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Sensitivity analysis of the ICRP biokinetic model
predicting the activity of Gd in lungs and 24-hour
excretion samples.
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Summary of the project

Help predict, monitor, and follow-up the internal doses from
accidentally release particles from tungsten target area of
the ESS to workers and to members of the public.
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1000 different radionuclides,
some of which will be different

from nuclear power plant
radionuclides.

Eu 'O pean Spal Iatl on SOU Fce - The facility will produce over

Tunnel of accelerator

Target station
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Worst case scenario

Loss of cooling in target wheel during beam time.

1486d’ 187W, 172Hf, 182Ta 178mHf
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Worst case scenario

Radionuclide EURITE Dose coefficient
(Sv/BQ)

148Gd 711y 5.6E-8 50% of the total dose
187W 23.9 h 6.3E-10

172Hf 1.87y 1.0E-9
182Ta 115.0d 1.5E-9
178mHf 31y 4.7E-9

ICRP, 2012. Compendium of Dose Coefficients based on ICRP Publication 60. ICRP Publication 119. Ann. ICRP 41(Suppl.)., Spanier Leif,
AAO3a_LP-104B Source term to SSM, Internal document
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Collaboration with
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Linkoping University -

Internal dosimetry of

: : _ radionuclides that can

. Thel.r previous work.. | be released during an
— Bioassay calculations for retention of accident at the European
radionuclides in lungs Spallation Source (ESS]

— Simulation of gamma spectra
— Method for determination of minimum
detectable dose in lungs and urine




MDA vs lungs and daily urine
excretion activity

Criteria for workers

CED=20 mSv
Nuclide +-energy

187,
W
72

™

[keV]

686
126
1189
326
426
108
246
172
198
740
1094
115
116
747
103
alpha

Day1
urine [Bg] M
991900
289
387
1.8
1.8
51
51
400
486
51
280
336
336
47
288
123

33
2
32
442
499
233
124
154
761
174
114
587
587
8.2
125

Detectability time window

Day2 Day3 Day4 Day 10
urine urine urine urine

52080 113 2278 52 356 35 21 1.3
8 558 714 172 666 109 427 50
I_ﬁifQ 129 85 65 73 44 33 15
43 104 44 27 41 14 26 0.6
43 117 44 28 41 14 26 04
102 56.7 85 177 65 113 1.3 54
102 293 8.5 75 6.5 40 13 18
32 370 138 109 623 69 17.0 39
3 181 163 50 731 31 185 1.7
378 65 149 36 621 24 103 09
203 45 787 22 321 15 48 05
270 142 1138 44 56 28 Iy ¢ 9:3
270 142 118 44 56 28 : [ 1.3
7.0 32 43 18 25 1.2 13 04
234 304 103 95 49 6.1 16 29

1.00 044 021 007

green colour - favourable conditions for activity quantification,
yellow colour - possibly favourable conditions for quantification with larger
HPGe-detectors and/or evaporation of urine sample of about a factor of 10.
CED - committed effective dose

Criteria for public

CED=1 mSv
Nuclide 7-energy Day1 Day2 Day3 Day4 Day 10
[keV]  urine [Bq] MDA [Bq] urine [Bq] MDA ([Bq] urine [Bq] MDA[Bq] urine [Bq] MDA [Bq] urine [Bq] MDA [Bq]
By 686 49595 84 2604 26 114 12 178 0.80 011 030
g 126 14 515 35 125 36 39 33 25 21 1
1821, 1189 019 7:3 044 2.9 042 15 037 1.0 0.16 039
TEnf 326 0.09 9.9 021 23 022 060 020 032 013 013
T 426 009 12 021 26 022 063 020 031 013 010
®Ta 108 025 522 051 127 043 40 032 25 0.07 122
®1a 246 025 278 051 6.6 043 17 032 091 0.07 041
Ly 172 200 345 161 8.3 6.9 25 31 16 085 088
1%5yp 198 243 170 192 41 8.1 11 37 070 093 038
Ly 740 255 39 189 15 75 081 31 056 052 021
Ly 1094 140 26 102 1.0 39 051 16 035 024 013
fos o 17 a1 i 32 o om _om om o ow |
%Gd 103 14 28.0 12 6.8 052 21 025 14 0.08 066
e alpha  0.061 0.050 0.022 0.011 0.0035
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Taken from: Hakan Pettersson, Alexandr Malusek, Marie Karlsson, SSM, 2022-09-06



What can affect detectability?

v"Chemical form of radionuclide

v'Aerosol size of the radionuclide

v'Biokinetics of specific radionuclide

v'Individual size, age, gender and lifestyle habits

v'Detector specifications

Sensitivity analysis needed!
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ensitivity analysis

* Investigate feasibility of internal dose
assays of alpha, beta, and gamma
emitters using excretion samples:

— Find biokinetic parameters with
biggest influence on activity in 24h
lungs, urine and faeces for most
radiotoxic radionuclides;

— Perform the minimum detectable
activity analysis for different spectra
scenarios;

— Compare minimum detectable activity
with detector at LiU and LU;

MEDICAL PHYSICS IN THE BALTIC STATES 16 {2023)

Proceedings of Imermational Conference “Medical Physics 2023"
09-11 November 2023, Kaunas, Lithuania

SENSITIVITY ANALYSIS OF THE ICRP BIOKINETIC MODEL PREDICTING
THE ACTIVITY OF GD IN LUNGS AND 24-HOUR EXCRETION SAMPLES

Belikse RAMLIAK', Alexandr MALUSEK®, Kristina ERIKSSON STENSTROM', Christopher RAAF

"Divisicn of Particle and Nuclear Physi
Linksping Universit

Lund University; “Divisian of Disgnastics and Specialist Medicine,
edical Radiation Physics, Lund University

belikse. rambjakighep s se; alexandr. makusck @ lin sc; kristina hep.bu.se: ch med lu se

Absiraciz "Gd may coniribuie io around 50% of the
dose from inhalation in case of an sccident at the
European Spallation Source. Methods for its detection
have been developed. They rely on biokinetic models
predicting activities of the gamma. emitiers “9Gd (Tuz=
483 d) and "'Gd (Tyz= 240.4 d) as tracers in the lungs,
urine, and facces. The optimal choice of model
and associated i vhich 8
1o the estimates of the minimum detecisble activity of
G (T, = 424 yh, have yet to be systematically
investigated. This work presents a step in this directicn.
The authors have implemented the ICRP biokimetic
meodel for G and performed a sensitivity analysis of the
meodel o identify the mast imfluential pammeters. They
will use this knowledge in subsequent uncenainty
analysis and deiermination of the opiimal measurement
time window.

Keywards: ESS, mdioactive scrsals, internal dasimetry

i. Introduction

The European Spallation Source (ESS) i a neutron
production facility being built in the vicinity of Lund in
southern Sweden. lis main components will be a pulsed
{14 Hz) lincar sccelerator emitting 2 GeV' protons, &
tungsten target, end scieniific stations dedicated to
experiments using newron spallation peactions [9).
Radistion protection sysicms comprise, e g., shiclding of
the accelemior via 5 m of soil, steel and concrete around
the target and filters in the ventilation exhaust [9]. These
systems may not shicld entirely the environment and the
public from radiation evposure in case of an sccidennl
release of radionuchides. The warstcase scenario
accident is caused by an initial lass of the helium coaling
of the target while the target is still imadisticd by the 5
MW protan beam. A series of events (inchuding melting
and axidiring of the wngsten target and hydrogen
deflagration) will lead to the release of helm, flier
particles ond aeresols fommed  fom the  target
material [4]. Radionuclide expasure to the warkers and
public will be mainly through inhalation, ingestion,

groundshine and cloudshine. In this article, we focus an
the inhalation roue caly. Cument estimates of the
rebeased radicanclide mix predict thas the di

radfionuckides would be “*Gd
Th). %

A, W
Tz 1d4d)
and 1 50.49 &), with “*“d comiributing io around
50% af the dose [§]. Since "(Gd caniribuies most of the
dose and & an alpha cmiticr, cniling a higher
mdiobéological effect, its detection is the main focus of
this article. “%Gd is ane of the ESS-specific rmdionuclides
which is not relevant in waste from nuclear pawer plants.
Hence, standard methods for assessing "“*Gd in the
environment or bumans have not et been developed.
Iniemal contamination mssessment & wsually done
through whole bedy counting, urinal, faecal and blood
sample examination. Biokinetic models predicting the
24-hour excretion in urine and faccal asa finction of time
and their relation to the organ and whole-body retention
of the radioouclides can be used 1o assay internal dose
from excretion ssmples. The latest WCRP bickinetic
mosdels. described in publications 130, 134, 137, and 141
are implemenied in the commercially avnilable Taurus
[19] and IDEApls codes. These codes allow the user o
specify values of model pammeters. These pammeters
ae in muny cases known with limited accuracy,
especially for the exposure pathway through the
respirstory tract, and may vary widely depending an the
physical size and chemical form of particles containing
the radionuclides. The large number of mode] pammeters
complicates the comesponding uncertainty analysis. A
commonly used approach is to perform a sensidivity
amalysis of the model and focus oo the parameters that
notably affect the resulting uncertainty.

Sensitivity analysis is o technique used 1o determine how
different valwes of an independent varisble impact a
panicular dependent verishle under & given set of
msumptions. For imstance, local sensitivity analysis
methods are wsed in metrology, where the imlerest is
mainly in the truc vabue and wmcertainty [1]. Global
methods are of interest in disciplines where the imput
quantities vary notably. Regression methods do not fislly
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143Gd Biokinetic model

* The model is developed in Ecolego
by following recommendations in

ICRP 100, ICRP 141 and ICRP 130.

* The model is made for
— male reference worker
— 5um aerodynamic median
activity diameter (AMAD)

— Oxide form
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Model validation

« Ecolego model
outputs were
compared to
outputs from the
same conditions
from Taurus.

Activity (Bq)

100_

10—4 =

100-

1072 1

107 1

—— Ecolego —— Taurus
Blood Faeces 24h Gl tract Kidneys
Liver Lungs Skeleton Urine 24h
01 10 100 1000 04 10 100 1000 01 10 100 1000 01 10 100 100.0

Time (d)




Sensitivity analysis

« Analysis is done by calculating standard
regression coefficients (SRC). They
indicate how many standard deviations
the dependent variable ( lung activity
and excretion activity) is likely to change
based on changes in independent
variables (biokinetic transfer
parameters).

* a sensitivity coefficient is defined as:
of

lTox )|
« we assume that all other inputs are not
changed.
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Sensitivity analysis

Lung model Gl tract
° Sens|t|v|ty ana|ysis was done by EXTRATHORACIC SMALL INTESTINE — BLOOD
: ETegp ——— LN !
using Ecolego toolbox. SEQ ET eI e e ¢
o P ET; —— ENVIRONMENT !
All transfer c_oeﬁ‘lments were § FEEaIEN
selected as independent ET, —— OESOPHAGUS |
variables, with assumed normal i RECT! OSIlGMOID COLON
distribution. Uale it
BB BBge Q—0, FAECES
4
bb bbSEQ_> LNTH
+
ALV —— INT —

A0
4
:
5
iRe=
S

0‘9 A
1666 4
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Sensitivity
analysis

results

Lungs Urine Feces
fd_AH ] tc_Blood_to_Urinary_bladder_contenty ] tc_RC_to_LC_male ]
fd_bb- ] fd_Al ] tc_RS_to_Faeces_male- |
fr_ALVA [ ] fr_ALVA ] tc_LC_to_RS_male ]
sr_ALVH | sr_ALVA ] fd_ET14 ]
tc_bbp_to_BBpr 1 tc_Blood_to_Trabecular_surface | fd_ET2 ]
fr_bbp 1 tc_Blood_to_Cortical_surface B te_ET1_to_ETp2A ]
sr_bbpq | tc_Blood_to_STOH [ | t Sl to_RCH .
fb_ALVA | fd_BB- B tc_ET1_to_Environmentd 1
55_ALVA sr_BBp . tc_Oesophagus_to_SI_contentd |
tc_BBp_to_ETp2+ tc_BBp_to_ETp24 B tc_ETp2_to_Oesophagus |
fd_BB fd_bhbr B fd_BB+ |
v . : ' ' . ' ' ! . T v v v T
1.0 -0.5 0.0 05 1.0 10 05 00 0.5 1.0 -1.0 -0.5 0.0 05 1.0
fd_Al ] fd_Al I tc_RS_to_Faeces_male- 1
fr_ALV+ ] tc_Blood_to_Urinary_bladder_contenty ] tc_ RC_to_LC_males I
tc_bbp_to_BBpd B ss_ ALV ] tc_LC_to_RS_male- e
fd_bb- [ | sr_ALVH [ ] tc_ ET1_to_ETp2- [ |
ss_ALV4 1 tc_Blood_to_Trabecular_surface- ] fd_ET1 ]
7 fb_ALVA | tc_Blood_ta_Cortical_surface- | tc_ET1_to_Environment [ ]
fr_bbp| | tc_STO_to_Blood || t_Sl_to_RCH [ |
tc_ALV_to_bbp | fd_blr fd_bb- |
sr_ALVA tc_Blood_to_Liver_14 [ ] fd_ET2- 1
ss_bbp fr_ALVA B fr_bbp+ |
sb_ALVA tc_Blood_to_ST1- | tc_bbp_to_BBp- |
10 05 0.0 05 10 40 05 00 0.5 10 10 05 0.0 05 10
fd_AH ] fd_AH I fd_AH 1
fr_ALVA ] tc_Blood_to_Urinary_bladder_contentd I tc_ALV_to_bbp ]
ss_ALVA (] ss_ALV- ] tc_bbp_to BBp [ ]
tc_ALV_to_bbpq 1 tc_Blood_to_Trabecular_surface [ | fr_ALVA [ ]
fb_ALVA | te_Blood_to_Cortical_surface- [ | fd_bb B
3“ tc_bbp_to_BBpq | tc_Blood_to_Liver 14 | sr_BBp- 1
sb_ALVH | fr ALV [ | tc_BBp_to_ETp2- |
s5_INTH tc_Blood_to_Kidneys_14 1 tc_Liver_1_to_SI_content ]
fd_BBA tc_ST1_to_Bloods ] s5_ALVA 1
f_seq tc_Blood_to_ST14 1 tc_Blood_to_Liver_14 |
sb_LN_ET4 sr_BBpr I df_RCContent+ 1
40 05 0.0 05 10 40 05 00 05 10 10 05 00 05 10
ss_ALVA I fd_Al+ 1 ss ALV [
fd_Alq | ] tc_Blood_to_Urinary_bladder_contentd ] fd_Al4 ]
tc_ALV_to_bbp ] tc_Blood_to_Cortical_surfaceq [ | to_ALV_ta_INTH ]
ss_INTH | te_ALV_to_bbpA ] fr_ALVA ]
fr_ALVA | tc_Blood_to_Trabecular_surface- L] tc_Liver_1_to_Liver_2- (]
tc_ALV_to_INTH ] ss_ALVA ] tc_ALV_to_bbpA [ ]
363 sb_ALV4 | tc_Liver_2_to_Blood [ | tc_Blood_to_Liver_14 [ ]
tc_bbp_to_BBp | tc_Blood_to_ST14 | tc_Liver_1_to_SI_content (|
fb_ALVA | te_Trabecular_surface_to_Trabecular_marrow- | df_RCContentH [ ]
fb_INTA fr_ALVA ] tc_Blood_to_OtherCompartments+ [ ]
b INTH tc ALV to INTH | tc_Blood_to_Cortical_surface- 1
10 05 0.0 05 1.0 40 05 00 05 1.0 40 05 00 05 10




EXTRATHORACIC

Sensitivity e
ET, —» ENVIRONMENT !
- v RIGHT COLON
an al S I S ET, —— OESOPHAGUS |
LEFT COLON
THORACIE RECTOSIlGMOID COLON
results 2 = 1
bb bbssq——> LNy FAECES
Af.v —— INT —
Comp. Order 7 30 365
Lung 1 faar +0.97 faar +0.97 faar +0.96 Sc ALV -0.74
2 fabb +0.17 fraw -0.23 fraw -0.23 fa.ar +0.53
3 fr‘,A.LT-" -0.13 /:l'bb'—-ﬂsf -0.08 Ss.4Lv -0.13 AALV—}I}J‘.}: -0.29
4 S aLv -0.08 fabb +0.05 ":L'J.Ll?—kbbl -0.05 S INT -0.22
Urine 1 Aptood—vsc  T0-61 fa.ar +0.58 fa.ar +0.66 fa.ar 10.72
2 fdﬂ! +0.45 ’:l'bia&d—'U.EE +0.45 j’blﬂud—}UﬂC’ +0.48 A’bluud—}Uﬂﬂ' +0.45
3 frawv +0.44 Se ALy -0.26 S ALV +0.47 Hlond-sCS -0.29
4 Sy ALV +0.28 Sy ALV +0.34 ";i'.b!faﬂd—}'l"s -0.18 ALV —hbr -0.23
Facces 1 Apcpe 046 Arsoraoees  -0-50 fa.ar +0.70 Ss.aLv -0.78
2 ‘A‘RS—}F{IECQE +0.46 /:l'R{'.'dLE' -0.50 ":L'J.L V—bhb +0.62 fdﬂf +0.56
3 LC—RS +0.43 LC—RS -0.49 A’bh:—rﬂsr -0.28 ’Lw—-mr -0.15
4 fd.ETL +0.35 AETI*ET% -0.20 fratv -0.15 Sray -0.12




24h lung activity and 24h urine
and faecal excretion for 148Gd,

146Gd and 1°3Gd

1483 (] Alpha emitter 86.9y
146G Gamma emitter 48.27 d
153Gd Gamma emitter 240.6 d

* Isotopic ratios 1#°Gd/1*8Gd and 1%3Gd/*48Gd can

be used to estimate whole body burden of 148Gd.

Consult:

« Raaf C., Barkauskas V. , Eriksson Stenstrom K, Berhardsson C,

Pettersson HBL, Internal dose assisessment of 148Gd using isotope
ratios of gamma emitting 146Gd or 153Gd in accidentally released

spallation target particles, Sci. Rep. 2020 Dec 14;10(1):21887

- Gd-146 -# Gd-148 -+ Gd-153
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Future plans

* Uncertainty analysis of sample activities and associated MDAs.

* Other ESS relevant radionuclides will be added to the model.
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