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Questions to Ask Yourself

1. What product am I irradiating?
2. What is the Intended effect to be achieved?

3. What standards should | follow?

4. What am | required to do to validate my process?

5. How do | maintain compliance?
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Phytosanitary Treatment of Produce

ALY >
! -— S
'F‘. a5

3 i . : )
X L e

F A TR IO

- ] 1 »

Fi




4y

| ’ = -
‘”' What is the intended effect
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Elimination of Pathogens

- - Irradiation kills harmful bacteria
ERCN N ’l to make your food safer 7
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to be achieved?

Sterilization of Healthcare Products / Medical Devices
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What standards should | follow?

Industry Standard for Food:

1ISO 14470 “Food Irradiation- Requirements for the
development, validation and routine control of the process of

Irradiation using ionizing radiation for the treatment of food™

Twelve ASTM E10.01/E61 standards are referenced in 1ISO 14470: 2011
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What standards should | follow?

Industry Standard for Health Care Products:

ISO 11137-1:2006 “‘Sterilization of Healthcare Products — Radiation —
Part 1: Requirements for development, validation, and routine
control of a sterilization process for medical devices™

1ISO 11137-2:2012 ““Sterilization of Healthcare Products — Radiation —
Part 2: Establishing the sterilization dose”

1ISO 11137-3:2006 ““Sterilization of Healthcare Products — Radiation —
Part 3: Guidance on dosimetric aspects™ !

1 Fourteen ASTM E10.01/E61 standards are referenced in 1SO 11137-3:2006
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What am | required to do?

Define your sterilization equipment  (so 11137-1 Section 6)
Define your product so 11137-1 Section 7)

Define your process (1so 11137-1 Section 8)
1. Maximum Acceptable Dose (8.1)

2. Sterilization Dose (8.2)

Validate your process (1so 11137-1 section 9)

1.  Equipment Installation Qualification (9.1)
2.  Equipment Operational Qualification (9.2)
3.  Process / Performance Qualification (PQ) (9.3)

Monitoring & Control of your process (so 11137-1 section 10)

8
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QUESTION?

What is a CRITICAL component
to your radiation sterilization
validation?

DOSIMETRY
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Why Dosimetry

Dosimetry Is used iIn:
Maximum Dose Establishment - At what dose does the product fail?

Sterilization Dose Establishment - At what dose is the product SAL achieved?
Equipment Installation Qualification - Is the equipment delivering the dose

required?

Equipment Operational Qualification - what is my equipment capable of

delivering with respect to dose distribution?

Performance Qualification - What is the distribution of dose within my product?
Routine monitoring & control - How will I release my product?
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Dose Measurement

How can | ensure the correct dose Is delivered
and the intended effect I1s achieved?

Measurement
Traceability




4y

i’
INTERNATIONAL
Standards Worldwide

DOSIMETRY

Dosimetry Standards — Measurement
ASTM E2628 “Standard Practice for Dosimetry in Radiation Processing”

ASTM E2701 “Standard Guide for Performance Characterization of

Dosimeters and Dosimetry Systems for Use in Radiation Processing”

ISO/ASTM 51261 “Standard Guide for Selection and Calibration of
Dosimetry Systems for Radiation Processing”

ISO/ASTM 51707 “Standard Guide for Estimating Uncertainties in
Dosimetry for Radiation Processing”
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Unbroken Calibration Chain

For traceability to national standards there must be an unbroken
chain of measurements.

« Absorbed Dose is transferred from a national standard to
reference and transfer standard dosimetry systems within the
calibration laboratory.

« Absorbed Dose iIs then transferred to the user for a given set
of conditions and performance characteristics.
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Traceability and Uncertainty

All aspects of the calibration procedure must be fully defined and

documented and all possible influence quantities must be taken in
to account.

e The aim of the calibration is to ensure that dose measurements
can be related to accepted standards through a series of known
steps, each with a defined level of uncertainty.

ISO/ASTM 51707 “Standard Guide for Estimating Uncertainties in
Dosimetry for Radiation Processing”

14
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Traceability Chain

Standards
Laboratory

Dw Gy (+1%) Dw kGy (+2%)
Reference Standard Fricke. Ceric,

Dosimetry Systems Dichromate
(+3%) Alanine, Calorimeters

e Calorimeters
e |onization Chambers

Routine Dosimetry « Radiochromic Films
Systems (+5%) Plastics, Dyed plastics
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Traceability Is achieved by:

Calibration based on measurements from a laboratory that itself
can demonstrate traceability (an Approved Laboratory).

Ensure that all instrumentation is performing correctly.

Take account of influence quantities (temperature, dose rate, etc.)
both at the time of calibration and during the whole period of use.

Fully document all steps and assess the associated uncertainty.
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Traceability can be lost by:

Calibration based on measurements from a laboratory that
cannot demonstrate traceability.

Not controlling the instrumentation and ensuring its correct
performance.

Not taking all relevant influence quantities into account during
the lifetime of the calibration.

Not maintaining adequate documentation (traceability needs to
be demonstrated).

Not establishing full uncertainty budgets.

17
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DOSIMETRY

Dosimetry Standards - Application:

ISO 11137-3:2006 ““Sterilization of health care products — Radiation — Part 3:
Guidance on dosimetric aspects™

ASTM E2303 *“Standard Guide for Absorbed Dose Mapping in Radiation
Processing Facilities”

ISO /ASTM 51608 *““Standard Practice for Dosimetry in an X-ray
(Bremsstrahlung) Facility for Radiation Processing”

ISO/ASTM 51649 ““Standard Practice for Dosimetry in an Electron Beam
Facility for Radiation Processing at Energies Between 300 keV and 25
MeV?>

ISO/ASTM 51702 **Standard Practice for Dosimetry in Gamma Irradiation
Facilities for Radiation Processing™
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E2303 Dose Mapping Prerequisite

5.2 Calibration of the Dosimetry System:

5.2.1 Prior to use, the dosimetry system (consisting of a specific batch of
dosimeters and specific measurement instruments) shall be calibrated in
accordance with the user’s documented procedure that specifies details of the
calibration process and quality assurance requirements.

This calibration process shall be repeated at regular intervals to ensure that the
accuracy of the absorbed-dose measurement is maintained within required limits.
Calibration methods are described in ISO/ASTM Guide 51261.
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What am | required to do?

Define your sterilization equipment
Radiation source
Irradiator and its characteristics
Location of the Irradiator
Process controls
Product Pathway

Define your product
What is it?
What is it made of?
How is going to be presented to the irradiation source?
Will it be part of a family?
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What am | required to do?

Define your process

Maximum Dose
«  Ensure product is irradiated to a dose greater than the expected

processing range and tested for functionality
Minimum Dose
e  Establish the minimum sterilization dose through an appropriate

method to achieve the desired SAL

o) Method 1, Method 2 or VD, ax
v Dose Map
v" Verification Dose
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What am | required to do?

Validate your process
Equipment Installation Qualification

Gamma lrradiator (1SO/ASTM 51702)
Electron Beam Irradiator (1SO/ASTM 51649)
Beam Energy ,
Scan Width / Uniformity s i
X-ray Irradiator (1ISO/ASTM 51608)
Beam Energy
Scan Width / Uniformity

CONVEYOR—
LENGTH

FIG. 2 Diagram showing beam length and width for a scanned
beam using a conveyor system

E2303: Confirm installation is correct.
Select appropriate dosimetry system for dose mapping
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What am | required to do?

Validate your process (cont.)
Equipment Operational Qualification

. Gamma lrradiator (1ISO/ASTM 51702 )
Dose Mapping (ASTM E2303)
Electron Beam Irradiator (1SO/ASTM 51649)
Dose Mapping (ASTM E2303)
X-ray lrradiator (ISO/ASTM 51608)
Dose Mapping (ASTM E2303)

Place a sufficient number of dosimeters in
homogenous material to determine
absorbed dose distribution.

Measure replicates at the same
positions to determine variability.
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What am | required to do?

Validate your process (cont.)
Process / Performance Qualification

Gamma lrradiator (1ISO/ASTM 51702 ) Dose Mapping (ASTM E2303)
Electron Beam lrradiator (1ISo/ASTM 51649) Dose Mapping (ASTM E2303)
X-ray lrradiator (ISO/ASTM 51608) Dose Mapping (ASTM E2303)

Replicate dose maps are performed for specific product and load

configurations.
Correlation of dose at reference monitoring position to product dose are
measured to document variability.
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What am | required to do?

Monitoring & Control of your process

Gamma Irradiator (ISO/ASTM 51702 )
Electron Beam Irradiator (ISO/ASTM 51649

X-ray lrradiator (ISO/ASTM 51608)

Dose measurement traceability and
guidance from supporting standards,
provides a way to ensure compliance
to regulatory requirements.

ISO/ASTM 51649:2006(E)

Standard Practice for

Dosimetry in an Electron Beam Facility for Radiation
Processing at Energies Between 300 keV and 25 MeV'

This standand s lssued wes B 8150 dSIgRADOR 150/ASTM 51640 e BuEer immediiely Tollowiag (e Gesignaios indicaes e
yeas of ceigianl adopiion o, Ia the case o€ fevision, fhe year of kst revislan.

1. Scope
This practice covers dosimetric procedures o be fol-
lowed in Installation Qualification. Operational Qualification
and Performance Qualifications (1Q, 0Q. P
processing af electron beam facilities to ensure that the product
has been treated with an acceptable range of absorbed doses
Other procedures related to 1Q, OQ, PQ. and routine prdct
processing that may influence ahsorbed dose in the product are
also discussed

and interpretation of the messur
tho product. e e ISOASTM Prctxes 51275, 5126 Siaat, swea,
550, and

of mdistion dosimetry for pulsod radistion, soe ICRU Report 34,
1.2 The electson beam energy range covered in this practice
s between 300 keV and 25 MeV, although there are some
discussions for other energies
1.3 Dosimetry is only one component of o total quality
assurance program for an irsdiation facility. Other measures
besides dosimetry may be required for specific applications
such as medical device sterilization and food pressrvation
c ISO and ASTM standards exist for the
irradiation of food and the radiation sterilization of health care
products. For food irradiation, see ISOASTM Practice 51431
For the radiation sterilization of health care products, see ISO
11137, In those areas covered by ISO 11137, that standard
takes precedence
This standard does not purport 1o address all of the
safefy concerns, if any, associated with its wse. W is the
responsibility of the user of this standard to establish appro-
priase safery and health practices and determine the applica-
bility of regulasory requiresments prior 10 use.

“This pracice s under the jusisdiction of ASTM Commities E10 on Nuclear
oy . iyl o & e Grt empousidly of Bikoumtion
Dodimetry foe Radiation Procesting, s I+ aleo uadér e fulediction of

v
(Cuorent etition spproves vy ASTM Jure 1, 2004, Pebiished Mty 15, 2005
‘gAY pUOsae 15 E 154504, Last previcus ASTM eaition E 1640-00. ASTM

revi
replaced 150 15509,

8 IBCYASTM Intsenatiansl 2008 - Al ghts ressrved

2. Referenced documents

2.1 ASTM Standands: 1

E 170 Terminology Relating to Radiation Measurements
and Dosimetry

1 Pra.\n.e rur Using the Fricke Reference Standard
Dosime!

EZ Gmde |' Selction sad Use of Mathe matial Mth-
ods for Calculating Absorbed in Radistion Processing
Applic:

E 2303 Guide to Dose Mapping in Radiation Processing
Facilities N

22 ISO/ASTM Standards®

51205 Practice for Use of a Ceric-Cerous Sulfate Dosimetry
System
51261 Guide for Selection and Calibration of Dosimetry
Systems for Radiation Processing

51275 Practice for Use of & Rdw\hrwnur Film Dosimetry
Sysem

<|“‘n Practice for Use of a Polymethylmethacrylate Do-

stem

<un<l Practice for Characterization and Performance of a
High-Dose Radiation Dosimetry Calibration Laboratory
51401 Practice for Use of a Dichromate Dosimetry System

51431 Practice for Dosimetry in Electon and
(Bremsstrahlung) lmacfiation Facilities for Food Provess-

ng
51538 Practice for Use of an Ethanol-Chiorobenzene
simetry System
51539 Guida for the Use of Radistion-Sensitive Indicators
51540 Practice for Use of a Radiochromic Liguid Solution
Dosimetry System
of the Alanine-EPR Dosimetry

‘alorimetric Dosimetry Systems
for Electron Beam Measurements and Dosimeter Calibra-
tions.

51650 Practice for Use of a Cellulose Triacetale Dosimetry
System

51707 Guide for Estimating Uncertainties in Dosimetry for
Radiation Processing

xPor o ASTM 1 OHSTIC iads, sl oo AVTM wobs

wwwasimocg, o couticl ASTM Cosomer Service & secvioed usim.org. For

At ook of ATTM Sondis v ek, el e e 'y
Docomeat Scnmixy pige o0 be ASTM websli,




ASTM E61 Radiation Processing

Standards that provide guidance to end
users in developing and maintaining a

TRACEABLE DOSE
MEASUREMENT SYSTEM

Thank you for listening!
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