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Low Energy Low Energy Electron acceleratorsElectron accelerators
8080 –– 300300 keVkeV80 80 300 300 keVkeV
ScannedScanned beambeam oror extendedextended cathodescathodes
SelfSelf--shieldedshielded

Risø HDRL acceleratorRisø HDRL accelerator

Energy:Energy: 8080--125125 keVkeVEnergy:Energy: 8080 125 125 keVkeV
Beam current: 1Beam current: 1--10 10 mAmA
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LowLow--energy electron beam applicationsenergy electron beam applications

P lP lPolymersPolymers
–– CuringCuring and and crosslinkingcrosslinking

PharmaceuticalPharmaceutical
-- SterilizationSterilization ofof
packagingpackaging materialmaterial
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Electron beam tunnel Electron beam tunnel 
ApplicationApplication:: SurfaceSurface sterilizationsterilization of of 

tubstubs withwith syringessyringes for for y gy g
vaccinesvaccines
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Problem: Problem: 

•• Surface sterilization of tubs is not regulated.Surface sterilization of tubs is not regulated.

•• It concerns sterilization It concerns sterilization –– or or decontaminatationdecontaminatation –– of of 
container for container of pharmaceutical product.container for container of pharmaceutical product.

•• It is not a medical device.It is not a medical device.

•• It is not a pharmaceutical product.It is not a pharmaceutical product.

Suggested solution: Suggested solution: 

•• Use the international standard for Radiation Use the international standard for Radiation 
St ili ti b i f d t tiSt ili ti b i f d t tiSterilization as basis for documentationSterilization as basis for documentation
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DocumentationDocumentation requirementsrequirements for for sterilizationsterilization::

EN ISO 11137 part 1:EN ISO 11137 part 1:
Sterilization of health care products Sterilization of health care products –– Radiation Radiation –– Requirements for Requirements for pp qq
development, validation and routine process control of a sterilization development, validation and routine process control of a sterilization 
process for medical devices.process for medical devices.

The The principlesprinciples of 11137 of 11137 cancan bebe appliedapplied to to anyany irradiationirradiation processprocess

eveneven curingcuring andand crosslinkingcrosslinking withwith lowlow energyenergy electronselectrons-- eveneven curingcuring and and crosslinkingcrosslinking withwith lowlow--energyenergy electronselectrons
-- and and alsoalso surfacesurface sterilizationsterilization withwith lowlow--energyenergy electronselectrons

66



Definition Definition of validation (EN of validation (EN ISO ISO 1113711137--1, 3.47):1, 3.47):(( , ), )

-- documented procedure for obtaining, recording and interpreting documented procedure for obtaining, recording and interpreting 
the results required to establish that a processthe results required to establish that a processq pq p
will consistently yield product complying with predetermined will consistently yield product complying with predetermined 
specificationsspecifications..

Note 1: Note 1: For the purpose of this part of ISO 11137, validation has at For the purpose of this part of ISO 11137, validation has at 
least the three main elements IQ OQ and PQleast the three main elements IQ OQ and PQleast the three main elements, IQ, OQ and PQ.least the three main elements, IQ, OQ and PQ.
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OutlineOutline ofof EN ISO 11137EN ISO 11137--1:20061:2006OutlineOutline of of EN ISO 11137EN ISO 11137 1:20061:2006

•• CalibrationCalibration and and measurementmeasurement traceabilitytraceability (4)(4)
•• EquipmentEquipment characterizationcharacterization ((6)6)
•• ProductProduct definitiondefinition (7)(7)
•• ProcessProcess definitiondefinition (8)(8)
•• ValidationValidation (9)(9)

•• InInstallationstallation Qualification Qualification (9.1)(9.1)
•• Operational Operational QualificationQualification ((9.2)9.2)pp QQ (( ))
•• Performance Performance QualificationQualification ((9.3)9.3)

R tiR ti PP C t lC t l (10)(10)•• RoutineRoutine ProcessProcess ControlControl (10)(10)
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ISO ASTM standards ISO ASTM standards for characterization of irradiation for characterization of irradiation 
facilities follow the 11137 outline. facilities follow the 11137 outline. 

e.ge.g.:.:
ISO ASTM 51649ISO ASTM 51649 HighHigh energyenergy electronelectron acceleratorsacceleratorsgg gygy

(0.3 (0.3 –– 25 25 MeVMeV))

ISO ISO ASTM ASTM 51818  51818  LowLow energyenergy electronelectron acceleratorsacceleratorsgygy
(80 (80 –– 300 300 keVkeV))
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Calibration and measurement traceabilityCalibration and measurement traceability

Recommended methods for calibration of dosimeters:Recommended methods for calibration of dosimeters:

1)1) Irradiation of dosimeters at the facility of use (inIrradiation of dosimeters at the facility of use (in--plant plant 
calibration)calibration)calibration).calibration).
DoseDose measuredmeasured withwith reference reference dosimetersdosimeters..

2)2) IrradiationIrradiation of of dosimetersdosimeters at at calibrationcalibration laboratorylaboratory followedfollowed by by 
inin--plantplant verificationverification..

Measurement Measurement traceabilitytraceability is not is not establishedestablished withoutwithout inin--plantplant
irradiationirradiation for for calibrationcalibration oror verificationverification. . 
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Measurement traceability chainMeasurement traceability chainyy

National StandardNational StandardNational StandardNational Standard

Reference FieldReference Field Routine DosimeterRoutine Dosimeter

Reference   DosimeterReference   Dosimeter

22ndnd Lab. Ref. FieldLab. Ref. Field

Irradiation Irradiation at Facilityat Facility

Routine DosimeterRoutine Dosimeter

Reference Reference DosimeterDosimeter

Irradiation Irradiation at Facilityat Facility

Routine dosimeterRoutine dosimeter
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Calibration and measurement traceabilityCalibration and measurement traceability

For Irradiation at the facility of use (inFor Irradiation at the facility of use (in--plant calibration) dplant calibration) dose is ose is 
measuredmeasured withwith reference reference dosimetersdosimeters..

Problem:Problem:
DoseDose gradientsgradients withinwithin dosimetersdosimeters leadlead toto differentdifferentDoseDose gradients gradients withinwithin dosimetersdosimeters leadlead to to differentdifferent
thicknessthickness dosimetersdosimeters measuringmeasuring differentdifferent dosesdoses inin
the same radiation the same radiation fieldfield..

Solution :Solution :
EvaluateEvaluate surfacesurface dosedose

–– Dµ Dµ –– for all for all dosimetersdosimeters..

1212



ConceptConcept of of surfacesurface dosedose –– DµDµ
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Process definitionProcess definition

1)  1)  -- Specifying a maximum acceptable dose.Specifying a maximum acceptable dose.

2)  2)  -- SpecifyingSpecifying a minimum a minimum dosedose for for obtainingobtaining a a requiredrequired levellevel of of 
sterilizationsterilization..

1)1) MaximumMaximum dosedose concernsconcerns TyvekTyvek cover cover onlyonly..
TypicalTypical maximummaximum acceptable acceptable dosedose 100 100 kGykGy

2)2) R i dR i d l ll l ff t ili tit ili ti tt ifi difi d dd th fth f2)2) RequiredRequired levellevel of of sterilizationsterilization not not specifiedspecified –– and and thereforetherefore
requiredrequired minimum  minimum  dosedose not not specifiedspecified..

UsersUsers havehave specifiedspecified requiredrequired minimumminimum dosedose at 15at 15 kGykGy ororUsersUsers have have specifiedspecified requiredrequired minimum minimum dosedose at 15 at 15 kGykGy oror
25 25 kGykGy..
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Process definitionProcess definition Important question:Important question:
Is Is lowlow energyenergy electronelectron radiation radiation 
effectiveeffective for killing for killing 
microorganismsmicroorganisms??gg

StudyStudy comparingcomparing effectivenesseffectiveness of of 
C b ltC b lt 60 G 1060 G 10 M VM V
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Installation qualification Installation qualification -- IQIQ

-- is carried out to demonstrate that the sterilization equipment is carried out to demonstrate that the sterilization equipment 
and any ancillary items has been supplied and installed inand any ancillary items has been supplied and installed inand any ancillary items has been supplied and installed in and any ancillary items has been supplied and installed in 
accordance with their specification.accordance with their specification.

Whether or not data are “in accordance with their Whether or not data are “in accordance with their 
specification” depends on agreement between user andspecification” depends on agreement between user andspecification  depends on agreement between user and specification  depends on agreement between user and 
supplier.supplier.

Dosimetry Dosimetry measurementsmeasurements areare oftenoften the same as the same as usedused forfor
OperationalOperational QualificationQualification..pp QQ
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O i l lifi iO i l lifi i OQOQOperational qualification  Operational qualification  -- OQOQ

OQ shall demonstrate that the irradiator, asOQ shall demonstrate that the irradiator, as
installed, is capable of operating and delivering appropriate installed, is capable of operating and delivering appropriate , p p g g pp p, p p g g pp p
doses within defined acceptance criteria.doses within defined acceptance criteria.

-- provides baseline data to show consistent operation of the  provides baseline data to show consistent operation of the  
facilityfacility
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Operational qualification  Operational qualification  -- Electron beamElectron beam

CharacteristicsCharacteristics to to bebe measuredmeasured

Dose distribution in reference product Not relevant for low energy

Beam width and homogeniety Important

Energy and beam penetration Energy: Not importantEnergy and beam penetration Energy:                  Not important
Beam penetration: Important

Dose as function of speed, current and Important
beam width

Beam spot size Not relevant for low energy – in 
most cases

Effect of process interruption Not relevant for low energy
– in most cases

1818
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OQ OQ is often carried out using a reference productis often carried out using a reference productQQ g pg p

DoseDose
ddistributionistribution

Relative Dose, %
110-120
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80-90
70-80

in reference in reference 
productproduct
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Beam width Beam width –– high energy beamhigh energy beamg gyg gy

Limits forLimits for 
acceptable 
variations 
can be
defined.
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OQ EOQ E--beam cont..beam cont..

Beam width Beam width –– low energy beam low energy beam 

QQ

Beam widthBeam width 
17.5 cm at 
80% dose 
level
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Beam width Beam width –– low energy low energy beambeam

Beam wider than measurement Beam wider than measurement 
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OQ EOQ E--beam cont..beam cont..

Energy   Energy   -- Wedge and stack for energy measurementWedge and stack for energy measurement

QQ
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OQ EOQ E--beam cont..beam cont..

Typical depthTypical depth--dose curvedose curve

QQ

yp pyp p

Energy Energy –– range range 
relationshipsrelationshipsrelationshipsrelationships
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OQ EOQ E--beam cont..beam cont..

Low energy  Low energy  -- arrangements for  arrangements for  

QQ

gygy gg
measurement of depth dosemeasurement of depth dose
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OQ EOQ E--beam cont..beam cont..

Low energy  Low energy  -- Depth dose curvesDepth dose curves

Energy determinationEnergy determination difficultdifficult usuallyusually

QQ

Energy determination Energy determination difficultdifficult –– usuallyusually
not not carriedcarried outout

Depth dose profiles, Crosslinking
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OQ EOQ E--beam cont..beam cont..

Dose as a function of Dose as a function of 

-- beambeam currentcurrent
-- conveyorconveyor speedspeedyy pp
-- beambeam widthwidth)) Dose = K * (I/(Vl*Wb))

MeasuredMeasured at a at a lowlow
energyenergy
acceleratoracceleratoracceleratoraccelerator
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Beam spot size.Beam spot size.pp
Might be relevant for scanned beamsMight be relevant for scanned beams
at at highhigh--speedspeed productproduct movementmovement

ExampleExample of of 
scannedscanned and and 
pulsedpulsed beambeampulsedpulsed beambeam
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Process interruptionProcess interruption

1.00NormallyNormally nono

Process interruptionProcess interruption
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Repeat of OQ Repeat of OQ to to bebe specifiedspecified by operator.by operator.

(A.12.4.1)(A.12.4.1) The intervals for requalification of the irradiator The intervals for requalification of the irradiator 
should be chosen to provide assurance that the irradiator is should be chosen to provide assurance that the irradiator is 

i t tl ti ithi ifi tii t tl ti ithi ifi ticonsistently operating within specifications.consistently operating within specifications.

 Different elements of OQ can be repeated at different time Different elements of OQ can be repeated at different time Q pQ p
intervalsintervals

 If requalification measurements show that the IQ and/or OQIf requalification measurements show that the IQ and/or OQ If requalification measurements show that the IQ and/or OQ If requalification measurements show that the IQ and/or OQ 
status of the irradiator has changed, then PQ mightstatus of the irradiator has changed, then PQ might

have to be repeated.have to be repeated.

3030



Performance Performance QualifiactionQualifiaction
-- dosedose mappingmapping of realof real productproductdosedose mappingmapping of real of real productproduct

PQ dose mapping is carried out to demonstratePQ dose mapping is carried out to demonstrate
-- that minimum dose to product exceeds the dose that minimum dose to product exceeds the dose 
required for the intended effect andrequired for the intended effect and

th t i d t d t d t dth t i d t d t d t d-- that maximum dose to product does not exceed a that maximum dose to product does not exceed a 
maximum acceptable dose.maximum acceptable dose.

In In manymany lowlow--energyenergy applicationsapplications OQ and PQ OQ and PQ areare combinedcombined..
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PQ PQ DoseDose mapmap

Risø B3Risø B3Risø B3 Risø B3 
dosimetersdosimeters
placedplaced onon tubtubpp
for an isolator for an isolator 
in a in a fillingfilling
line.line.
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Dose measurement withDose measurement with RisøScanRisøScanDose measurement with Dose measurement with RisøScanRisøScan

Minimum 
dose

34.7 kGy
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RepeatRepeat
measurementmeasurement
ofof

i ii iminimumminimum
dosedose

Risø B3 Risø B3 
dosimetersdosimeters
onon 10 10 traystrays
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Avoid ozone in Avoid ozone in 
tubtub

DD ddDose Dose underunder
TyvekTyvek covercover

RisøScanRisøScan + Risø + Risø 
B3B3

measurementmeasurement
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Routine Process controlRoutine Process control

Measurement of routine doseMeasurement of routine dose

The dose at a routine monitoring position shall be measured at The dose at a routine monitoring position shall be measured at 
intervals specified by the operator of the facility. intervals specified by the operator of the facility. 
The intervals shall be chosen to provide assurance that the The intervals shall be chosen to provide assurance that the 
irradiator is consistently operating within specified limits. irradiator is consistently operating within specified limits. 
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Low energy ELow energy E--beambeam
-- characterization and monitoringcharacterization and monitoringcharacterization and monitoringcharacterization and monitoring

Reference Reference 
productproduct forforproductproduct for for 
electronelectron beambeam
tunnelstunnels
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Low energy electron
Dose monitoringDose monitoring

Dosimeters placed on 
reference tub for routine 
dose measurement

OrOr placeplaceOrOr placeplace
dosimetersdosimeters onon
normal normal tubtub
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Routine Process controlRoutine Process control

1)1) Monitoring of process parametersMonitoring of process parameters

The process parameters (beam energy beam current beam widthThe process parameters (beam energy beam current beam widthThe process parameters (beam energy, beam current, beam width The process parameters (beam energy, beam current, beam width 
and conveying speed) shall be monitored to provide assurance that and conveying speed) shall be monitored to provide assurance that 
the irradiator is consistently operating within specifications.the irradiator is consistently operating within specifications.

2)2) Measurement of routine doseMeasurement of routine dose

Th d i i i i i h ll b dTh d i i i i i h ll b dThe dose at a routine monitoring position shall be measured at The dose at a routine monitoring position shall be measured at 
intervals specified by the operator of the facility. intervals specified by the operator of the facility. 
The intervals shall be chosen to provide assurance that the The intervals shall be chosen to provide assurance that the e e v s s be c ose o p ov de ssu ce ee e v s s be c ose o p ov de ssu ce e
irradiator is consistently operating within specified limits. irradiator is consistently operating within specified limits. 

3)3) A lA l t ti ti lt ti ti l t lt l (SPC)(SPC) thth dd d td t3) 3) ApplyApply statisticalstatistical processprocess controlcontrol (SPC) (SPC) onon the the measuredmeasured data.data.
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