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Presentation overview

AContext
ARisk of internal contamination at CERN & internal monitoring in Switzerland.

AApproach forinternal monitoring programme
Alnstrument characterisation procedure.
AMeasurements MC simulations

AProspects & preliminary considerations
AGeometry evolution and practical example.

AConclusions

UNIL | Université de Lausanne



Context Internal monitoringapproach Prospects &onsiderations Conclusions
@00 0000000000 0000 0]0)

Context

Major event at CERNcommissioning of th& ERNVIEDICISfacility (since 2018)

A Aim : production of (exotic) radioisotopes foredical applications

A Handling ofunsealed sourceigh activityshort halflife (149Tb,4{ OX X0 @ o
A Radionuclides shipped to theartner centregsuch as university hospitals) : @@
Mradiolabellingtests /  dosimetry s A QL

[bincrease risk onternal contaminationamong the workers.

HhUpdate theinternal monitoring programmefor the workers.

UUUUUU versite de Lausanne * H:a;c;g : MedicallsotopesOollectedfrom ISOLDE
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Internal contamination and internal monitoring programmes
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Internal contamination and internal monitoring programmes

= N

A The stochastic risk associated to an internal contamination is
quantified by thecommitted effective dosd,(SV).

& (J\

» . Tout-le-mond N
IRA-96/411

A No operationalbjuantity directly measurable

A'O can beretrospectively assessdhrough :
Inhalation Ingestion IN Vivo measurementgradiations emitted from the body);
In vitro measurementsof a biological sample).

A Aninternal monitoring programmaims to verify that*:
The workersare efficientlyprotected against the risk of intake of radionuclides.

B

The protection complies witlegalrequirements

A The new internal monitoring programme at CERNspired by the
Injection Absorption Swiss regulatior(annual limit:O P MSY.
(skin orwounds

Pehtietwami H 4 * Accordingo the ISO 20552006 standard
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In CH (and CERN):

Internal monitoring in Switzerlardl — srsmim.

worker> 1 mSvly.

screening
measurement
l ( byaccreditedaboratory! )
NO YES :
no further above Incorporation
D = | measurement
measurements threshold ? _
(quantlfypﬁntake and ESO)

A Periodic, rapid easy measurementlone by workershemselvegideally)usingconventional RP instruments

A Thresholdhshould guarantee detection of intakes leading to annuyghbEL mSy

N H 7
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Adapt the Swiss approach

Definea general& pragmaticapproach to setip in vivoscreening measuremente detect intakes
leading to an annual:E> 1 mSy

A Taskrelated operationsl htime of potential intake isknown.

A Rapid turnoveiof CERN workers; odic screer

A Determine theminimum detectable dosassociated to the screening measureme@t ; @
A Limit the number of authorised operations for each worker, so that anriyak 1 mSy

/o Dose per unit intak€SvBo).

Dosimetric models.

‘e 3 . :
y - 'y Radionuclide.
O h ‘ U O T e
\\ s’ N
-__’ (\g ( g/' \
Minimum detectable activityBg). ./ Retention or excretion functio(Bqper inhaledBq).
Instrument(characteristic limits, efficiency). Biokinetic _models. _
Phantom. Radionuclide, elapsed time.

( Biokinetic model solved not in the aim of this talk)
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Instrument choice
Pros Cons Pros
easy& quick no nuclideidentification nuclide identification+ mixtures)
costfriendly higherMDA (and E i) lower MDA (and E i)

LB1234

LB 6393

6150ADb/H CoMo170 FHZA12 BGO Falcon 5S000HPG#

Conclusions
(e]e)

Cons

complex& longer

costly

2x2NalTl)

ConventionalRP instruments Spectrometers
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Phantom choice

simple complex

ACreate a robust model & validate each step with MC simulations

/. uv

CERN
UNIL | Université de Lausanne 1 \
Faculty of Biology and Medicine ICRMhantompicture by Dr. Laurent Desorgher. Q%
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MDA (conventional RP instruments) 006 6 (gd O
CL: characteristidimit CF conversion factomesurand activity
(mesurandin: nSvh or cps (Bq(nSv/h)or Bg/cps)
ADecision threshold & A Obtained by placing known (reference)
detection limit. sources inside a simplified torso phantom :
S ——
R
AFound accordintp ISO 11929
standard .
N~

A Determined for different

background values.
STCo(124keV), 133g5(268keV), 137Cg(662keV), 99Co(1253keV)

H S Medigi PCarbonezJDamet FBochud CBailat APitzschkeda 5 S (i Sifdafkelof/ralionuclides: In vivo screening
measurements with conventional radiation protection instrumeb&adiationMeasurement$2019).

de Lausanne
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Conversion factor (CF) : considerations

z \We characterisedur instrumentwith commonreferencesources.
3 Q. canwe estimateCHor untestedradionuclides?
A R:MC simulations ?

Phantomfilled with air Phantomfilled with water
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Geantd4d MC vs experimental results

ASimulate H*(10) at different distances from the phantom surface.
ATally size = average sensitive surface of the tested RP instruments.
At I f f & LIZRPAn&turgeyitd positioning

€, UV
o MC simulationperformedwith the help of DiLaurent Desorghe(lRA/CHUV).
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Geant4d MC

AMC validation with phantom filled with air :
good agreemen(< 10%) with the theoretically expected results.

AComparison between :

experimentald O (in—or—-);

simulatedo™O (always in—T ).

A6"O "¥0 O

Ay Of dzZRSa GKS AyaidaNHzySyidQa SySNHeé RSLISY
and dose rate, geometry, ... .

N H 7
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Geant4d MC
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Prospects &onsiderations Conclusions
0000 OO

(source: Co-57, instrument: CoMo0170)

A f phantom w/ air

A f phantom w/ water

0 5 10 15 20 25 30 35 40 45 50 55 60 65 /70 75 80 85 90
Distance from phantom surface [cm]

€. UV
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Find experimental CF for untested radionuclide
ACAYR AyadNHzYSy(iaQ NBaLRyaS Y&2 MO

Tc99m Radiations (JEFF-3.1) Eu152 Radiations (JEFF-3.1)

| —gamma X-rays | —gamma X-rays
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Find experimental CF for untested radionuclide
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r average energy (weighted by photon emission probalvjjity
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Find experimental CF for untested radionuclide

Energyrange for interpolation(influencing: i, , 0, and6™0O )= 40keV¢ 3 MeV

Relativedifferencebetweenestimation and
measuredvalues

Instrument Tc99m Eul152
6150ADb/H -3% +8%
FHZ 512 BGO +45% -27%
CoMo 170 -6% +13%
LB 6393 +5% +3%
LB 1234 +3% -15%
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Prospectstrom simple to more complex geometry

AExtend the approach to more
realistic /anthropomorphic
geometries.

AMore realistic CF estimates.
ADifferent filling geometries.

At Sail Lispebtioneters:
ARadionuclide identification.
ARadionuclide mixtures.

Geant4 model of the IGOghantom
by Dr L. Desorgher
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Prospectstrom simple to more complex geometry

. )
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Courtesyfrom Dr L. Desorgher



