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Presentation overview

ÅContext
ÅRisk of internal contamination at CERN & internal monitoring in Switzerland.

ÅApproach for internal monitoring programme 
ÅInstrument characterisation procedure.

ÅMeasurements& MC simulations.

ÅProspects & preliminary considerations
ÅGeometry evolution and practical example.

ÅConclusions
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Context

Major event at CERN :commissioning of the CERN-MEDICIS* facility (since 2018 )

ÅAim : production of (exotic) radioisotopes formedical applications.

ÅHandling ofunsealed sources, high activity, short half-life (149Tb, 47{ŎΣ ΧύΦ

ÅRadionuclides shipped to the partner centres (such as university hospitals) : 

Ҧradiolabellingtests / dosimetry radiopharmaceuticals.

Ҧ Increase risk of internal contamination among the workers.

ҦUpdate the internal monitoring programme for the workers.

* : MedicalIsotopes Collectedfrom ISOLDE.
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Internal contamination and internal monitoring programmes

VS
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Internal contamination and internal monitoring programmes

ÅThe stochastic risk associated to an internal contamination is 
quantified by the committed effective dose E50 (Sv).

ÅNo operationalquantity directly measurable.

ÅὉ can be retrospectively assessed through :

in vivo measurements(radiations emitted from the body);

in vitro measurements(of a biological sample).

ÅAn internal monitoring programme aims to verify that*:

The workersare efficiently protected against the risk of intake of radionuclides.

The protection complies with legalrequirements.

ÅThe new internal monitoring programme at CERN isinspired by the 
Swiss regulation  (annual limit: Ὁ ρmSv). 

Inhalation Ingestion

Injection Absorption
(skin or wounds)

* Accordingto the ISO 20553:2006 standard.
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Internal monitoring in Switzerland

ÅPeriodic, rapid & easy measurement, done by workers themselves (ideally)using conventional RP instruments.

ÅThreshold Ҧ should guarantee detection of intakes leading to annual E50 > 1 mSv.

Picture: http:// chittagongit. 
com/icon/hills-icon-28.html

no further
measurements

screening 
measurement

above
threshold ?

incorporation
measurement

(quantifyAintake and E50)

NO
( by accreditedlaboratory! )

YES

In CH (and CERN): 
occupationallyexposed
worker > 1 mSv/y.
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Adapt the Swiss approach
Define a general & pragmatic approach to set up in vivo screening measurements to detect intakes 

leading to an annual E50 > 1 mSv.

ÅTask-relatedoperationsҦ time of potential intake isknown.

ÅRapid turnover of CERN workers:  periodic screening Ҧas soon as possible after the operation.

Å Determine the minimum detectable dose associated to the screening measurement Ὁ ȟ Φ

Å Limit the number of authorised operations for each worker, so that annual  E50 < 1 mSv.

Ὁ ȟ ὓὈὃɇ
Ὡ

άὝ

Retention or excretion function (Bqper inhaled Bq).

Biokinetic models.
Radionuclide, elapsed time.
( Biokinetic model solver Ą not in the aim of this talk )

Dose per unit intake (Sv/Bq).

Dosimetric models.
Radionuclide.

Minimum detectable activity (Bq).

Instrument (characteristic limits, efficiency).

Phantom.
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Instrument choice

ConventionalRP instruments Spectrometers

Pros Cons

easy& quick no nuclideidentification

cost-friendly higherMDA (and E50,min)

Pros Cons

nuclide identification (+ mixtures) complex& longer

lower MDA (and E50,min) costly

FHZ 512 BGO6150AD-b/H CoMo 170 Falcon 5000 (HPGe)

LB 6393

LB 1234 

2x2 NaI(Tl)

Pictures: https:// www.nmas.no/produkt/59556475/scintillator-probe
http:// www.laurussystems.com/products/products_pdf/LS_thermo_FH-40.pdf
http://www.tridinamika.com/shop/products/saphymo-como-170-300/
https://all -pribors.ru/opisanie/43292-09-falcon-5000-45430
https://www.directindustry.it/prod/canberra-industries/product-23661-555299.html  



Context Internal monitoring approach Prospects & considerations Conclusions

Phantom choice

ÅCreate a robust model & validate each step with MC simulations

simple complex

ICRP phantompictureby Dr. Laurent Desorgher.
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MDA (conventional RP instruments)

ÅDecision threshold & 
detection limit.

ÅFound according to ISO 11929 
standard.

ÅDetermined for different 
background values.

ÅObtained by placing known (reference) 
sources inside a simplified torso phantom :

CL : characteristiclimit
(mesurandin: nSv/h or cps)

CF :  conversion factor mesurand  activity
(Bq/(nSv/h) or Bq/cps)

ὓὈὃ ὅὒɇὅὊ

57Co (124 keV),  133Ba (268 keV), 137Cs (662 keV), 60Co(1253 keV)

S Medici, P Carbonez, J Damet, F Bochud, C Bailat, A Pitzschke. ά5ŜǘŜŎǘƛƴƎ intake of radionuclides: In vivo screening 
measurements with conventional radiation protection instrumentsΦέ Radiation Measurements(2019).
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Conversion factor (CF) : considerations

Ʒ Wecharacterisedour instrument with commonreferencesources.

Ʒ Q: canwe estimate CFfor untested radionuclides?

ĄR: MC simulations ?

Phantom filled with air Phantom filled with water
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Geant4 MC vs experimental results
ÅSimulate H*(10) at different distances from the phantom surface.

ÅTally size = average sensitive surface of the tested RP instruments.

Å¢ŀƭƭȅ ǇƻǎƛǘƛƻƴƛƴƎ  RP instruments positioning

MC simulations performedwith the help of Dr Laurent Desorgher (IRA/CHUV).
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ÅMC validation with phantom filled with air :
good agreement (< 10%) with the theoretically expected results.

ÅComparison between :

experimental ὅὊ (in or 
Ⱦ

) ;

simulated ὅὊ (always in 
Ⱦ

) .

ÅὅὊ ὪɇὅὊ

ɀὪƛƴŎƭǳŘŜǎ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ŜƴŜǊƎȅ ŘŜǇŜƴŘŜƴŎŜΣ ŎƻƴǾŜǊǎƛƻƴ ŦŀŎǘƻǊ ōŜǘǿŜŜƴ Ŏƻǳƴǘ ǊŀǘŜ 
and dose rate, geometry, ... .

Geant4 MC
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ÅMC validation with phantom filled with air :
good agreement (< 10%) with the theoretically expected results.

ÅComparison between :

experimental ὅὊ (in or 
Ⱦ

) ;

simulated ὅὊ (always in 
Ⱦ

) .

ÅὅὊ ὪɇὅὊ

ɀὪƛƴŎƭǳŘŜǎ ǘƘŜ ƛƴǎǘǊǳƳŜƴǘΩǎ ŜƴŜǊƎȅ ŘŜǇŜƴŘŜƴŎŜΣ ŎƻƴǾŜǊǎƛƻƴ ŦŀŎǘƻǊ ōŜǘǿŜŜƴ Ŏƻǳƴǘ ǊŀǘŜ 
and dose rate, geometry, ... .

█
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Geant4 MC
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Find experimental CF for untested radionuclide

ÅCƛƴŘ ƛƴǎǘǊǳƳŜƴǘǎΩ ǊŜǎǇƻƴǎŜ ŦƻǊ ǘǿƻ ǳƴǘŜǎǘŜŘ ǊŀŘƛƻƴǳŎƭƛŘŜǎΥ Ὕὧ& Ὁό

Source: Nucleonica- nuclear science internet portal (www.nucleonica.com)
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Find experimental CF for untested radionuclide

ὉὉ
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Find experimental CF for untested radionuclide

Relative differencebetweenestimation and 
measuredvalues

Instrument Tc-99m Eu-152

6150AD-b/H -3% +8%

FHZ 512 BGO +45% -27%

CoMo 170 -6% +13%

LB 6393 +5% +3%

LB 1234 +3% -15%

Energyrange for interpolation (influencing: ὴϷ, Ὁ, and ὅὊ ) = 40 keVς3 MeV 
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Prospects: from simple to more complex geometry

ÅExtend the approach to more 
realistic /anthropomorphic 
geometries.

ÅMore realistic CF estimates.

ÅDifferent filling geometries.

Å¢Ŝǎǘ ǇƻǊǘŀōƭŜ ʴ-spectrometers:
ÅRadionuclide identification.

ÅRadionuclide mixtures.

Geant4 model of the IGOR phantom
by Dr L. Desorgher
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Prospects: from simple to more complex geometry

From
physical
to voxel

phantoms

Courtesyfrom Dr L. Desorgher

Efficiency
curve+ 

comparison?


