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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documend may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he SO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the voluntary nature of standards;. the meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO’s adherg
[ld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see th
L: www.iso.org/iso/foreword.html.

5 document was prepared by Technical committee ISO/TC 198, Sterilization of health car¢

5 second edition cancels and replaces thefirst edition (ISO 11137-3:2006), which has been
sed.

5t of all parts in the ISO 11137 séries can be found on the ISO website.
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Introduction

An integral part of radiation sterilization is the ability to measure dose. Dose is measured during
all stages of development, validation and routine monitoring of the sterilization process. It has to
be demonstrated that dose measurement is traceable to a national or an International Standard,
that the uncertainty of measurement is known, and that the influence of temperature, humidity and
other environmental considerations on dosimeter response is known and taken into account. Process
parameters are established and applied based on dose measurements. This document provides
guidance on the use of dose measurements (dosimetry) during all stages in the development, validation
and routine contro] of the radiation sterilization process

Requiremdnts in regard to dosimetry are given in ISO 11137-1 and ISO 11137-2 and ISO/TS 13(!)04.
This document gives guidance to these requirements. The guidance given is not normative anfd is
not provided as a checklist for auditors. The guidance provides explanations and methods that|are
regarded ds being suitable means for complying with the requirements. Methods othér than those
given in the guidance may be used, if they are effective in achieving compliance withrthé requirements
of ISO 11137-1,1SO 11137-2 and ISO/TS 13004.
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Sterilization of health care products — Radiation —

Part 3:
Guidance on dosimetric aspects of development, validation
and routine control

1 (Scope

Thif document gives guidance on meeting the requirements in ISO 11137-1 and,}SO 11137-2 and in
ISOfTS 13004 relating to dosimetry and its use in development, validation and routine dontrol of a
radjation sterilization process.

2 |Normative references

The following documents are referred to in the text in such a»way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced doctiment (including any amendments) applies.

1SO|11137-1, Sterilization of health care products — Radiation — Part 1: Requirements for d¢velopment,
valiflation and routine control of a sterilization processfor medical devices

ISO[11137-2, Sterilization of health care products —*Radiation — Part 2: Establishing the sterilization dose

ISOJTS 13004, Sterilization of health care products — Radiation — Substantiation of a selected Jterilization
dose: Method VD pyqxSP

1SO[13485, Medical devices — Quality management systems — Requirements for regulatory pufposes

3 [Terms, definitions and symbols

For|the purposes of this dgcument, the terms and definitions given in ISO 11137-1 and ISO 1{1137-2 and
the[following apply.

[SOJand IEC maintain terminological databases for use in standardization at the following addresses:

— |IEC Electropedia: available at http://www.electropedia.org/

— |ISO, Online browsing platform: available at http://www.iso.org/obp

3.1—Gemerat

3.1.1

absorbed dose

dose

quantity of ionizing radiation energy imparted per unit mass of a specified material

[SOURCE: ISO 11137-1:2006, 3.1, modified]

Note 1 to entry: For the purposes of this document, the term “dose” is used to mean “absorbed dose”.
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3.1.2
combined

standard measurement uncertainty

standard measurement uncertainty (3.1.13) that is obtained using the individual standard measurement
uncertainties associated with the input quantities in a measurement model

[SOURCE: VIM 2012, 2.31]

3.1.3

coverage factor
number larger than one by which a combined standard measurement uncertainty (3.1.2) is multiplied to
obtain an expanded measurement uncertainty (3.1.7)

Note 1 to er]try: A coverage factor is usually symbolized as “k” (see also the GUM:1995, 2.3.6).

3.14

direct dose measurement

measurem

Note 1 to er]
dose locatio

3.1.5
dose unifa
ratio of theg

3.1.6

dosimetry
interrelate
associated

[SOURCE: I

3.1.7
expanded
product of

Note 1toen
model and d

Note 2 to enftry: The term “factor” ifithis definition refers to a coverage factor.

3.1.8

indirectd
measurem
calculated

bnt of absorbed dose (3.1.1) with a dosimeter at the location of interest

try: For example, a direct measurement of minimum dose is made with a dosimeter at the minin
n in an irradiation container.

rmity ratio
maximum to the minimum absorbed dose (3.1.1) within the\rradiation container

system
d elements used for determining absorbed dose [8i.1), including dosimeters, instrume
reference standards and procedures for their use

SO/TS 11139:2006, 2.15]

measurement uncertainty
h combined standard measurement tihcertainty (3.1.2) and a factor larger than the number

'ry: The factor depends on the type of probability distribution of the output quantity in a measuren
n the selected coverage probability.

Dse measurement
bnt of absarbéd dose (3.1.1) at a location remote from a directly measured dosimg

directly, a
calculate th

Note 1 to e{try: Eor example, where the minimum dose in an irradiation container cannot easily be meas

osimeter placed in a remote location may be measured and factors applied to that measureme

minimum dose

by the application of factors

3.1.9

scan length
dimension of the irradiation zone, perpendicular to the scan width and direction of the electron beam
at a specified distance from the accelerator window

num

nts,

one

hent

ter,

red
tto

Note 1 to entry: ISO/ASTM standards use “beam length” to mean the same thing that “scan length” means in this
document. This document uses “scan length” for consistency with 1SO 11137-1.
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10

scan width
dimension of the irradiation zone in the direction that the beam is scanned, perpendicular to the scan
length and direction of the electron beam at a specified distance from the accelerator window

Note 1 to entry: ISO/ASTM standards use “beam width” to mean the same thing that “scan width” means in this
document.

3.1.

11

simulated product
material with attenuation and scattering properties similar to those of the product, material or

subftance to be irradiated

Notg¢ 1 to entry: Simulated product is used as a substitute for the actual product, material .ot subs
irrafiated. When used in routine production runs in order to compensate for the absence of produc
progluct is sometimes referred to as compensating dummy. When used for absorbed dose-mappin

pro
Not

3.1
Sp

res
Not

31
sta
unc

[SO

31
ung
stat
the

Not

uct is sometimes referred to as “phantom material”.
e 2 to entry: In this document, “dose mapping” is used for “absorbed dose mapping.”

12
ial resolution
lution in two dimensions

b 1 to entry: Ability to detect change in dose in two dimensions)

13
hdard measurement uncertainty
ertainty of the result of a measurement expressedas a standard deviation

URCE: VIM 2012, 2.30, modified]

14

ertainty budget

ement of a measurement uncertdinty, of the components of that measurement uncerta
r calculation and combination

e 1 to entry: An uncertainty~budget should include the measurement model, estimates and m

tance to be
t, simulated
b, simulated

nty, and of

easurement
probability
age factor.

uncertainties associated with/the’quantities in the measurement model, covariances, type of applied
density functions, degreesof freedom, type of evaluation of measurement uncertainty and any cover
[SOPRCE: VIM 2012,2:33]
3.2 Symbols
Symbol Meaning
D maximum acceptable dose determined in accord-
max,acc ance with IS0 11137-1:2006, 8.1
D sterilization dose determined in accordance with
ster 1SO 11137-1:2006, 8.2
direct measurement of maximum dose in a given
Dmax . . . .
irradiation container
direct measurement of minimum dose in a given
Dmin . s .
irradiation container
D direct measurement of dose at the routine monitor-
mon ing position
R _ ratio of maximum to minimum dose (Dmax/Dmin)
max/min determined by dose mapping
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Symbol Meaning
R ratio of maximum to monitor dose (Dmax/Dmon)
max/mon determined by dose mapping
R ratio of minimum to monitor dose (Dmin/Dmon)
min/mon

determined by dose mapping

DmonSte’ = Dster/ Rmin/mon Dose at monitoring positions that correlate to dose

Dmon™2%2C¢ = Dpay acc/Rmax/mon specifications
calculated dose at the routine monitoring position
lower used for establishing process parameters that en-
target SUTES at a specitied fevet of confidence thrat Dser 15
met or exceeded during routine processing
calculated dose at the routine monitoring position
used for establishing process parameters that en-
DtargetUPPer . .
sures at a specified level of confidence that Dmagla¢c
is not exceeded during routine processing
4 Measurement of dose
4.1 General
4.1.1 Directand indirect dose measurements

The term “
of absorbe
interest or
a location

with an in
and perfor
irradiation
traceable g
will fulfil t

4.1.2 Do

ISO 10012
system(s) 1
system, as

Hose measurement” is used in this document as a genieral term to indicate the determina
H dose. It can refer both to a direct measurement@f dose by a dosimeter at the locatio
to an indirect measurement of dose which relates to the calculation of the absorbed dog
remote from a directly measured dose by .the‘application of factors. The factors associd
Hirect measurement of dose are usually determined during operational qualification (
mance qualification (PQ) studies and réflect ratios of doses at different locations fora g
process. If the factors and their associated uncertainties have been determined u
ose measurements, then the indirect measurement can itself be regarded as traceable
he requirements of ISO 11137-1 in'terms of measurement traceability and uncertainty.

simetry systems

or ISO 13485 (see also 1SO 11137-1) provide requirements for all aspects of the dosim

Hefined in ISO 20012, which sets out quality procedures to achieve metrological confirma

and conti

and training of staff involved, both in the calibration and operation of the dosimetry system(s),
also in the|performance and analysis of dose measurements. Activities such as the choice of locati
dosimeterg for,dose mapping and the analysis of the resultant data require specific skills and trai

NOTE

al control gf.the measurement processes. An important aspect of this is the competsg

[ion
h of
e at
ted
DQ)
ven
bing
and

LIy

1sed. The dosimetry/system(s) need to be included in a formal measurement managenpent

fion
nce
and
of

g.

xamples of general requirements for dosimetry in radiation processing are given in Reference

(19]

and further

guidance on dose mapping can be found in Reference [18].

Measurements of absorbed dose in connection with the radiation sterilization of health care products
are expressed in terms of absorbed dose to water and, therefore, dosimetry systems should be
calibrated in terms of absorbed dose to water.

4.1.3 Be

st estimate of dose

With the completion of the calibration of the dosimetry system and establishment of measurement
traceability (see 4.2.3), the result of each dose measurement, direct and indirect, represents the best
estimate of dose.
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Values from dose measurements should not be corrected by applying associated measurement
uncertainty.

4.2 Dosimetry system selection and calibration

4.2.1 General

Dosimetry systems used in the development, validation and routine control of a radiation sterilization
process should be capable of providing accurate and precise measurements over the entire dose range
of interest and under the conditions of use.

4.2{2 Selection of dosimetry systems

4.2
of 1
For
incy
mes?
be 6

ne control
rent tasks.
ition or an
sed for the
uld have to

2.1 Direct dose measurements are required in the development, validation,and rout
hdiation sterilization; different dosimetry systems might be needed for these'‘three diffe
example, in sterilization dose establishment, the range of doses required for a verific
emental dose experiment might be outside the calibrated range of the dosimetry system U
isurement of dose in routine processing and, in such circumstances, d different system wo
mployed.

4.2
vali
pro
give

2.2 Guidance on the selection of appropriate dosimetry systems used in the de
dation and routine control of radiation sterilization cgh“be found in ISO/ASTM 526
perties of individual dosimetry systems are given in Reference [28]. Procedures for th
n in the ISO/ASTM Practices listed in the References*5{, [7] to [11], [13] and [15].

velopment,
P8[19]. The
pir use are

4.2{3 Calibration of dosimetry systems

4.2
res

3.1 Calibration of dosimetry systems for use in radiation sterilization is a significant alctivity. The
onse of mostdosimetersisinfluenced by-one or more of the conditions of irradiation and mgasurement
(e.gl temperature, humidity, exposure to‘light, dose rate and interval of time between terthination of
irradiation and measurement). In dddition, the effects of these conditions are often interfelated and
they can vary from batch to batch’ of dosimeters; see ICRU 80[28] and ISO/ASTM 52701[20] [for further
details. Therefore, calibration should be carried out under conditions that match as closely ps possible

the|actual conditions of use: This means that calibrations or calibration verifications might
for pach irradiator pathway. 1t is inappropriate to apply the calibration curve supplied by the
manufacturer withoutcverification of its validity. However, the supplier’s curve might pro
infgqrmation about the\expected response of the dosimetry system. Where practicable, the
shopld be based enjirradiations carried out in the irradiator of intended use, rather than de
irradiations carti€ed out at a different irradiator.

4.213.2
starpdard dosimeters used as part of a calibration should be supplied by a national metrolo

be needed
dosimeter
vide useful
calibration
rived from

[n order to ensure traceability of dose measurements, calibration irradiations angl reference

by institute

recpgnized by the International Committee for Weights and Measures (CIPM) or other

calibration

laboratory in accordance with ISO/IEC 17025. A calibration certificate provided by a laboratory not
having formal recognition or accreditation might not necessarily be proof of traceability to a national or
an International Standard and additional documentary evidence will be required (see ISO/ASTM 51261).

4.2.3.3 The ability to make accurate direct dose measurements depends on the calibration and
consistency of performance of the entire dosimetry system. This means that all of the equipment
associated with the measurement procedure, not just the dosimeters, should be controlled and calibrated
or, if equipment cannot be calibrated, its performance should be verified.

4.2.3.4 It is important that the validity of the calibration is maintained throughout the period of use
of the calibration results. This might entail performing verification of the calibration using a reference
dosimetry system (see ISO/ASTM 52628) at regular intervals and also when a significant change in

© IS0 2017 - All rights reserved
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irradiation conditions has occurred, for example, following source replenishment. Seasonal variations in
temperature and humidity can potentially affect dosimeter response. A periodic assessment to quantify
these variations and their effect, if any, on dosimeter response should be carried out and a calibration
verification exercise carried out if necessary.

4.2.3.5 The response of some types of dosimeters is known to be influenced by the period of time
between termination of irradiation and measurement. The magnitude of this effect can depend on storage
conditions during this period and the manufacturer’s recommendations on storage should be followed,
particularly regarding temperature, humidity and exposure to light. The effect of storage conditions
should be taken into account when determining the acceptable time interval between termination of
irradiation[and measurement of the dosimeters and when INterpreting dose measurements. FOT,more
informatioh on factors that can influence dosimeter response, see [ISO/ASTM 52701.

4.2.3.6 Detailed calibration procedures are given in ISO/ASTM 51261. Information on estimating and
reporting yncertainty of dose measurement can be found in ISO/ASTM 51707. Additional guidande is
given in Reference [30].

As discussgd in ISO/ASTM 51261, the estimate of uncertainty should take intosaccount the differernces
between cglibration and routine processing, e.g. differences in influence quafitities such as irradiafion
temperatufe or absorbed dose rate, or differences in measurement practices such as use of avelage
versus ind{vidual value for dosimeter thickness or background absorbance.

4.3 Dos¢ measurement uncertainty

4.3.1 Gepneral concepts

It is a requfirement in ISO 11137-1 that dose measurements are traceable to an appropriate nationdl or
International Standard and that the level of uncertainty‘of the measurements is known. Consequently, all
potentially] significant sources of measurement uncertainty should be identified and their magnitydes
assessed. However, depending on the method chosen for quantifying measurement uncertainty, it may
be possibl¢ to determine the magnitudes of gcombinations of components of uncertainty, rather than
quantifying each component individually.

All measurements, direct and indirectzneed to have an estimate of uncertainty that indicates the degree
of knowledge associated with the measurement (i.e. the quality of the measurement). When a quantity,
such as absorbed dose, is measured, the result depends on multiple factors, such as the dosimgtry
system, the skill of the operatar or the measurement environment. Even if the same dosimetdr is
measured peveral times on.the‘same instrument, there will be a spread of results characteristic of{the
dosimetry system.

4.3.2 Thie Guide o the expression of uncertainty in measurement (GUM) methodology

4.3.2.1 In the ‘context of measurement uncertainty, this document follows the methodology fand
terminology described in Reference [26].

4.3.2.2 A dose measurement can be considered to be an estimate of the true value of the absorbed
dose. In the case of a well-defined and controlled measurement process, the measurement result will
be the best estimate of the value of the absorbed dose (4.1.3). However, the uncertainty inherent in the
measurement means that there will be a finite probability that the true value will actually lie above or
below the measurement result.

4.3.2.3 In many cases, the probability of the true value being above or below the measurement result
will follow a Gaussian, or “normal”, distribution. The peak of the distribution represents the measured
(best estimate) value, with values above and below this becoming progressively less likely at increasing
distances from the measurement result. The width of the Gaussian distribution is characterised by a
parameter known as the standard uncertainty (or standard deviation), given the symbol o (sigma).

6 © IS0 2017 - All rights reserved
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NOTE There are many different types of probability distributions that might appropriately characterize
individual components of uncertainty. However, in order to mathematically combine these individual components
to estimate the total uncertainty in the dose measurement, it is necessary that they be presented in the same
form, for example relative standard deviation. Refer to the GUM and ISO/ASTM 51707 for additional information
on probability distributions and combining components of uncertainty.

4.3.2.4 A convenient way to express measurement uncertainty is by a confidence interval or
coverage interval, which represents the range within which the true value of the quantity is likely to
lie. The confidence interval has to be based on a stated level of confidence that the true value will be

within the range.

4.3

cald
fact
med
cov

NO1
dep
info

4.3
firs
ori
and
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to
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mef
cartl

4.3

4.3
that
the
med

4.3
exe
may
pos

2.5 A common way to express a measurement result is in the form x + y, where x is the 1]
ulated (best estimate) value and y is the standard measurement uncertainty multiplied by
pr (k). A standard measurement uncertainty multiplied by a coverage factor is knowvas an|
lsurement uncertainty”. According to the GUM, the value of the coverage factorused must |
brage factor of 2 is commonly used, corresponding to a level of confidence of'@pproximate

E The exact relationship between the level of confidence and expanded measurement
bnds on the number of degrees of freedom associated with the measufement (see the GUM
Fmation).

2.6 In order to establish the uncertainty associated with aémeasurement of dose, it is n
identify all potentially significant sources of uncertainty-and then quantify them either i
n combination. This is most readily done by considering, ih turn, each step involved in the
use of a dosimetry system and assessing what uncertainties are likely to be associated W
e steps. The procedure used in the GUM is to ascribe to each component of uncertainty
idard deviation, known as a “standard uncertainty”, and to combine these standard ur
produce an estimate of overall uncertainty.tThis method allows both random and
lences to be combined to produce an overal’estimate of uncertainty that represents th
measurement. A tabulation of the individual components of uncertainty, along with their
hods of estimation, is often referred to“as an “uncertainty budget”. Detailed description
y out this process are given in, for.example, ISO/ASTM 51707[16] and CIRM 29(30].

3 Radiation sterilization‘specific aspects of dose measurement uncertainty

has to be consideréd)is the uncertainty associated with the direct measurement of dg
estimate of the value of dose received by product in an irradiation container through
isurement (4. 1)

3.2 Dosefeceived by product in an irradiation container is measured directly during do
‘cises, sbut’ this is not always the case during routine radiation processing. Radiation
r be¢cmonitored directly by dose measurement at positions of minimum and maximum
tions remote from those locations. When not monitoring at the minimum and maximun

easured or
a coverage
“expanded
be stated. A
y 95 %.

uncertainty
for further

bcessary to
hdividually
calibration
rith each of
in effective
certainties
systematic
p quality of
values and
t of how to

3.1 For dose measurenients in radiation sterilization processing, the measurement fincertainty

se or with
qn indirect

be mapping

processes
Hoses or at
1 locations,

dir

CUIMEASUTEINENTS at UIe Temote Monitoring tocation need to be multiptied by factors to

ccount for

dose differences between the dose at the monitoring dosimeter position and those at the position of
minimum and maximum dose in an irradiation container. These factors are expressed as dose ratios, e.g.
Rmin/mon and Rmax/mon, and are experimentally determined in dose mapping exercises and are subject to
uncertainty. The ratios can directly correlate product specification doses (Dster and Dmaxacc) to specific
dose values (DpopSter and Dy opmaxacc) at the monitoring position (see 3.2):

DmonSter = Dster/Rmin/mon (1)
Dmon™3%,3¢¢ = Dax acc/ Rmax/mon (2)
© IS0 2017 - All rights reserved 7
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4.3.3.3 The uncertainty components associated with direct or indirect measurement of dose in an

irradiation

the unc

the unc

container can be subdivided as given below:
ertainty reported by the calibration standards laboratory;

ertainty due to mathematical fitting of the calibration function;

calibration and use;

the un

the un
delivej
which

The items
applicable
quantifyin
of compon

Uncertaint
that are hi
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dose locat;E

calculate
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the require
process tat

5 Estab

5.1 Tests
irradiated {

The value
the charac
to another
to product

5.2 Irrad
dose is det
irradiation
to be mea

the unc

ertainty related to the reproducibility of the monitoring dosimeter;

the uncertainty related to the effect of environmental influence quantities on dosimeters during

Certainty, for indirect measurements, in dose ratios derived from dose mapping;

Certainty, if applicable, for indirect measurements, arising from variations in irradiator ¢
y between the irradiation of the monitoring dosimeter and the irradiation of thé’‘containe
it is required to estimate the dose.

on this list should be considered in establishing an uncertainty budget but may no
Lo all processes; they are not intended to be a checklist. Depending ontheé method choser
b measurement uncertainty, it may be possible to determine the maghitudes of combinat
bnts of uncertainty, rather than quantifying each component individually.

y values can be used to determine process target dose value$ (Dtargetlower and DiargetUn
gher than Dgter (or DiponSter if the process is not monitened at the minimum dose locat
than Dmaxacc (0r DmonMmaxacc if the process is not monitored at the maximum accept
n). One method for determining process target values is to use values of the product ki
ocess target doses, where o is a standard uncertainty derived from a combination of th

d level of confidence associated with the process. Annex D illustrates the determinatio
get doses using ko.

lishing the maximum acceptable dose

to establish the maximum aceeptable dose need to be carried out using product that has b
o doses equal to or greaterthan the highest dose anticipated during sterilization processi

bf the actual maximum-dose received during sterilization processing can be influencec
eristics of the irradiator and the loading pattern of the product. Thus, transfer of the pro
irradiator, or a change to the loading pattern, might result in a change to the maximum ¢
Such considefations should be taken into account when selecting doses for testing.

iation ge€ometries for the performance of tests on product should be chosen to ensure that

s given above that are applicable to the specific situation. The value of k is dependent
n of

ose
rin

be
for
ons

per)
on)
hble
b to
ose

on

een

hg.

| by
Fess
ose

ermined accurately and that the dose distribution is as uniform as practicable. Irradiatio
contamers used for sterilization processmg might produce too wide a dose uniformity
di

should be such that the dose unlformlty ratio is minimized. Separate dose mapping might be needed to
determine the distribution of dose received. These dose mapping exercises do not have to be carried out
at the same doses as those used for testing of product (see Note). The use of lower doses can enable the
dosimetry system to be used in a more accurate part of its operating range, thereby improving the overall
accuracy of the dose mapping. It might be necessary to demonstrate that the use of different doses does
not alter dose distribution.

NOTE
Clause 9).

Such dose mapping exercises are similar to those required for Performance Qualification (PQ) (see

5.3 Where irradiation containers cannot be used to achieve doses with the required dose uniformity
ratio or dose magnitude, alternatives include use of non-standard processing where irradiations are
performed outside the normal process flow. For example, gamma irradiators that routinely process
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irradiation containers through a specified conveyor path may also irradiate product “off-carrier” or by
using special conveyor systems. “Off-carrier” processing of product may involve the manual placement of
product at fixed locations within the irradiator. Rotation of product on turntables or manual manipulation
of product on processing tables at these fixed locations may be used to improve dose uniformity.

5.4 Caution should be exercised in the interpretation of test results and in the assignment of the
maximum acceptable dose. Product items for testing are not usually irradiated to the same dose, but
rather to a range of doses. In these circumstances, the maximum acceptable dose is the lowest dose
received by the product items for which the properties were found to be acceptable.

5.5
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6.1
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6.4
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be of available dosimetry systems. In such cases it might suffice to deliver the dose'in ‘increments,

The doses required in establishing the maximum acceptable dose might be outside thlcalibrated

1 monitoring of each increment of dose. The total dose is equal to the sum of the in¢reme

E Delivering doses in increments might not incorporate influences of, for”example,
perature that product could experience in routine processing and which might affect product per

Establishing the sterilization dose

al doses.

irradiation
formance.

The methods of establishing the sterilization dose (see ISO 11137-2 and ISO/TS 130
Huct, or portions thereof [Sample Item Portion (SIP)], to be\irradiated with a dose or d
Cified tolerances. To avoid compromising the outcomé)of the dose establishment n
metry system should be sufficiently accurate and pregise to ensure dose measurements|
tolerances specified in the method.

E This clause addresses dosimetry for sterilization dose establishment, but the principles fo
b within the required tolerances also apply to irradiations for sterilization dose audits.

The achievement of doses within thie tolerances specified in sterilization dose est
hods is based on measurements used to derive minimum and maximum doses to
in a given product item or SIP. Detailéd dose mapping of individual product items might b
ficularly in the case of electron beam irradiation. Such dose mapping exercises are simil
lired for PQ (see Clause 9).

Configuration of product during irradiation should be chosen to achieve minimum variat]
h within individual product items and between product items. This can necessitate the irf
Huct items individually. In exceptional cases, it might be necessary to dismantle and rep
Huct in order tovachieve an acceptable distribution of doses on the product item. Dism
hckaging of preduct might affect product bioburden. In this context, see ISO 11137-2:2013

To_determine the range of doses to product, or portions thereof, dose mapping ex
formed. These dose mapping exercises do not have to be carried out at the same doses as

for

sterilization dose establishment (see Note). The use of different doses can enable the

4) require
ses within
ethod, the
are within

I delivery of

hblishment

any point
e required,
ar to those

jon in dose,
adiation of
ackage the
intling and
,5.4.1.

ercises are
those used
dosimetry

sys

NOTE

6.5

€M 1o e USed In a More accurate part of its operating range, thereby improving the overall accuracy
of the dose mapping. It might be necessary to demonstrate that the use of different doses does not alter
dose distribution.

Such dose mapping exercises are similar to those required for PQ (see Clause 9).

Replicate dose mapping exercises should be performed on product in order to quantify and

potentially reduce measurement uncertainties of dose to product. Without data from a replicate dose
mapping exercise for a product, sufficient dosimeters should be placed in each irradiation container to
identify the locations of and measure the minimum and maximum doses.

6.6 The measurement uncertainty associated with dose mapping data should be taken into account in
performing irradiations in establishing the sterilization dose in order to ensure that the specified dose
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tolerances are met. The approach taken will depend on the conditions of irradiation and dose monitoring,
but the general principles given in Clause 9 (PQ) and Annex D involving calculation of target doses are
relevant and should be applied as appropriate.

6.7 Irradiation for dose establishment purposes using gamma rays is normally carried out using a
special irradiator that is designed for irradiation at doses lower than the sterilization dose or a defined
location outside the normal product path in an irradiator, such as on a turntable, or a special irradiation
pathway designed for low dose irradiation.

6.8 Irradiation for dose establishment purposes using electrons or X-rays can normally be carried out
at the irradiator used for sterilization, as low doses can be achieved by reducing irradiator beam current,
increasing fonveyor speed, or otherwise reducing the product residence time in the beam.

Care shoulf be exercised when selecting beam parameters at electron beam or X-ray facilitieS in ofder
to obtain l¢w doses. In some electron accelerators, for example, the electron energy might’change if|the
beam current is changed, thereby affecting dose distribution.

6.9 Irradiation using electrons can be carried out with the product surrounded by the materidl to
scatter the|electrons and to produce a more uniform dose distribution. The hature of the surrounding
material uped should be recorded. Similar techniques might also be applicable for X-ray irradiafion
because the unidirectional beam produced by some designs of X-ray irradiators might otherwise lead to
unacceptalyle large dose uniformity ratios.

6.10 For epch of the methods of sterilization dose establishmentgiven in ISO 11137-2 and ISO/TS 13004,
tolerances pre specified for doses delivered. These are summarized in Annex C. The actions to be taken in

the event df the tolerances not being met vary according to<the sterilization dose establishment method
and are degcribed in ISO 11137-2 and in [SO/TS 13004.

NOTE The dose tolerances in ISO 11137-2:2013 and*ISO/TS 13004 and the actions to be taken if those
tolerances gre not met are different from those given in:1SO 11137-2:2006.

7 Installation qualification

7.1 The purpose of Installation-Qualification (IQ) is to demonstrate that the irradiator has Heen
supplied at[ld installed in accordance‘with its specifications.
I

NOTE formation on the various dosimetry-related activities required in IQ is given below in this docurhent
and also in 4 number of clauses.ih ISO 11137-1. For convenience, Table B.1 shows the location of applicable clafises
in this document and ISOA1137-1.

7.2 Therp is a reqliitement in ISO 11137-1 to determine the characteristics of the beam for an elecfron
or an X-ray| irradjator. These characteristics include electron or X-ray energy, average beam current and,
if applicablesscan width and scan uniformity. The details of characterization depend on the design fand

constructicn-efthe irradiator-Seome-examplesaregivenin 74 to 7 7 but these showldnet beconsiddred

IS P S Deretrr e o C-oTrotirer o T o e coTroTer

exhaustive.

7.3 Most methods of determining the electron beam characteristics involve dose measurements
traceable to an appropriate national or International Standard. The determination of some characteristics
(for example, scan width) might not involve traceable dose measurements.

7.4 For X-ray irradiators, it is required to measure either the electron beam energy or X-ray energy
during IQ. No published standard methods are yet available for energy measurement for industrial X-ray
beams. Where the design of the X-ray irradiator permits, it is acceptable to measure the electron beam
energy incident on the X-ray target in accordance with standard methods (see ISO/ASTM 51649).
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NOTE Methods for energy measurement for industrial X-ray beams have been published[25], but these are
not standard methods.

7.5 For electron accelerators where the beam is scanned and pulsed, it is important that there is
sufficient overlap between beam pulses and scans to provide the required degree of dose uniformity
at the product surface. This involves consideration of the relationship between scan frequency, scan
width, pulse repetition rate (for pulsed accelerators) and conveyor speed relative to the cross-sectional
distribution of the unscanned electron beam at the product surface (see ISO/ASTM 51649).

7.6 Characterization of dose uniformity involves, in many cases, measurement of the dose uniformity
both1n the direction of product travel and in the directions perpendicular to product travel:

7.7 51649 and

ISO

Details of the methods for electron beam characterization can be found in ISOfASTM
ASTM 51818 and those for X-ray characterization in ISO/ASTM 51608.

bn how the
mapping in
e and dose
be utilized.

7.8
irral
IQ ¢

uni

There are no specific dosimetric requirements for 1Q of gamma irradiators. Depending
diator was specified, it might be necessary to carry out dose measurements and/or dose
p verify that operation is within specifications. Examples include spectifications of dose ra
ormity. Dose measurements similar to those used in Operational Qualification (0Q) might

8 [Operational qualification

8.1 General

8.1]1 The purpose of 0Q is to demonstrate that theirradiator, as installed, is capable of op
delivering appropriate doses within defined acceptance criteria. This is achieved by detern
distiributions and dose magnitude through dose mapping exercises and relating these dose a
profess parameters.

brating and
jining dose
[tributes to

8.12 Repeat measurements to show-consistent and stable operation are an important par
shopld be performed at defined intervals and following any change which might affect dg
distiribution, such as source reptenishment in gamma facilities or modifications to conveyor sy

f of 0Q and
se or dose
stems. The

overall strategy for 0Q should.be based on the anticipated methods of operation of the irradidtor.

s document
able clauses

NOTE Information on'the various dosimetry-related activities required in 0Q is given below in th
andlalso in a number of€lauses in ISO 11137-1. For convenience, Table B.2 shows the location of applig
in this document andJSO 11137-1.

8.2 Gammaddrradiators

istribution
of process

8.2]1 ADo6se mapping for OQ is carried out to characterize the irradiator with respect to the d
and| feproducibility of dose in defined loading configurations and to establish the effect
interruption on dose throughout the irradiation container.

8.2.2 Dose mapping should be performed by placing dosimeters in irradiation containers filled to their
design limits with a material of homogeneous density. At least two dose mapping exercises should be
carried out, one with material at the lower limit of the density range for which the irradiator is intended
to be used and another with material at the upper limit of this range. 0Q measurements are required for
each pathway through the irradiator (ISO 11137-1:2006, 9.2.6).

In many gamma irradiator designs, the relationship between irradiation time and minimum dose is not
linear over the density range to be qualified. In such instances, more than two dose mapping exercises
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with different densities might be carried out to determine the performance characteristics of the
irradiator.

NOTE Material of homogeneous density might be, for example, sheets or plates of expanded polyethylene
foam, cardboard or wood.

8.2.3 A sufficient number of irradiation containers (at least three) should be dose mapped at each
chosen density to allow determination of variability of dose and dose distribution within and between
containers. The detail and number of replicate dose mapping exercises required will be influenced by
the amount of knowledge gamed from preV1ous OQ dose mapplng exerc1ses carrled out on the same or

similar irradis

irradiator {

During do
containers
density th3
irradiator

container |

8.2.4 Ind
irradiation
will depen

al0mx1,

10 cm inte

For requal
data from
dosimeters
gradient.

Mathematij

han for requallflcatlon dose mapplng exercises.

e mapping for 0Q, the irradiator should have in place a sufficient number of firradia
to mimic effectively an irradiator filled with containers holding material of the speci
It is being dose mapped. The number of containers required to achieve this,depends on

eing mapped should contain material of the same density.

ividual dosimeters, dosimeter strips or dosimeter sheets should be placed within
container in sufficient quantity to determine the dose distributipix The number of dosime
I upon the size of the irradiation container and the design of¢he irradiator. For example, v
0 m x 0,5 m container, dosimeters might be placed in a three-dimensional 10 cm grid (i.
'vals) on at least the exterior planes facing the source anden the mid-plane of the contain

fication dose mapping where there are no anticipated changes to the distribution of d
previous exercises can be used to optimize.the positioning of the dosimeters, so
can be concentrated in areas of potential minimum and maximum dose and of high d

cal modelling techniques, under an appropriate QA program including benchmarking, m

be useful i optimizing the positioning of dosimeters and potentially reducing the number of dosime

a-l1eW
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fied
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design. As a minimum, any irradiation container adjacent to or between“the source and a
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bse,
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to be used fn the dose mapping exercise. See Annex A.

8.2.5 Data from OQ dose mapping exercises can be used to establish

— the relationships between timet setting and/or conveyor speed and the magnitude of dose pt a
definefl location within the'icradiation container for material of different densities, and

— therelptionship betweefdose uniformity within the irradiation container and the material density.

Approximdte relationships could be supplied by the irradiator manufacturer or obtained ffom

calculations using<mathematical models. Dose mapping data can then be used to refine these

approximale relationships for the particular irradiator.

€SS

8.2.6 Sp

cific dose measurements should be carried out in order to assess the effect of pro

interruption on dose throughout the irradiation container. One approach to carrying out these
measurements is to irradiate a container having dosimeters located as described in 8.2.4 and in areas of
the container which are expected to be most influenced by source transit and interrupting the process
when the container is close to the source. The effect of process interruption is evaluated by comparing
the results with those of dose mapping exercises carried out under normal process conditions. It might
be necessary to interrupt the process multiple times in order to evaluate accurately the effect.

NOTE Using mathematical modelling to calculate effects of process interruption might supplement
measurements.

The effect of process interruption may not have to be determined for each OQ. For example, after source
replenishment, dose distribution within the irradiation container might be similar to that when the
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previous process interruption study was performed. In this case, a process interruption study may not
be required. Justification for not including a process interruption study in OQ should be documented.

8.2.7 Process interruption can cause changes in magnitudes of the minimum and maximum doses
and also in the locations at which these extremes occur. In routine processing, consideration should be
given to the allowable number of interruptions that can occur without doses to product falling outside
specification. This will depend on how close doses are to specified limits during normal, uninterrupted
processing.

NOTE
ISO

Additional guidance on performing process interruption dose mapping exercises is available in
ASTM 52303 and AAMITIR2Q

8.2
int

1 locations
ts in these
fion should

8 Dose mapping exercises should be performed for special conveyor systems ot fixe
he irradiator designated for manual placement of products. Dose distribution i pfodug
locqtions might be influenced by products present in the main irradiator pathwayj Gonsidera
be given to the effect on dosimetry calibration and uncertainty (see ISO/ASTM,51261) of the|conditions
asso¢ciated with the use of such conveyors and locations, e.g. dose rate and‘\temperature. Tlherefore, a
dosjmetry system calibration curve might need to be established for each irradiator pathwaly and fixed
locdtion. This might entail generating a new calibration curve or verifying-an existing one.

8.2]9 Additional dose mapping studies can be performed during-0Q that will provide data to reduce
dosp mapping studies in PQ (see Clause 9). Examples of such studies include determining the effects of
partially filled irradiation containers and the loading of prodti¢t'in the centre of the irradiation container

in order to achieve the desired dose uniformity ratio.

Partially filled irradiation containers can receive highier doses than full containers; theref
the|dose mapping exercise, dosimeters should be“placed at potential maximum dose zd
partially filled containers as well as in full containers whose dose distribution might be affe
pregence of any partially filled containers.

bre, during
nes in the
cted by the

NOTE Loading of product in the centre of the irradiation container can result in a change in the
and|distribution of dose compared with thése found for full containers.

magnitude

8.2]10 Further dose mapping should be carried out to determine the effects on the mag
distiribution of dose that might eccur as a result of processing a product of a particular den
or dfter processing product of-another density. The acceptable range of densities that can be
together can be determinéd based on the results from these dose mapping exercises. The effed
chapges on the dose magnitude and distribution will depend on the design of the irradiator a

hitude and
sity before
processed
t of density
nd how the
containers
A sufficient
t should be
hers where

doses in actual product loads.

8.3 Electron beam irradiators

| maximum

8.3.1 Dose mapping for 0Q is carried out to characterize the irradiator with respect to the distribution
and reproducibility of dose in defined load configurations and to establish the effect of a process
interruption on dose throughout the irradiation container.

Dose mapping should be carried out at the electron beam energy used for product irradiation. If more
than one energy is used, then 0Q dose mapping should be carried out for each energy. If more than one
scan width is used, then OQ dose mapping should be carried out using selected scan widths to cover the
operational limits to be used in the irradiation of product.
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8.3.2 Dose mapping should be performed by placing dosimeters in the irradiation container filled to its
design limits with material of homogeneous density. This density should be within the density range for
which the irradiator is to be used. Generally, it is necessary to use one density only for 0Q dose mapping
but more detailed information can be obtained by using more than one density, e.g. materials of density
close to the limits of the density range for which the irradiator is intended to be used.

NOTE Material of homogeneous density might be, for example, sheets or plates of expanded polyethylene foam.

It is recommended to use single-sided irradiation for OQ dose mapping in order to obtain maximal

information about consistent and stable operation of the irradiator.
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The detail and number of replicate dose mapping exercises required will be influenced
L of knowledge gained from previous OQ dose mapping exercises carried out onthe sam
diators. This means that a greater number of replicate exercises might be required for a

bn field which may or may not include separation between contaifiers. Typically, separa

gn (i.e. fixed spacing between containers which may resultin only one irradiation conta
radiation field at any time),

hanging product batches, or
hanging irradiation parameters.

1g between containers and differences -ifty density or material configuration betw
can influence the dose distribution within*each container. Therefore, dose mapping car
5s such effects might give information that is useful for PQ dose mapping.

ividual dosimeters, dosimeter (strips or dosimeter sheets should be placed in a th
il array, including the surface, within the test material of homogeneous density to
The number of dosimeters-ill depend upon the size of the irradiation container, the desig
or and the energy of the-electron beam. Data from previous exercises can be used to optin
1 of the dosimeters.
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8.3.5 Data from the dose mapping exercises carried out with the particular electron beam irradiator
can be used to establish the relationships between characteristics of the beam, the conveyor speed
and the magnitude of dose at a defined location within, or on, an irradiation container filled with a
homogeneous material of known density.

Such a defined location is that of the minimum or maximum dose in the irradiation container or a
location with a fixed geometry for a dosimeter travelling with, but separate from, the irradiation
container. This latter location can be used as a defined monitoring position during routine processing.

8.3.6 Specific dose measurements should be carried out in order to assess the effect of process
interruption on dose throughout the irradiation container. This effect can be determined by placing
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dosimeters at the position where the effect of a process interruption is expected to be greatest. This
location is often on the surface of the irradiation container facing the electron beam and is likely to be
more pronounced at short distances to the beam window. The irradiation container is irradiated under
normal process conditions and the process is interrupted when the irradiation container is in the beam.
The process is restarted and the effect of the process interruption is determined by comparison of the
dose measured when process interruption occurs with that measured without process interruption.

Depending on the design of the irradiator, it might be necessary to assess the effect of process
interruption on dose for different irradiation conditions and different causes of interruption. The effects
might be different at, for example, high conveyor speed with high mass product and low conveyor speed

wit

h low mass prndm“r Process interruptions arising from the safety system from the electron beam

and
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from the conveyor might have different effects on dose and these effects should be defef

7 Process interruption can cause changes in the magnitudes of minimum and’/maxi
also in the locations at which these extremes occur. In routine processing, consideratior
n to the allowable number of interruptions that can occur without doses té*product fall

Cessing.

E Additional guidance on performing process interruption dose Mmapping exercises is
ASTM 52303 and AAMI TIR29.

8 Data from 0Q dose mapping can provide an indicatiop-of the locations of minimum ang
ps in product loads.

X-ray irradiators

1 Dose mapping for OQ is carried out to chidracterize the irradiator with respect to the d
reproducibility of dose in defined loading configurations and to establish the effect o
rruption on dose throughout the irradiation container.

h one energy is used, then OQ dose mapping should be carried out for each energy. If mot
W width is used, then 0Q dose\mapping should be carried out using selected scan widths ]
rational limits to be used(in)the irradiation of products.

gn limits with a-material of homogeneous density. At least two dose mapping exercises
ied out, one with-material at the lower limit of the density range for which the irradiator
e used and dnother with material at the upper limit of this range. 0Q measurements are 1|

mined.

mum dose
) should be
ing outside

Cification. This will depend on how close doses are to specified limits during normal, uninterrupted

hvailable in

| maximum

istribution
[ a process

e mapping should be carried out-at'the electron beam energy used for product irradiatipn. If more

e than one
o cover the

2 Dose mapping sheuld be performed by placing dosimeters in irradiation containers filled to their

should be
s intended
pquired for

eac

If the Xsray-irradiator design is such that the relationship between irradiation time and minfmum dose
is npt-linear over the density range, more than two dose mapping exercises should be carfried out to
detli el : | (ctics of the irradiator. |

NOTE Material of homogeneous density might be, for example, sheets or plates of expanded polyethylene
foam, cardboard or wood.

n pathway-through the irradiator.

8.4.3 A sufficient number of irradiation containers (at least three) should be dose mapped at each
chosen density to allow determination of variability of dose and dose distribution within and between
containers. The detail and number of replicate dose mapping exercises required will be influenced by
the amount of knowledge gained from previous OQ dose mapping exercises carried out on the same or
similar irradiators. This means that a greater number of replicate exercises might be required for a new
irradiator than for requalification dose mapping exercises.

During dose mapping for OQ, the irradiator should have in place a sufficient number of irradiation
containers to mimic effectively an irradiator filled with containers holding material of the same
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density as that being dose mapped. The number of containers required to achieve this depends on the
irradiator design.

8.4.4 Individual dosimeters, dosimeter strips or dosimeter sheets should be placed in a three-
dimensional array, including the surface of the test material of homogeneous density to be irradiated. The
number of dosimeters will depend upon the size of the irradiation container, the design of the irradiator
and on the energy of the X-ray beam. For example, with a 1,0 m x 1,0 m x 0,5 m container, dosimeters
might be placed in a three-dimensional 10 cm grid (i.e. at 10 cm intervals) on at least the exterior planes

facing the X-ray beam and on the mid-plane of the container.
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r that is travelling with, but separate from, the irradiation container and determine

n. This position can be used as a defiied monitoring position during routine processing,.

cific dose measurements should be carried out in order to assess the effect of pro

at the position where theJeffect of a process interruption is expected to be greatest.
often on the surface of’the irradiation container facing the X-ray beam. The irradia
s irradiated under-normal process conditions and the process is interrupted when
container is in the.beam. The process is restarted and the effect of the process interrup

bcess interrduption.

on theudesign of the irradiator, it might be necessary to assess the effect of pro
n on dese for different irradiation conditions and different causes of interruption. The eff
fferent at, for example high conveyor speed with high mass product and low conveyor sp
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8.4.7 Process interruption can cause changes in the magnitudes of minimum and maximum dose
and also in the locations at which these extremes occur. In routine processing, consideration should be
given to the allowable number of interruptions that can occur without doses to product falling outside
specification. This will depend on how close doses are to specified limits during normal, uninterrupted
processing.

NOTE Additional guidance on performing process interruption dose mapping exercises is available in
ISO/ASTM 52303 and AAMI TIR29.
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8.4.8 Dose mapping exercises should be performed for special conveyor systems or fixed locations
in the irradiator designated for manual placement of products. Dose distribution in product in these
locations might be influenced by product present in the main irradiator pathway. Consideration should
be given to the effect on dosimetry calibration and uncertainty (see ISO/ASTM 51261) of the conditions
associated with the use of such conveyors and locations, e.g. dose rate and temperature. A dosimetry
system calibration curve might need to be established for each irradiator pathway and fixed location.
This might entail generating a new calibration curve or verifying an existing one.

8.4.9 Additional dose mapping studies can be performed during 0Q that will provide data to reduce
dose mapping studies in PQ (see Clause 9). Examples of such studies include determining the effects of

parrm y tilled irradiation containers and the loading of product in the centre of the irradiatioh container
in ofrder to achieve the desired dose uniformity ratio.
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fially filled irradiation containers can receive higher doses than full containers; theref
dose mapping exercise, dosimeters should be placed at potential maximum-dose zd
Fially filled containers as well as in full containers whose dose distribution night be affe
sence of any partially filled containers.

E Loading of product in the centre of the irradiation container can résult in a change in th¢
distribution of dose compared with those found for full containers.

10 Further dose mapping should be carried out to determine the effects on the mag
ribution of dose that might occur as a result of processing‘product of a particular densit
r processing product of another density. The acceptable*range of densities that can be
bther can be determined based on the results from these:dose mapping exercises. The effec
hges on the dose magnitude and distribution will depend on the design of the irradiator, a
sity change is introduced into the irradiator. The:deénsity of the material in the irradiation
e dose mapped should represent the range of.density to be processed together routinely.

\ber of irradiation containers likely to be affected by the change in surrounding densitie
e mapped. The dose mapping data should be compared with those obtained from contai
‘e has been no change in density (see 8.4:3).

11 Data from OQ dose mapping ean provide an indication of the locations of minimum and
es in product loads.
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General

1 Several(factors related to the irradiator and product influence dose distribution
data aequired from a dose mapping exercise in PQ are used to identify locations and ma
imum/and maximum doses to product and to calculate the relationship between these do
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a separate position adjacent to and moving with the irradiation container.

location at

For PQ dose mapping purposes, it is acceptable to irradiate using doses outside the dose specification
for product provided that information is available to demonstrate that the use of these doses does not
affect dose distribution.

NOTE

Information on the various dosimetry-related activities that are required in PQ is given below in

this document and also in a number of clauses in ISO 11137-1. For convenience, Table B.3 shows the location of
applicable clauses in this document and ISO 11137-1.

9.1.

2 Information from doses measured during dose mapping is used to determine

the values

for process parameters, such as timer setting or conveyor speed, which are set to meet the specified
sterilization dose without exceeding the maximum acceptable dose.
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9.1.3 Data from the 0Q dose mapping can provide initial information on the placement of dosimeters
for PQ dose mapping. Particular attention should be paid to regions of potential minimum and maximum
doses that should be more closely mapped than regions of intermediate dose.

9.1.4 Dose mapping should be carried out in sufficient detail to identify the magnitudes and locations of
the minimum and maximum doses on or in product being irradiated. Significant dose gradients can occur
on or in individual product items and this should be taken into account when positioning dosimeters.
Each case needs to be assessed individually, but some general guidance on dosimeter placement is given
below and in ISO/ASTM 52303. Mathematical modelling techniques, under an appropriate QA program
including benchmarking, can be useful in optimizing the positioning of dosimeters and potentially
reducing tife number of doSImeters. see ANNex A.

NOTE Additional information on dose mapping aspects can be found in AAMI TIR29 and ISO/ASTM 52303.
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h some instances, the available spaké cannot be utilized due to product constraints suc
be range specification, product high density or heterogeneity or carton dimensions.

d product loading configuration within an irradiation container may consist of more t

products with different” densities at different locations within the container should
d. The effect on dose distribution might be examined by performing dose mapping exerc

load configurations where the extremes in product density are configured in var
 the irradiation)container. The results of the dose mapping exercise might result in on
ons of potential minimum or maximum dose (see ISO/ASTM 52303).
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fent
that
Sis.

fion
h to
hble
ose
d to

lly.
h as

han
[ion

be
ises
ous
b Or

In some'situations, product cartons can move within the irradiation container or product units

If product

cartons can move within the 1rradiation container and in so doing atfect dose distribut

ion,

the product should be secured to prevent such movement. Materials used to secure product during PQ
should also be used during routine processing and defined in the process specification. In the event the
product cartons cannot be sufficiently secured, this should be taken into account during dose mapping,
for example, by mapping a worst case configuration.

If product can move within a product carton, and in so doing affect dose distribution, this should be
taken into account during dose mapping, for example, by mapping several possible orientations of
product within the product carton to establish a worst case scenario with respect to dose distribution.

9.2.1.3 Low-density products tend to be fairly homogeneous such that the orientation of individual
products within the irradiation container is unlikely to have a significant effect on dose distribution when
irradiating with gamma rays. However, product orientation for non-uniform products, such as those
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containing high-density components and void spaces (e.g. metal and metal/polymer implants) might
make it difficult to achieve an acceptable dose distribution and, in some instances, specific orientation of
products might be required within each irradiation container.

9.2.1.4 A sufficient number of fully loaded irradiation containers should be dose mapped at the
designated set of process parameters in order to allow determination of variability of dose and dose
distribution between containers. A minimum of three containers should be dose mapped in order to
obtain statistically valid data. Confidence in the measured values is, however, increased by performing a
larger number of dose mapping exercises. For replicate dose mapping exercises, it could be sufficient to
place dosimeters only in regions of dose extremes, rather than carry out a full dose mapping exercise.

The
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exe
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and follow
e mapping
bility (see

number of irradiation containers containing product or simulated product to precegde
dose mapped product will depend on the specific irradiator design. The design of the do
cise will influence the information that can be obtained about the sourcegs, of/vari:
lex D). Further guidance can be found in ISO/ASTM 52303.
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9.211.5 Partially filled irradiation containers should also be mapped to ensure the dose spe
met. Given that a partially loaded container might contain anywhere from,one carton to one
than a fully loaded container, the dose distribution might vary based @n-the number of carf
the [partially filled container. Therefore, evaluation of the dose distribution in partially filled|irradiation
confainers should include assessment of the dose distribution bdsed on varying amounts [of product
within the irradiation container. Testing of partially filled contdiners during OQ can provide valuable
infqrmation that can facilitate exercise design for PQ. Altetnatively, adding simulated progluct to the
partially filled irradiation container to simulate a fully loaded container might reduce effe¢ts on dose
distiribution caused by partially filled containers.

addressed
part of the
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rtially filled irradiation containers lead to unacceptable dose distributions, this might be
dding an appropriate amount of simulated preduct. Details of such an addition should be
ress specification.

9.22 Dosimetry

9.2]12.1 Dosimeter placement

9.2
in s

2.1.1 Dosimeters shouldbe placed throughout each fully loaded irradiation container to
ufficient numbers to detérmine the minimum and maximum dose locations. Data from t

be mapped
he OQ dose
h expected

manmg might be uséd-to guide dosimeter placement, focusing dosimeter placement o
regions of minimum‘aiid maximum doses.

9.2]2.1.2 Dosimeters should be placed in regions of expected minimum and maximum doses|in partially

filled irradidation containers as well as surrounding irradiation containers whose dose distrilputions can
be influenced by the partially filled irradiation containers.

2 12 ’T‘hn locationtao ba ucad for ronting nracncc g nmnn- chounld ha inclindnd 1 th A
9.22-%+3 location-to-be-usedforroutineprocessinont toring-sheuldbe-incladedin thd dosimeter

placement plan for PQ. This monitoring location should be a 10cat10n of convenience in, on or near the
irradiation container, but always a location that travels with the irradiation container. While not required,
it might be convenient to use either the minimum or maximum dose location as the monitoring location.

9.2.2.1.4 The dosimetry system should have a spatial resolution high enough to allow measurement of
dose gradients that might occur, for example, at material interfaces.

9.2.2.1.5 For a product that causes localized shielding or scattering, it might be necessary to use thin
film dosimeters to obtain the required spatial resolution. If thin film dosimeters with no protective
sachet are used, these dosimeters can be extremely susceptible to changes in environmental conditions,
such as humidity, which can cause significant measurement errors. These errors can be reduced by
irradiating thin film dosimeters with no protective sachet in close proximity to reference dosimeters or
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thin film dosimeters in their protective sachets during the dose mapping exercise. The positioning of the
unprotected dosimeters with the reference dosimeter should ensure that the two types of dosimeters are
irradiated to the same dose. Differences between the dose measurements of the two types of dosimeters
can be used to correct the dose mapping results.

9.2.2.1.6 For a low-density product being irradiated by gamma rays, it might be appropriate to place
dosimeters outside the sterile barrier system of product, as significant dose gradients might not occur
on/in individual product items. Typical examples are products made up of elements of low atomic
number (e.g. non-metallic product) which, in addition, do not contain material with densities or masses
great enough to cause local shielding or scattering to adjacent areas.

IIn some irradiator designs, significant dose gradients might occur in low-density product due td

NOTE the
design of the irradiator and location of structural materials of the irradiation container.
9.2.2.1.7 |For a product that contains materials with densities or masses great enough to cause lpcal
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mapping exercise. Further guidance can be\found in ISO/ASTM 52303.

be specialized cases, such as irradiation for sterilization dose establishment, where only
diation containers are used. In these cases, sufficient dosimeters should be placed in ¢
container to identify the locations of and to measure the minimum and maximum doses
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9.2.3 Analysis of dose mapping data
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a routine monitoring position related to the locations of minimum and maximum dose
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components of uncertainty, related to the use of a routine monitoring position to m
't measurements of minimum and maximum dose to product, where applicable.

NOTE
guidance o

Forguidance on selection of routine monitoring positions, see AAMI TIR29 and ISO/ASTM 52303] For

hew to use the data to define components of uncertainty, see Annex D

9.3 Electron beam irradiators
9.3.1 Loading pattern

9.3.1.1 For dose mapping, individual product cartons should be arranged within an irradiation
container in a way that defines the intended routine loading pattern. Consideration should be given to the
key product characteristics, including individual product carton dimensions and weight, and allowable
variations in these parameters, product composition, orientation of the product cartons and units within
the product carton relative to the beam direction, the dose specification for the product and insights
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gained from 0Q dose mapping. Samples of product cartons to be irradiated during the PQ should be
measured and weighed to ensure product cartons conform to defined product characteristics.

Product orientation within the product carton might influence dose distribution and should therefore
be considered when preparing product for electron beam sterilization. Product cartons are generally
oriented to utilize the volume of the irradiation container optimally. However, in some instances, the
available space cannot be utilized due to product constraints such as narrow dose range specification,

product high density or heterogeneity or carton dimensions.

9.3.

1.2

In some situations, product cartons can move within the irradiation container or product units

can
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product should be secured to prevent such movement. Materials used to secure preduct
1ld also be used during routine process and defined in the process specification. In th
Huct cartons cannot be sufficiently secured, this should be taken into account during dos
bxample, by mapping a worst case configuration.
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ults from the dose mapping)exercise might indicate how modification of certain process parameters
provide doses within spetifications for routine sterilization processing. Modification of parameters
hout repeating the.dose mapping would only be acceptable if prior studies demonsfrated how
hging these paramieters affect dose delivery. This would generally occur in situatipns where
hmeters (e.g. coiiveyor speed, beam current, etc.) have been shown to have a direct relationship to
e delivered.

A nj
cha

athematical model that has been suitably benchmarked might be used to determine the effect of
hge in.parameters on dose delivery.

9.3 specification
is met. Give one carton
less than a fully loaded container, the dose distribution might vary significantly based on the number
of cartons within the partially filled container. Therefore, evaluation of the dose distribution in partially
filled irradiation containers should include assessment of the dose distribution based on varying
amounts of product within the irradiation container. Alternatively, adding simulated product to the
partially filled irradiation container to simulate a fully loaded container might reduce effects on dose
distribution caused by partially filled containers.

The spacing between adjacent irradiation containers going through the beam and/or the amount of
product within the partially filled irradiation container might also affect the dose delivered to fully
loaded irradiation containers adjacent to the partially filled irradiation containers. Therefore, this
should be considered when establishing the dosimeter placement plan (see 9.3.9).
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If partially-filled irradiation containers lead to unacceptable dose distributions, this might be addressed
by adding an appropriate amount of simulated product. Details of such an addition should be part of the
process specification.

9.3.2 Dosimetry
9.3.2.1 Dosimeter placement

9.3.2.1.1 D051meters should be placed throughout each fully loaded 1rradlat10n container to be
mapped in
that is progessed using electron beam irradiators, it is usually necessary to place dosimeters inside|the
sterile barrier system of the product in order to determine the minimum and maximum doses, Unlike
gamma or [K-ray, data from dose mapping exercises performed with homogeneous materials' during 0Q
are not genperally used to guide dosimeter placement during PQ, given the non-homogeneous naturfe of
the produc}.

9.3.2.1.2 |Dosimeters should be placed in regions of expected minimum and maximum doses in partjally
filled irrad]ation containers as well as surrounding irradiation containers whose.dose distributions fnay
be influended by the partially filled irradiation containers.

9.3.2.1.3 |The location to be used for routine process monitoring should be included in the dosimpter
placement |plan for the PQ. This monitoring location should be a lo€ation of convenience in, on or jear
the irradiafion container, but always a location that travels withithe irradiation container. While|not
required, if can be convenient to use either the minimum or maximum dose location as the monitofing
location.

9.3.2.1.4 |The dosimetry system should have a spatidlresolution high enough to allow measurenpent
of dose gradients that might occur, for example, at material interfaces. For electron beam irradiﬂion,
the magnitpide of the dose gradients can be severaltens of percent over a distance of less than 1 mm| for
example, fqr irradiation of small metal components (see, for example, Reference [29]).

9.3.2.1.5 |For a product that causes localized shielding or scattering, it might be necessary to use thin
film dosimleters to obtain the required*spatial resolution. If thin film dosimeters with no protedtive
sachet are pised, these dosimeters gah-be extremely susceptible to changes in environmental conditipns,
such as hymidity, which can cause significant measurement errors. These errors can be reduced by
irradiating|thin film dosimetefs,with no protective sachet in close proximity to reference dosimeterf or
thin film d@simeters in theiprotective sachets during the dose mapping exercise. The positioning of the
unprotected dosimeters.with the reference dosimeter should ensure that the two types of dosimeterd are
irradiated fo the same.dose. Differences between the dose measurements of the two types of dosimeters
can be usedl to correctthe dose mapping results.

9.3.2.2 eplicate dose mapping exercises

Replicate dose mapping exercises are carried out in order to obtain information on variability of
measured doses caused by irradiator variation, product variation and dosimeter measurement
reproducibility. A minimum of three dose mapping exercises — each carried out using a separate
irradiation container — is recommended in order to obtain statistically valid data. Confidence in the
measured values is increased by performing a larger number of exercises. For replicate dose mapping
exercises, it could be sufficient to place dosimeters only in areas of dose extremes, rather than carry out
a full dose mapping exercise. Further guidance can be found in ISO/ASTM 52303.

There may be specialized cases, such as irradiation for sterilization dose establishment, where only one
or two irradiation containers are used. In these cases, sufficient dosimeters should be placed in each
irradiation container to identify the locations of and to measure the minimum and maximum doses.
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.3 Analysis of dose mapping data

e mapping data are analysed to

define a routine monitoring position related to the locations of minimum and maximum dose to

product, and

define components of uncertainty related to the use of routine monitoring position to make indirect

measurements of minimum and maximum doses to product, where applicable.

data t

For guidance on selection of routine monitoring positions, see AAMI TIR29 and ISO/ASTM 52303. For
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X-ray irradiators
1 Loading pattern

1.1 For dose mapping, individual product cartons should be arranged within an
fainer in a way that defines the intended routine loading pattern. Consideration should be
product characteristics, including individual product carton dimensions and weight a

ire product cartons conform to defined product characteristics.

duct cartons are generally oriented to utilize the yolume of the irradiation container
vever, in some instances, the available space cannpt be utilized due to product constrai
Fow dose range specification, product high density or heterogeneity, or carton dimensior]

defined product loading configuration within an irradiation container may consist of
type of product and include a range of carton sizes and weights. The effects on dose d
pading products with different densities at different locations within the container

various load configurations where the extremes in product density are configured
tions in the irradiation container: The results of the dose mapping exercise might resu
e locations of potential minimum or maximum dose (see ISO/ASTM 52303).

1.2 In some situations;product cartons can move within the irradiation container or pr
move within the preduct carton, both possibly affecting dose distribution.

Foduct cartons-ean move within the irradiation container and in so doing affect dose d
product shotld*be secured to prevent such movement. Materials used to secure product

duct cartons cannot be sufficiently secured, this should be taken into account during dos
bxample, by mapping a worst case configuration.
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n
ations in these parameters, the dose specification for the produet and insights gained frch 0Q dose

weighed to
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hts such as
S.

more than
istribution
should be

bstigated. The effect on dose distributioen might be examined by performing dose mappinig exercises

in various
t in one or

bduct units

stribution,
during PQ

11d also be used during routine processing and defined in the process specification. In thie event the

e mapping,

oduct can move within a product carton, and in so doing affect dose distribution, thid

should be

taken into account during dose mapping, for example, by mapping several possible orientations of
product within the product carton to establish the worst case scenario with respect to dose distribution.

9.4.1.3 Low-density products tend to be fairly homogeneous such that the orientation of individual
products within the irradiation container is unlikely to have a significant effect on dose distribution
when irradiating with X-rays. However, product orientation for non-uniform products, such as those
containing high-density components and void spaces (e.g. metal and metal/polymer implants), might
make it difficult to achieve an acceptable dose distribution and, in some instances, specific orientation of
products might be required within each irradiation container.

9.4.1.4 A sufficient number of fully loaded irradiation containers should be dose mapped at the
designated set of operating parameters in order to allow determination of variability of dose and dose
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distribution between containers. A minimum of three containers should be dose mapped in order to
obtain statistically valid data. Confidence in the measured values is, however, increased by performing a
larger number of dose mapping exercises. For replicate dose mapping exercises, it could be sufficient to
place dosimeters only in regions of dose extremes, rather than carry out a full dose mapping exercise.

The number of irradiation containers containing product or simulated product to precede and follow
the dose mapped product will depend on the specific irradiator design. The design of the dose mapping
exercise will influence the information about the sources of variability that can be obtained, see

Annex D. Further guidance can be found in ISO/ASTM 52303.

9.4.1.5 Pprts
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than a fully
the partial
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within the
informatio
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If partially
by adding :
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9.4.2 Do

9.4.2.1 1

9.4.2.1.1

that a partially loade tain anywhere from one carton to one carton
¥ loaded container, the dose distribution might vary based on the number of cartois within
y filled container. Therefore, evaluation of the dose distribution in partially filled-irradiafion
should include assessment of the dose distribution based on varying amounts’of prodluct
irradiation container. Testing of partially filled containers during 0Q can ‘pyovide valuable
h that can facilitate exercise design for PQ. Alternatively, adding simulated product to|the
led irradiation container to simulate a fully loaded container might reduce effects on dose
h caused by partially filled containers.

sed
the

filled irradiation containers lead to unacceptable dose distributions, this might be addres
in appropriate amount of simulated product. Details of suchan addition should be part of
bcification.

simetry

Josimeter placement

in sufficie
mapping
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9.4.2.1.2
filled irrad
be influend

9.4.2.1.3

dosimeter
near the irj
required, it
location.

t
:J:Iight be used to guide dosimeter pfacement, focusing dosimeter placement on expe

Dosimeters should be placed throughout €ach fully loaded irradiation container to be mapped

numbers to determine the minimum*and maximum dose locations. Data from the OQ dose
‘ted
inimum and maximum doses.

ally
can

Dosimeters should be placed:in regions of expected minimum and maximum doses in part
ation containers as well-as“surrounding irradiation containers whose dose distributions
ed by the partially filled ifradiation containers.

the
N or
not
ing

The monitoring1ocation to be used for routine process monitoring should be included in|
placement planfor PQ. This monitoring location should be a location of convenience in, o
adiation cantainer, but always a location that travels with the irradiation container. While|
might be.convenient to use either the minimum or maximum dose location as the monito

9.4.2.1.4

tof

Tho dasimetrvcuctam chould hava o cnatial racaolition high ananagh t0 allav ymaaciirans ol
T Y-5¥5 T thHarFes5ertteh1it H—t0-cHroW-HeasSHre e

TC-tcrosIrreer eI Troorerory oo pTr TT—CIrotT

dose gradients that might occur, for example, at material interfaces.

9.4.2.1.5 For products that cause localized shielding or scattering, it might be necessary to use thin
film dosimeters to obtain the required spatial resolution. If thin film dosimeters with no protective
sachet are used, these dosimeters can be extremely susceptible to changes in environmental conditions,
such as humidity, which can cause significant measurement errors. These errors can be reduced by
irradiating thin film dosimeters with no protective sachet in close proximity to reference dosimeters or
thin film dosimeters in their protective sachets during the dose mapping exercise. The positioning of the
unprotected dosimeters with the reference dosimeter should ensure that the two types of dosimeters are
irradiated to the same dose. Differences between the dose measurements of the two types of dosimeters
can be used to correct the dose mapping results.
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9.4.2.1.6 For a low-density product being irradiated by X-ray, it might be appropriate to place
dosimeters outside the sterile barrier system of product, as significant dose gradients might not occur
on/in individual product items. Typical examples are products made up of elements of low atomic
number (e.g. non-metallic product) which, in addition, do not contain material with densities or masses

great enough to cause local shielding or scattering to adjacent areas.

NOTE
design of the irradiator and location of structural materials of the irradiation container.

9.4.2. 1 7 Fora product that contams materlals w1th densities or masses great enough to

steifile barrler system of product in order to determme the minimum and maximum doses Fq
an implant made of titanium has a significantly greater density than that of the packing m3
thefefore might require placement of dosimeters inside the sterile barrier system.

9.412.2 Replicate dose mapping exercises

Replicate dose mapping exercises are carried out in order to obtain_infermation on va
megsured doses caused by irradiator variation, product variation‘\ahd dosimeter mse
reproducibility. A minimum of three dose mapping exercises — .ach carried out using
irrddiation container — is recommended in order to obtain statistically valid data. Confid
megsured values is increased by performing a larger number gf’exercises. For replicate dos
exercises, it could be sufficient to place dosimeters only in ageas/of dose extremes, rather tha
a fulll dose mapping exercise. Further guidance can be found in ISO/ASTM 52303.

Thd
or t
irra

re may be specialized cases, such as irradiation forsterilization dose establishment, whe
wo irradiation containers are used. In these cases, sufficient dosimeters should be pla
diation container to identify the location of and to measure the minimum and maximum

In some irradiator designs, significant dose gradients might occur in low-density products due to the

cause local
inside the
b example,
terials and

riability of
asurement
a separate
bnce in the
e mapping

n carry out

re only one
ted in each
doses.

9.4]3 Analysis of dose mapping data

Dos
a)

e mapping data are analysed to

define a routine monitoring position related to the locations of minimum and maximujm doses to

product, and

b) |define components of undertainty related to the use of routine monitoring position to make indirect

measurements of minimum and maximum doses to product, where applicable.

NOT
guid

E For guidariee on selection of routine monitoring positions, see AAMI TIR29 and ISO/ASTM 52303. For

ance on how te'use the data to define components of uncertainty, see Annex D.

10|Routine monitoring and control

10.1"General

The measurement of dose at the routine monitoring position during processing is used to verify that
the minimum dose meets or exceeds the sterilization dose and that the maximum dose does not exceed
the maximum acceptable dose.

It is a requirement in ISO 11137-1:2006, 11.2 that procedure(s) shall define the requirements
for designating a sterilization process as conforming, taking into account the uncertainty of the
measurement. Measurement uncertainty therefore needs to be considered when selecting an
acceptable range(s) of dose at the routine monitoring location(s) for routine processing (see Annex D).
A number of approaches for selection are possible — many being based on user-defined decision rules
(see References [3] and [24]).
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Acceptable limits for the dose measured at the routine monitoring position are given in the process
specification. Dose measurements, direct and indirect, for assessing product conformity represent the
best estimate of dose. Therefore, values from dose measurements should not be corrected by associated
measurement uncertainty (see 4.1.3).

10.2 Frequency of dose measurements

Dose measurement at the routine monitoring position provides process information that is
independent of any other control or measurement system of the irradiator. The minimum frequency
of dose measurement should be chosen based on the particular characteristics of the irradiator and/or

process. Tleamountof product thatmight eedtobedisctardedfohtowingamoutof-specificationrd

measurem

For proces
of a produ
that at leas

For proces
and end of
processing

Plotting o

ent could also be an important consideration in setting this frequency.

bing using gamma rays, dosimeters are typically placed at the beginning and end of.each
t comprising a particular processing category. Additionally, dosimeters should be place
t one dosimeter is within the irradiator at all times.

each run of product comprising a processing category that is irradiated using a specific s¢
parameters.

successive routine dosimetry measurements on a contpol‘chart can provide valu

ose

run
l so

5ing using electron beam or X-rays, dosimeters are typically placed at least at the beginiing

bt of

hble

information on the performance of the irradiation process and enablé. preventive action to be taken

before out
approach t

of-specification measurements occur. In certain situation’s,'it may be possible to extend
b full statistical process control, as given in Reference }33].

this
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Annex A
(informative)

Mathematical modelling

A.1

General
=enera:

Mathematical models may be used to estimate doses in certain applications. Results-of ¢
shopld be verified with dose measurements. Mathematical models can also be useful in"opt
ications of dose measurements.

Mathematical models can closely simulate the transport of photons or electrons-through the
and product, taking into account the attenuation and scattering by materials between th
soufce and product. Mathematical modelling of dose distribution for~gamma irradiator
accyurate knowledge of the source activity distribution and the comp@sition and position of]

hlculations
mizing the

irradiator
b radiation
s requires
the source

cappules in the source rack, irradiation containers, the irradiator support structures and the product.

For|electron beam and X-ray irradiators, the beam energy, the beam current and the comp
posjtion of the product, the irradiation containers and the<adjacent scattering materials
accyirately known. Errors in any input parameter for the calcudation can resultin errorsin the
dosps, and therefore calculated dose distributions should be verified by dose mapping studig

A brief description of types of models and their uses.is'given in A.2 and A.3. Further guidancs
and|application of mathematical modelling can be found in References [23], [27] and [31].

Types of model

A.2l1 General

There are a number of methods for mathematical modelling of radiation transport. How
modlelling is performed using-either the Point Kernel method or the Monte Carlo method
Kerpel method is used for calculating the dose distribution in gamma and X-ray irradiato
usefl for electron beam irradiators. The Monte Carlo method can be used for gamma, X-ray a
irradiators.

A.2l.2 Point Kernel

In the PointKernel method, a gamma or X-ray source (e.g. a gamma source consisting of a
soufce capstles distributed over a rectangular plaque or a cylinder) is approximated by a
pointseurces. The intervening material between each point source and each point where the d

bsition and
should be
calculated
S,

on the use

ever, most
The Point
s, It is not
nd electron

number of
number of
oseistobe

caldulated is determined from the coordinates of the source, irradiator and product volumes

The effect

of this intervening material on the dose rate is estimated by assuming that the photons reaching the
dose point are reduced by the inverse square relationship with distance and by exponential reduction
based on the mass of the material. Contributions from degraded scattered photons are approximated by
use of a factor called the “build-up factor”. Build-up factors have been calculated for different materials
and photon energies for different source to product geometries. However, the published values apply
only for simple homogeneous geometries (e.g. a point source in an infinite medium). In actual gamma
and X-ray irradiators, the source to product geometries are not that simple, and effects of boundaries
and mixtures of materials limit the accuracy of dose estimation on application of build-up factors.

A.2.3 Monte Carlo

In the Monte Carlo method, the transport of each photon or electron from the source through the
product and irradiator materials is simulated by the use of random numbers to determine the energy
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deposition and change of path following different interactions. The probability for each interaction is
obtained from published tables. Theoretically, the Monte Carlo method can reliably simulate the actual
transport of the photons and electrons. However, since each photon or electron follows a unique path,
determined by the probabilities for each individual interaction, the dose contribution from a large
number of photons or electrons can only be determined from a large number of photon or electron
histories. The uncertainty associated with the random statistical fluctuations is estimated and the
calculations are continued until an acceptable statistical uncertainty in the calculated dose is reached.
Even with modern fast computers, however, exact calculations can require large amounts of computer

time, so approximations are usually used.

A.3 Use

A.3.1 De

Mathemati
to optimiz
from math
filled with
activity or

of models

sign of irradiators

cal modelling is used extensively in the design of irradiators. Calculations.are perforined

e the irradiation geometry to achieve the desired throughputs and dose hemogeneity. I}

ata

ematical modelling are then used to determine the performance offthe irradiator when

homogeneous products. Calculations provide information on the eXpected dose per un
beam power, variation of dose with product density, dose uniformity ratios and locat

of the minimum and maximum doses. Some mathematical models can also‘provide information on

doses rece
shutdown

A3.2 op

For gamm
mathemati
in the expe
also be pla
as other lo

After dose
modelling

measured

determinir
non-homog
can signifi
of the follo

Use ma
densit

ved during the transition between different density products, doses during source trans
pf the electron beam and effects of voids or product heterggeneity:.

eration of gamma and X-ray irradiators

a and X-ray irradiators, information on the)expected dose distribution provided
cal modelling can be used to ensure that a sufficient number of dosimeters are distriby
cted zones for minimum and maximum dosés in dose mapping exercises. Dosimeters sh
Ced in the minimum and maximum dose Zones predicted by mathematical modelling as Y
cations to confirm that the irradiator performs as expected.

mapping exercises have confirmed the reliability of the results from the mathemat
data, mathematical modelling ‘provides an effective tool for interpolating between
Fesults to determine the daose.distribution for other intermediate product densities and
g general trends such as the'effects of product density changes or dose variations cause

t of
ons
the
tor

by
ted
uld
vell

ical
the
for
1 by

eneous products. The use of a combination of mathematical modelling and dose mapping

fantly reduce the amount of dose mapping required, as illustrated in the sequential elem¢
ving example.

ithematical modelling to calculate the dose distributions in homogeneous products of sev
es.

ents

bral

— Normgdlize calculated results to obtain agreement with the dose mapping data and deternpine
normallizatian factors applicable for the range of product densities measured.

— Calcul red
normalization factors.

densities are irradiated sequentially.

sequentially to confirm the reliability of results from mathematical modelling.

Calculate the dose distributions for the first and last product containers when products of different

Compare calculated data with dose mapping data for several different product densities irradiated

The resultant data can also be used to confirm that dose specifications can be met when specific
products are processed together and to determine the optimum timer settings to be used during
transition between products of different densities.

28
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A.3.3 Operation of electron beam irradiators

For electron beam irradiators, information on the expected dose distribution provided by mathematical
modelling can be used to ensure that a sufficient number of dosimeters are distributed in the expected
zones for minimum and maximum doses in dose mapping exercises. Mathematical modelling also can
be used to determine the dose in areas where there can be steep dose gradients, such as near the edges
of a product, to ensure that dosimeters provide adequate spatial resolution. Results of mathematical
modelling could indicate the need to map areas with strips or sheets of dosimetric film to determine
doses near product edges.
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Annex B
(informative)

Tables of references for dosimetry-related testing during IQ/0Q/PQ

B.1 Installation-qualification

Table B.1 — Electron beam and X-ray (not applicable for gamma)

Qualification Description Irradiator for| Special ISO 11137-1:2006, 1SO 11137-3:2017,
activity sterilization | irradiator Clause Clause
processing | pathways
Beam energy |Characterization v N/A 91.5and 9.1.6 7.2t0 7.7
of beam energy?
Beam curr¢nt |Characterization v N/A 9.1.5 and 94.6 7.2t07.7
of beam currenta
Scan width| Characterization 7.2t07.7
of scan width and v N/A 9.15 and 9.1.6

scan uniformity?

a  Refer td
characterizg

N/A = not ap)

ISO/ASTM 51649, ISO/ASTM 51818 and/or ISO/ASTM 51608 for detailed guidance for performing these
tions.

plicable.
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Table B.2 — Gamma, electron beam and X-ray

Qualification activity Description Irradiator for Special 1S011137-1:2006,| 1SO 11137-3:2017,
sterilization irradiator Clause Clause
processing pathways
Homogeneous dose mapping Dose mapping of homogene- 8.2.1t08.2.6,8.3.1to
ous material(s)2 v N/A 9.2.2 and 9.2.6 8.3.4,8.4.1to 8.4.6
Spedral conveyor systems DosSe mapping of homogene- 9]2.9, 8.4.9
(res¢arch loops) or fixed ous material(s)a
locafions-homogeneous dose N/A v 9.2.2and 9.2.6
mapping
Trarfsition studies Effect on dose delivery 8.2
when transitioning be-
tween different densities v N/A 9.273 8.3.3
8.4.11
Varipbility Assessing dose variabil- 8.2.3,8.3.3,84.4
ity between irradiation v N/A 9.2.3.9.2.5
containers e
Prodess interruption Effect on dose delivery due 8.2.7,18.2.8,8.3.6 to
to source transit or beam 8]3.8,8.4.8
stop and restart v N/A 9.2.7
Partjally filled irradiation con- Effect on dose distribution 8.4.10,8.4.10
taingrs based on container fill level
v N/A
Spedial conveyor systems (re- Dose contribution resulting 8]2.9,8.49
searfh loops) or fixed locations | from special conveyor
contpiner travel dose systems container transit
to/from the irradiation N/A v
position
Pargmeter inter-relationshipb Charagterize inter-rela- 8.2.4,8.3.5,8.4.7
tiopship.between beam
chaxagteristics, conveyor
speed and dose v N/A 9.2.11
a Refer to ISO/ASTM)2303 for detailed guidance on dose mapping.
b Applicable to electron beam and X-ray only.
N/AF not applicablé.
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B.3 Performance qualification

Table B.3 — Gamma, electron beam and X-ray

Qualification Description Irradiator for| Special I1SO 11137-1:2006, | ISO 11137-3:2017,
activity sterilization | irradiator Clause Clause
processing | pathways
Product dose Dose mapping of 9.1.1t09.1.5,9.2.1
mapping product(s)a v N/A 9%13’ 2.%33;17nd t09.2.3,9.3.1to

e 9.3.3,9.4.1t09.4.3
Special confeyor |Dose mapping of N/A
systems orffixed |product(s)ab
locations inf] the ir-
v
radiator dekigned N/A 9.3.2and 9.3.6
for manualjplace-
ment of prdducts
Transition $tudies |Effect on dose deliv- 9.2.1.4,9.4.1.4
ery when transi- v
tioning between N/A 9-37
different densities
Variability Assessing dose 9.2.1.4,9.2.2.2,
variability be- v 9.3.1.4,9.3.2.2,
tween irradiation N/A 3.3.5 9.4.1.4,9.4.2.7
containers
Partially filled Effect on dose dis- 9.2.1.5,9.2.2.1.p,
irradiation|con- tribution based on v N/A 9.3.4 9.3.2.1.2,9.4.1.p,
tainers container fill level 9.4.2.1.2

a  Refer to]ISO/ASTM 52303 for detailed guidance on dose mapping:

b Generally, this involves dose mapping of product configurations for performing sterilization dose establishmient,
sterilization|dose audits, and/or establishment of maximum(gceptable dose.

N/A = not applicable.
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