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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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• The facility will produce over 

1000 different radionuclides, 

some of which will be different 

from nuclear power plant 

radionuclides. 

European Spallation Source



Worst case scenario

Loss of cooling in target wheel during beam time.

148Gd, 187W, 172Hf, 182Ta 178mHf



Radionuclide Half life Dose coefficient 

(Sv/Bq)

148Gd 71.1 y 5.6E-8

187W 23.9 h 6.3E-10

172Hf 1.87 y 1.0E-9

182Ta 115.0 d 1.5E-9

178mHf 31 y 4.7E-9

ICRP, 2012. Compendium of Dose Coefficients based on ICRP Publication 60. ICRP Publication 119. Ann. ICRP 41(Suppl.)., Spanier Leif, 

AA03a_LP-104B Source term to SSM, Internal document 

Worst case scenario

50% of the total dose



Internal dosimetry

Examination of excretion samples Whole body counting

Image taken from SciencePhotoLibraryImage taken from 3AW Melbourne



Collaboration with 
Linköping University

• Their previous work:

– Bioassay calculations for retention of 

radionuclides in lungs

– Simulation of gamma spectra

– Method for determination of minimum 

detectable dose in lungs and urine 



MDA vs lungs and daily urine 
excretion activity  

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 workers 
Detectability time window

Criteria for public 

Taken from: Håkan Pettersson, Alexandr Malusek, Marie Karlsson, SSM, 2022-09-06



What can affect detectability?

✓Chemical form of radionuclide

✓Aerosol size of the radionuclide

✓Biokinetics of specific radionuclide

✓Individual size, age, gender and lifestyle habits

✓Detector specifications

Sensitivity analysis needed!



Sensitivity 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;

Collaboration with



• 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

– 5µm aerodynamic median 

activity diameter (AMAD)

– Oxide form

148Gd Biokinetic model



• Ecolego model 

outputs were 

compared to 

outputs from the 

same conditions 

from Taurus. 

Model validation



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 ís defined as:

| 
∂ 

/(∂x_ )
|

• we assume that all other inputs are not 
changed.



• Sensitivity analysis was done by 

using Ecolego toolbox.

• All transfer coefficients were 

selected as independent 

variables, with assumed normal 

distribution.

Sensitivity analysis

Lung model GI tract



Sensitivity 
analysis 
results



Sensitivity 
analysis 
results



• Isotopic ratios 146Gd/148Gd and 153Gd/148Gd can 

be used to estimate whole body burden of 148Gd. 

Consult:

• Rääf C., Barkauskas V. , Eriksson Stenström 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

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

146Gd and 153Gd

148Gd Alpha emitter 86.9 y

146Gd Gamma emitter 48.27 d

153Gd Gamma emitter 240.6 d



• Uncertainty analysis of sample activities and associated MDAs.

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

Future plans
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