Taurus Advanced

The Taurus software package performs intake and dose calculations for internal
radiological contamination in occupational exposures. It was developed by the
UK Health Security Agency's Internal Dosimetry Group.

Taurus provides a simple graphical user interface (GUI) to UKHSA's internal
dosimetry computer code Pleiades (Fell T.P. et al, 2007). Pleiades is written in
Fortran and has been used for the calculation of reference dose coefficients and
bioassay quantities published in the International Commission on Radiological Protection (ICRP)
Occupational Intakes of Radionuclides series of publications (ICRP 2016b, 2017, 2019).

Taurus thus implements the most recent ICRP recommendations (ICRP 2007) and the accompanying
biokinetic, dosimetric models (ICRP 2009, 2015, 2016a, 2016b, 2017, 2019, 2022) and radiological
decay data (ICRP 2008).

In addition to calculating radionuclide activity in organs and excreta and committed doses due to
occupational exposures, Taurus also estimates radionuclide intakes from bioassay data. Taurus uses
the well proven maximum-likelihood fitting module previously used in UKHSA's IMBA software
(Birchall et al,2003) which can produce robust estimates of multiple intakes using several types of
bioassay data, including censored observations (e.g. less than the limit of detection results). Activity
and doses are given in S.1. units of bequerel (Bqg) and sievert (Sv).

Plotting of measurements and bioassay predictions is through Dynamic Data Exchange with Dplot
Graph software for scientists and engineers, by Hydesoft computing LLC, a freely distributable
restricted functionality version of which (DPlot Jr) is included in the Taurus installation package. If a
full version of DPlot is installed Taurus will benefit from the increased functionality which this
provides.

The Taurus GUI was built using the Winteracter Portable Fortran user interface and graphics toolset
by Interactive Software Services Ltd.

Taurus Advanced is intended to meet the needs of internal dose specialists and researchers and
provides more advanced functionality than the base version. As with the base version, Taurus
Advanced enables the user to:

o calculate equivalent organ doses and effective doses and bioassay quantities at pre-defined
time-points from one or more specified acute or chronic intakes

o calculate doses and bioassay quantities at user-specified time points from one or more
specified acute or chronic intakes

o estimate single or multiple intakes from measurements of activity in the body and/or excreta
and to calculate the resulting doses.

Some of the base functionality has been extended and new functions have been added in the advanced
version:

extended list of bioassay quantities

allows the addition of up to five user-defined forms (absorption parameters)

user-defined deposition parameters and particle transport rates for the respiratory tract
uranium mixtures, plutonium-americium mixtures and user-defined mixtures

NCRP wound model

annual equivalent and absorbed doses (for compensation scheme calculations), sorted by year
or organ/tissue



e linked intake regimes

o Bayesian tool for the calculation of posterior distributions for intake(s) and effective dose

Main screen

Bl raurus

File Preferences Userguide Notebook Refresh screen Advanced About

Input —
Reference Deposition parameters

T Co60_3ir_tau_bay ®/CRPOR Lightwork
; T : series defaults
| Nuclide 5.0 microns AMAD
Co-60 52713y

Nuclide mixture O User-defined forms Add | ffr aerosols ork)

Systemic biokinetics Alimentary tract Respiratory tract
@®ICRP OIR series defaults @ICRP OIR series defaults @ ICRP OIR series defaults

O Userdefined rates | Add

Intake regimes

Absorplion parameters

@ ICRP OIR series defaults

O User-defined forms Add

Wound model

® NCRP defaults

Licence information
This copy of Taurus is tegistered to Infernal Dosimetry Group for 5 users. It wil exgire on 19/02/2025

?,‘,',’;b;;f' niake ragimes  ( 3E] I (LRn ICE o) | otance year =L Help
3 1901| 0101 isthefirstday | 2022
(+=0)
LR LRfrac Dep Form Route Mode Stat End Intake A fr sf 55 fb sb
1 A +[1.0000 |5.0um AMALF INH |Acute [0 125176+00 [ 010 1.0000 1.0000 00000 |[3.00000€-02]2 00000E-03
2 |B |9 30000 |5.0 um AMALM INH [Acute [0 50626E+00 | 200E-02 020000 10000 |500000E-03|3 00000E-02|2 D0O00E-03
3 IB 19 70000 |5.0 um AMALS INH |Acute |0 1.00E-03 |1.00000E-02 10000 |1.00000E-04 |3 00000E-02 |2 D0O0OE-03
Bioassay quantities
Whole body + + 24h Utine o Blood (] [Liver «O Help
Lungs ~0 24h Faeces ~|[] Thyroid ~|0 Kidneys ~“0
Adipose ~|O Wound ~O Skeleton ~|O Gltract ~0O

Calculations
O Quick dose and bioassay Help

(O Prospective calculation

@ Retrospective calculation (data fiting)

Start calculations
Pmi(sss

Results

Total effeciive dose. Sv | 124E-07|

View equivalent doses
View absorbed doses
Goodness of fit
Plot bioassay
Bayesian tool

Report

@® short Olong
‘Save report

View report

The Main Screen is divided into three main functional areas:

e Input - where the user defines the parameters for the calculations
e Calculations - where the user can choose between two prospective and one retrospective

types of calculation to be performed

e Results - where calculated doses, goodness-of-fit metrics, plots of measurements and
bioassay predictions are accessible, including summary reports in html format.




Nuclides and nuclide mixtures

The user can select from a drop-down menu one of the 880 nuclides which are included in ICRP OIR

Parts 2, 3, 4 and 5.
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In addition, the user can choose from a number of pre-defined uranium and plutonium mixtures
encountered in the nuclear industry and define other generic mixtures (with up to five nuclides).

Nuclide mixtures

Uranium mixture  Pu-Am mixture |0therm|xtu|es |

Number of mixtures Specify isotopic abundance as %

X

Help

Bﬂ ﬂ] @ Activity " Mass
Label Pu-238 Pu-239 Pu-240 Pu-241 Am-241 Description

1 ix_Pu_Fuel 053 164 0.88 96.95 0.00 Fuel-grade Pu
2 |mix_Pu_Weapon 094 6.36 150 91.20 0.00 Weapon-grade Pu
3 |mix_Pu_LWR 147 024 0.36 97.85 0.08 Pu from LWR just after unloading
4  |mix_Pu_LWR_15y 333 054 0.81 90.82 450 Pufrom LWR after 15 years after unloading
5 |mix_Pu_Comm 231 033 049 96.87 0.00 Spent commercial fuel of uranium. just after chemical separation
6 |mix_Pu_LowExp 0.04 1193 280 84,50 073 Low-exposure Pu 5 years after chemical separation
7 |mix_Pu_HighExp 314 039 043 95.22 0.82 High-exposure Pu 5 years after chemical separation
8 |mix_Pu_Heat 99.75 0.04 0.01 020 0.00 Heat source

User-defined absorption parameters

The user can define additional ‘Forms’ with specific absorption parameters for inhalation or ingestion.

Absorption parameters

* Standard representatiori

" Alternative representation

Number of forms to add 3j| OK |

Please refer to ICRP Publication 130 for full details

Diagram

X

Identifying label (max. 10 chars) fr sr ss fb sb A Route
Form1 1.0000E+00 |1.0000E+00 |1.0000E-03 |0.0000E+00 |0.0000E+00 |1.00E+00 |Inhalation
Form2 0.0000E+00 |0.0000E+00 |0.0000E+00 |0.0000E+00 |0.0000E+00 |2.50E-01 Ingestion
Form3 1.0000E-02 (1.0000E-01 |1.0000E-05 |0.0000E+00 |0.0000E+00 |1.00E-01 Inhalation




User-defined respiratory tract deposition parameters

The user can set specific values for parameters used in the calculation of the deposition fractions, as
aerosol parameters (particle size, density, etc).
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User-defined HRTM particle transport parameters

The user can set specific values for the particle transport rates of the revised Human Respiratory Tract
Model (HRTM).
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Taurus can simultaneously calculate predictions over time for up to 12 common bioassay quantities. A
bioassay quantity can be selected from a list of 52 different bioassay types.
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Taurus can calculate bioassay predictions (activity in organs or excretions) at specific time-points and
calculate intakes from measurements (up to a total of 2000 measurements) :
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Monitoring

The user can select which nuclide to monitor, either the parent nuclide or one of the progeny nuclides
in the decay chain. When calculations are done for a nuclide mixture, the user can specify which
nuclide(s) have been monitored and, optionally, whether to monitor the parent nuclide or one nuclide
of its progeny in the decay chain.

For example, for a Pu-Am mixture: monitoring total activity from Pu-238,Pu-239 and Pu-240 (left) or
from Am-241as a parent nuclide plus Am-241 grown in as a daughter of Pu-241 (right).
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Plot of bioassay data
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View equivalent doses and annual absorbed doses

Committed effective doses and committed equivalent doses as well as annual absorbed (and
equivalent) doses are shown once the selected calculation is completed.

Tables for effective and equivalent doses (total and for each intake regime)

Male and female total equivalent organ doses (summed over all intake regimes) are shown: both the
50-year committed dose (table on the left) and the annual contribution (table on the right). Annual
doses can be ordered either by year or by organ.

[ Equivalent doses, Sv
Toul [R1 |R2 | R3 | R4 | R5 | R6 | R7 | k8 | R9 | k10| 11| Ri2| R13| R4 | R15| R16 | R17] R18| R19 | 20 |
Total intake 20000E+00 Bq Total Effective dose (Sv) 6.94E-08
Total equivalent doses (Sv) Total annual equivalent doses (Sv)
Male Female kal Year Intake this year (Bq) Male Female | ~
R-marmow 1.88E-09 240E-09 R-mamrow 1901 2.0000E+00 1.8755E-09 |24031E-09
Colon 507E-10 | 5.78E-10 R-marrow {1902 0.0000E+00 0.0000E+00 (0.0000E+00
Lungs 493E-07 528E-07 R-mamow 1903 0.0000E+00 0.0000E+00 (0.0000E+00
St-stem 453E-10 | 505E-10 R-marrow (1904 0.0000E+00 0.0000E+00 (0.0000E+00
Breast 199E-10 | 222E-10 R-marrow (1905 0.0000E+00 0.0000E+00 (0.0000E+00
Ovaries 0.00E+00 | 5.88E-10 R-marow _ |1906 0.0000E+00 0.0000E+00 |0.0000E+00
Testes 423E-10 | 0.00E+00 R-marrow 1907 0.0000E+00 0.0000E+00 |0.0000E+00
UB-wall 1.85E-10 233E-10 R-marrow 1908 0.0000E+00 0.0000E+00 |0.0000E+00
Oesophagus | 386E-10 | 451E-10 R-marmrow 1909 0.0000E+00 0.0000E+00 |0.0000E+00
Liver 321E-09 4.17E-09 R-marrow 1910 0.0000E+00 0.0000E+00 |0.0000E+00
Thyroid 292E-10 353E-10 R-marrow 1911 0.0000E+00 0.0000E+00 |0.0000E+00
Endost-BS 1.18E-08 | 153E-08 R-marrow (1912 0.0000E+00 0.0000E+00 [0.0000E+00
Brain 201E-10 | 235E-10 R-marow _ |1913 0.0000E+00 0.0000E+00 |0.0000E+00
S-glands 200E-10 231E-10 R-marmow 1914 0.0000E+00 0.0000E+00 |0.0000E+00
Skin 372E-10 5.30E-10 R-mamrow 1915 0.0000E+00 0.0000E+00 |0.0000E+00
Adrenals 350E-10 401E-10 R-marrow 1916 0.0000E+00 0.0000E+00 |0.0000E+00
ET 7.38E-07 853E-07 R-marrow 1917 0.0000E+00 0.0000E+00 |0.0000E+00
GB-wall 229E-10 234E-10 R-marmrow 1918 0.0000E+00 0.0000E+00 |0.0000E+00
Ht-wall 3.08E-10 3.85E-10 v R-marrow 1919 0.0000E+00 0.0000E+00 [0.0000E+00 | +

Male and female equivalent organ doses for each intake regime are shown: both the 50-year
committed dose (table on the left) and the annual contribution (table on the right).

Bl Equivalent doses, sv

Toel R1 |R2 | R3 | Rs | R5 | Re | R7 | Ra | mo | R0 | mit| 2| R3] mis | 15| mie| m17| Rie| 19| R0 |

Intake for this IR 1.0000E+00 (Bq. acute) Effective dose coefficient (Sv/Bq) 41E-08
Effective dose (Sv) | 4.12E-08
Total equivalent doses (Sv) for this IR Annual equivalent doses (Sv) for this IR
Male Female ~ Year Male Female | *

R-marrow 3.21E-10 4.12E-10 R-marrow 1901 32122E-10 [4.1230E-10
Colon 1.16E-10 1.32E-10 R-marrow 1902 0.0000E+00 |0.0000E+00
Lungs 298E-07 | 3.18E-07 R-marrow 1903 0.0000E+00 |0.0000E+00
St-stem 9.66E-11 1.01E-10 R-marrow 1904 0.0000E+00 |0.0000E+00
Breast 345E-11 386E-11 R-marrow 1905 0.0000E+00 |0.0000E+00
Ovaries 0.00E+00 | 103E-10 R-marrow 1906 0.0000E+00 |0.0000E+00
Testes 7.06E-11 0.00E+00 R-marrow 1907 0.0000E+00 |0.0000E+00
UB-wall IMEN 465E-11 R-marrow 1908 0.0000E+00 |0.0000E+00
Oesophagus | 6.30E-11 744E-11 R-marrow 1909 0.0000E+00 (0.0000E+00
Liver 5.42E-10 7.01E-10 R-marrow 1910 0.0000E+00 |0.0000E+00
Thyroid 4 55E-11 5.59E-11 R-marrow 1911 0.0000E+00 |0.0000E+00
Endost-BS 204E-09 266E-09 R-marrow 1912 0.0000E+00 |0.0000E+00
Brain 347E-1 4.09E-11 R-marrow 1913 0.0000E+00 |0.0000E+00
S-glands 343E-11 | 422611 R-marrow  |1914 0.0000E+00 |0.0000E+00
Skin 6.39E-11 9.01E-11 R-marrow 1915 0.0000E+00 |0.0000E+00
Adrenals 557E-11 6.28E-11 R-marrow 1916 0.0000E+00 |0.0000E+00
ET 4.07E-07 4TNE-07 R-marrow 1917 0.0000E+00 |0.0000E+00
GB-wall 4.85E-11 4.35E-11 R-marrow 1918 0.0000E+00 |0.0000E+00
Ht-wall 831EN 657E-11 v R-marrow 1919 0.0000E+00 |0.0000E+00 |

0K



Tables for annual absorbed doses (total and for each intake regime)

Male and female absorbed doses are shown for each organ and for each calendar year in the period
specified by the user, as contributions from low and high LET radiation and neutrons. The table
shows the total dose and the contribution from each intake regime. Doses can be ordered either by

year or by organ.

L
[fafnr | | | | | | | | | | | | | | | |
ake 1 0000€+00 Bg
Mol absorbed doses. Gy ¥ emale abscrtbed doses Gy
Yoo Intake tis yeor (Bq) | LowlET | MghlET | Newons LowlET | MohLET | Newvons
Revamow  [195) T 0000E+00 TOSSSE-08 |1 8987E08 [S4TIPE1S 13006208 [224216-08 16 8200615
Colon 1951 1 G000E+00 12006610 [JIAISEDD [2 3658615 TSYE-10_[S 1715600 R OWRE 15
Lungs 1951 1 0000E~00 BIRE0 R ISTECH [2 OE1S NEANE10 [D296E0 D OSE1S
Srstem  [1951 1 0000E~00 1318630 PAIHEDY [221126-15 22162610 [$ 2087609 [)2I2E-15
Breant 1951 1 0000E+00 11510690 [JOBB4E0D 11650615 1IGASE10 |4 7712609 [LAZ19ENS |
Ovanes 191 1 0000 +00 DO00E-00 12 000CE 00 |0 0000E +00 R7241E10 [ T2E0) PITEE 15
Tesws 1951 1 0000E+00 S142E90 [ISEDH [945006-16 0.00D0E~00 |0 0000E~00_ 10 0000E~00
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EndostBS 1951 1 0000E 00 1 G545E08 [12579€07 |50660E-15 R2122E08 15157607 B 1002E15
Braen 1951 1 Q0COE 00 BSSE7E-W0 DSWED PISNENS BI6IEE-10 M IGEE09 B2IME15
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Activity measurements of the wound-site can also be added and used to estimate intakes.

In addition to exposure via inhalation, ingestion

and injection, Taurus Advanced enables the
user to also analyse cases of wound
radionuclide-contamination.

Intakes from contaminated wounds are treated
as special cases of injection and the user can
select one of the seven predefined NCRP
Wound categories. [National Council on
Radiation Protection and Measurements Report

No. 156, (2006).]



Linked intake regimes

Taurus enables the user to deal with up to 20 separate intake regimes simultaneously. Each regime is
characterised by its specific exposure route (inhalation, ingestion, ...), absorption parameters (in the
respiratory and alimentary tract), by the acute or chronic nature of the exposure and the corresponding
time or time-interval of exposure.

Intake regimes . . . .
S of?make regimes . By default, the intake regimes are treated as independent, i.e., for a

(max. 20) rE retrospective calculation the contribution to the total intake (Bq) of each
intake regime is calculated as an independent contribution.
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Information on goodness-of-fit

Statistical tests X

Chi-square ‘Aulucurre\aliun ‘

Help The result of a chi-square test and an autocorrelation test are

Goodness-olit statistics shown, as well as diagnostic information for each of the
TomlChisquare [ 1336E:01 bioassay sets used in the maximum-likelihood fitting.
Probability 1460E-01
Degrees offieedom | 9

Diagnostic information

Bioassay N ChiSquare Probability
Total body 6 1.154E+01 3.939E-02
24h Urine 5 1.845E+00 7.759E-01




Bayesian analysis tool

After completing a retrospective calculation, the user can calculate the posterior probability
distribution and summary statistics (e.g., mean, standard deviation) of the intake(s) and of the total
effective dose providing information on intake prior distribution (Uniform, logUniform, Normal and
LogNormal choices are available) using the importance sampling method.

Bl eayesian Analysis

Max-Likelihood results Input
R 1(Ba) Intake sampling distribution Intake prior distribution
q
a 1252 IR | Distibution | Bq | Bq | R | Distribution Bq Bq
B [5063 A _|Uniform [From _[0.0000 [To 3.0000 | A_[Uniform From _[0.0000 To 30000
B_|Uniform |From ]3.0000 [To 70000 ] B_|Uniform From _ [30000 To 70000

Total effective dose (Sv) 124807 W Number of grid points ’7 Mumber of samples Same as sampling distribution

Results

Total ChiSquare 92029 intake (Bq) e
Degrees of freedom 58 — IR | Piot|  Mean SD Mode Median 25%PI 97.5% PI iR1 | R2 | Conslationc. |
alediate A |7 128l 02314 1230 1271 =D 1764 A |6 | am
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Close
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Plots of probability distributions (1D and 2D) are shown for intakes and for the total effective dose.
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Cortents | Search | Favoustes | Methodology and computations
The Taurus software package performs intake and dose for internal radi c ion from i , for acute or chronic
intakes by inhalation, ingestion, or injection into blood
Taurus the 2007 R ions issued in ICRP Publication 103 (ICRP, 2007) and applies the ies for dose i in
ICRP Publication 130 (ICRP, 2015) and 133 (ICRP, 2016). The new gy and new and models used in the Occupational Intakes

of Radionuclides (OIR) series of reports, ICRP 130, 134, 137, 141 and 151 (ICRP 2015, 2016b, 2017, 2019, 2022), supersede those used for the calculation of
doses to Workers published in ICRP 68 (ICRP, 1994)

Biokinetic and dosimetric calculations: PLEIADES

The bic i in Taurus are performed by the internal dosimetry computer code PLEIADES - Program for LinEar Internal Age—
dependemDosES (Fell et al, 2007), written in Fortran 90 and developed at UK Health Security Agency's Radiation, Chemical and Environmental Hazard:
Directorate, UK

Biokinetic calculations

Biokinetic compartment models are used to calculate the of within body tissue as a function of time following internal contamination, via
inhalation, ingestion or injection into blood. The mathematical problem is defined by a set of ordinary differential equations, which are determined by an input
function describing the exposure (route and duration of the intake) and by the 'biokinetic matrix' constructed with all the relevant biokinetic transfer rates and the
nuclear decay data for the contaminant.

The structure and the transfer rates of the biokinetic models (respiratory, alimentary and systemic models) are published in the OIR series of reports and the
radioactive decay data in ICRP Publication 107 (ICRP, 2008).

The to the are computed by PLEIADES in terms of the and of the matrix and by iting the
particular block structure of the matrix (Fell et al., 2007). PLEIADES solves the ei and related by using the LAPACK (Linear
Algebra PACKage) library (Andetsanetal lSSS)and(sassocnaed BLAS (Basic Linear Algebra Subroutines) library.

The take then the familiar form of a sum of exponentials and are used to calculate the activity and
thewmberoltvalsfovmanons(mle-megraedacuvny)uveranypemdolmmbodybsuesandorgans

Dosimetric calculations
Dosimetric models are used to cal:u(a!e the deposition of energy in 'target’ i for ing in the 'source’ as
ined from the c

The information and values for energies and emissions yields of radionuclides and for the specific absorbed fractions (SAFs) used by PLEIADES are published
in ICRP 107 and ICRP 133 respecuve!y

The radiation weig 'S the Specific Effective Energies (SEEs), are calculated in PLEIADES from the published SAFs and
nuclear decay data using cubic spline unerpolatlons routines from the PCHIP library (Fritsch, 1993)

Committed equivalent dose in target regions and committed effective doses are then calculated using the radiation and tissue weighted factors published in
ICRP Publication 60 and 103.
Bioassay predictions
Thebmassaypredncnonsarebasedonme The acitivity in organs or tissues is calculated as the sum of the activity in the
1 that arnan ar ficene nlue tha activity in hinad rantainad in the nrnan
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