelson1 |Pelson1
Tlme tl me Of the D maliEHE: First Intake is not - Creatinine excretion
H H ate of Bt eailier than rate, g/day
measurement (dISpIayed if [ormassn [aoizo0 | 17
Use Time mode is checked ey
in the Preference window —
. . Radoruclide| 1 ][ 125 +|
— see section 8); _
i} i ) Thyroid  Urine 1
—_ Days — tl me In days SI nCe Date | Days |Bq pet samp\elUnc., Zl “olume, ml | Creatinin, ma| Coefficient, le Bg/day ‘Applommat\onl State‘ MDA | Kind |Commenl|'~
. L 20/08/2000 O 253D 10 1 25630 25800 Proc. reqular
the date Of th e preV|0us _|15/ds2000 28 407en 10 1 40760 3790  Proc reqular
_15/1Uf2UDD i 3.23e0 10 1 3.23e0 3630 Prac. regular
measureme nt, “lieiseo00 31 24780 10 1 247e0  226eD  Proc. reqular
. 718/‘12:’2[IEID 32 1.47eD 10 1 1.47e0 1.2920 Proc. reqular
— Meagurement Value N per _[wmzzom 32 1.23e0 1n 1 1230  124ell  Proc regular
. . . _|13/02/2001 25 9.33e-1 10 1 9.33e1 8.54e-1 Proc. regular
urine Sam p | e In units _iwomenm 280 31060 10 1 310:0 1490  Proc. regular
. 717/‘D5f2[|[ﬂ ES 1.40e0 10 1 1.40e0 1.22e0 Proc. reqular
se I eCted n the P re‘fe rence | _woezom 3 4270 10 1 427e0  377a0  Proc regular
. L 23/07/2001 36 1.98e1 10 1 1.98e1 6.83e0 Prac. regular
Wi ndOW; “#osr20m 530 1.87e0 10 1 1670 | 1620 | Proc. reqular a
_ UnC % _ measurement HAData managar._.| B ke~ 9y Impart... -
"

uncertainty in percents.
These values may be used
as weighting factors in the
analysis (see the equation 4 in the Annex B). If at least one of these values is zero or ULSF
or WLSF-EV weighting method is set in Preference window (see section 8) then
uncertainty values are not used in the analysis of the measurement set. If uncertainty values
are unknown they must be set to zero.

Volume, ml — the volume of the urine sample in ml;

Creatinine, mg — the creatinine content in urine sample in mg;

Coefficient, 1/d — the coefficient for calculation of the daily radionuclide excretion with
urine on the base of Activity per sample value. This coefficient is calculated automatically
or can be entered manually (see section 5);

Calculated value of the daily radionuclide excretion with urine in units selected in the
Preference window. In accordance with ICRP-78 the urinary excretion data for tritiated
water must be given in term Activity/litre (NOT in terms of the daily excretion rate)! The
urinary excretion data for organically bound tritium must be given in terms of the daily
excretion rate. The program automatically calculates these values and shows for tritiated
water the Activity/litre value in this column.

Rest of columns is the same as for other measurement series.

Figure 4. The Personal Data page with Table of
measurements for urine measurements



6. Set of buttons:
— Data manager... — shows the Data manager window (see section5), designed to
add/edit/delete personal information and measurement data;

— Write... — allows to save the personal information and measurement data to the file in
comma delimited, tab delimited text format or in rich text format;

— Import... — allows importing personal and measurement data from the text file (see
section 9).

2.3.2

Analyser page
Persanal Data Analysml

Standard v | Intake Type| Acute >

Supposed range of parameters

Create report

l I Injection:
I Ingestior: f1=1
¥ Inhalation: Asrosol (Type F), (=1, AMAD=1
I Inhalation: Elemental iodine [12]
I Inhalation: Methyl iodide [CH3(]

Date [17/06/2001 =] + [22/07/2001 =
2 Tire [00.00 e

Thyroid | Urine 1

[ Include in analysis when page is inactive

Analyzing wariants

3 Dale Time [Davs Material AMAD

Intake Bo | Rel Distance| Dose. v Show|

26/06/2001 | 00:00| 27| Inhalation: &erosol Tuoe F 1

27/06/2001 | 00:00] 26 | Inhalation: Serosol Tvoe F

28/06/2001 | 00:00| 25 | Inhalation: &erosol Tvoe Fl

29/06/2001 | 00:00| 24 | Inhalation: &erosol Tvoe F

30/06/2001 | 00:00| 23 | Inhalation: &erosol Tvoe Fl

071/07/2001 | 00:00| 22 | Inhalation: &erosol Tvoe F

02/07/20071 | 00:00] 21 | Inhalation: &erosal Tvoe Fl

4 03/07/2001 | 00:00] 20 | Inhalation: &erosol [Tvoe F

04/07/2001 | 00:00] 19 | Inhalation: Serosol Tvoe F

T [0S70720071 | 00:00) 18 | Inhalation: Serosol Tuoe F

0B/07/2001 | 00:00| 17 | Inhalation: &erosol [Tvoe F

07/07/2001 | 00:00| 1€ | Inhalation: &erosol Tvoe F

08/07/2001 | 0CkO0| 15 | Inhalation: Aerosol Tuoe F

10/07/2007 | 0CkO0| 13 | Inhalation: Aerosol Tuoe F

11/07/2007 | 0CkO0| 12 | Inhalation: Aerosol Tuoe F

12/07/2007 | 0Ck00] 11 | Inhalation: Aerosol Tuoe F

13/07/2007 | 0CL00] 10 | Inhalation: Aerosol Tuoe F

14/07/2000 | 0Ck00) 9 | Inhalation: Aerosol Tuoe F

15/07/2001 | 00:00 Inhalatior: Aerosol [Tuoe F

18/07/2001 | 00:00 Inhalatior: Aerosol [Tuoe F

17/07/2001 | 00:00 Inhalatior: Aerosol [Tuoe F

19/07 /2001 | 00:00 Inhalatior: Aerosol [Tuoe F

1
1
1
1
1
1
1
1
1
1
1
1
1
09/07/2007 | 0CLO0| 14 | Inhalation: Aerosol Tuoe F1
1
1
1
1
1
1
1
1
1
1
1
1
1

8
7
E
18/07/2001 | 0CkO0| & | Inhalation: Aerosol Tuoe F
4
3
2
1

5.87e3
5.76e3
5.66ed
5.56e3
54523
5.36e3
5.26e3
5.16e3
5.07e3
49823
4833
4.80e3
471e3
46763
45483
4 46e3
4.37e3
47523
471e3
41483
4.06e3
398e3
391e3

4.51e-2 31e5 °
4.60e-2 3.0e-5 °
4.70e-2 3.0e-5
4.80e-2 295
4.91e-2 295
5.02e-2 2885

51482 2.8e5
5.27e-2 27e5
5.40e-2 27e5
55482 26e5
£.63e-2 26e5
£.84e-2 25e5
E.0le-2 2505
E.18e-2 2485
E.36e-2 2485
E.56e-2 23e5
E.76e-2 23e5
£.37e-2 23e5
7.20e-2 22eh
74482 22eh
7.B8e-2 21eh
7.94e-2 21eh
8272 21e5

15
Total Intake: 7.93e4 Bg  Total Dose: 4.28-4 Sv

204072007 | 00:00 Inhalation: Aerosol [Tuoe F 376e3 878e-2 2085

21/07/2007 | 00:00 Inhalation: Aerosol [Tuoe F 370e3 847e-2 :

22/07/2007 | 00:00 Inhalation: Aerosol [Tuoe F 376e3 1B6e-2 2.0e5 -

Accepted Intakes

¥ Accept‘ XK Delete ~| i wsits
Time ‘ Days ‘ Drays ta meas. | I aterial ‘AMAD, um| Intske, Bg | [Cruration.d | Dose, Svl Mode Wwheight asUrements |
00:00 116 116 Inhalation: Aerosol (Type F), (=1 1 5.37e4 Acute 28e4 Smart ULSF Thyraid
00:00 245 13 Inhalation: Aerosol (Type F), (=1 1 51783 Acute 2785 Smart ULSF Thyraid
00:00 283 1 Inhalation: Aerosol (Type F), (=1 1 2F4e3 Acute 14e5  Semi-automated WLSF-UD Thyraid
00:00 352 32 Inhalation: Aerosol (Type F), (=1 1 20483 Acute 11e85  Semi-automated WLSF-UD Thyraid
00:00 434 3 Inhalation: Aerosol [Type F, F1=1 1 EEDe3 Acute 38eh  Semiautomated WLSF-UD Thyraid
1200 518 165 Inhalation: Asrosol [Type F1, f1=1 1 97133 Acute 48e5  Semiautomated WLSF-UD Thyroid

Figure 5. The Analyser page

The Analyser page contains the following elements (see Figure 5):

1. Supposed range of parameters. This section allows selection of intake variants and supposed
ranges of their parameters for the current step of analysis. Elements of this section are (see
Figure 6):

1.1

1.2.

Standard/Mixture combo box
allows switching the list of
intakes between standard set of
intakes and set of mixed
intakes. For information about
creation of mixed intakes see
section 4.

Intake  path  checklist box
shows available set of standard
or mixed intakes. It is designed
for selection of the subset of

Suppozed range of parameters

10

11 Standard | Intake Type w

1.2

1.3

r

[ Ingestion; F1=1
[ Inhalation: &erosol (Type F, F1=1, AMAD=1
[ |nhalation: Elemental iodine [12]
[ Inhalation: Methyl iodide [CH3I)

Figure 6. The Supposed range of parameters section

+|23:45

M

W
Date [15/09/2000 = | =[1510/2000 | & = 15

Time |00:00



1.3.

1.4.

1.5.

11

intakes for analysis with appropriate check boxes. For standard inhalation intakes of the
aerosol the range of available AMADs can be selected for analysis. The available range
1S 0.001+20 um. To select the range of AMADs click on the name of the corresponding
intake with the right mouse button. The popup window will appear which allows entering
the range of AMADs. Selected range of AMADs will be displayed in the name of the
intake.

Wound intakes (or mixed intakes, which include

wound intake) are available in this list box in the [ Ml 0 &1
Accident mode only. For standard wound intake a o o d_1
wound retention function and duration of retention (e.g.
if contaminated tissues in wound were rejected) can be | 2 ° . 4
defined. To define these parameters click on the name Gf 0 | i
of the corresponding intake with the right mouse button. | %=l ° s | d
The popup dialog window will appear which is BECIEN)
designed for defining the parameters of wound intake | “ daps
(see Figure 7). The Wound intake dialog allows to set | © Unimi=d X conce |
up to 5exponents to define the wound retention

5 Figure 7. The Wound intake
function of the following view: F(t) :ZCi g (Hrat dialog

i=1
where A, is a radioactive decay constant of the analysed radionuclide. The Wound intake
dialog also allows setting the duration of retention. If the unlimited duration is selected,
then defined in the Preference window (see section 8) value of duration substitutes into
the description of the wound intake. Specified retention function and duration of
retention will be displayed in the name of the intake.

To add/edit/delete mixed intakes click with the right mouse button on the list of mixed
intakes. This action calls the dialog for managing the complex mixed intakes (see
section 4). The list of mixed intakes is displayed when the Mixture item is selected in the
check box above (see callout 1.1).

Date and Time edit boxes. They set the supposed range of dates and/or time when the
intake (currently analysed) may occur. The format of date is dd/MM/yyyy (note that the
year must be given by four digits — i.e. 22/10/2001), the format of time is hh:mm. Time
edit box is available if the Use Time mode is checked in the Preference window (see
section 8).

Intake type (acute or chronic). [ Ehroric =] |||

When the Intake type is chronic the supposed range of Chionic type—————
dates (see above) defines a start and a finish of the & Constant " Ewponential
chronic intake. To change chronic intake parameters,
click on the Intake type combo box with the right mouse :'-l 0 dr
button. This action opens a small dialog window (see

Figure 8). In this window a user can set a necessary
chronic intake type (constant or exponential) and 4 value
(for exponential chronic only).

Plus/Minus buttons allow to show or to hide all plots of
the analyzing variants on the Graph panel (see the
description of the callout 4 below).

X Cancel

Figure 8. The Chronic type
popup window

. Tabs, designed to select the measurement series (i.e. Whole body measurements, urine
measurements, etc.) and radionuclide.

. Include in analysis when page is inactive — check box, which allows selection of several
measurement sets for simultaneous analysis. Check this box for each measurement set
(represented by the Tabs (callout 2)), which have to be involved in the analysis. Graphs for
each checked measurement series will be displayed simultaneously on the Graph panel. If the
Minimal distance mode of the simultaneous analysis is selected in the Preference window
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(see section 8) the weight for each checked measurement series may be set in the edit box to
the right of the Include in analysis when page is inactive check box.

. Table of analyzing variants. It contains the full set of combinations of intake parameters from
the Supposed range of parameters group as well as results for the current step of analysis.
Each row of the table contains the description of the intake with unique combination of
parameters and corresponding results:

Date — date of intake from the Supposed range of parameters group;

Time — time of intake (available only if the Use Time mode is checked in the Preference
window (see section 8));

Days — time in days between the calculated intake date and the date of the first
measurement that is considered in that intake calculation;

Material — the description of the intake;

AMAD - AMAD value for the intake variant, which is described by the current row of the
table;

Intake — value of reconstructed intake in activity units, selected in the Preference window
(see section 8);

Distance — the average deviation of the approximation from the measurement data points.
This column is invisible by default. To make it visible use the popup menu, which could be
called by click of the right mouse button on the table. VValue Distance is calculated as:

i2 n 2
D :; Z[Zli Rit, —7)- M(tk)j .
o= h \ k=j \i=1

where

K = index of the measurement of the radionuclide M(ty) at time t;

i = index of the time interval, on which a single response can fit the selected subset of
measurement series;

n = current step number in the iterative analysis process;

% = shiftin the time of the i" acute intake; the shift z, for the last term of the sum is a
required time, when the currently reconstructed intake occurs;

Ri(t) = response of the biokinetic model (response function) on a unit delta-impulse
(radionuclide content in the body, organs or in bioassay probes after a unit acute
intake at t=0 predicted by the model at time t), which was used during step i of the
analysis;

l; = reconstructed intake on the step;

ji, J2 = index of the extreme left and right points of data series M(ts) included into the

current interval of approximation n;
Rel. Distance — the average relative deviation of the approximation from the measurement
data points:

pr= 1! /Z[ZI R (t, —,)- M(tk>j W,

o= h \ k=j \ i=1

where

k = index of the measurement of the radionuclide M(ty) at time t;

i = index of the time interval, on which a single response can fit the selected subset of
measurement series;

n = current step number in the iterative analysis process;

% = shift in the time of the i" acute intake; the shift z, for the last term of the sum is a
required time, when the currently reconstructed intake occurs;

Ri(t) = response of the biokinetic model (response function) on a unit delta-impulse

(radionuclide content in the body, organs or in bioassay probes after a unit acute
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intake at t=0 predicted by the model at time t), which was used during step i of the

analysis;

W = weighting factor for the measurement k, corresponding to the Weighting method
selected in the Preference window (see section 8). If the ULSF weighting method

is selected, Wy=1 and D'=D;

l; = reconstructed intake on the step i;
J1, J2 = index of the extreme left and right points of data series M(ty) included into the
current interval of approximation n;

Dose — the committed effective dose

from the reconstructed intake, Sv. The CommAtedeguivalentioscs
double click on the dose value in the oaniilissae LTS, B ] Close
table calls the Committed equivalent ||Bone Surface 28e6 -
doses window (see Figure 9) which ||Red Maraw 737 Copy
displays corresponding committed ||Breast 47T & s
equivalent doses to organs and tissues; | [[ie e e
Show — reflects the state of the graph [z, G1a7

n
of the function R(t)=> I, R (t—z,) |[[Thwrid B.5e-3

i=1 Stomach wall 11eE
on the Graph panel. Function R(t) |lgzsaphagus 115
represents the linear combination of =" — =
biokinetic responses to acute intakes :
reconstructed during n steps of the |[=“nes B.3e7
analysis, where n is a number of the [|52nads 557
current step. Signs “+7/“-” indicate || rinary Bladder sl 3.2e-6
that the plot of the function R(t) is ||Effective dose 33e-4

-

shown/hidden. The double click on the
table row with the left mouse button
visualises the plot. To show all plots

press ilbutton. This action is not recommended because too many curves may be

displayed. To hide all plots press il button.

The “best result” row (the row with the minimal value in the Rel. Distance column) is
marked with the yellow background colour. The focus in the table is automatically placed to
that row. The combinations of parameters which cannot be analysed (usually due to the
incorrect supposed intake date) are marked with the red background in the table. If several
measurement sets are checked for the simultaneous analysis then the row “best result” of the
simultaneous analysis is marked with the green background colour. The focus in the table is
automatically placed to that row instead of the yellow row, which represents the “best result”
of analysis of single measurement series. The “best result” of the simultaneous analysis is
searched accordingly to the selected in the Preference window mode of the simultaneous
analysis (Closest intakes mode or Minimal distance mode — see section 8). If the Closest
intakes mode is selected the “best result” of the simultaneous analysis is searched as a
minimal relative distance between intakes, reconstructed on the base of each checked
measurement series (see formula (6) of the Annex B). If the Minimal distance mode is
selected the “best result” of the simultaneous analysis is searched as minimal relative distance
between measurements and approximation functions, constructed on the base of analysis of all
checked measurement series (see formula (8) of the Annex B).

. Accepted intakes group contains the Intakes table (table with final results accepted by the
user) and buttons for managing the table content:
— Date — the date, when reconstructed intake occurs;

Figure 9 Committed equivalent doses dialog
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— Days — the reconstructed time in days since the date of the first possible intake. The date of
the first possible intake is pointed out in the First intake is not earlier than field of the
Personal information;

— Days to meas. — time in days between the calculated intake date and the date of the first
measurement that is considered in that intake calculation;

— Material — the description of the response function;

— AMAD - the reconstructed AMAD (um);

— Intake — the reconstructed intake in activity units selected in the Preference window (see
section 8);

— Duration — the duration of intake (days) (for chronic intakes only);

— Dose — the committed effective dose associated with the reconstructed intake (Sv). The
double click on the dose value in the table calls the Committed equivalent doses window
(see Figure 9) which displays corresponding committed equivalent doses to organs and
tissues;

— Mode — the mode of analysis (see section 3) which was used in reconstruction of the
intake;

— Weight — weighting method (see section 8 and Annex B) which was selected for analysis;

— Simultaneous analysis — the selected mode of “best fit” search in simultaneous analysis of
several data sources;

— Measurements — list of data sources which were used in reconstruction of intake. If the
Minimal distance mode of the simultaneous analysis is used, weighting factors for each
data source are displayed.

At the bottom of the Accepted intakes group the total accepted intake and total dose are
displayed. The double click on the dose value calls the Committed equivalent doses window
(see Figure 9) which displays corresponding committed equivalent doses to organs and
tissues.

The set of columns in the Intakes table can X pelsts the st accepted intake | v Days
be chosen in the popup menu, which can be called * e o coceptednises v Davs o mess
with the right mouse button click on the Intakes _ v AMAD
table (see Figure 10). Each column, listed on the - ™ <Peer v Durstion,d
right side of the popup menu may be shown or == "emn b v Mod
hidden with the click on the corresponding y ::j::neous analysis
checkbox. Also, the predetermined set of visible v Measurements

columns may be selected by selection Maximum
columns item or Minimum columns item on the
left side of the popup menu. The Maximum
columns item shows all described columns of the table. The Minimum columns item hides all
columns except Date, Time, Intake and Dose columns.

The content of the Intakes table can be copied to the Clipboard by selection the Copy to
Clipboard item. User can delete the last reconstructed intake or all intakes from the table by
selection Delete the last accepted intake item or Delete all accepted intakes item. Also, the
user can abolish one or several last delete actions by selection of the Undo delete item. The
actions of Delete and Undo delete items are the same as for Delete button, described below.

Figure 10 Popup menu of
the Intakes table



The leftmost upper cell of the Intakes
table is marked with ¥ sign and is used like

button. The user can open the Annual doses 2000 |l
dialog by pressing this cell (see the }BaoneSurtace 40e6 | 1.2e6
Figure 11). This dialog provides saving of JRed Marmow 77e? | 23e7
annual doses in a text file (with tabulation as | ereast 497 | 1627
separator) or copying theirs to clipboard. The J ;. Ele7 | 1827
saved text file can _be opene_d by Microsoft == 25e7 | 2607
!Excel. A data _copled to clipboard can be Troroid coos | 2003
inserted in a Microsoft Excel document too.
If the wound intake was used at any step of |=temachal QA | 24
analysis the calculation of annual committed 9#sophagus Tleb | 3de
doses is not performed in the current IMIE | Colan 1186 | 337
version. Lungs 97e7 | 297
The Accepted intakes group also [5enads B.ie-r | 20e7

contains following buttons (see Figure 12): Urinary Bladder wall| 3.3e-6 | 1.0e6
e The Accept button adds the record about | Effective dose Jde4 | 1.0=4

reconstructed intake selected in Table of -

analyzing variants to the Intakes table. [, Close | Copy | Bl Save |

This button is available only in the
Manual mode or in the Accident mode of
the Retrospective analysis or in the

& Annual committed doses

=19

Figure 11. The Annual committed dialog

* Accept| X Delete L\‘\’ e | Direct dose assessment |

Prospective analysis. In the Semi-Automated
mode or in the Smart mode the best result in | =] Dat
Table of analyzing variants (record with the
minimal value of Rel. Distance) is
automatically added to the Intakes table. Figure 12. Buttons of

Delete button. By default this button deletes the Accepted intakes group

the last row in the Intakes table, corresponded to the last completed step of the analysis.
The measurement points, which were analysed during that step, will be marked as
unselected. The user can also clear all Intakes table with Delete all accepted intakes item
of the dropdown menu of the Delete button (see Figure 12). If do so, all measurement
points in the selected series will be marked as unselected. The user can abolish one or
several last delete actions by selection of the Undo delete item. When selecting this menu
item the last deleted row of the Intakes table is restored and measurement points, which
were analysed during restored step, will be marked as processed. The Undo delete item is
available after delete actions while any new step of analysis is not performed.

Write button saves the set of reconstructed intakes as a text file (with tabulation as
separator). The saved text file can be opened by Microsoft Excel.

Direct dose assessment button is
available for tritium and whole body

AMAD

Delete the last accepted intake
Delete all accepted intakes
Undo delete

Direct method of dose calculation

b ethod of integratiu

measurements of caesium only. This " with splines % trapezium

button calls the Direct method of dose e c
calculation window (Figure 13). The .
Direct method of dose calculation | [niegralefuine dats [Badil) 5 34e8 s
estimates the integral decays in the body | | Integraldecays inthe body | 1.34eT3 oo
by integration of the available SEE. Sv per decay 1.32e-17
measurements and the corresponding Dose, Sv 2 Bfe-2

effective dose by multiplying the integral
decays in the body by the corresponding
SEE (specific effective energy) value.

Figure 13 Direct method of dose calculation
window
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Such estimation will be correct only if there are sufficient available measurements.

2.4  Graph panel

The Graph panel is designed for a graphical presentation of the one or several selected
measurement series and resulting approximation curves. Second important purpose of the
Graph panel is a graphical selection of the measurement points on the each step of the analysis.
The Graph panel contains following elements (see Figure 14):

1 EEE WM. Hih + T34
|- 125, Thyroid, [Bo] a
apo
I b
aont
7004
o0+
2 | f
s004
d
4004
apo+ %
% c
2004 (%
I e
144 } } } " - } } } } }
150 200 3240 00 3/0 400 450 500 50 BOO GBS0 70O
Time, days

Figure 14 Graph panel of the Main window

1. Toolbar — the set of buttons for managing the plots. If the Toolbar is hidden use the Show
Toolbar command of the popup menu, which can be called with the right mouse click on
the Graph panel.

2. Plot area — the area where all measurement and approximation curves are drawn. The
following elements are usually displayed in the plot area:

a) Graph title; contains the name of selected radionuclide and subject of measurement;

b) Measurement points, which have not been selected (coloured in red). These
measurement points neither have been processed on previous steps of the analysis nor
have been selected for the analysis on current step (may be analysed on the next steps);

¢) Measurement points selected for the current step of the analysis (coloured in green);

d) The measurement points already processed on previous steps of the analysis (coloured
in blue);

e) The measurement point lies under MDA (triangle shape and brown frame);
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f) The approximation curve R(t) = Z I. R (t—z;). It represents the linear combination of
i=1
biokinetic responses, corresponded to the reconstructed intakes. The n value is the
number of rows in the Intakes table; the I; values are intake values from the Intakes
table (see the description of the Accepted intakes group of the Analyser page). This
curve is displayed automatically during fill out of the Intakes table.
The X-axis of the plot area shows time in days since first possible intake, which is pointed

out in the First intake is not earlier than field of the Personal Data page. The Y-axis of the plot
area shows the units of measurements (Bq or Bg/day).

The X-axis of the Plotarea in dependence of the Preference window setting (see

section 8) shows time in days since first possible intake, which is pointed out in the First intake
is not earlier than field of the Personal Data page, or absolute dates. The Y-axis of the Plot area
shows the units of measurements (by default — Bq or Bg/day). The output units may be changed
on the Input/Output page of the Preference window (see section 8).

NoabkowhE

10.
11.

12.

13.

14.

15.

The Toolbar of the Graph panel contains the following buttons (see Figure 15):

YS T BT TN e

1 2 34 56 78 91011 12 1314 15

Figure 15. The Toolbar of the Graph panel

Set the logarithmic/linear scaling of the X-axis;
Set the logarithmic/ linear scaling of the Y-axis;
Show/hide the major horizontal gridlines;
Show/hide the major and minor horizontal gridlines;
Show/hide the major vertical gridlines;
Showr/hide the major and minor vertical gridlines;
Set the auto-scaling mode. In this mode axes are scaling so that all measurement point
become visible;
Undo the zoom operation. To enlarge the region (“zooming”) of the Plot area select this
region with the mouse holding the right mouse button;
Show/hide the legend;
Switch the long/short legend format;
Turn on/off the “sight” mode. In this mode user can scan any position in the plot area by
clicking the left mouse button on it. The (x, y) coordinates of the selected position will be
displayed at the bottom of the Graph panel,
Call the Chart options dialog of the Graph panel,
Call the Save chart to a file dialog. Plot can be saved in the format of Windows
Metafile(*.wmf), Windows Enhanced Metafile (*.emf) or Windows Bitmap (*.bmp);
Call Save data to a file dialog. It is designed for saving of all underlying data of the graph
in a text file (with tabulation as separator). The saved text file can be opened by
Microsoft Excel (this text file contains some additional information in a header for
internal purpose that may be ignored);
Copy the plot to the clipboard in the format of Windows Metafile, Windows Enhanced
Metafile or Windows Bitmap. A chart saved to file or copied to clipboard can be inserted
in any document (for example, Microsoft Word document).

When the user points to the data point with the mouse, the hint with (X, y) coordinates of

the selected data point is displayed.

To enlarge the region of the plot area, select this region with the mouse, holding the right

mouse button.

To select (unselect) measurement points for the next step of the analysis select the region

which contains desired points. Selecting of such region can be performed with the mouse (press
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the left mouse button at the beginning of the region and move the mouse, holding the button, to
the end of the region). The selected region will be painted in darker colours during selection.
After the selection all measurement points within the region (except of processed points) become
selected (unselected) and change their colour to green (red). This action is enabled only when the
“sight” mode is off.

User can design the view of the plot area with the mouse. Axes can be moved with the
mouse. Legend and title can be moved with the mouse while Ctrl key is pressed.

2.5 Status bar

The Status bar displays the current position in the personal database, the current modes and
the progress of the analysis. Modes of analysis can be switched with the left mouse button
double click on the corresponded fields of the status bar.

3 MODES OF THE ANALYSIS
3.1 Retrospective mode

The Retrospective mode of analysis is set on by default in the IMIE program. It can be
switched to the Prospective mode by pressing the button Intfke <i=Bioassay | (see subsection 3.2).

Five Retrospective modes of the analysis are available in the program:

— Manual mode;

— Semi-Automated mode;
— ICRP78 mode;

— Smart mode;

— Accident mode.

The ICRP78 mode is based on the classical interpretation scheme for individual
monitoring, which has been recommended by the ICRP Publication 54 and by the ICRP
Publication 78. The detailed description of the classical ICRP scheme of intake reconstruction is
given in the Annex A.

Manual, Semi-Automated, Smart and Accident modes are based on the same new method
of intake reconstruction, described in the Annex B. The only difference between these modes is
the level of automation. The Manual and Accident modes of analysis have low level of
automation. The Semi-Automated mode has the higher level of automation but the user has lower
influence on the analysis process. The user can switch between these three modes on any step of
the analysis. The Smart mode is a full automatic mode of analysis.

The simultaneous analysis of several different measurement sets is available in Manual,
Accident and Semi-Automated modes.

3.1.1 Interactive Semi-Automated mode

Semi-Automated mode implements an iteration process of the data interpretation. For data
point’s approximation the linear combination of biokinetic responses is built in the course of a
multi-step optimisation process. The Semi-Automated mode of data fitting helps the user to
achieve the most reliable results. A subset of the observed series of measurements is used on
each step. Detailed description of this method of intake reconstruction is given in the Annex B.

All figures and examples in this section will be given for the case of inhalation of the
particulate aerosol. Figures and examples are given for two cases of Semi-Automated mode of
analysis usage:

1. Analysis of one measurement set (figures marked with letter a),
2. Simultaneous analysis of two measurement sets with selected Minimal distance mode of
the simultaneous analysis, weight for faecal measurements is 10%, for thyroid

measurements — 100% (figures marked with letter b).
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To turn on this mode select the Semi-Automated button on the Toolbar. Before a first step
of the analysis user have to (see Figures 16a):

1. select one or more measurement sets with the tabs and check boxes (see callout 1 on the
Figures 16a, 16b). All selected measurement sets are displayed in the Graph panel,

2. select the supposed intake variants (see callout 2 on the Figures 16a),

3. clear all previously reconstructed intakes with the Delete all accepted intakes item of the

dropdown menu of| X Delete ~ button (see callout 3 on the Figure 16a).

2] Bioassay Data Analysis g@gl
System  Help
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Figure 16a. Initialisation of the Semi-Automated mode
analysis of one measurement set
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Figure 16b. Initialisation of the Semi-Automated mode
(simultaneous analysis of two measurement sets — Minimal distance mode)
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From that moment the program is ready to start the first iteration step of the consecutive

automatic analysis. To perform the data analysis:

User action

Program response

1. Select the first time interval of the analysis,
on which biokinetic response to the acute
intake can fit the selected subset of the
measurement series. One or several data
points can be included into selected time
interval (see Figures 17a, 17b).

1.2 Move mouse to the start of the time
interval on the graph;

1.3 Press the left mouse button;

1.4 Move the mouse with the pressed left
button to the end of the time interval;

1.5 Release the left mouse button.

2. If the calculated results on the current step
are not satisfactory (for example due to
incorrect selection time interval) the undo
process is available:

2.2 Delete the last calculated intake with
| X Delete » button of Accepted intakes
group;

2.3 Reselect measurements for the current
step.

3. Repeat step 1 consecutively for next data

points (see Figures 19a, 19b, 21a, 21b).

4. The analysis process finishes when all
measurement values are analysed (see
Figures 23a, 23b).

Selected measurement points change colour
from red to green. The program automatically
(see Figures 18a, 18b, 20a, 20b, 22a, 22b):

a) Generates the supposed range for the Intake
date (see callout (a) on the Figures 18a, 18b,
20a, 20b, 22a, 22b);

b) Calculates the intake for all possible
combinations of date, AMAD and Types of
Materials (see callout (b) on the Figures
18a, 18b, 20a, 20b, 22a, 22b). Processed
measurement points change colour from
green to blue;

c) Chooses a “best fit” result. Puts the
corresponding intake into Intakes table (see
callout (c) on the Figures 18a, 18b, 20a,
20b, 22a, 22b).




& Bioassay Data Analysis

System  Help

[ m] || B8] ke <mbioassay | | 1cRP78 [[Semiavtomated _ Smart | bccident | $7 Aus Graph| il Reference.. |

Personal Dala [

| Boeeeot. [WEEE WM AR+ T SN

Supposed range of parameters
| Standard =] Intake Type| Acute < | |- 125, Thyroid, [Bg]
I Irjgction: ~ 900
I Ingsstion: F1=1
¥ Inhalatior: Aerasal (Type F), =1, AMAD=1
I Inhalation: Elemental iadine (12)
I Inhalation: Methyl iodide [CH3I1 )
Date [2/04/2000 ~] + [ 28/0a/2000 ~ I
Time |00:00 +|00:00
Thyrcid 1 Uring ]
. . A 700
I~ Inchude in analysis when pags is inactive 100
Analyzing variants j
Date |T|me |Daus| M atesial ‘AMAD Intake. Ba| Rel. Distance| Dc
64/2000] 00:00[ - | Inhalation: Aerosol (Teoe F1i1=1]_ 1
800
500
400
8 ) >
Accepted Intakes
| % etz | fgwits 300 %
£| Date | Time | Days [Days tomess. |Material| &MD. um|Intake, Ba| Duration.d | Do %
200 (}
I 144 %
T<—| T =TT 2 150 200 250 300 350 400 450 s00 550 GO0 650 700
otal Intzke: 0Eg otal Dose: 05w T, deya
Person: 111 Semi-gukomated mode WLSF-UD

Figure 17a Semi-Automated mode (Iteration step 1)
(analysis of one measurement set)
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Figure 17b Semi-Automated mode (Iteration step 1)
(simultaneous analysis of two measurement sets — Minimal distance mode)
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Figure 18a Semi-Automated mode (Results of the iteration step 1)
(analysis of one measurement set)
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Figure 18b Semi-Automated mode (Results of the iteration step 1)
(simultaneous analysis of two measurement sets — Minimal distance mode)
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Figure 19a Semi-Automated mode (lteration step 2)
(analysis of one measurement set)
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Figure 19b Semi-Automated mode (Iteration step 2)
(simultaneous analysis of two measurement sets — Minimal distance mode)
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Figure 20a Semi-Automated mode (Results of the iteration step 2)
(analysis of one measurement set)
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Figure 20b Semi-Automated mode (Results of the iteration step 2)
(simultaneous analysis of two measurement sets — Minimal distance mode)
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Figure 21a Semi-Automated mode (Iteration step 3)
(analysis of one measurement set)
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Figure 21b Semi-Automated mode (lteration step 3)
(simultaneous analysis of two measurement sets — Minimal distance mode)
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Figure 22b Semi-Automated mode (Results of the iteration step 3)
(simultaneous analysis of two measurement sets — Minimal distance mode)



System  Help

1|

Intake <= Bioassay |

| 1cRP78 [[Semiavtomated _ Smart | bccident | $7 Aus Graph| il Reference.. |

Persanal Data  Analyser ]

© Bioassay Data Analysis g@gl

1E] Create repoit UWE EE LW + 7 kg
Supposed range of parameters
| Standard =] Intake Type| Acute < | |- 125, Thyroid, [Bo]
T Injection: 2 o
I Ingsstion: f1=1
v Inhalatior: Aerasal (Type F), f1=1, AMAD=1
I Inhalation: Elemental iodine [12]
I Inhalation: Methyl indide [CH3(] ™
Date [17,/06/20M ~] +[22/07/20m ~ &= a0
Time |00:00 +|2345
Thyrcid 1 Uring ]
. . o 700
™ Inchude in analysis when page is inactive 100
Analyzing variants
Date Time [Davs M atesial AMAD | Intake. Ba) Rel D\stam:e‘Dose -
12/07/2001 [00:00) 11 |Inhalation: Aerosol (Twoe F1.H=1] 1 4373 6.76e-2 23e-
13/07/2001 [00:00[ 10 [Inhalationy Aerosol Tupe FLN=1[ 1 | 42323  G47e2 23 Y
14/07/2001 [00:00) 3 |Inhalation: Aerosol (Twoe F1.H=1] 1 421e3 7.20e-2 22e-
15/07/2001|00:00 8 |Inhalation: Aerosol [Tuoe F1.H=T) 1 4143 7d4e2 22
16/07/2001 [00:00) 7 |Inhalation: Aerosol (Twoe F1.H=1] 1 4.06e3 7.68e-2 21e-
17/07/2001|00:00 6 |Inhalation: Aerosol [Tuoe F1.H=1] 1 3.38e3 7.34e2 21e 500
18/07/2001 [00:00) 5 |Inhalation: Aerosol (Twoe F1.H=1) 1 391e3 B.22e-2 21e-
19/07/2001|00:00 4 |Inhalation: Aerosol [Tuoe F1.H=1) 1 3843 851e2 2.0s-
20/07/2001 [00:00) 3 |Inhalation: Aerosol (Twoe F1.H=1) 1 3.76e3 B.78e-2 20e-
214072001 [ 0000 2 |Inhalation: Aerosel (Tuoe F1F=T) 1 3.70e3 6.47e-2 1.3s- o 400
EOYTCNCrvory vy R IR S P S ] B -
Accepted Intakes
| % etz | fgwits 200
Date | Time | Days |Daps tomeas | Material [amaD. um|Intak A
oooo - 118 11E Inhalation: Aerosal [Type F), F1=1 1 5.3
02/09/2000 00:00 245 13 Inhalation: Aerosol [Type F), F=1 1 517
16/10/2000 0000 288 1 Inhalation: Aerosal [Type F), F1=1 1 28 200
18/12/2000 00:00 352 32 Inhalation: Aerosol [Type F), F=1 1 2.0
14110/03/2001 00:00 434 3 Inhalation: Aerosal [Type F], F1=1 1 B.61% 140
£ b
140 200 2450 300 350 400 450 500 550 600 650 700
Total Intake: 83124 By Total Dose: 4.4e-4 Sv Tirme, days
Person: 111 Semi-gukomated mode WLSF-UD
& Bioassay Data Analysis g@@|
System  Help
| | > | H‘ ‘ ‘M| \ntake<}=BiuaSS‘aP| ICAPYE || Semi-automated  Smart | Accident ‘ EAUK Glaph‘ ﬂll Helelence..‘
Personal Data  Analpser ] Create repott.. | WE EE W W o + T ky g
=3 H
Supposed range of parameters
| Standard =] Intake Type| Acute =] |- 125, Thyraid, [Be]
924
I Injgction: A
I Ingestion: f1=1 00
W Inkalatior: derasal (Type F), f1=1, AMAD=1
I Inhalation: Elemental indine (12]
I Inhalation: Methwl iodide [CH3/1 L
Date [17/05/2001 ] +[22/07/2001 ~ = 800
Time (0C:00 +|23.45
Thyoid | Uiine | 400
v Include in analysis when page is inactive 100
Analyzing variants
Date Time | Davs e aterial AMAD | Intake. Ba| Rel D\stance‘DDse Swim
12/07/2007 | 00:00 Inhalation: Aercsol [Tvoe F1.A=T| 1 4.14e3 208 22e5 144
13/07/2001 | 00:00 Inhalation: Aerosol (Twoe F1.A=1| 1 4.06e3 320 2185 150 200 250 300 350 4.00 450 a00 550 600 650 700
14/07/2007 | 00:00 Inhalation: Aercsol [Tuoe F1.A=T| 1 3993 334 21e5 Time, days
16/07/2001 | 00:00 Inhalation: Aerosol (Twoe F1.A=1| 1 391e3 a2 21e-5 q
| |tld —+ Lo g
164072001 | 00:00 Inhalation: Aerosol Tuoe F1.A=1] 1 3.84e3 375 2085 WE EE W TS
17/07/2001 | 00:00 Inhalation: Aerosol (Twoe F1.A=1| 1 377ed 408 20e-5 .
18/07/2001 | 00:00 Inhalation: Asosol (Tupe FLA=1] 1| 3653 433 1565 |- 128, Urine, [Bo/day]
18/07/2001 | 00.00 Inhalation Aerosol (Tupe F1LH1=1] 1 | 36263 e 1925 208
20/07/2001 | 00:00 Inhalation: Aerosol [Tupe F1.A=T| 1 E 0
21/07/2001 | 00:00 Inhalation: Aerosol (Twoe F1.A=1] 1 307e3 805 1.6e-5
Tl et = oo i EE
>
15
Accepted Intakes
| % Delcte | fiwiie..
Time | Days [Days to meas | Material [AmaD wmIntake, Ea 10
o0oo - 209 23 Inhalation: Aerosol [Type F], f=1 1 1.07e¢
000 232 26 Inhalation: Aerosol [Type F). 1 7.07el
oo:on - 277 12 Inhalation: Aerosol [Type F], f=1 1 3.31el @
0000 356 28 Inhalation: Aerosal [Type F), F1=1 1 1.91el o]
141 16/02/2001 D000 412 2% Inhalation: Asrosol (Tye FLFAI=T 1 1030 ¥ e Lo /O\O
< >
150 200 250 300 350 400 450 a00 550 60O 650 700
Total Intake: 48724 By Total Dose: 2.6e-4 Sv Time, days

Person: 11

Semi-automated mode:

WLSF-EYV

(simultaneous analysis of two measurement sets — Minimal distance mode)

Figure 23b Semi-Automated mode (Final results)

27



28
3.1.2 Manual mode

To turn on the Manual mode deselect the ICRP78, Semi-automated, Accident and Smart
buttons on the Toolbar or select this mode in the Preference dialog (System menu).
The Manual mode implements the iteration process, which is similar to the Semi-

Automated mode. It has the following peculiarities (see Figure 24):

1. After a selection of the time interval the analysis does not start automatically. At that
moment user can check the supposed range of the Intake date and correct it. To start press
the Analyse button on the Toolbar (see callout 1 on the Figure 24) (features that accessible by
dropdown menu described in the subsection 3.1.5).

2. The “best fit” result is not automatically included into Intakes table. All calculated intakes
are displayed in the Table of analyzing variants. The best-fit approximation is displayed as
blue text on the yellow background (see callout 2 on the Figure 24). User can reselect the
best-fit line.

3. To add the selected intake to the Intakes table press ¥ Accept | button (see callout 3 on the

Figure 24).
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Figure 24. Manual mode (see description of callouts in the list above)

3.1.3 Accident mode

The Accident mode can be selected with the Accident button on the Toolbar. This mode is
useful for analysis of accidental cases, when the date of intake is known. The functionality of
this mode is the same as in the Manual mode, except that the search of the “best fit” by date of
intake is not performed. Instead of the time range of the supposed dates of intake the known date
of the accident must be set in the Date field of the Supposed range of parameters group. The
analysis of wound intakes is available in this mode only (see subsection 2.3.2).

3.1.4 ICRP78 mode

The ICRP78 mode can be selected with the ICRP78 button on the Toolbar. To start an
analysis in the ICRP78 mode, select the set of measurements (i.e. daily urine excretion
measurements or measurements of thyroid content), select (press) the ICRP78 button on the
Toolbar and press the Analyse button. Results of the approximation process will be shown on the
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graph and reconstructed intakes and doses will be collected in the Intakes table on the Analyser
page of the Data panel (see Figure 25). It must be noted that in this mode any region (points)
selections in the Graph panel (as it is described in subsection 2.4) have no effect. The analysis
process can be started only with the Analyse button and all points in the selected series are
always analysed.
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Figure 25. Results of the ICRP78 mode

3.1.5 Smart mode

The Smart mode is based on the new method x|
of intake reconstruction, described in the Annex B~ i noik o intake i & curve
(like the Semi-automated and Manual modes). The traverses the point in the band ...
Smart mode can be selected with the Smart button &+ |1— + Mesurement emar
on the Toolbar. To start an analysis in the Smart
mode, select the set of measurements (i.e. daily urine | & % [ 07 xMeasurement vabue
excretion measurements or measurements of thyroid C * | 1 « B [Bg/d for excretion)
content), select (press) the Smart button on the I—

Toolbar and set parameters using by the Set v -  MessurEment valie
parameters of the Smart mode... command in a
dropdown menu of the Analyse button. This o 0K X Cancel |

command opens a dialog showed on the Figure 26.
The Smart mode tries to incorporate several
measurements as a result of one intake by using
criteria enumerated on the Figure 26.

To start an analysis process in the Smart mode, press the Analyse button. Results of the
approximation process will be shown on the graph and reconstructed intakes and doses will be
collected in the Intakes table on the Analyser page of the Data panel (see Figures 27 - 28).

Figure 26. Parameters of the Smart mode
window
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Figure 27. Progress of the Smart mode
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Figure 28. Results of the Smart mode

The analysis process can be started only with the Analyse button and all points in the
selected series are always analysed (like in the ICRP78 mode).

The Manual mode has advanced features of the Smart mode accessed via Smart analyse
command and Smart test command in a dropdown menu of the Analyse button. These commands
allow performing a Smart analysis and Smart testing for selected points only.
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3.2 Prospective analysis

The Prospective mode of analysis allows to calculate the dose from the known intake. The
Prospective mode may be set on by pressing the mye<gis=ssy | button of the Toolbar. The arrow
on the button changes its direction indicating that the Prospective analysis is on (see callout 1 on
the Figure 29). To return to the Retrospective mode of analysis press the imske<-Biossssy | button
again. When the Prospective mode is on the Intake field is displayed in the Supposed range of
parameters group (see callout 2 on the Figure 29). It allows to enter the known intake value in
units selected in the Preference window.
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Figure 29. Main window in Prospective mode of analysis

To perform the Prospective calculation:
1. Select one or more measurement sets with the tabs and checkboxes (see callout 1 on the
Figure 30). All selected measurement sets are displayed in the Graph Panel.
Select the supposed intake variants and intake value (see callout 2 on the Figure 30).
To start calculation, press the Analyse button on the Toolbar (see callout 3 on the Figure 30).
All calculated doses are displayed in the Table of analyzing variants (see callout 4 on the
Figure 30). Corresponding retention and excretion functions may be displayed on the graphs
by double clicking on the “-“ sign of last column of the Table of analyzing variants.

5. User can select one of results and add it to the Intakes table by pressing the ¥ Accept | button
(see callout 5 on the Figure 30).

»own



32

€3 Bioassay Data Analysis Q@El
3 System  Help
1 ! E ! El ! 1 lﬂ_mtalmsz&msmu_l_@.éna\yze‘ Al Feterence ‘

Fersonal Data  Analyser ]

Supposed range of parameters
| Standsrd ] Intake Type| Acute x|

Show reference window
ate repoit.

[WEEE W

EPEREY

1- 125, Thyroid, [Bq]

824
2 [ Injection: A
¥ |ngestion: (1=1 o0
¥ Inhalation: Aerasal (Type F). H=1, AMAD =1
¥ Inhalation: Elementsl iadine (12]
I Inhalation: Methyl iodide [CH3I Al
Date [28/07/2000_v | +[28/07/2000 | Irtake.Bq| Ted == 800
Time [00:00 <0000
1 Ty | Usine | . @
¥ Tholude in analysis when page s inactive 3
Analyzing varisnts 5 8
Date Time [ Davs I aterial AMAD‘Inlake.Bu Rel. Distance | Dose. Sv | Show, 2]
4 28/07/2000[00.00[ - Ingestion: {1=1 - | 1.00e4 0.311 15e4 | - 144
07:2000] 0000 - [Inhalation: Aerosol (Tvoe FL11=1] 1 [N 53e§ 150 200 250 300 350 400 450 500 S50 60O BS0 700
28/07/2000] 00:00] | Inhaltior: Elementaliodine 121 | -~ | 1.00ed 0,291 1 4e-4 Tirme, days
WEEE WW ¥ B+ T3
|- 125, Urine, [Bo/day]
218
20 %
15
5 Accepted Intakes
¥ Accept| X Dete -] Ewite.
E| Date | Time [ Days |Days tomeas | Material | #MAD. w| Intake. Ba Duration. 4] e 10
0 0600 208 0 Inhalation: ferosol (Type F111=1 | 1 1004 | Aoute | £
5 o A
-] S
© [
< 3 0.84 ki
180 200 250 300 350 400 450 500 550 600 G50 70O
Total Iniake: 1.00e4 By Total Dose: 5.3e5 5v Tiie, sy
Person: 1/1 Prospective WLSF-EY

Figure 30 Result of the Prospective calculation

4

MIXED INTAKES WINDOW

The Mixed intakes window designed to create/edit complex mixed intake descriptions for
the radionuclide, which measurements are currently analyzed. The Mixed intake window is

shown on the Figure 31.
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Figure 31. The Mixed intakes window

Mixed intake is a combination of the standard intakes, weighted accordingly to the
supposed amounts of radioactive material incorporated into the human body by them. Standard

intake means one of the:
— Injection;
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— Ingestion of the radioactive material with the specified absorption fraction;

— Inhalation of the radioactive aerosol with the specified Type of Material and AMAD;

— Inhalation of the radioactive vapour or gas;

— Wound intake with the specified wound retention function and duration of retention in
wound.

The Mixed intakes window contains following elements:

1. Available mixed intakes list displays the set of saved mixed intakes available for the
current radionuclide. It allows the selection of one of already created mixed intakes for
modification. The creation of a new mixed intake may be performed by selection of the
New item in the list.

2. Available paths/materials list contains the set of available standard intake descriptions. The
user can build the mixed intake combining the standard descriptions. To add the new
standard intake to the description of the mixed intake, currently selected in the Available
mixed intakes list, select this intake in Available paths/materials list and drag it to the

Intakes table (see description of the callout 4) or press ¢ | button.

3. Current mixed intake name edit box displays the name of the currently edited mixed intake
and may be used to enter the name of the newly created mixed intake.

4. Intakes table contains the description of the currently edited mixed intake. Each row of this
table contains the name of the standard intake and its weight in the total mixed intake. To
add the new standard intake to the description of the mixed intake select it in the Available
paths/materials list and drag it to the Intakes table (see description of the callout 2) or press

P button. To remove the standard intake from the description of mixed intake, select it in

the Intakes table and drag somewhere out of the table or press 4 button. To change the

weight of the standard intake, double click with the left mouse button on the corresponding
cell in the Coefficient column.

5. Properties group of controls designed for setting the parameters of inhalation or wound
intakes. For the inhalation the AMAD or regional deposition values can be set. For the
wound intake the wound retention function and duration of retention in wound can be
defined. To view or change properties of an inhalation or wound intake select it in the
Intakes table.

6. Available subjects list displays the subjects of measurement for which the response
functions on the currently selected mixed intake are available. Subjects with unavailable
response functions are grey.

To save the created or modified description of the mixed intake press the Save button. To
remove a description of the mixed intake select its name in the list of Available mixed intakes
(see callout 1 on the Figure 31) and press the Delete button. The description of the selected
mixed intake will be deleted after confirmation. Be sure that the deleted description of the mixed
intake is not longer needed and no results of the analysis are based on that description of intake.
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5 DATA MANAGER WINDOW

The Data manager window is designed to add/modify/delete all the data in the program
database. It divides into three parts (see Figure 32):

1. Personal information group;

2. Sets of measurements group;

3. Measurement values group.

‘€ Data manager

Perzan Measurenment values
“orker Id |1 Thyroid 1125 Generate erors... 7
i;"StNaTe Flgm'ly Nime Days By Unc, %z | Une MDA | Kind [Comment |4
Brson Brson
E 232 B.73e2 10 B.73e1 1.70e2  regular
Dt of Hith First Intake is not C'teatir]jge ewcretion || | 15/03/2000 | 258 | 4062 10 8.40e1 | 1.70e2 | special
il Cailzithar) [0y || tenov20m0 | 2es | 7ame2 10 73081 | 1.70s2 | reqular |
jmeoiniss0  fo/o2om LT aemtz000 | 320 4172 100 4171 | 170s2  specisl
Comment | | 1841272000 352 2432 10 2.43e1 1.70e2  regular
| || 1m/20m | 34| 25062 10 25061 | 1.70e2 | special
| . | ”| . | _| | | M| || 13ozzom | 403 | 160e2 1 16061 | 170e2 |regular
|| 1womeom | a3 | 753 10 7531 | 170e2 | special
: Sets of measurements | | 170ss20m | s02 | 2232 10 2231 | 170e2 |regular
T | 100t | B33 B3e2 | 10 837el | 17082 regulr
- line || zvovoom | ses | 793 10 7931 | 170s2 | regular
1125 || 1a020m | B2z | 3062 10 31061 | 170e2 |regular
|
v
< >
+ &dd = Delete H| 4| b|H|+\|—| | | ﬁl(_oad | S{ave | != Close

N6 NeNe N1

Figure 32. The Data manager window

Personal information group
The Personal information group contains following elements (see Figure 32):

. Edit boxes for enter/modification of personal information for the selected person (see

callout 1).
Set of navigation and management buttons (see callout 2).

Use |l| button to create a new empty record for the new person. To save the new
record to the database press Iil button. To reject this action press m button.

|;| button deletes the current personal record and all corresponding measurements
from the database.

All other buttons perform the same actions as the identical buttons on the Toolbar of
the Main window.
Sets of measurements group

The Sets of measurements group contains following elements (see Figure 32):

. Sets of measurements list (see callout 3) shows the expanded list of measurement sets,

which the database contain for the selected person. The list includes the names of the
subjects of measurement (organ or tissue, whole body, excretion products). For each
subject the list of measured radionuclides is shown. For the tritium the list of chemical
forms is displayed (tritium water or organically bound tritium). The Sets of measurements
list allows to select the set of measurements, which will be displayed in the Table of
measurement values. All operations in the Measurement values part of the window will
work with the measurement set selected in this list.

‘ o
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. Buttons for managing the sets of measurements (see callout 4 on the Figure 32).

Use =+ Add | button to add the new set of measurements to the list for the selected

person.
Use = Delete | button to delete the selected set of measurements from the list for
the selected person.

Measurement values group
Measurement values group contains (see Figure 32):

. Table of measurement values (see callout 5) is designed to enter new or to modify existing

measurement records. To add the new measurement record click with the left mouse button
anywhere in the last row of the table (select the last row) and press the down (down arrow)
button or the Insert button on the keyboard. This action also may be performed with

|l| button of the Measurement values group. The new empty row will appear in the table.

Now it is possible to fill the new measurement record. The new or modified record will be
saved automatically when the user moves the cursor to another row of the table or when

Ctrl+End keys are pressed simultaneously. It is also could be done with |L button of the

Measurement values group. To delete the measurement record it is necessary to select it
(click with the left mouse button anywhere in the corresponding row) and press

Ctrl+Delete keys simultaneously. This action also may be performed with j button of

the Measurement values group. The confirmation dialog will be displayed and after
confirmation the record will be deleted.

The set of columns described the measurement is different for urine measurements
and for other measurements. For all measurement series except urine measurements it
contains following columns:

Date — date of the measurement;

Time — time of the measurement (displayed if Use time mode is checked in the Preference
window — see section 8);

Days — time in days since the date of the first possible intake. The date of the first possible
intake is pointed out in the First intake is not earlier than field of the Personal information
group;

Measurement value in units, selected in the Preference window;

Unc.,% — measurement uncertainty in percents. These values may be used as weighting
factors in the analysis (see the Equation 4 in the Annex B). If at least one of these values is
zero then ULSF weighting method is used in the analysis of the measurement set (see the
Equation 3 in the Annex B). If uncertainty values are unknown they must be set to zero;
Unc — absolute measurement uncertainties. They are automatically calculated on the base
of Measurement value and Unc, % values;

MDA — value of the minimal detectable activity for the measurement in units, selected in
the Preference window;

Kind — the kind of measurement. This value indicates the monitoring program within the
framework of which the measurement was done (regular monitoring, special monitoring).
The value in this field can be entered from drop-down list, which appears while editing;
Comment — notes for the particular measurement (not required). These values are not
currently used in analysis.
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If the urine measurement series is selected in the Sets of measurements list the
following columns set is displayed in the Table of measurement values (see Figure 33):

Meazurenment values

Urine 1125 " Creatining { “aolume  * Coefficient Generate errc-rs...l 1
Date | Days |Bq per gample| Unc., % | Wolume, ml | Creatinin, mg| Coefficient, 1/d| Bg/day Unc, | D2, | Kind |C0mment -
M| 20/08/2000 @ 232 2530 10 1 25830 | 2531 regular
15/09/2000 | 258 4.07e0 10 1 4.07e0 | 4.07e1 regular
] 161072000 | 289 3.23e0 10 1 3230 | 323e1 regular
: 16/11/2000 | 320 2.47el 10 1 247e0 | 2.47e regular
18A12/2000 | 352 1.47e0 10 1 1.47e0 | 1.47e1 regular
: 19/01/2001 384 1.23e0 10 1 1.23e0 | 1.23e1 special
|| 13/02/2000 | 409 9.33e1 10 1 9331 | 9332 regular
13/03/2001 | 437 3.10e0 10 1 310e0 | 3.10e1 regular
: 17/05/2001 | 502 1.40e0 10 1 1.40e0 | 1.40e-1 regular
|| 17/08/2000 | 533 4.27el 10 1 4.27e0 | 4.27e1 regular
23/07/2001 | BE9 1.98e1 10 1 1.98e1 1.98e0 regular
: 14/09/2001 | B22 1.87e0 10 1 1.87e0 | 1.87e1 regular
v
< >
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Figure 33. Measurement values group for the urine measurement series

Date — the same as for other measurement series;

Time — the same as for other measurement series;

Days — the same as for other measurement series;

Activity per sample — measurement value in Activity per urine sample units. The activity
units can be selected in the Preference window;

unc.,% — the same as for other measurement series;

Volume, ml — the volume of the urine sample in ml (not required if not involved in
calculations);

Creatinine, mg — the creatinine content in urine sample in mg (not required if not involved
in calculations);

Coefficient, 1/d — the coefficient for calculation of the daily radionuclide excretion with
urine on the base of Activity per sample value. This coefficient is calculated automatically
if the Creatinine or Volume item of the Measurement calculation switch (see callout 1 of
the Figure 33) is checked. If the Creatinine item is checked, then the Coefficient is
calculated as ratio between person’s daily creatinine excretion rate and the Creatinine
content in the sample. If the Volume item is checked, then the Coefficient is calculated as
ratio between the standard value of daily urine excretion (1.6 litres per day) and the sample
Volume. If the Coefficient item is checked, then the Coefficient value must be entered
manually;

Activity/day — calculated value of the daily radionuclide excretion with urine in Activity per
day units. The activity units can be selected in the Preference window. This value is
calculated as the product of the measured radionuclide content in the sample (Activity per
sample) and the Coefficient. In accordance with ICRP-78 the urinary excretion data for
tritiated water must be given in term Activity/litre (NOT in terms of the daily excretion
rate). The urinary excretion data for organically bound tritium must be given in terms of
the daily excretion rate. The program automatically calculates this value for tritiated water
as the ratio between the measured radionuclide content in the sample (Activity per sample)
and the Volume of the sample and shows for the Activity/litre value in this column.

Rest of columns is the same as for other measurement series.
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2. Set of navigation and management buttons (see callout 6 on the Figure 32).
T
4 5 6 7 8

*.*I*i-l'i-*l
1 2 3

These buttons perform following actions:

Select first measurement record in the Table of measurement values;

Select previous measurement record;

Select next measurement record;

Select last measurement record;

Add new measurement record to the Table of measurement values;

Delete selected measurement record from the Table of measurement values;
Accept changes of the measurement record;

Reject changes of the measurement record.

LNk wNE

3. Generate errors button (see callout 7 on the [} |
Figure 32) calls the Generate errors dialog (see _ '
Figure 34), which allows to set measurement ;E:::E::’;:E':‘:[/] Vae | O
uncertainty values automatically. Use the | - . . “ ¥ Applyto al
Uniform Absolute item to set the absolute rHare o
measurement uncertainties (relative uncertainties & OFK X Cancel |
in percents will recalculate automatically). Use
the Uniform Relative (%) item to set relative Figyre 34. The Generate errors dialog
measurement  uncertainty values (absolute
measurement uncertainties will recalculate automatically). Use the Square Root item to set
absolute measurement uncertainties equal to values of square roots of corresponding
measurement values multiplied by the coefficient entered in the Value field (relative
uncertainties in percents will recalculate automatically). If the Apply to all check box is
checked, then all uncertainties in the Table of measurement values will be changed.
Otherwise, uncertainty will be set only for the currently selected measurement in the Table
of measurement values.

4. Load button (see callout 8 on the Figure 32) loads a measurement series for the currently
selected person from the file. User must select the corresponding measurement set in the
Sets of measurements list (see the description of the Sets of measurements group) before
loading. In the file each measurement must be described in the separate string. Whole
Body, Thyroid, Lungs and Faecal measurements in the following order:

— Date of the measurement — date in the format dd/MM/yyyy with the four-digit year;

— Time of the measurement — time in the format hh:mm. If the Use Time checkbox of the
Preference window (see section 8) is not checked, this field must be omitted:;

— Measurement value in Activity or Activity /day units. The Activity units can be selected in
a popup window before load starts;

— Measurement error in percents;

— MDA value in units, which can be selected in a popup window before load starts;

— Kind of measurement — the index of the measurement kind (O for regular measurement,
1 for special measurement).

Values in strings must be separated with commas.

For example:
File Pu239.csv (Use Time checkbox is not checked)
31/01/1995,1.66E-04,10, 1E-05, O
27/02/1995,1.14E-04,5, 1E-05, 1
28/03/1995,1.37E-04,10, 1E-05, O
29/04/1995,1.37E-04,10, 1E-05, O
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File Pu239.csv (Use Time checkbox is checked)
31/01/1995,12:00,1.66E-04,10, 1E-05, O
27/02/1995,13:10,1.14E-04,5, 1E-05, 1
28/03/1995,12:30,1.37E-04,10, 1E-05, O
29/04/1995,14:00,1.37E-04,10, 1E-05, O

Urine measurements must be described in the following order:

Date of the measurement — date in the format dd/MM/yyyy with the four-digit year;

Time of the measurement — time in the format hh:mm. If the Use Time checkbox of the
Preference window (see section 8) is not checked, this field must be omitted:;

Measurement calculation flag — the integer value that defines the way of the radionuclides
daily excretion calculation (is similar to the Measurement calculation switch). 0 value
corresponds to the Creatinine item, 1 to the Volume item, 2 to the Coefficient item;
Measurements value in Activity per sample units. The Activity units can be selected in a
popup window before load starts;

Measurement error in percents;

The value of parameter, indicated by the Measurement calculation flag. If the
Measurement calculation flag has 0 value then the creatinine content in mg per sample
must be placed here, if 1 — the volume of the sample in ml, if 2 — the value of Coefficient.
For the tritiated water the value of sample volume must be placed here independently of
the value of Measurement calculation flag;

MDA value in units, which can be selected in a popup window before load starts;

Kind of measurement — the index of the measurement kind (0O — regular measurement,
1 - special measurement).

For example:
File UrinePu239.csv (Use Time checkbox is checked)
01/05/2000, 12:00, 0, 1.6E-2, 10, 400, 1E-3, O
01/05/2000, 12:00, O, 2.4E-2, 10, 500, 1E-3, 1
01/05/2000, 12:00, O, 1.1E-2, 10, 840, 1E-3, O
01/05/2000, 12:00, O, 8.6E-3, 10, 900, 1E-3, O

O O O o

. Save button (see callout 9 on the Figure 32) saves a measurement series for the currently
selected person to the file. User must select the measurement set in the Sets of
measurements list (see the description of the Sets of measurements group) before saving.
The resulting file will have the same format as the described file format for import
operation.

. Close button (see callout 10 on the Figure 32) closes the Data manager window.



39
6 AUXILIARY GRAPH

The Auxiliary graph represents additional XY plots of target functions in an optimisation
process (values, which must be optimised during the data approximation). Such graphical
presentation can help to examine the form of the target function and to analyse all its local
extremes. This graph is essential for analysis of non-trivial cases in the manual mode and for
simultaneous analysis of several measurement sets. To turn the Auxiliary graph on press the
Aux. Graph button on the Toolbar. The graph appears at the bottom of the Graph panel (see
callout 1 on the Figure 35).
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Figure 35. Usage of the Auxiliary graph

To select what information to show in the Auxiliary
graph use the popup menu, which can be called with the
right mouse button click on the Auxiliary graph (see
Figure 36). In the popup menu the Intake, Distance or
Relative Distance plots can be chosen. Plotted values
are presented in the numerical form in the corresponded
columns of the Table of analysis results. On the X-axis
the supposed date of the analysed intake is displayed.

Intake
Distance
® Relative distance

T Show Toolbar
¢% Auto Scale

Figure 36. Popup menu of the
Auxiliary graph
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7  SEARCH WINDOW

Tr_le Search window o, |
(see Figure37) can be 1
called with #| button of ——"=
the Main window or the h I Last M ame IFirstName [;I
Data Management || 8 Casel Case 1
window. It allows finding || 11 Case2 Case 2
the personal record in the B p2
database by the Last Name 4 "erson Person

field. At the top of the 2
window the edit box is
placed (see callout 1).
While typing in this edit
box the incremental search
will be performed and the
record with the most
similar the Last Name field

will  be automatically —
selected in Table of

persons (see callout 2). kI i
Table of persons is sorted 0K X Cancel |
by the value of the Last
Name field. If the user Figure 37. The Search window

presses OK button then the

selected personal record becomes the active record in the system. If the user presses the Cancel
button then the active record remains unchanged.

8 PREFERENCE WINDOW

The Preference window sets the working folders of the program, a mode of the analysis
(user can also set the mode with ICRP78, Semi-Automated, Smart and Accident buttons on the
Toolbar — see subsection 2.2) and other analysis and interface options. It contains three pages.
Figure 38 shows the Directories page of the preference window, Figure 39 shows the Options
page, and Figure 40 shows the Input/Output page.

%)

Preference

..............................

i Directanes l Dptinns] Inputa"Elutput]

Meazurements databaze |DI'\WDrkI".|M|E9 [GE44]I\.DB

Fi adionuclides databaze |DZ"'-WDTk"~HN| fil=z

Responze functions databasze |D"\WD[k"‘.|M|EE [IL. 3. 00Curves

Depasition folder |D:\work\IMIE-34 CRP-66

Mized ntakes folder |DI'\WI:Ika".|M|E9 [GE44]I\MIH

2l 2|2 2] 2] |2

Results folder |D:"-.Wu:urk"-.IMIEEI [GE.4.4)\DBAResults

o Save X Cancel

Figure 38. The Preference window
(the Directories page is selected)
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On the Directories page user can change:

— the folder with the Measurements database (the database with personal data and
measurement results). This database is usually placed at the network location for
common access. The folder with the Measurements database also can be set on the
Personal data page of the Data panel of the Main window (see subsection 2.3.1);

— the folder with the radionuclides database (the folder, which contains radionuclides
database with spectrums and dose coefficients);

— the folder with the response functions database (this folder contains all available
response functions in binary form. These functions are used in approximation during
the analysis);

— the folder with files with standard lung deposition fractions from ICRP Publication 66;

— the folder with files with descriptions of user defined mixed intakes;

— the folder with the results (this folder contains results of the analysis in a binary form).
The path to the Results folder also can be implicitly set on the Personal data page of
the Data panel of the Main window (see subsection 2.3.1) by selection of the path to
the Measurements database.

Preference E]

Directories DF'tI'I'ﬂSI [nputA0utput ]
Analyziz Mode Wieighting methad WH interpretation
© Marual Acute regime Chronic regime f« |ICRP i WwWBET
. o LILSF o LILSF Default AkAD range, pm
* Semi-automated ¢ WLSF-UD " WLSF-UD Coot | [z
™ WLSF-EY I WLSF-EY
£ Smart [ Usze Time
. Simultaneaus analyzis riniary/F aeces data
~
Full autematic (ICRP7S) * Clozest intakes " Excretion rate Cluration of

" Accident " Minimal distance ¢ Daily excretion 24k W”;J‘;“J?nctlake 3830 e

v Use middle of time interyal o GSave X Cancel |

Figure 39. The Preference window
(the Options page is selected)

The Options page is designed for setting a mode of the analysis (see section 3) and
permanently saving it. On the next start of the program the analysis mode will be automatically
set to the saved value.

The Weighting method switches define the fitting procedure for reconstruction of acute or
chronic intakes. The ULSF method implements the unweighted least-squares fit procedure,
which is described by Equation (3) of the Annex B. The WLSF-UD method implements the
weighted least-squares fit procedure with weights inversely proportional to the squares of User
Defined (UD) measurement uncertainties (see Equations (2), (4) of the Annex B). The WLSF-EV
method implements the weighted least-squares fit procedure with weights inversely proportional
to the expected measurement values (see Equations (2), (5) of the Annex B).

The Simultaneous analysis radio group sets the mode of the simultaneous analysis. The
“best result” of the simultaneous analysis is searched accordingly to the selected mode (Closest
intakes or Minimal distance). If the Closest intakes mode is selected the “best result” of the
simultaneous analysis is searched as a minimal relative distance between intakes, reconstructed
on the base of each checked measurement series (see Equation (6) of the Annex B). If the
Minimal distance mode is selected the “best result” of the simultaneous analysis is searched as
minimal relative distance between measurements and approximation functions, constructed on
the base of analysis of all checked measurement series (see Equation (8) of the Annex B).

The Urinary/Faeces data radio group allows defining how to interpret urine and faeces
measurements. Such data may be interpreted as daily excretion values or excretion rate values.



42

This switch has no influence on the interpretation of measurements of excretion of tritiated
water. Urine measurements of tritiated water are always interpreted as concentration of tritium in
urine (Activity per litre), not as tritium excretion.

The Duration of “unlimited” wound intake field defines the time (in days) which will be
substituted to the wound intake duration, when duration of the wound intake is defined as
unlimited (see comments to the Figure 7 in subsection 2.3.2).

The WB interpretation radio group on the Options page allows selecting the definition of
the Whole Body. The standard ICRP definition of the Whole Body (ICRP radio button) includes
the ET (Extrathoracic) region. The WB interpretation radio group allows defining the Whole
Body without the ET region (the WB-ET radio button). In some cases, when there is a small
emission from the ET region, the standard ICRP definition leads to the underestimation in the
dose assessment.

The Default AMAD range comboboxes allows to set the range of AMADs which will be
used in generation of analysing variants.

The Use Time checkbox switch on the processing of fractions of the day (hours, minutes):
input, taking into account during analysis, storage in database.

The Use middle of time interval check box allows to switch on/off the rule of use the
middle of the analysed time interval when only one measurement is analysed. Generally, when
only one measurement is analysed the used method of analysis can not reconstruct the time of
intake. In such case just the middle of the analysed time interval is used as proposed by the ICRP
Publication 78. But if user needs to see all variants of intake reconstruction for each date of
analysed time interval, the Use middle of time interval check box may be turned off. This is
useful in the Manual mode of analysis.
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Figure 40. The Preference window
(the Input/Output page is selected)

The Input/Output page is designed for setting input and output parameters of IMIE
interface.

The Activity units radio group allows selection of the activity units for all input and output
procedures of the IMIE. Please, enter the activity data in the Data manager window in the units
corresponding to this setting (see subsection 5.3).

The Graph X Axis radio group allows selection of the output data for the X axis of the
Graph panel (see subsection 2.4). Dates or time in days since first possible intake, which is
pointed out in the First intake is not earlier than field of the Personal Data page, can be
displayed on the X axis.
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9 IMPORT DATA
A user can create new personal records in the database and import measurement data from

text files with delimiters pressing the Import button on the Personal data page of the Main
window. To perform import press the Import button and select all text files, which contain
measurement data in the opened dialog. After successful import of each file the new personal
record is created in the database and all measurement sets are added to this record. Results of
import procedure will be shown in a separate window and saved in a file ‘IMIEImport.log’. The
format of a text file, which can be imported, is described in the subsection 9.1.

parameters using the Options... command I
in a dropdown menu of the Import button f
(see Figure 41). This command opens the :
Import Options window (see Figure 42).

9.1

User ~can  customize  import ||mpmt__H"” lsn 0

Import data From File...
Opkions. ..

Figure 41. Dropdown menu of the Import button
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Figure 42. The Import Options window

This window is designed to set:
Location for importing data where files are contain in;

decimal, date and list separators (Set system separators button assigns system values to
these parameters);

interpretation of measurements below MDA (if the measurement value is blank): ignore or
convert MDA values to measurement and uncertainty values;

organ signs (default signs represented on the Figure 42);

intake date (is used as a value of the First intake is not earlier than field);

action on error in data format: skip the file or the line with an error only;

type of import report: no report, report after every file or entire procedure.

File format and import example

A text file must have the header and the list of measurement values. The header consists of

three lines (see the Example) that contain:

1.
2.

3.

Worker 1D, First Name and Family Name separated by list separators;

Date of the first possible intake;

Daily creatinine excretion rate (in g per day).

The list of measurement values must contain following fields (columns) separated by list

separators: Type-ID, Date, Time, Radionuclide, Chemical form, Calculation flag, Result,
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Uncertainty, Parameter, MDA, Kind of measurement, Comment. Fields in the file must satisfy
next conditions:

Type-ID — one of organ signs (see Figure 42 for the list of organ signs);
Date — date of measurement in format ‘dd/MM/yyyy’ where ¢/’ is a date separator.
Time — time of measurement in format hh:mm. Can be blank if Import Time is not

checked in the Import Options window (Figure 42);

radionuclide name in format ‘Ag-110m’;

the chemical form of the Radionuclide. Significant only for tritium, for

other radionuclides is ignored. For tritium the “W” means tritiated water,

“0O” means organically bound tritium,;

Calculation — the calculation flag is significant only for urine measurements, for other

flag measurements is ignored. It indicates the way of calculation of the
radionuclides daily excretion from the value of radionuclide content in the
sample. 0 value indicates the calculation with use of creatinine content in
the urine sample, 1 — the calculation with use of sample volume, 2 — the
calculation with use of coefficient;

Results — measurement value as a real number.

Field can be blank if the MDA field is not blank or the Ignore
measurements below MDA mode is switched on (see Figure 42). For whole
body, thyroid, lungs measurements the value must be in Activity units, for
faecal measurements — in Activity per day units, for urine measurements —
in Activity per sample units. The Activity units can be selected in the popup
window, which is shown before import starts.

If Results field is blank and the Ignore measurements below MDA mode is
switched off then both Results field and Uncertainty field are calculated
using the MDA conversion rules;

Uncertainty ~ — uncertainty value in percents;

Parameter — parameter value is significant only for urine measurements, for other
measurements it is ignored. For urine measurements this value depends on
the value of the Calculation flag. If the Calculation flag is 0 then the
creatinine content in the urine sample must be placed here, if the
Calculation flag is 1 — the volume of the urine sample, if the Calculation
flag is 2 — the coefficient value;

MDA — MDA value as a real number (can not be blank if Results field is blank).
The MDA value must be given in units selected in the popup window,
which is shown before import starts;

Radionuclide
Chemical form

Kind of — the index of the measurement kind (0 — regular measurement,
measurement 1 — special measurement);
Comment — any text.

Example of a text file prepared for import into the IMIE database is represented below
(decimal separator is ‘.’, date separator is ‘/’, list separator is ;).
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Case 1:
Line Text
1 Case 1;Nam;Fam
2 01/01/1983
3 1.5
4 U;15/01/1983;01:00;Pu-238;;2;7E-05;;1;;0;Comment 1
5 U;15/01/1983;01:30;Pu-239;;2;7E-05;;1;;0;
6 U;17/07/1983;02:05;Pu-239;;2;7E-05;;1;;1;Comment 2
7 F;15/01/1983;01:00;Pu-238;;;7E-05;;;;0;Comment 3
8 F;15/01/1983;01:30;Pu-239;;;7E-05;;;;0;
9 F;22/01/1984;14:30;Pu-238;;;8E-4;10;;;0;
10 F;26/07/1984;16:00;Pu-238;;;;;;10;1;

In accordance with ICRP-78 the urinary excretion data for tritiated water must be given in
term Activity/litre (not in terms of the daily excretion rate). The urinary excretion data for
organically bound tritium must be given in terms of the daily excretion rate (Activity per day).
Therefore 1 as the Calculation flag value and the sample volume as the Parameter value must be
specified for urine measurements of tritiated water.

If file cause a failure during the import procedure the ‘IMIEImport.log’ file, which is
displayed after import, contains description of all occurred errors. For example, if the system
date separator is “.” the file shown in example above will cause a failure during the import
procedure. A file ‘IMIEImport.log’ will look like on Figure 43. A user can read this file by
means of any text viewer or IMIE code if the Show import report mode is not set to the Never
status.
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Import parameters:

Decimal symbol:
Date separator:
List separator:
MDA conversion:
Ignore MDA
Measurement
Uncertainty

Use Time

Organ signs:
Whole Body

Thyroid
Lungs
Urine
Faeces

Action on error

Default intake date:
Default intake time:

"No"
= "0.5" * MDA
= "0.5" * MDA
= "Yes"
"WB"
"THY"
"L"
"U"
IIF"
in line: "Skip file"
"01.01.2000"
"00:00"
07.08.2004, 19:21.39

File -
Total lines
Warning -
Error
Error
Error
Error
Error
Error
Error
Error
Error
Error
Error
Error
File import

"D:\WORK\IMIE-9\Test\IDEASTest.txt"

is
is
is
is
is
is
is
is
is
is
is
is
is

not
not
not
not
not
not
not
not
not
not
not
not
not

U R R

(U ORI

valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid
valid

date of the first possible intake
date
date
date
date
date
date
date
date
date
date
date
date

Finish

count - 15
Line 2: "01/01/1983"
Line 4: "15/01/1983"
Line 5: "15/01/1983"
Line 6: "17/07/1983"
Line 7: "17/07/1983"
Line 8: "22/01/1984"
Line 9: "26/07/1984"
Line 10: "15/01/1983"
Line 11: "15/01/1983"
Line 12: "17/07/1983"
Line 13: "17/07/1983"
Line 14: "22/01/1984"
Line 15: "26/07/1984"
failed!

07.08.2004, 19:21.50

R R I S b I S e Sb b I dh b S Sb b Sb b I b S Sh I Sb b b b 2h b S Sb b Sb b b db S S b b Sb b Sh S e S 2b I Sb e S b b dh b S Sb b Sb b I Sh S IE I Sb b S 2h I 2h db I S db 3

Figure 43. Import ‘log’-file
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10 REFERENCE WINDOW (VIEWER OF RADIONUCLIDE INFORMATION)

The Viewer of radionuclide information is designed for obtaining the graphical and
numerical reference information on decay chains, dose spectrums and other information about
radionuclides. The viewer uses information kindly provided by Dr. K.F.Eckerman, Chairman of
the ICRP Task Group on Dose Calculations. Pressing the Reference... button on the Toolbar
opens the viewer window. This window is shown on the Figure 44. It consists of the following
components:

1. Radionuclide panel allow selection of the radionuclide (see callout 1 on the Figure 44 and
subsection 10.1).

2. Choice panel contains three check boxes and allow to show/hide left panel (the Decay chain
panel) or right panel (the Spectrum panel or the Activity panel) (see callout 2 on the Figure 44
and subsection 10.2).

3. Decay chain panel visualizes the radioactive-decay scheme and displays ancestors of the
selected radionuclide (see callout 3 on the Figure 44 and subsection 10.3).

4. Spectrum panel displays detailed and summary spectrum characteristics for the selected
radionuclide (see callout 6 on the Figure 44 and subsection 10.4).

5. Activity panel shows the change of activities for the selected radionuclide and its ancestors as
a result of radioactive decay (see callout 5 on the Figure 45 and subsection 10.5).
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Figure 44. The Viewer of radionuclide information — the Spectrum panel activated (see description of callouts in the list above)
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Figure 45. The Viewer of radionuclide information — the Activity panel activated (see description of callouts in the list above)
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10.1 Radionuclide panel

50

The Radionuclide panel allows selecting the chemical element on a simple dropdown list
or dropdown menu (see Figure 46). The dropdown menu appears when the user press and hold
down Ctrl key and click left (main) mouse button on the Chemical element combo box. The
dropdown list enables the selection of which accessible from database.

:J'I] Radionuclide information

:Jﬂ Radionuclide information

Radioruclide | U [~| | 236 ~| & » o -

Radionuclide | U ~| | 236 ~| H He
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a8 Pa Frotactinium 32U Ma Mg Al si PS5 Cl A _
U U Urarium | T,,=234K CaSc Ti W Criin Fe Co hi
Ty = 2.34 Np Nepturium Cu Zn Ga G2 As Se Br kr
; Rb 5r % Zr Mb Mo Tc Ru Rh Pd
P Pl Ag Cd In Sn Sb Te 1 %
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Figure 46. Choice of the chemical element in the Radionuclide panel

A popup (context) menu of the Radionuclide panel (see Figure 47) allows switching a
display type (between Independent choice of element and atomic mass and Radionuclides list —
see Figure 48) and changing a sort type of the chemical elements (by alphabet or by periodic
table) and radionuclides (by alphabet, by periodic table or by atomic mass) in dropdown lists.
The Radionuclide panel contains Undo and Redo buttons (see Figure 49) which track the history

of selected radionuclides.

:WRadiunuclidE information

236
SZU

Radionuclides list

R adiohuclide | U ~|l]2%® »| o -0~

® Independent choice of element and atomic mass

[v Decay chs

T, = 2.34

e,

Sork by element symbol

element name
perindic table

Figure 47. Popup (context) menu of

the Radionuclide panel
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PU-236
U-236
U-230
H-3

Figure 49. Undo and Redo popup menus of

the Radionuclide panel
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Figure 48. Radionuclides
list display type of the

Radionuclide panel
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10.2 Choice panel

The Choice panel (see callout 2 on the Figure 44) contains three check boxes (Decay
chain, Spectrum and Activity), which allow to show/hide left panel (the Decay chain panel) or
right panel (the Spectrum panel or the Activity panel). These capabilities allow examining a
complex decay chain (see the Figure 50), spectrum (see the Figure 51) or dynamics of activities
in radionuclide chain (see the Figure 52).
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Figure 50. The Viewer of radionuclide information (the Decay chain panel)
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Figure 51. The Viewer of radionuclide information (the Spectrum panel).
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10.3.1 Radioactive-decay scheme panel

visualizes the decay scheme of the selected
radionuclide. Any radionuclide in the scheme

appears as a box. To select the style of v Mode of decay
displayed in the Radioactive-decay scheme lm il o
panel use popup (context) menu, which could Spontaneous fission

be called by clicking the right mouse button Z2Th Atomic mass on the right
(see Figure 53): Atamic mass on the |eft

52

=Mradionuclide information ]
F adiohuclide I Fu vI 241 |- 3 v 0w+~ [ Decaychain [~ Spectrum ¥ Lctivity
Chart ITabIe | Time unitsl d vl [ Inteqrals
WIE E [ 5 EE eyl
o Ay
10 < ._ﬁﬁ I I
—+ Pu-24
10! % —=— Am-241
3— —a Mp-237
107 , b —e Pa.233
/ 3 ‘1 —e 1233
107 — Th-229
= i
n]_ / X —&— Ra-225
= ot 45225
= , N
L&} Fr-221
=T
10° 4 ' —— At217
; ‘2 ﬁ /r T[ Bi-213
e 1" — Po-213
A [ — Ph-209
7 n
10 L i —r— 237
—— TI-209
10° - I S
LI T T T AN R M SO [ S A N A [ AN [ GO S T Al [ R e
Time, days
[T Show batal activiey | 8 Absolute values € Pelative walues [to parent radionuclide]

Figure 52. The Viewer of radionuclide information (the Activity panel).

Decay chain panel

The Decay chain panel contains following elements (from top to bottom):
Radioactive-decay scheme panel visualizes the decay chain of the selected radionuclide
(see subsection 10.3.1);

Probable ancestors panel displays all ancestors of the selected radionuclide (see
subsection 10.3.2);

Types of Materials panel indicates recommended Types of Materials for selected
radionuclide (see subsection 10.3.3).

The Radioactive-decay scheme panel 236 v 3D
i v Half-life period
Tip=2342e7 y v ield

T, = 1.406010 y

® Abomic mass and charge

3-dimensional view of the radionuclide

boxes (on/off); & Daughters
half-life time of radionuclide decay *

Anceskors

(show/hide); - Al

yield of radiation per nuclear zaRa [ ———— \
transformation (show/hide) (only yield Tz=578y cave as ,
values < 1 are displayed); .

mode of decay (a., -, B+); Figure 53. Popup (context) menu

stable nuclides in chain (show/hide); of the Radioactive-decay scheme panel



¢ spontaneous fission (show/hide) (see
Figure 54);

radionuclide  name  presentation
(atomic mass on the right (using by
dash), on the left (as superscript),
atomic mass and charge as indexes;
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(see Figure 55).
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Figure 54. The Radioactive-decay scheme panel
for the ‘U-238’ (Mode of decay and Spontaneous

fission items in the context menu are checked)
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Figure 55. The Radioactive-decay scheme panel for the
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Figure 56. Choice of the ‘Th-232” box
of the Radioactive-decay scheme
panel by mouse clicking



10.3.2 Probable ancestors panel

The Probable ancestors panel
displays all ancestors of the selected
radionuclide in three different grids:
Direct (callout 1 on the Figure 57),
Main (callout 2 on the Figure 57) and
Others (callout 3 on the Figure 57).

The Direct grid contains
radionuclides  that are  direct
(‘immediate’) ancestors for the

selected radionuclide. A half-life time
and yield (of the selected radionuclide)
also appear for direct ancestors. The
Main grid contains radionuclides that
are main (root) ancestors for the
selected radionuclide (ancestors that
have not ancestors). If the direct
ancestor is simultaneously a main
ancestor, it displays bold-faced. The
Others grid contains others ancestors
(not direct and not main ancestors). All
ancestors for the selected radionuclide
are displayed if wuser chose the
Ancestors item in the Decay chain
panel context menu.

If the selected radionuclide has no

probable ancestors the Probable
ancestors panel look like at the
Figure 58.

Any radionuclide in the Probable
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Figure 59. The Probable ancestors panel for the U-236

(cell ‘Np-236b’ is pressed)

ancestors panel could be selected for the dose spectrum presentation (on the Spectrum panel) by
the mouse click (like a button — see cell ‘Np-236b’ on the Figure 59).

10.3.3 Types of Materials panel

This panel displays Types of Materials for
selected radionuclide and classes for gases/vapours. The
recommended default Type (see ICRP Publication 71)

L N -
5R-1,.5R-2

=

Typelz] of matenals:
Clazzses for gages/vapours:

Figure 60. The Types of Materials
panel for the H-3

Types of Materials and Classes for Gases and Vapours (according to ICRP Publication 66):

deposited materials that, for dosimetric purposes, are assumed to be instantaneously absorbed into

body fluids from the respiratory tract; in this report applied only to certain gases and vapours (Very

deposited materials that are readily absorbed into body fluids from the respiratory tract (Fast
deposited materials that have intermediate rates of absorption into body fluids from the respiratory

deposited materials that are relatively insoluble in the respiratory tract (Slow absorption).
soluble or reactive. Deposition throughout the respiratory tract, which may be complete or

for the particulate aerosol (when no specific
information is available) is marked by asterisk
(Figure 60).
Type V
fast absorption).
Type F
absorption).
Type M
tract (Moderate absorption).
Type S
Class SR-1
incomplete.
Class SR-2

body fluids.

highly soluble or reactive. Complete deposition in the respiratory tract with instantaneous uptake to
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10.4 Spectrum panel

The Spectrum panel contains following items (from top to bottom):

— Detailed spectrum characteristics panel displays the spectrum of the selected radionuclide
in graphical or tabular form (see subsection 10.4.1);

— Summary spectrum characteristics panel displays the contribution of different radiation
types to the “equilibrium dose” constant for the selected radionuclide (see
subsection 10.4.2).

10.4.1 Detailed spectrum characteristics panel

The Deta| Ied MR adionuclide information o ] o4
spectrum characteristics | Radonucide [T [3]] © - cx~ I Decayohain ¥ Bpectum I~ Activity
panel  displays  the  Chat |Tak |
spectrum of the selected |IWE [E W "5 ks & Whole " Beta
radionuclide in graphical 13
(see the Figure 61) or
tabular (see the 10"
Figure 63) form. The
Chart page contains a
graphical presentation of
the spectrum. Energy of
spectrum line is on the
X-axis and an
“equilibrium dose”
constant for the spectrum
line is on the Y-axis of
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where E; is a radiation Figure 61. Spectrum of the 1-131

energy, n; is a yield.

A one line is displayed on the chart for radiation with continuous spectrum. This line
presents an average value of the equilibrium dose constant. To display continuous beta-spectrum
user can select the Beta radio item (see the Figure 62).

Most elements on the graph (plot area, titles, legend etc.) are sensitive to mouse
manipulations and can be moved or resized using by drag-and-drop technology.

The Table page contains a tabular presentation of the dose spectrum (see the Figure 63).
Columns of the table are grouped in pairs for radiation type. Energy of spectrum line (in MeV) is
displayed in the first column in every pair; an equilibrium dose constant for the spectrum line is
displayed in the second column.



Some abbreviations used in the Detailed spectrum characteristics panel:

Y —gamma rays oora  —alpha particles
X — X-rays ff — fission fragments
aq —annihilation quanta n — neutrons
B+ or b+ — beta+ particles pg — prompt gamma rays
B-orb- — beta- particles dg — delayed gamma rays
ic — internal conversion electrons sb —beta particles associated
ae — Auger electrons spontaneous fission
~1o1 x|
Radionuclide I | VI 131 ~ &3 - cu + [ Decay chain ¥ | Spectium [~ Activity
Chat | Table |
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Figure 62. Beta-spectrum of the 1-131

=MRradionuclide information i ] B4

Radionuclide I | VI 11 - s} ~ [ Decay chain ¥ | Spectium [ ctivity

Chat  Table |

M2 Beta- particles Int. conwersion electrons Auger electrons Gamma rays ﬂ

1 E.9352e-2 | 1.47734e-3 | 4.56216=-2 | 1.6859e-3 | 87810925 | 1.92219e-6 | 8.0183e-2 | 21014423 | 3637

2 | 8.69324e-2 | 5.39035e-4 | 5135862 | 5.14012e-8 | B.10576=-4 | B.08524e-5 | 8.59199e-2 | 7.79464-8 | 3.958°

3 | 9.65357e-2 | 711016=-3 | 7.47302e-2 | 3.20977e-4 | 3175833 | 67005595 | 017721 | 4.69731e-4 | 4.0371

4 0191533 | 0171248 | 7.50792e-2 | 6.05107e-5 | 3.49733=-3 | 330766=5 | 023217 | 3.27638=6 | 4.103¢

5 0200168 | 1.20113e-4 | 7.54008e-2 | 5102875 | 38464223 | BEE121e-6 | 027243 | 1538154 | 4418

53 0.283193 | 1.18953=-3 | 7.924539e-2 | 9.37717e-5 | 4.0311e-3 | 4718445 | 0284293 | 1.7223e-2 | 4.453

7 8.0183e-2 | 23615425 | 435263 | 2092045 | 029583 | 2.08737e€ | 4518

g 8.04672e-2 | 9696789 | 46420923 | 8.25873e6 | 030241 |[1.37173=5 | 4574

g 8.08163=-2 |7.18096=-10| 4.70165%e-3 | 6.83913e-6 | 031808 | 253293=-4 | 47155

10 8.11377e-2 [1.68623=-10 | 4.963559e-3 | 3.64098e-6 | 032464 | 7199225 | 5.040

11 8498292 | 226387e-9 | 531265923 | 1173116 | 0325721 | B.17684=-4 | 5.306C

12 8.599199=-2 |5.77998=-10| 2.353e-2 | 1.02232e-5 | 035838 | 3.28734e-5 | 5.306C

13 0142649 | 7.11232e-5 | 2.38846e-2 | 1.48827e5 | 036448 0.296121 | 2.910¢

14 0171757 | 8.B5EEEe-E | 2419652 | 1.35114eb | 0404804 | 228504=-4 | 2.9457

15 0172106 | 5.43996e-6 | 24205e-2 | 3.04136e-6 | 0502331 | 1.81511e-3 | 2977

16 0172428 | 5.27164e-E | 2453e-2 | 3.89789e5 | 0636973 | 462931e-2 | 3.3562

17 0176273 | 41217e6 | 24854262 | 1.71717eb | OE42703 | 1.4123e-3 | 3.3624

18 017721 | 1.00287e-6 | 2812612 | 1.70798-56 | 0.722893 | 1.30433e-2 | 3.388:

19 0197608 | 218877e-7 | 2.84752e-2 | 1.32837e b 34428

20 0226717 | 259999e-8 | 2879672 | 22698325

21 0227066 | 1.1885e-8 | 3.26419e-2 | 8.25696e-6

22 0.227388 | 1.06308=-8 -|

] | i

Contribution to total equilibrium dose constant &l

Figure 63. Spectrum of the 1-131 in a tabular form
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10.4.2 Summary spectrum characteristics panel

The Summary spectrum characteristics panel can display following information for the
selected radionuclide:

— Contribution to total equilibrium dose constant (default state, see the Figure 64);
— Equilibrium dose constants, MeV (see the Figure 66);
— Average energies, MeV (see the Figure 67).

The Summary spectrum characteristics panel has a popup (context) menu (see the
Figure 65). This menu allows switching between states of the panel. The Contribution to dose
constant panel contains Minimize (and Restore) button as the Probable ancestors panel.

Equilibrium dose constant for specified radiation type R (Ag) is calculated as:

Ag = Z Ein;
ieR
where only spectrum lines for specified radiation type R are included in sum.

Contribution to total equilibrium dose constant (cr) and Average energy (Eg) for radiation

type R are calculated as:

A Z Eimy A
Cp="R, 6 Ey =<k e
A Z 1 Z 17
ieR ieR
Contribution to tatal equilibrium dose constant =]
k. B ic. Auger Phatonz Fizzion fragments & neutrans
2. 8e-2 0.4 0.57 1]
[ ic. Suger
B+ f— Intermal conversion ele... &uger electrons Beta particles associat...
1] 1] 0.34 E.He-2 1]
FPhiotans
';-' Herays Annihilation guanta Prompt gamma rays Delayed gamma rays
0.21 0.36 1] 1] 1]

Figure 64. The Summary spectrum characteristics panel for Am-239

Cantribution ta tatal equilibrium dose constant =]
o ® Conkribution to kokal equilibrium dose constant Fission fragments & neutrons
Equilibrium dose conskants, Mey
28e-2 ) 0
Average energies, Mel
Copy ko clipboard - -
Bt = = o his Beta particles associat...
0 0 034 E.Be-2 0
Photors
"y Herays Annihilation quanta Frompt garmma raps Delayed gamma raps
021 036 0 0 0

Figure 65. Popup (context) menu for the Summary spectrum characteristics panel
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Equilibrium dose constants, Meh =]
ot f. ic. Auger Photonz Fizzion fragments & neutrons
5.7E9e-4 0.16755 0.23332 1]
fi. ic, Auger
B+ f— Intermal conversion ele... &uger electrons Beta particles associat...
1] 1] 0.14073 2 70Ee-2 1]
Phatons
';-' Herays Anrihilation guanta Prompt gamma rays Delayed gamma raps
B.7E27e-2 015163 1] 1] 1]

Figure 66. The Summary spectrum characteristics panel for Am-239
(the Equilibrium dose constants, MeV item was chosen in the context menu)

Awerage energies, Melf ;l
ot f. ic. Auger Photonz Fizzion fragments & neutrons
5. 7691 2.3843-2 B.8744:-2 1]
fi. ic, Auger
B+ f— Intermal conversion ele... &uger electrons Beta particles associat...
1] 1] E.3413e-2 5.6145¢e-3 1]
FPhiotans
';-' Herays Annihilation guanta Prompt gamma rays Delayed gamma rays
024405 B.439s-2 1] 1] 1]

Figure 67. The Summary spectrum characteristics panel for Am-239
(the Average Energies, MeV item was chosen in the context menu)

10.5 Activity panel

The Activity panel displays changes of activities for parental radionuclide and its daughter
radionuclides with the lapse of time. In initial time, activity of parental radionuclide is equal to
1 Bq, activities of all daughter radionuclides is 0 Bg. The data are represented in graphical (the
Chart page) and tabular (the Table page) forms (see Figures 68 — 69).

Two cut-off levels are used
simultaneously: 10 is used for
absolute values, 107 is used for
relative values. If activity of
any radionuclide in any point
of time is less than 10°®, it is
accepted its activity is 0. If the
ratio of activity of radionuclide
to the maximal activity among
all radionuclides in decay
chain (for the same point of
time) is less than 107, it is
accepted the activity is 0. The
result of cutoff action is shown
in the Figure 68 (see Pu-241,
Am-241, Np-237).

The range of time from
1 minute till 10° years is used.
The user can change time units
with the Time units combo box

iaix
Radionuclide IM VI 241 - x3) v tu - [ Decaychain [~ Spectum ¥ | Activity
Chart |Table | Time unitsl d 'I [ Integrals
WE Elwles EE el S
10° e —a— P24
1 —= Am-241
10 —o Np-237
2 TN —+ Pa-233
/, R \1 —— 1233
. Th-229
_ 10° 7 | -
@ / W —= Ra-225
= 90t 4 L 80225
E , ) w ; Fr-221
10 : 4 : —— AT
] "
- ‘4 E & Bi-213
9 % e Po-213
7 Ph-209
10 / 1 7 -
f' g \i e U237
o — Tl-209
10* a0® a0 10" 10”10t a0® a0® 0® a0® 10® a0 10 10 10" 10" 10™
Time, days

[~ Show total activity | % Absolute values © Relative values [to parent radionuclide)

Figure 68. The Activity panel for Pu-241
(The Chart page is selected)




(see the Figure 70). Available time units
are vyears (y), days(d), hours(h) and
minutes (m). The selected time unit is
displayed in the Time units combo box and
in the title of X-axis in the chart.

The Copy data to clipboard button
in the Figure 69) allows copying the
data from Table page to clipboard (with
tabulation as a separator). The data copied
to clipboard can be inserted into Microsoft
Excel document.

The Integrals combo box can be
used to represent integrated values of
activities (see the Figure70) in the
specified time units (e.g., Bq'y or Bq-d).

The Show total activity check box
allows to show/hide total activity data (the
sum of activities of all radionuclides in a
point of time). Usage of this check box is
shown in  Figures 71, 73.  Strictly
speaking, total activity is a strange value,
but display of total activity can be
interesting, if Relative values radio button
is checked (see the Figure 73).

The Values type
contains two radio buttons:

— Absolute values radio button;
— Relative values radio button.

If the Absolute values radio button
is checked (by default) the Chart page
and the Table page contain absolute
values of activities (or integrated
activities) of radionuclides in the decay
chain (see Figures 68 — 71).

There are two appearances of the
Relative values radio button:

— Relative values (to parental

radionuclide) (see the Figure 72);

— Relative values (to total activity)

(see the Figure 73).

The Relative values radio button
gives a possibility to display ratios of
activities of daughter radionuclides to
activity of parental radionuclide (or to
total activities if the Show total activity
check box is checked). This feature is
useful, for example, to determine time for

radio group

equilibrium between daughter
radionuclide(s) with parental
radionuclide.
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Radionucide | U 'I 238 |~| w2 = cu - [T Decaychain

I~ Spectrum

Chart  Table | Timeunits | v «| [ Integrals
Time, years | U-238 Th-234 Fa-234m U-234 Th-230 Fia- Copy data to dipboard Po-218 F;I
550 1 1 0.998 1.557e-3 | 30456 | 2879e7 | 28797 | 28797 | 2
E00 1 1 0.998 169823 | 457506 | 37187 | 371827 | 37187 | 3
E50 1 1 0.598 18393 5.368e6 4.703e-7 4702e-7 4702e7 4
700 1 1 0.938 1.981e-3 | 6.226eE | 6.842e7 | 5842e7 | 68427 | &
750 1 1 0.998 21228-3 | 7145e6 | 7148e7 | 71477 | TA47eT | 7
800 1 1 0.998 2264e-3 | B8.120e-6 | 86297 | 86297 | 86297 | B
300 1 1 0.598 25463 | 1.028e65 | 1.216e6 | 12166 | 1.216e6 | 1
1ed 1 1 0.598 28293 1.269e-5 1.E5e-E 1.65e-6 1.E5e-E 1
1.2e3 1 1 0.938 3.394e-3 | 1.826e6 | 2793e6 | 27936 | 27936 | 2
1.5¢3 1 1 0.998 4.24e-3 2855 5.291e6 | 52976 | 5291e6 5
2e3 1 1 0.998 5.65e-3 5.057e5 | 11935 | 1.193e5 | 11935 [ 1
2563 1 1 0.598 70573 7.885e-5 22285 22285 22285 2
3ed 1 1 0.938 8.4632-3 | 1.133e-4 | 3661eh | 3661eb | 3EEleS ZJ

3.5e3 1 1 0.998 9.866s-3 1.54e-4 5.594e5 | 55505 | 55535 [ &
423 1 1 0.998 1.127e-2 | 2.007e-4 7.93e-5 7.93e-5 7.93e5 7
453 1 1 0.598 1.267e-2 | 2635e-4 | 1.082e-4 | 10824 | 1.082e4 | 1
b3 1 1 0.598 1.40Ee-2 31234 1.423e4 1.423e-4 1.423e4 1
5.5e3 1 1 0.938 1.546e-2 | 3772e-4 | 1.818e-4 [ 18184 | 1.818e4 | 1

[~ Show total activity ‘ & Absolute values  Relative values [to parent radionuclide] |

Figure 69. The Activity panel for U-238 (the Table
page is selected; hint for the Copy data to clipboard
button is displayed)
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Figure 70. The Activity panel for Pu-241 (the
Integrals check box is switched on; the Time units
combo box is dropped down)
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Figure 71. The Activity panel for Pu-241
(the Show total activity check box is switched on)
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Figure 72. The Activity panel for Pu-241

(the Relative values (to parent radionuclide) radio button is selected,;

the Show total activity check box is switched off)

Figure 73. The Activity panel for Pu-241

(the Relative values (to total activity) radio button is selected,;

the Show total activity check box is switched on)
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10.6 Advanced radionuclide filter
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The Advanced radionuclide filter is designed for selection of radionuclides in concordance

with specified characteristics.

The Advanced radionuclide
filter can be activated using the
Advanced filter... item in Popup
(context) menu of the Radionuclide
panel (see the Figure74). The
Advanced radionuclide filter contains
5 “filter’ pages (in top part of window)
that corresponded to 5 methods of
filtering, and 2 ‘result’ pages (in
bottom part of window) that display
radionuclides and elements that
satisfied the conditions of filtering
(see the Figure 75).

:ImRadinnuclide information

236
SEU

T,p =234

[v Decaycha

® Independent choice of element and atomic mass
Radionuclides list

Sork by element symbol
element name
periodic kable

advanced Filker, .

Figure 74. Popup (context) menu of
the Radionuclide panel with Advanced filter... item

Advanced radionuclide filter | Advanced radionuclide filter |
tode of decay | Ijalf-life I Spectium I tode of decay | Half-life I Spectium I
Atamic masz | Decay chain I Atomic masz I Decay chain I
kin bl ax kin bd &
Enabled - - Enabled | |
Atomic mass I 3 ﬁ I 203 j Atomic mass I 3 j I 258 ﬁ
[+ Enabled v Enabled
R adionuclides |Elements| Radioruclides Elements |
S22 Ag-105 Ag-115 Am-243 H Si Cr 5 Ru ®e Gd W
Ac-22d Ag-106 A2 Arn-244 Be P Mn Br Bh LCz: Tb Re
Ao-225 Ag-10B6m  Al-28 An-244m C 5 Fe ¥r Pd Ba Dy Oz
Ac-226 Ag-108 Amn-237 Arn-245 M Cl Co Re Ag La Hao Ir
Ao-22T Ag-108m  Am-238 Am-245 ] Ar M 5 Cd Ce Er Pt
A28 Ag-109m  Am-239 Am-246m F K. Cu % In Pr Tm  Au
Ag-102 Ag-110 Am-240 Ar-37 Me Ca Zn £ Sn Md Yb Hg
Ag103 Ag110m  Am-241 Ar-39 Ma 5c Ga Mb Sb Pm Lu TI
Ag-104 Ag111 Am-242 Ar-d1 Mg Ti Ge Mo Te Sm Hf FPb
Ag-104m Ag112 Am-242m  Az-BI Al b Te | Eu Ta Bi
al o ‘ | o
338 radionucldes 93 elements

a

Figure 75. The Advanced radionuclide filter window
(a— Radionuclides page is selected; b — Elements page is selected. All filters are disabled)

Each ‘filter’ page contains one or several Enabled check boxes that allow to switch on/off
the using of corresponded filter. The Advanced radionuclide filter allows using several filters
simultaneously (e.g. filters in Mode of decay page and Spectrum page). Quantity of filtered
radionuclides and elements are displayed in the bottom part of the corresponded ‘result’ page
(see the Figure 75). Results of filtering are applied to the Advanced radionuclide filter and to the
Radionuclide panel (see subsection 10.1). Therefore, if the user will specify too many conditions
in the Advanced radionuclide filter, he will can see empty lists in the Advanced radionuclide



filter and also in the Radionuclide panel (see the

Figure 76). The Enabled check box in the central

part of the Advanced radionuclide filter allows to

switch on/off using the Advanced radionuclide
filter. If ‘main’ Enabled check box is unchecked all

‘local’ Enabled check boxes in ‘filter’ pages are

ignored and filtering is disabled.

The Advanced radionuclide filter contains the
following ‘filter’ pages:

1) Atomic mass page (see the Figure 77) allows to
perform the filtering by atomic mass. The user
can specify minimum and/or maximum atomic
mass and check corresponded
Enabled checkbox (es).

2) Decay chain page (see the Figure 78) is
designed for filtering by quantity of ancestors
(one or several values from 0 to4) and/or
daughter radionuclides (one or several values
from 0 to 3). ‘OR’ logical operation is applied to
selected values (or corresponded check boxes)
inside each group (Ancestors group or
Daughters group). ‘AND’ logical operation is
applied to filter results between groups. Each
group contains individual Enabled check box.
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jﬂ Radionuclide information

R adionuclide I j I j K3 - [ -
Advanced radionuclide filter £ |
tode of decay I H alf-life | Spectium |
Aubarnic: mass Decay chain
Ancestors Draughters
[+ Enabled
o W2 o W2
1 w4
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R adionuclides | Elementsl
Lizt iz emphyl

Figure 76. The Advanced radionuclide
filter and the Radionuclide panel with

empty lists
Advanced radionuclide filter K| Advanced radionuclide filter |
Mode of decay I Half-life I Spectm I tode of decay I H alf-life | Spectum |
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bir LE
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R adionuclides | Elements R adionuclides | Elementsl
Am-237 Cm-242 Pa-234 Pu-242 Am-245 Hg-134 Fb-210 Te-131
Am-238 Mp-234 Pa-23dm  Th-234 Au-193 Hg-195 Po-214 Th-226
Am-239 MNp-235 Pu-234 J-234 Ba131 [-131 Pr-139 Th-227
Am-240 MNp-236a  Pu-235 1J-235 Bi-203 In-11Fm Pu-242 Th-230
Am-241 Mp-23Bb  Pu-236 I1-236 Bi-214 Mp-234 Ra-222 I1-230
An-242 MNp-237 Pu-237 -237 Ce-137 Mp-233 Ra-223 IJ-235
Am-242m  Mp-238 Pu-238 1J-238 Cf-249 Ds=-182 Ra-224 =e-13h
Crr-238 MNp-233 Pu-233 1J-239 Cf-251 Pa-234 Ra-226
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Crr-241 MNp-240m  Pu-241 Eu-145 Ph-202 Te-129
1 N 1 | =

39 radionuclides

37 radionuclides

Figure 77. The Atomic mass page of
Advanced radionuclide filter

Figure 78. The Decay chain page of
Advanced radionuclide filter
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3) Mode of decay page (see the Figure 79) is meant for filtering the radionuclides by their modes
of decay. The following modes of decay are available for filtering:

alpha decay (Alpha check box and Alpha only check box);

beta-negative decay (Beta — check box and Beta — only check box);

beta-positive decay (Beta + check box and Beta + only check box);

internal conversion or internal transition (IT check box and IT only check box);

spontaneous fission (SF check box).

Electron capture (for purposes of filtering) is included in beta-positive decay.

The Operation radio group gives a possibility to specify a logical operation which will be

used for the filtering: OR operation (see the Figure 79a) or AND operation (see the

Figure 79b). For example, if the user checks the Beta — check box and the IT check box when

the Or radio item is selected, ‘result’ pages will contains radionuclides for which beta-

negative decay or internal conversion are possible (424 radionuclides, see the Figure 79a). If

the user checks aforesaid check boxes and selects the And radio item, ‘result’ pages will

contains radionuclides for which both beta-negative decay and internal conversion are

possible (25 radionuclides, see the Figure 79b).

Check boxes with ‘only” additions are intended for including in the filtering radionuclides for

which only one mode of decay is possible (e.g., alpha or beta-negative decay). Since specified

check boxes define disjoint sets of radionuclides, they are visible only if Or radio item is

selected (OR operation is activated).

Advanced radionuclide filter | Advanced radionuclide filter |
Atamic masz I Decay chain I Atomic mass I Decay chain I
Mode of decay | H alf-life: I S pectm I Mode of decay | H alf-life I S pectium I
[~ &lpha [~ &lpha
[+ Enabled I Alpha only [+ Enabled
v Beta— _ v Beta—
[~ Beta— only Dperation
[~ Beta+ [~ Beta+
[~ Beta+ only
¥ IT e ¥ T
[T anly e
" SF I~ SF
[+ Enabled [+ Enabled
R adionuclides | E|Ement3| R adionuclides | E|Ementg|
Ao-226 Agl112 Ar-29 Au-200 Ag-110m  Pa-23dm  Te-133m
Bo-227 Ag-115 Ar-41 A-200m Au-200m  Pm-148m #e-135m
Ac-228 Al-28 A4 Au-201 Co-&0m Pr-1d4m  Zn-B9m
Ag-104m  Am-242 Az-7B Ba131m Hf-182m  PE197m
Ag-108 Am-242m AT Ba-133m [-132m Sb-124m
Ag-108m  Am-244 Biz-78 Ba-135m In-115m Sb-126m
Ag-109m  Am-2d44m Au-198m Ba-13¢¥m 117 m Se-B1m
Ag-110 Am-245 Au-198 Ba139 In-119m Sn-121m
Ag-110m  Am-246 Au-198m Ba-140 [r-195m Te-12Fm
Ag-111 Am-246m  Aw-199 Ba-141 K.r-B5m Te-1289m
7 I I _’I Lu-17%m  Te-13m
424 radionuclides 25 radionuchides

a b

Figure 79. The Mode of decay page of Advanced radionuclide filter
(a— Or operation is selected; b — And operation is selected)
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4) Half-life page (see the Figure 80) gives a possibility to select radionucludes which half-lives
(T12) or decay constants (A,) are in a specified range. The user can set the minimal and/or
maximal value for Ty, or A, and specify measurement units for Ty, values (from
microseconds till years as it is showed in the Figure 80b). A, values are displayed always in
d™*. When minimal or maximal Ty, value is changed by the user the corresponded A, value is
automatically synchronized with Ty, value and vice versa. If the user changes measurement
units the Ty, value is automatically recalculated (e.g., from 200 days to 4 800 hours).
Initially minimal Ty, value is equal to 0.305 ps (half-life of Po-212), maximal Ty, value is
equal to 9.3-10" years (half-life of Cd-113). Initial Ty, values are displayed in the Figure 80a.
If the user changes these values they can be restored by pressing the Set ‘Min’ & ‘Max’ values
from database button.
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Figure 80. The Half-life page of Advanced radionuclide filter
(a—minimal and maximal half-life values are determined from radionuclide database (initial state);

5) Spectrum page (see the Figure 81) is intended for the filtering by spectrum characteristics of

radionuclides. The following characteristics are used for the filtering:

total equilibrium dose constant (A, MeV) which is described in subsection 10.4.1;
equilibrium dose constant for radiation type R (Agr, MeV) which is described in
subsection 10.4.2. A, Ag, A,, and Agsr values are available for the filtering;
contribution to total equilibrium dose constant (cr, %) for radiation type R which is
described in subsection 10.4.2. c,, Cs, C,, and csr values are available;
radiation energy for spectrum line of radiation type R (Egr;, MeV). E,;, Ezi, and E,; are
available for the filtering (subscript i means that at least one spectrum line of radionuclide
must satisfy to the condition);



‘equilibrium dose constant’ for spectrum line
of radiation type R (Ar,, MeV; actually, for
one spectrum line it is equal to product of a
radiation energy and a yield, i.e. Ar; = E;j- 7).
Agi, Agj, and A,; are available for the filtering
(subscript i means that that at least one
spectrum line of radionuclide must satisfy to
the condition).

Above-listed characteristics are combined in one
table (see the Figure 81). For editing values in
cells of the table the user should double-click or
press the F2 key.

In contrast to other ‘filter’ pages the Spectrum
page contains the Spectrum lines list button that
allows displaying spectrum lines which are
satisfy to the conditions of the filtering. If the
user presses the Spectrum lines list button, right
part of the Advanced radionuclide filter with the
Spectrum lines group becomes visible (see the
Figure 83).

The Spectrum lines group contains three tables
(for alpha, beta, and gamma radiation) which can
display corresponded spectrum lines satisfied to
specified conditions for A, Ag, Cgr, Egri, and Ag;
values. Switching between the tables is performed
by means of radio group with 3 corresponded
radio items (¢, B, y) in top part of the Spectrum
lines group. Each table is filled only if a
corresponded characteristic (Erj and/or Agj;) is
used for the filtering. For example, the table for

Advanced radionuclide filter

Atomic masz I Decay chain |
Mode of decay | Halfife Spectrum
¥ Enabled bdin ER
Ei: || 515 516 |«
Egs r 1] 1]
Evi [ 0 I
":"af,z' I- 1] 0
Loy || 14 2e-4
Ay r o 0 j
¥ Enabled w  Spectium lines list

R adionuclides | Elements I

Am-241
Bk-249
Crm-245
Pa-230
Pu-237
Pu-233
Ra-223

¥ radionuchdes

Figure 81. The Spectrum page of
Advanced radionuclide filter
(the Spectrum lines group is hidden)

alpha radiation is filled only if the user includes E,; and/or A,; in the filtering (see the
Figure 83a). Other characteristics also can effect on the contents of this table, but if neither
E.inor A, does not included in the filtering the table for alpha radiation will be empty.

Each table in the Spectrum lines group

has a popup (context) menu (see the | Mo |Radionucide| Halflie E”E:f’iEEi]’ a.!.;rr::sw

Figure 82). Menu items of the popup | Sort by & periodic table 1.0?515-3

menu give a possibility: o T2 copy to clpboard hialf-life C 9T

— tosorta table by periodic table, by [~ FrT snerdy y T a16e5
half-life, by energy, by product of 7 WY MEI”E"';'V'E_"?ML S E0A4]

energy and yield; _ _ 5 Fu-239 24 065 ¢ E15569 | 6236603

— tocopya table to the clipboard with v i od] 1322y E 15536 S E0E3e5

tabulation as separator. 7 Cm-245 5 500 1538 | 257694

8 Bk-243 320 d 515164 | 2861428

Figure 82. Popup (context) menu of
a table in the Spectrum lines group
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¥ radionuchdes

g
Atomic mass I Decay chain | Spectium lines
Modeof decay |  Halbife  Spectum g & &

4 EEZI?:_EEI 0 ;:'; ;4 f ; =] No |Radionuclide | Haltife E”Er:f:fz']» f-‘-:-;rf;*:; /
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Aoy M| 1ed Ze-d 4 Pu-239 24 085 y 5.15562 3.80441
Avi T 0 0 E’ 5 Pu-233 24 085 y 515569 | 6.236%-3
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Radionuciides | Elements | 8 Bk-243 3204 515164 | 28614e-8
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Ra-223

¥ radionuclides 2 spectium lines
x|
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e o | e Bl e el
Egy T 0 0 1 Ra-223 11.434d | 0013476 | 1.8147e4
Ey; I 0 0 2 Ra-223 11.434 4 006272 | 1.6466e4
Loy | 0 0 3 Ra-223 11.434 d 006613 | 1.5067=4
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Avi T 0 0 E’ 5 Ra-223 11.434d | oosoiss | 1.6015e4
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¥ Enabled # Spectrum lines list 7 Ra-223 11.434 d 012231 | 1.4048e4

Radionuclides | Elements | 8 Ra-223 11.434d | 0155082 | 1.4086e4

g Ra-223 11.434d | 0334782 | 1.4424e4

’;EEE;‘; 10 Ra-223 11.434d | 0428891 | 1.342e4

245 11 Pa-230 17.44 0051623 | 1.0271e4

Pa-230 12 Pa-230 17.44 9.2257e-3 | 1.0084e-4

Ea:ggg 13 Pa-230 17.44d 0.013024 | 1.3109e-4

Ra.279 14 Pa-230 17.44 0016397 | 1.2279e4

15 Pa-230 17.44 0.018271 | 1.7555e-4
16 Pa-230 17.44 006836 | 1.2159e4
17 Pa-230 17.44 0.0733 | 1.5956e-4
18 Pa-230 17.44 0.085037 | 1667e4 |+|

55 zpectum linesz

Figure 83. The Spectrum page of Advanced radionuclide filter
(a— aradio item is selected; b — g radio item is selected)
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ANNEX A

Classical ICRP scheme of the intake reconstruction

Classical interpretation schemes for routine, special and task-related individual monitoring
have been recommended by the ICRP Publication 54 and by the ICRP Publication 78, which
replaced the Publication 54 in 1997. Classical approaches have the following distinguishing
features:

(a) Routine monitoring is carried out at regular intervals during normal operation. In data
interpretation it is assumed that acute intake occurs at the mid-point of the monitoring
interval.

(b) The reconstruction of an intake is usually performed on a basis of a single data point in
a time series of measurements. If more than 10% of the actual measured quantity may
be attributed to intake in previous monitoring intervals, for which intake have already
been assessed, a relevant correction is recommended.

(c) In special and task-related monitoring it is assumed that an acute intake has occurred
and the time of intake is known.

(d) In a case of inhalation all types of interpretation schemes demand a priori information
about the Type of Materials and the aerosol particle size (in the Publication 78 an
AMAD of 5 pm is assumed).

This scheme could be used for the analysis of all cases of intakes of radionuclides. In many
cases it gives acceptable estimation of the total intake, as far as it could be done at all. But this
classical scheme has some substantial limitations, connected with used approaches.
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ANNEX B

New method of the intake reconstruction

The new method extends the possibilities of the classical ICRP scheme. The features of
this data interpretation method are:

(@) Reconstruction of the intake on a basis of a multi-points approximation of observed
trends of measurements;

(b) Possibility to use several data sets simultaneously (e.g. WBC and bioassay data);

(c) Approximation of observed data with the use of a set of tabulated retention and excretion
functions, calculated in advance for an assumed range of exposure conditions. Arbitrary
intake patterns can be used in such calculations. The line up and scaling of theoretical
curves are performed in the interactive mode;

(d) Approximation, which involves an interactive numerical deconvolution and a recurrent
optimisation of the data fitting during the deconvolution. The linear combination of time-
shifted biokinetic model response (retention or excretion functions following an acute
intake of unit amount) is used in this method;

(e) Possibility to assess the date and pattern of intake, the solubility of the aerosol (Types of
Materials) and its particle size;

(f) Interactive and automatic modes of data interpretation.

In the approximation the linear combination of biokinetic responses is built in the course of
a multi-step optimisation process. The Manual mode or Semi-Automated mode of data fitting
helps the user to achieve the most reliable results. A subset of the observed series of
measurements is used on each step.

The required linear combination has the form:

F, 0= Y aRt-17), ®

where

Fn(t) = function of time t, which approximates the observed time series of the radionuclide
content in the body, organs and bioassay probes;

n=number of intervals constituting a time segment [O,t]; in the course of the
approximation process n denotes the number of iteration steps;

R(t) = response of the biokinetic model for a unit delta-impulse (radionuclide content in the
body, organs or in bioassay probes after a unit acute intake at t = 0 predicted by the model at
time t);

5 = time shift of the acute intake i (the result of the optimising search);

a; = scaling factor for the response to the acute intake i (the result of the optimising
search).

The search for the linear combination is performed from the first point of the observed
series of measurements, with involving subsequent measurements into the approximation
process. By the time t, n time intervals At; = ti;1 — t; are used in the optimisation task. Together

n-1
they constitute a time segment [0, t]: Z(t

i=0
series M(t;) fall on the each of considered time intervals At;, so that t; < tj < tj;.

—t,)=t. One or several points of measurement

i+1
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Either a weighted least-squares fit (WLSF)

min i(iai R(t, —7;)—M (tk)] W, (2

k=j, \ i=1

or an unweighted least-squares fit (ULSF)

iz n 2
min Z(Zai R(t, —7;)—- M(t, )j ’ 3
k=j, \i=1

is used to estimate the value of an intake parameter a.

In equations (2) and (3):

k = index of the measurement of the radionuclide M(t) at time ty;

I =index of the time interval, on which a single response can fit the selected subset of
measurement series;

n = current step number in the iterative process;

7 = shift in time of the i acute intake; the shift 7, for the last term of the sum is a required
parameter of the current step of the approximation;

R(t) =response of the biokinetic model for a unit delta-impulse (radionuclide content in
the body, organs or in bioassay probes after a unit acute intake at t = 0 predicted by the model at
time t);

a; = scaling factor for the response function, the factor a, is the required parameter of the
current step of the optimization;

W, = weighting factor of the measurement k, chosen by a user;

Jj1, J» =index of the extreme left and right points of data series M(ty) included into the
interval of approximation n.

The ULSF procedure is often used to fit bioassay data when it is assumed the constant
variance of the measurements. This procedure is implemented in the IMIE as ULSF weighting
method.

To consider the analytical variance associated with the detection of radionuclides in
bioassay samples the WLSF procedure is useful with weighting factors

W, = 2 4)

where oy is an absolute uncertainty of the measurement k. This procedure is implemented in the
IMIE as WLSF-UD weighting method. If oy is treated as standard deviation this method is
identical to the maximum likelihood method.

The variance in the measurement data most often is dominated by biological variance as
opposed to analytical variance associated with the detection of radionuclides in bioassay
samples. In that case the WLSF procedure is recommended with weighting factors inversely
proportional to the expected measurements:

B 1
wa R(t, —7,)’

where y is coefficient of proportion. This procedure is implemented in the IMIE as WLSF-EV
weighting method.

Q)

k
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Several data sets of measurements with non-equal precision can be treated by the described
method. For s data sets (m;..ms) the optimisation problem (2) can be formulated as

I n 2
min Z(Za{“lle t, —z)-M™ (tk)j W™

k=, \i=1
t <t <t

n-1 —

LN mege ) 6)
min > > a™R™ (t, —7,)-M™ () | W™
I=p, \i=1
t <t <t

n-1 —

0<r,,<rt,

S- | Yl -al)’
min \i:l'j:i
2.4,

Such approach is implemented in the IMIE as the Closest intakes method of the

RIPACEL:

S .
2.2
i=1
judgment can be used in the interactive mode of approximation.

For example, in the case of intake of plutonium the measurements of the plutonium content
in the lungs M“(t) and in daily urine excretion M"(t) can be available. In adopting the relative
distance method, on the interval n of the approximation, the optimisation problem (6) can be
formulated as

simultaneous analysis. Instead of the condition min in (6) an expert’s

min i(iaiLRL(tk -7,)-M L(tk)j W,

k=j, \i=1
t <t <t

n-1 —

min i(ia,“ RV(t, —7,)-M" (t,)j w _ @

I=p, \i=1
t,, <t <t,
0<7r,,<r,
L U
2: | a, —4a, |
ar +a’

n

min
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To find the “best fit” result in analysis of s data sets of measurements m;..mg an alternative
optimisation problem can be formulated

min[i{cm ' Jimll (Zn:ai R™(t,—7)-M" (tk)j w," ]J

tn—l < tk < tn ! (8)
0<r, ,<r,

where C™ =the weight assigned to measurement set m; by the user. Such approach is
implemented in the IMIE as the Minimal distance method of the simultaneous analysis. For
example, in the above case of intake of plutonium with following measurements of the
plutonium content in the lungs M“(t) and in daily urine excretion M"(t), the optimisation
problem (8) can be formulated as

minLCL'i[iai RE(t, —7,)-M L(tk)J W, +C” 'i(zn:ai RY(t, —7,)- MU(“)J WIUJ

k=j, \i=1 I=p, \_i=1

t <t <t » (9)
t, <t <t
0<7, <7,

where C-and C" = the weights assigned to lungs and urine measurement sets by the user.
In the case of supposed chronic intake the modification of described algorithm is used:
assumption on big number of consecutive acute intakes on each monitoring interval is applied.
Figure 84 illustrates the steps in the consecutive data approximation. The artificially
generated data set (Figure 84a, 84h) for the case of **Am multiple inhalation has been sampled
every month (points on the graphs). The approximation algorithm works in the following order:
1. The user selects a first time interval of the approximation, on which a single response can fit
the selected subset of the measurement series.

1.1. Taking into account the subject’s anamnesis the user inputs the supposed date of the first
intake. In the absence of information, and in the automatic mode, the centre of the
uncertainty interval can be used.

1.2. The user chooses the last point of the first data subset. One or several data points can fall
on the chosen first interval.

2. Perform the data approximation on the selected interval (Figure 84b).

2.1. If one data point falls on the selected interval the computer code calculates the scaling
factor a, without a re-assessment of the date of intake and other conditions of exposure.

2.2. If two or more data points fall on the selected interval the re-assessment of the date of
intake and exposure conditions is possible (Figures 84c, 84d, 84f, 84g). The time shift
of the response function is being determined by the ‘best fit* search.

2.3. If the approximation on the Step 2.2 is not satisfactory, the initially selected data subset
can be adjusted.

3. Select the next time interval. The left end of a new interval coincides with the right end of the
previous interval. The right end of the new interval is chosen as in Step 1.2.
Execute Step 2 for the new time interval (Figure 84c).
5. Execute Steps 3 and 4 for successive data points (Figure 84d, 84e, 84f, 84q).
Figure 84h gives the “true” value of the excretion rates.

&
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Figure 84. Scheme of the approximation algorithm work
On vertical axis is daily excretion rate (Bg/day) of ***Am.
On horizontal axis is the time (days).
g — results of approximation
h — “true” curve.




Fractional absorption (f;) values used for calculations of

ANNEX C

response functions and effective dose

. Inhalation
Element |Ingestion = M S

Ag 0.05 0.05 0.05 0.05
Am 5e-4 5e-4 5e-4
Ba 0.1 0.1

Ce 5e-4 5e-4 5e-4
Co 0.1 0.1 0.05
Cr 0.1 0.1 0.1 0.1
Cs 1 1

Fe 0.1 0.1 0.1

H 1

| 1 1

Mn 0.1 0.1 0.1

Nb 0.01 0.01 0.01
Np 5e-4 5e-4

P 0.8 0.8 0.8

Pb 0.2 0.2

Po 0.1 0.1 0.1

Pu 5e-4 5e-4 le-5
Ra 0.2 0.2

Ru 0.05 0.05 0.05 0.05

S 0.8 0.8 0.8

Sr 0.3 0.3 0.01
Tc 0.8 0.8 0.8

Te 0.3 0.3 0.3

Th 5e-4 5e-4 2e-4
TI 1 1

U 0.02 0.02 0.02 2e-3
Zn 0.5 0.5
Zr 2e-3 2e-3 2e-3 2e-3
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ANNEX D

Reconstruction of the intake with an arbitrary shape in the time

Mathematical nature of the problem

The in vivo/bioassay data interpretation belongs to the class of so named ‘inverse’
mathematical problems, in which known parameters (e.g. the measured activity in the body or
organs) is a result of integration of required in the problem parameters (intakes). More precisely,
the observed activity in the body is the convolution of the intake function with the retention
function. In a common case such problems have not a unique solution and required additional
assumptions.

A simple example of the inverse problem is: using the known result of summation of two
arbitrary numbers it is required to identify both of them. It is clear, that user shell to make
additional assumptions, e.g. that both unknown numbers are equal.

Discretization of the intake

Both the ICRP-78 and the new IMIE methods use a common mathematical basis for the
data interpretation. An initial assumption of both methods is that the intake function with an
arbitrary shape can be approximated by a limited set of acute intakes. Such assumption is based
on the fact that the final required value in the in vivo/bioassay data interpretation is the dose; and
the dose is connected with the integral of intakes, but not with their instantaneous values. An
error in the estimated dose, caused by the discretization of the intake, is substantially mitigated
due to the process of integration.

There are additional practical reasons, why the discussed discrete approximation can be
treated as more realistic, than an assumption of the ‘pure’ uniform (constant) intake. On the
workplace the main pathway is an inhalation. Intakes are happening, as a rule, sporadically, as a
result of the non-normal operation with open sources. In a case of the prolonged environmental
exposure of the population a typical dominated path of intake is the ingestion. The intake of the
contaminated food occurs also sporadically or, at least, periodically. A main conclusion from
these examples is that the constant intake is, first of all, an analytical abstraction, rather a
realistic model. The discretization gives to us the possibility to simulate a reality.

It should be noted that the monitoring interval must comply the recommendations of the
ICRP Publication 78. The shorter is the monitoring interval, the more correct are the
reconstructed total intake and the effective dose.

Examples

Two intake scenarios demonstrate the influence of the monitoring interval on the value of
reconstructed intake and on the assessed effective dose.

Scenario 1: chronic intake of 1 Bq per day during 360 days.

Scenario 2: chronic intakes of 1 Bq per day during 1-90 days and 181-270 days (no intake
from 91 till 180 days).

Both scenarios suppose the inhalation of aerosols with AMAD 1 um (type F) by the adult.
Described scenarios were used for simulation of the Cs-137 and 1-131 intake. The IMIE
reconstructed the total intake and dose assessment in these scenarios with different monitoring
intervals.
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Intake of Cs-137

Scenario 1
Figure 85 shows results of the reconstruction of the Cs-137 activity in the ‘Whole body’
when the monitoring interval is equal to 10 days.
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10 +

Activity, Bq

1 L] T T T
01/01 31/01 01/03 31/03 30/04 30/05 29/06 29/07 28/08 27/09 27/10 26/11 26/12

Figure 85. The ‘true’ and the reconstructed Cs-137 activity in the ‘Whole body’

(monitoring interval is 10 days)
Black line is the ‘true’ curve; blue points are measurements with the monitoring interval 10 days;

red line is the reconstructed curve.
In this case the reconstructed activity well reproduces the ‘true’ curve.

Figure 86 shows reconstruction results when the monitoring interval is increased from 10

days till 180 days.
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Figure 86. The ‘true’ and the reconstructed Cs-137 activity in the ‘Whole body’
(monitoring intervals: 10, 30, 60, 90 and 180 days).
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Though big differences between reconstructed activities curves and the ‘true’ activity
curve (the longer monitoring interval, the more differences), the discrepancy between the
reconstructed intake (and effective doses, respectively) and the ‘true’ total intake is still small
(see Table 1).

Table 1. The ‘true’ and the reconstructed intake of Cs—137 and the assessed effective
doses (scenario 1)

Total intake, Bq | Effective dose, uSv
‘True’ value 360 1.66
10 359 1.65
Monitoring 30 360 1.66
interval, 60 362 1.67
days 90 365 1.68
180 380 1.75

Scenario 2

Similar to the scenario 1, in a case of the small monitoring interval (10 days), the
reconstructed Cs-137 activity in the ‘“Whole body’ is practically identical to the ‘true’ value (see
Figure 87).
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Figure 87. The ‘true’ and the reconstructed Cs-137 activity in the ‘Whole body’
(monitoring interval is 10 days)

Black line is the ‘true’ curve; blue points are measurements with monitoring interval 10 days; red
line is the reconstructed curve.

Figure 88 combines results of the reconstruction for different monitoring intervals.
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Figure 88. The ‘true’ reconstructed Cs-137 activity in the ‘Whole body’
(monitoring intervals: 10, 30, 60, 90 and 180 days)

Monitoring intervals, shorter than 180 days allow receiving an acceptable accuracy (see
Table 2).

Table 2. The ‘true’ and the reconstructed intake of Cs-137 and the effective doses
(intake scenario 2)

Total intake, Bq | Effective dose, uSv
‘True’ value 180 0.828
10 181 0.83
Monitoring 30 181 0.833
interval, 60 175 0.805
days 90 183 0.842
180 136 0.626
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Intake of 1-131

Scenario 1
Figure 89 contains the result of the reconstruction of the 1-131 activity in the ‘Thyroid’
when the monitoring interval is equal to 10 days.
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Figure 89. The ‘true’ and the reconstructed I-131 activity in the ‘Thyroid’ (monitoring

interval is 10 days).
Black line is the ‘true’ curve; blue points are measurements with monitoring interval 10 days; red

line is the reconstructed curve.

Figure 90 shows results of the reconstruction of 1-131 activity in the ‘Thyroid’ for
monitoring intervals 10, 30 and 60 days.
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Figure 90. The ‘true’ curve and reconstructed curves of I-131 activities in the ‘Thyroid’
(monitoring intervals: 10, 30 and 60 days)

The discussed intake case is similar to the case of Cs-137 (the longer monitoring interval,
the more deviation between the reconstructed activity and the ‘true’ activity curve), but there is
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one important difference. The monitoring interval 10d only (for activity of 1-131 in the
“Thyroid’) complies the requirements of the ICRP Publication 78. The total intake and the
effective dose are assessed with an acceptable accuracy for this monitoring interval only (see

Table 3).

Table 3. The ‘true’ and the reconstructed intake values of I-131 and the assessed effective
doses (scenario 1)

Total intake, Bq | Effective dose, uSv
‘True’ value 360 2.66
Monitoring 10 359 2.65
interval, 30 471 3.49
days 60 1010 7.49

Scenario 2

Figures 91, 92 demonstrate results of the reconstruction for the intake 1-131 by the
scenario 2.
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Figure 91. The ‘true’ and reconstructed curves of the I-131 activity in the ‘Thyroid’
(monitoring interval is 10 days) (first 180 days only)

Black line is the ‘true’ curve; blue points are measurements with monitoring interval 10 days; red
line is the reconstructed curve.
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Figure 92. The ‘true’ curve and reconstructed curves of 1-131 activities in the ‘Thyroid’
(monitoring intervals: 10, 30 and 60 days)

Table 4. The ‘true’ and the reconstructed intake values of 1-131 and assessed effective

doses (scenario 2)

Total intake, Bq | Effective dose, uSv
‘True’ value 180 1.33
Monitoring 10 179 1.33
interval, 30 235 1.74
days 60 356 2.64

Monitoring intervals 30 d and 60 d (for the I-131 activity in the ‘Thyroid’) do not comply
with requirements of the ICRP Publication 78 and the total intake and the effective dose did not

reconstructed with the acceptable accuracy.
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ANNEX E

Available parameters and modes

1. INPUT PARAMETERS AND INTERNAL DATA

Personal data: The information, entered into fields of the IMIE Personal Database (Worker

Data sources:

Route of
radionuclide
intake:

Regime of
Intake:

Supposed
exposure
conditions:

Available

radionuclides:

Library of
Response
functions:

ID, Family Name, First Name, Date of birth, Date of a first possible intake,
Comment) will be automatically stored.

Number of database records: no program limitations, limited by the available
RAM and hard disk space only.

Data of WBC (activity content in the whole body), Thyroid counter (activity
content in the thyroid), Lung counter (activity content in the thoracic region of
the respiratory tract), Bioassay data (urine and faecal excretion rate) will be
stored in a specialized IMIE database for each person recorded in the Personal
Database.

Number of database records: no program limitations, limited by available
RAM and hard disk space only.

Inhalation,

Ingestion,

Injection,

Wound,

Arbitrary mixture of routs of intake.

“Multiple Consecutive Acute Intakes” in all modes of the data analysis,

“Chronic Intake” (constant rate of intake on a single monitoring interval) in
Manual, Semi-Automated and Smart modes.

Interval of intake dates, Range of AMADs (0.001..20 um), Set of Types of
Materials F, M and S (if applicable) can be specified for searching of the ‘best
fit’.

3H, 32P, 33P, 358, 51Cf, 54Mn, nge, 58C0, GOCO, GSZn, SQSr’ QOSr, 95Zr1 95Nb, 99TC,
99m-|-C 103Ru 1O6RU 110m'6\g 132-1-e 123| 125| 131| 132| 134CS 137Cs 14OBa 14lce
144Ce 201T| 202-|-| 210Pb 21OP0 226Ra 228-|-h 232-|-h 234U 235U 238U 237Np,
238Pu 239Pu 24OPU 241PU 241Am 243Am

Binary library of biokinetic response to the acute intake of radionuclides
(activity in the whole body, in the thyroid (for iodine), in the thoracic region
of the respiratory tract and the instantaneous/daily excretion rate of activity
with urine and faeces) for AMTD/AMAD in the range 0.001..20 um, and
Types of Materials F, M and S (if applicable), calculated by means of
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biokinetic models described in ICRP Publications 30 (Gl Tract, Cr, Mn, P and
Tl), 66 (Respiratory Tract), 67, 68, 69, 71 (other radionuclides) and 78
(tritium urinary excretion). Biokinetic parameters for Adult workers have
been used. Response functions for inhalation of type S americium are added,
calculated with biokinetic parameters for adult members of public.

Library of
Dose
Coefficients: Binary library of committed effective doses for the acute intake of

radionuclides (see the list above) for AMTD/AMAD in the range
0.001..20 um, and Types of Materials F, M and S (if applicable), calculated
on the basis of the dosimetric models described in the ICRP Publications.

2. OUTPUT PARAMETERS

vV VYVV V VYVVYVY

Original (fitted) data points (in the table and on the XY plot);

Fitting curve (XY plot and tabulated values — can be stored in a file);

Pattern of the reconstructed intake(s) (date and amplitude in the table);

Assessed Type of Materials and AMAD for each reconstructed intake (for inhalation only;
in the table);

Committed equivalent doses to organs and tissues associated with each reconstructed
intake(in the separate window);

Committed effective dose associated with each reconstructed intake(in the table);

Annual doses to organs and tissues from all accepted intakes (in the separate window);

Total committed equivalent doses to organs and tissues associated with each reconstructed
intake(in the separate window);

Total committed effective dose (in the table).

3. USER’S INTERFACE

Mode of

interaction

with User: Interactive. Microsoft Windows-style. Extended graphical tools for the data
presentation and analysis.

Mode of

Data analysis: a) Full automatic ICRP-78 mode for interpretation of routine monitoring data,

which is compatible with the procedure, described in the ICRP Publication 78
(single type of data source in the analysis; method assumes acute intakes at
the middle of monitoring intervals, AMAD and Types of Materials must be
assumed by user);

b) Interactive Semi-Automated mode permits to find the “best fit” for the given
data set in conditions of unknown time of intake, AMAD and Type of
Materials;

¢) Extended Manual mode (with features of the Smart mode) is a most powerful
tool for interactive data analysis and comparison of different assumptions
about characteristic and mode of intake. It gives full control on the process of
dose reconstruction;

d) Accident mode is a modification of the Manual mode adopted for the analysis
of accidental cases. It permits to find the “best fit” for the given data set in
conditions of unknown AMAD and Type of Material and to analyse wound
intakes;
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e) Full automatic Smart mode is designed to find the “best fit” for the given data
set in conditions of unknown time of intake, AMAD and Type of Material,

f) A ‘chronic intake’ assumption can be used for the data analysis;

g) Simultaneous analysis of several sets of data from different data sources (e.g.
WBC and Urine) in Semi-Automated, Manual and Accident modes.

Mode of data

input/output:  Time trends of measurements (activity content/exertion rate) can be entered
into spreadsheet forms or loaded from a text file with delimiters (import from
other application).
The clipboard tools for the export of data to Microsoft Windows applications
(such as Microsoft Excel or Microsoft Word) are provided.

Multifunctional
interactive
XY plot window: — graphical selection of time intervals for analysis by means of the mouse-
oriented ‘drug-and-drop’ technology;
— both linear and logarithmic scales;
— auto-scaling;
— mouse (like ‘drug-and-drop’ technology) zooming of XY plot fragments;
— ‘right mouse button’ quick menu;
— customised pattern of the graph, axes, grid, titles etc.;
— data export to other applications (curves: flat text file; graphics: metafile
“WMEF’, * EMF’ and bitmap *.BMP”).

Additional

Tools: a) Reference system on radionuclide information allows obtaining the graphical
and numerical reference information on decay chains, energy spectrum and
other information about radionuclides (838 radionuclides);

b) The additional XY plot of target functions in an optimisation process (values,
which must be optimised during the data approximation). The graphical
presentation will help to achieve the absolute extreme of the target function
(in contrast to the local extreme). This auxiliary tool is essential for non-
trivial cases as well as for Several data sources mode.
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Documenting of the analysis results

85

Basic report can be generated by pressing the Create report button of the Data panel (see
subsection 2.3). The example of such report is given below.

Personal Data

Worker ID 1

Family Name (ID-Case) Personl

First Name (ID-Case) Personl

Date of Birth 01/01/1950

First Intake is not earlier than 01/01/2000

Creatinine excretion rate, g/day 1.7

Comment
Measurements

Radionuclide 1-125
Thyroid

Include in analysis when page is inactive False

Date Time || Days |Value (BQ) Lé(%: Aﬁfg{:gﬁi State IEABI?S Kind Comment
20/08/2000 | 00:00 || 232 6.73e2 10 6.73e2 | Proc. | 1.70e2 | regular
15/09/2000| 00:00 || 258 8.40e2 10 8.40e2 | Proc. | 1.70e2 | regular
16/10/2000| 00:00 | 289 7.30e2 10 7.31e2 | Proc. | 1.70e2 | regular
16/11/2000| 00:00 || 320 4.17e2 10 4.19e2 | Proc. | 1.70e2 | regular
18/12/2000| 00:00 || 352 2.43e2 10 2.37e2 | Proc. | 1.70e2 | regular
19/01/2001| 00:00 || 384 2.50e2 10 2.50e2 | Proc. | 1.70e2 | regular
13/02/2001| 00:00 | 409 1.60e2 10 1.60e2 | Proc. | 1.70e2 | regular
13/03/2001| 00:00 | 437 7.53e2 10 7.51e2 | Proc. | 1.70e2 | regular
17/05/2001| 00:00 || 502 2.23e2 10 2.28e2 | Proc. | 1.70e2 | regular
17/06/2001 | 00:00 || 533 8.37e2 10 8.37e2 | Proc. | 1.70e2 | regular
23/07/2001 | 00:00 | 569 7.93e2 10 7.96e2 | Proc. | 1.70e2 | regular
14/09/2001 | 00:00 | 622 3.10e2 10 3.04e2 | Proc. | 1.70e2 | regular
Urine

Include in analysis when page is inactive False




pate | Time [ Days | per | Unc: |Velume | Creatinine | Coefiient | Excretion | Approi| giyig | MDA | ing | Comment
sample)
20/08/2000| 00:00 | 232 2.53e0 10 - - 1.00e0 2.53e0 2.50e0 | Proc. regular
15/09/2000 | 00:00 || 258 4.07e0 10 - - 1.00e0 4.07e0 3.79e0 | Proc. regular
16/10/2000 | 00:00 | 289 3.23e0 10 - - 1.00e0 3.23e0 3.63e0 | Proc. regular
16/11/2000| 00:00 || 320 2.47e0 10 - - 1.00e0 2.47e0 2.26e0 | Proc. regular
18/12/2000| 00:00 || 352 1.47e0 10 - - 1.00e0 1.47e0 1.29e0 | Proc. regular
19/01/2001| 00:00 || 384 1.23e0 10 - - 1.00e0 1.23e0 1.24e0 | Proc. regular
13/02/2001| 00:00 || 409 9.33e-1 10 - - 1.00e0 9.33e-1 8.54e-1 | Proc. regular
13/03/2001| 00:00 || 437 3.10e0 10 - - 1.00e0 3.10e0 1.49e0 | Proc. regular
17/05/2001| 00:00 || 502 1.40e0 10 - - 1.00e0 1.40e0 1.22e0 | Proc. regular
17/06/2001| 00:00 || 533 4.27e0 10 - - 1.00e0 4.27e0 3.77e0 | Proc. regular
23/07/2001 | 00:00 | 569 1.98el 10 - - 1.00e0 1.98el 6.83e0 | Proc. regular
14/09/2001| 00:00 || 622 1.87e0 10 - - 1.00e0 1.87e0 1.62e0 | Proc. regular
IMIE results
Based on Thyroid measurements
Date Time | Days Drr?ZZst.o Material A'\SQD’ In';a\ge, Duracljtion, ch/e, Mode |[Weight Sirr;ﬁg%r;?gus Measurements

10 |28/07/2000 209 23 AeansE?ZTj;;é F),| 1 |1.01e4| Acute |5.3e-5 aui)?;“;;e 4| ULSF gfs'?éwi Tr&;;irr?ied((llo%())),
11 |20/08/2000 232 26 AeansE?ZTj;;é F),| 1 |6.66e3| Acute | 3.5e-5 aui)?;“;;e 4| ULSF gfs'?éwi Tr&;;irr?ied((llo%())),
12 ||15/09/2000 258 | 31 AeansE?ZTj;;é F),| 1 |4.35e3| Acute |2.3e-5 aui)?;“;;e 4| ULSF gfs'gwi Tr&;;irr?(iad((llo%())),
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Inhalation:

i Semi- Minimal Thyroid (100),
I3 (18/12/2000 352 32 Aerosill(:'l'lype F), 1 2.06e3 | Acute 1.1e-5 automated ULSF distance Urine (100)
Inhalation: . o .
i Semi- Minimal Thyroid (100),
14 (09/03/2001 433 4 Aeros?ll(:'l'lype F), 1 6.81e3 | Acute 3.6e-5 automated ULSF distance Urine (100)
Inhalation: . - .
15 | 17/05/2001 502 | 31 |Aerosol (TypeF),| 1 |1.22e4| Acute |6.4e5| S8M- | yLsF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: : - .
16 |20/07/2001 566 | 3 |Aerosol (TypeF),| 1 |3.65e3| Acute |1.9e-5| S8M- | yLsF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Total 4.58e4 2.4e-4
Based on Urine measurements
Date Time | Days Days to Material AMAD, | Intake, | Duration, | Dose, Mode Weight Slmultangous Measurements
meas. Mm Bq d Sv analysis
Inhalation: : - .
10 |28/07/2000 209 | 23 |Aerosol (TypeF),| 1 |1.01e4| Acute |53es5|_ S€M- | yisF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: : - .
11 |20/08/2000 232 | 26 |Aerosol (TypeF),| 1 |6.66e3| Acute |35e-5|_ S€M- | yisF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: . . .
12 | 15/09/2000 258 | 31 |Aerosol (TypeF),| 1 |4.35e3| Acute |23e5|. S8M | yisF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: . . .
13 | 18/12/2000 352 | 32 |Aerosol (TypeF),| 1 |206e3| Acute |1.1e-5|. S€M- | yLsk Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: . - .
14 | 09/03/2001 433 | 4 |Aerosol (Type F),| 1 |6.81e3| Acute |3.6e-5|. €M | yLsk Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: : - .
5 | 17/05/2001 502 | 31 |Aerosol (TypeF),| 1 |1.22e4| Acute |6.4e-5|_ SeM- | yisF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Inhalation: : - .
16 | 20/07/2001 566 | 3 |Aerosol (TypeF),| 1 |3.65e3| Acute |1.9e-5|_ M- | yisF Minimal Thyroid (100),
f1=1 automated distance Urine (100)
Total 4.58e4 2.4e-4

/8



88

To save the plots of the Graph panel use the buttons on the tool bar of the Graph panel.
For description of the buttons see subsection 2.4. Stored graphical files can be inserted to basic
report file.
For documenting the steps of analysis and final result it is recommending to use the
following technology:
— to save the initial state of the analysis save the “screenshots” of the
1. IMIE Main window with the active Personal data page of the Data panel (to make a
“screenshot” press the Print Screen key when needed window is active, then switch to
the text processor (Microsoft Word for example) and past the picture using the
Edit->Past menu command);
2. Preference window with the active Options page;
— on cach step of analysis make a “screenshot” of the IMIE Main window with the active
Analyser page of the Data panel;
— if Smart mode is used, make a “screenshot” of the Parameters of the smart mode window;
— if mixed intakes is used in the analysis, make a “screenshots” of the Mixed intakes window
with selected mixed intakes, used in analysis;
— when analysis finished save the IMIE basic report pressing the Create report button on the
Data panel (see the example of the IMIE basic report file below) and copy collected
screenshots to this report file.
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