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Foreword

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.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pay

The main| task of technical committees is to prepare International Standards. Draft Intétnatio
Standardg adopted by the technical committees are circulated to the member bodies|for voti

[ 2.

hal
ng.

Publicatign as an International Standard requires approval by at least 75 % of the member bodfies

casting a yote.

In other c
technical

— an IS

experlts in an ISO working group and is accepted for publication if it is-approved by more than 5(
of thefmembers of the parent committee casting a vote;

— an IS

techn|
comnjittee casting a vote.
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transform

Attention
patent rig

ISO/TS 13004 was prepared by Technical Committee ISO/TC 198, Sterilization of health care products.

rcumstances, particularly when there is an urgent market requirementfor’such document
committee may decide to publish other types of normative document:

D Publicly Available Specification (ISO/PAS) represents an agreement between techni

D Technical Specification (ISO/TS) represents an agreement between the members o
ical committee and is accepted for publication if it istapproved by 2/3 of the members of

.S or ISO/TS is reviewed after three years in order to decide whether it will be confirmed
three years, revised to become an Internatienal Standard, or withdrawn. If the ISO/PAS
confirmed, it is reviewed again after afurther three years, at which time it must either
ed into an International Standard or be'withdrawn.

is drawn to the possibility that somie of the elements of this document may be the subject
hts. ISO shall not be held responsible for identifying any or all such patent rights.
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Introduction

This Technical Specificationisintended to be used in conjunction with ISO 11137-1, Sterilization of health care
products — Radiation - Part 1: Requirements for development, validation and routine control of a sterilization
process for medical devices. One of the activities encompassed within process definition in I[SO 11137-1 is
the option to select and substantiate a sterilization dose to be applied to health care products.

ISO 11137-2 includes Method VD, for the substantiation of 25 kGy as a sterilization dose (termed
Method VD ax25) for product with an average bioburden less than or equal to 1 000 and Method VDpyax15

for thao cubctantiot o AL 10 1oy o0 o cbaxilig ot doca for e ot dazatbh o S nragn ol day leSS than

CIIC- ST U STATICIOTIUTT UT TO ISy aS o SceT i Za ot GO STTOT Pt Ot et With-aiavet asc (esavavicsmeacs

or equal to 1,5.

Thiis Technical Specification extends the methods of selection and substantiation of a Sterilization dose
specified in ISO 11137-2. It provides a methodology for the substantiation of selected\sterilizafion doses
of [L7,5, 20, 22,5, 27,5, 30, 32,5 and 35 kGy, each of which is valid only for a specified uppgr limit of
av¢rage bioburden.

NOTE Selected sterilization doses of 25 kGy and 15 kGy are not included inthis Technical Specification. The
seyen methods in this Technical Specification follow the same technical steps ds'the methods given in [SO 11137-2
for|selection and substantiation of sterilization doses of 25 kGy and 15 kGy‘“However, the descriptiveltext in this
Teg¢hnical Specification has been modified to better communicate the niethods and hence the text ofcasionally
differs from that in ISO 11137-2.

The method described in this Technical Specification is for substantiation of a selected sterilization dose
to fichieve a sterility assurance level (SAL) of 10-6 or less atthat dose, (e.g. Method VD420 for|a selected
stgrilization dose of 20 kGy). The application of the method is not limited by production batch size or
prxlduction frequency, and the number of product items irradiated in the verification dose experiment
refnains constant. The method is founded on and enibodies the following three principles:

— | existenceofadirectlinkbetween the outcome of the verification dose experimentand the attainment
of an SAL of 10-6 at the selected sterilization dose;

—| possession of a level of conservativeness at least equal to that of the standard distrjibution of
resistances (SDR);

—| for a given bioburden, use.0f\a maximal verification dose (VDpyax) corresponding to substantiation
of a selected sterilizatiof dose.

Thiis approach to sterilization dose substantiation was first outlined by Kowalski and Tallentjirelé] and,
frgm subsequent evaltiations involving computational techniques (Kowalski, Aoshuang and Tallentire[Z])
anfl field evaluationrs)(Kowalski et all8]), it was concluded that the method is soundly based. Al overview
of the method and aspects of putting it into practice are provided in Kowalski and Tallentire.[2][10]
Application ofthe Method VD approach to doses other than 25 kGy is discussed in Kowalski and

Tallentire f2:L{12]

max

The smethod described here and designated Method VD

max

D procedurally comprises elements that

ence is the
number of product items used in the verification dose experiment. In the computer evaluatlons referred
to above, changing the verification SAL value had little effect on the substantiation outcome and this
finding led to a sample size of 10 product items being chosen for subsequent field evaluations and,
ultimately, for inclusion in this document.

Manufacturers of health care products who intend to use this specification are reminded that the
requirements contained in ISO 11137 apply to the manufacture and control of production batches
destined for radiation sterilization. In particular, one requirement states that products have to be
manufactured in circumstances such that the bioburden is controlled. Compliance with the requirements
for controlling the quality of raw materials, the manufacturing environment, the health, hygiene and
attire of personnel and for establishing the basic properties of packaging material is essential.

© IS0 2013 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/TS 13004:2013(E)
Sterilization of health care products — Radiation —
Substantiation of selected sterilization dose: Method
VDmaXSD

1 _Scope

1.1 Inclusions

Thiis Technical Specification describes a method for substantiating a selected sterilization dgse of 17,5,
20]22,5,27,5, 30, 32,5 or 35 kGy that achieves a sterility assurance level (SAL) of 0<% or less fof radiation
stgrilization of health care products. This Technical Specification also specifies'a method of sterilization
dofe audit used to demonstrate the continued effectiveness of the substantiated sterilization|dose.
NOTE Selection and substantiation of the sterilization dose is used to meet the requirements for establishing
thd sterilization dose within process definition in ISO 11137-1.

1.2 Exclusions

Thiis method is for the substantiation of a selected sterilization dose of 17,5, 20, 22,5, 27,5, 30, 32,5,
or |35 kGy only and is not used to substantiate other ‘sterilization doses. The method is not used for
the¢ substantiation of a selected sterilization dose if the average bioburden of the entire prdduct item
ex¢eeds the limit specified for the selected sterilization dose (see Table 3).

NOTE The methods for substantiation of selectéed sterilization doses of 25 kGy and 15 kGy are notfincluded in
thip Technical Specification; they are described in'[SO 11137-2.

1.3 Application

Ifthe decision is made to use this method of sterilization dose establishment, the method is to b followed
ac¢ording to the requirements$i{shall) and guidance (should) stipulated herein.

2 | Normative references

The following referénced documents are indispensable for the application of this document.|For dated
references, only)the edition cited applies. For undated references, the latest edition of the rfeferenced
dofument (inchuding any amendments) applies.

ISP 11137-1:2006, Sterilization of health care products — Radiation — Part 1: Requirements for deyelopment,

validation and routine control of a sterilization process for medical devices

IS

T11737-1, Sterilization of medical devices — Microbiological methods — Part 1. Determination of a
population of microorganisms on products

ISO 11737-2, Sterilization of medical devices — Microbiological methods — Part 2: Tests of sterility
performed in the definition, validation and maintenance of a sterilization process

3

Terms and definitions

For the purposes of this document, the following abbreviations, terms and definitions apply.

©lI
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31

batch

defined quantity of product, intended or purported to be uniform in character and quality, that has been
produced during a defined cycle of manufacture

[SOURCE: ISO/TS 11139:2006, 2.1]

3.2
bioburden
population of viable microorganisms on or in product and/or sterile barrier system

[SOURCE:|ISO/TS 11139:2006, 2.2]

3.3
correction
action to ¢liminate a detected nonconformity

Note 1 to eptry: A correction can be made in conjunction with corrective action (3.4).
[SOURCE:|ISO 9000:2005, 3.6.6, modified]

3.4
corrective action
action to ¢liminate the cause of a detected nonconformity or other undesirable situation

Note 1 to eptry: There can be more than one cause for a nonconformity.

Note 2 to |entry: Corrective action is taken to prevent recurrence whereas preventive action is takenl to
prevent ogcurrence.

Note 3 to eptry: There is a distinction between correction and'corrective action.
[SOURCE:|ISO 9000:2005, 3.6.5]

3.5
dose
absorbed dose

quantity qf ionizing radiation energy<4mparted per unit mass of specified material

Note 1 to eptry: The unit of absorbed. dose is the gray (Gy), where 1 Gy is equivalent to the absorption of 1 J/k

CAS

Note 2 to eptry: For the purposésof this document, the term dose is used to mean absorbed dose.
[SOURCE:|ISO 11137-1:2006, 3.1, modified]

3.6
dose mapping
measurement of’dose distribution and variability in material irradiated under defined conditions

[SOURCE:IIS@'11137-1:2006, 3 10]

3.7

false positive

test result interpreted as growth arising from product, or portion thereof, tested when either growth
resulted from extraneous microbial contamination or turbidity occurred from interaction between the
product, or portion thereof, and the test medium

[SOURCE: ISO 11137-2:2012, 3.1.3]

2 © IS0 2013 - All rights reserved
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3.8

health care product(s)

medical device(s), including in vitro diagnostic medical device(s), or medicinal product(s), including
biopharmaceutical(s)

[SOURCE: ISO/TS 11139:2006, 2.20]

3.9
medical device
instrument, apparatus, implement, machine, appliance, implant, in vitro reagent or calibrator, software,

material or other related article intended hy the manufacturer to be used alone orin combination, for

human beings for one or more of the specific purpose(s) of:

—| diagnosis, prevention, monitoring, treatment, or alleviation of disease;

—| diagnosis, monitoring, treatment, alleviation of or compensation for an injurys
—| investigation, replacement, modification, or support of the anatomy or of a physiological process;
— | supporting or sustaining life;
—| control of conception;

—| disinfection of medical devices;

— | providing information for medical purposes by means ©f in vitro examination of specimens derived
from the human body;

anfl which does not achieve its primary intended action in or on the human body by pharmacological,
immunological or metabolic means, but which may'be assisted in its function by such means

Note 1 to entry: This definition from ISO 13485 lfas been developed by the Global Harmonization [Task Force
(GHITF 2002)

[SQURCE: ISO 13485:2003, 3.7, modified]

3.10

Méthod VDax
prpcedure for sterilization [dose substantiation that uses the maximal verification dose for a given
bigburden, consistent with.the attainment of a SAL of 10-6 at a selected sterilization dose

Note 1 to entry: The subStantiation method is generally referred to as Method VDmaXSD , where SD takgs the value
of fhe selected sterilization dose.

311
microorganism
entity ofunicroscopic size, encompassing bacteria, fungi, protozoa and viruses

Note-Dto entry: A specific standard might not require demonstration of the effectiveness of the sterilization
process in inactivating all types of microorganisms, identified in the definition above, for validation and/or
routine control of the sterilization process.

[SOURCE: ISO/TS 11139:2006, 2.26]

3.12

packaging system

combination of the sterile barrier system and protective packaging

[SOURCE: ISO/TS 11139:2006, 2.28]

© IS0 2013 - All rights reserved 3
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3.13

positive test of sterility
test result for which there is detectable microbial growth from product, or portion thereof, subjected to
a test of sterility

[SOURCE:

3.14
product
result of a

ISO 11137-2:2012, 3.1.8]

process

Note 1 to
intermedis

[SOURCE:

3.15
sample it
SIP

defined p¢rtion of a health care product that is tested

[SOURCE:

3.16
sterile ba
minimum

at the point of use

[SOURCE:

3.17
sterility
state of b¢

Noteltoe
[see steriliz

[SOURCE:

3.18
sterility 3
SAL
probabilit

Note 1toe
value to as
an SAL of 1

te(s), sub-assembly(ies) or health care product(s)

IS0 9000:2005, 3.4.2, modified]

em portion

[SO 11137-2:2012, 3.1.9]

rrier system
package that prevents ingress of microorganisms and_allows aseptic presentation of prod

ISO/TS 11139:2006, 2.44]

ing free from viable microorganisms

htry: In practice, no such absolute stdtement regarding the absence of microorganisms can be proy
ation (3.19)].

ISO/TS 11139:2006, 2.45]

jssurance level

y of a single viable' microorganism occurring on an item after sterilization
htry: The te¥m'SAL takes a quantitative value, generally 10-6 or 10-3. When applying this quantitat

0-3.

[SOURCE:

entry: For the purposes of sterilization standards, product is tangible and can be raw materiai(s),

ct

yen

ive

curance Of sterility, an SAL of 10-6 has a lower value but provides a greater assurance of sterility than

[SO/TS 11139:2006, 2.46]

3.19

sterilization

validated

process used to render product free from viable microorganisms

Note 1 to entry: In a sterilization process, the nature of microbial inactivation is exponential and thus the survival
of a microorganism on an individual item can be expressed in terms of probability. While this probability can be

reduced to

[SOURCE:

a very low number it can never be reduced to zero [see sterility assurance level (3.18)].

ISO/TS 11139:2006, 2.47]

© ISO 2013 - All rights reserved
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3.20
sterilization dose

SD

dose selected to achieve the specified requirements for sterility

[SOURCE: ISO 11137-1:2006, 3.40, modified]

3.21
sterilization dose audit
exercise undertaken to confirm the appropriateness of an established sterilization dose

[S(

3.2
teg
teg

pr¢
[S(

3.4
ve
do
std

be
de
be
of
res
pa
no

In

24

.1 General

URCE: 1SO 11137-2:2012, 3.2.12]

2

t of sterility

hnical operation performed as part of development, validation or requalification to dete
psence or absence of viable microorganisms on product or portion thereof

URCE: ISO/TS 11139:2006, 2.54]

3

Fification dose

be predicted to give a predetermined SAL greater than or edqual to 10-2 used in establ
rilization dose

fe 1 to entry: For the purpose of this Technical Specificationjthis predetermined SAL is 10-1.

SD
max

ximal verification dose for a particular selectedsterilization dose (SD) obtained in using Metho

Definition and maintenance of‘product families for sterilization dose sy
ition and sterilization dose auditing

e establishment of a sterilization dose, for which sterilization dose selection and substant
undertaken, and the carrying out of sterilization dose audits are activities that are part
inition and maintaining process effectiveness (see ISO 11137-1). For these activities, pr
grouped into families; definition of product families is based principally on the numbers
icroorganisms on or in product (the bioburden), the type being indicative of the microd
istance to Fadiation (see ISO 11737-1). Variables such as density and product configuration
kagingsystem are not considered in the establishment of these product families becaus
F factors that influence bioburden.

rmine the

shing the

ivp,SP

max

1bstan-

iation can
bf process
duct may
and types
rganism’s
within its
e they are

htion dose

using product families for establishing the sterilization dose and for carrying out steriliz

audits, it is important to be aware of the reduction in the ability to detect an inadvertent change within
the manufacturing process that influences the effectiveness of sterilization. Furthermore, with the use
of a single product to represent the product family, changes that occur in other members of the product
family might not be detected. The effect of a reduction on ability to detect changes in other members
of the product family should be evaluated and a plan for maintaining product families developed and
implemented before proceeding.

4.2 Defining product families

4.2.1 The criteria for defining a product family shall be documented. Product shall be assessed against
these criteria and the similarities between potential product family members considered. Consideration
shall include all product-related variables that affect bioburden, including, but not limited to:

© IS0 2013 - All rights reserved
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a) nature and sources of raw materials, including the effect, if any, of raw materials that might be

sourc

b) comp

ed from more than one location;

onents;

c) productdesign and size;

d) manufacturing processes;

e) manufacturing equipment;

c . .
f) manufractur 1Ty CIIVIIOIIIICTIL,

g) manufacturing location.

The outcome of the assessment and considerations shall be recorded (see 4.1.2 of ISO 11137:1:2006)

4.2.2 Product shall only be included in a product family if it is demonstrated that the product-rela

variables

see 4.2.1) are similar and under control.

4.2.3 Td include product within a product family, it shall be demonstratedtliat bioburden compri
similar numbers and types of microorganisms.

4.2.4 In
specificall

clusion of product from more than one manufacturing location in a product family shall
p justified and recorded (see 4.1.2 of ISO 11137-1:2006)< Consideration shall be given to

effect on Bioburden of:

a) geographic and/or climatic differences between locations;

b) anyd

c) sourc

fferences in the control of the manufacturing processes or environment;

ps of raw materials and processing adjuvants (e.g. water).

4.3 Degignation of product to represent a product family

4.3.1 Product to represent a product family

4.3.1.1

'he number and typesefimicroorganisms on or in product shall be used as the basis for select

product tq represent a productfamily.

4.3.1.2

A product family’shall be represented by:

a) amaster product'(see 4.3.2), or

b) aneq

1ivalent product (see 4.3.3), or

ted

besS

be
the

ng

c) asim

latad | e 422 A2
dIdiTU PIrovdutt (ST x.0.77 ).

4.3.1.3 A formal, documented assessment shall be undertaken to decide which of the three potential
representative products in 4.3.1.2 is appropriate. In this assessment, consideration shall be given to
the following:

a) number of microorganisms comprising the bioburden;

b) types

of microorganisms comprising the bioburden;

c) environment in which the microorganisms occur;

d) sizeo

f product;

© ISO 2013 - All rights reserved
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e)
f)
g)
h)

ISO/TS 13004

number of components;
complexity of product;
degree of automation during manufacture;

manufacturing environment.

4.3.2 Master product

A

ember of a product family shall only be considered a master product if assessment (s

:2013(E)

e 4.3.1.3)

ing
all
fay

icates that the member presents a challenge to the sterilization process that is greatenth
other product family members. In some situations, there can be several products within. t}

products may be selected as the master product to represent the family, either

a)
b)

4.3

Ag
m
sh
the

atrandom, or

according to a documented procedure to include the different prodiicts each of whick
considered as the master product.

.3 Equivalent product

roup of product shall only be considered equivalent if assessment (see 4.3.1.3) indicates t
mbers require the same sterilization dose. Selection of the equivalent product to represent
11 be either a) at random, or b) according to a documented procedure to include different m

product family. The manufacturing volume and availability of product should be conside

selection of the equivalent product to represent theproduct family.

3
]
4.3

A
ch

4 Simulated product

imulated product shall only represent:a product family if it constitutes an equivalent
hllenge to the sterilization process than that provided by members of the product family.

product shall be packaged in a manner and with materials used for the actual product.

NO|

TE A simulated product istnot intended for clinical use; it is fabricated solely for the establ

majintenance of the sterilization dose.

Aqd
a)

b)

imulated product may\be:

one that is similar’to the actual product in terms of materials and size, and subjected
manufacturifig processes; e.g. a piece of the material, used for implants, that goes through
manufacturing process, or

a combination of components from product within the product family that would nof
be Gombined for use; e.g. a tubing set containing multiple filters, clamps and stopcock
components of other products within the product family.

an that of
e product

hily, each of which could be considered as the master product. In such circumstances, any one of these

could be

hat group
the family
embers of
red in the

bI' greater
Simulated

ishment or

to similar
the entire

typically
s that are

4.4 Maintaining product families

4.4.1 Periodic review

Review shall be performed at a specified frequency to ensure that product families and product used to
represent each product family remain valid. Responsibility for reviews of product and/or processes that
might affect membership of product families shall be allocated to competent personnel. Such review
shall be performed at least annually. The outcome of the review shall be recorded in accordance with
4.1.2 of ISO 11137-1:2006.

© IS0 2013 - All rights reserved
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4.4.2 Modification to product and/or manufacturing process

Modifications to product, such as raw materials (nature and source), components or product design
(including size), and/or modifications to the manufacturing process, such as equipment, environment or
location, shall be assessed through a formal, documented change control system. Such modifications can
alter the basis on which the product family was defined or the basis on which the selection of product
to represent the product family was made. Significant changes can require definition of a new product
family or the selection of a different representative product.

4.4.3 Records

Records olc product families shall be retained (see 4.1.2 of ISO 11137-1:2006).

4.5 Con

In the ev{
sterilizati
Subseque

5 Seleq
steriliza

5.1 Nat

5.1.1 Py
a) anind

b) aset
form

c) anun

d) akitgq

Product iems for sterilization doSe substantiation and for sterilization dose auditing shall be taker] i

accordand

bnt of failure during substantiation of a selected sterilization dose or performance of
bn dose audit for a product family, all members of that family shall be consjdered to be affect
1t actions shall apply to all members comprising the product family.

‘tion and testing of product for substantiating and auditing a selected
tion dose

ure of product

oduct for sterilization can consist of:
lividual health care product in its packaging syystem;

bf components presented in a packaging system, which are assembled at the point of use
the health care product, together with a€cessories required to use the assembled product;

ber of identical health care products in their packaging system;

omprising a variety of procedure-related health care products.

e with Table 1.

sequence of failure of sterilization dose substantiation or sterilization dose audlit

he
ed.

to

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=25e780b7a4f8756b4da297858e65ee79

ISO/TS 13004:2013(E)

Table 1 — Nature of product items for sterilization dose substantiation and for sterilization

dose auditing

Item for bioburden determination .
Product type e . . Rationale
and verification dose experiment
Ind1v1d.ua1 health care product in its Individual health care product Each health care pr.oc'luct is usgd
packaging system independently in clinical practice.
Set of components in a packaging Combination of all components of Components are assembleq asa
product and used together in clini-
system the product .
cal practice.
Each health care product,|s used
independently in clinical practice;
the SAL of an individual health
Nuymber of identical health care Single health care product taken care product within the ppckag-
prpducts in their packaging system |from the packaging system ing system meets the selerted SAL,
although thejoverall SAL 3ssociated
with the packaging system might be
higher.
Kit of procedure-related health care |Each type of health care product Each'health care product |s used
prpducts a comprising the kit inidependently in clinical practice.
a | Indoseestablishment, the sterilization doseis chosen based on the health careproductrequiring the highestdterilization
doke.
5.1.2 If the product has a claim of sterility for part of.the product, the sterilization doge may be
established on the basis of that part only.
EXAMPLE If the product has a label claim of sterility for the fluid path only, the sterilization dpse may be
estlablished based on bioburden determinations and.@utcomes of tests of sterility performed on the flyiid path.

5.2
en
en
be

5.2
1,0

NO|
pol
pr

5.2

.2 Sample item portion (SIP)

.1 For product with an average'bioburden greater than or equal to 1,0, whenever prac
ire product (SIP equal to 1,0) should be used for testing in accordance with Table 1. When th
ire product is not practicable,a selected portion of product (SIP) may be substituted. The

as large a portion of the item'as practicable and should be of a size that can be handled duri

.2 For a product syith an average bioburden less than or equal to 0,9, an entire product (S
) shall be used fortésting in accordance with Table 1.
TE Whentesting products with low average bioburden, it is possible that an SIP will not alw

tion of the product item possessing microorganisms. Therefore, the entire product (SIP = 1,0)
ducts with/-an average bioburden less than or equal to 0,9.

.3, 'If the bioburden is evenly distributed on and/or in the item, the SIP may be selected

ticable, an
e use of an
SIP should
ng testing.

P equal to

Fays be the
is used for

from any

po

s £l -y J£41 lLaiala A | H + 1 diataazlo e o 1 2l o CID L 11 ret of oatly
UITUTUICTTICI L I U T OTUDUTUTIT IS TTUTTVETIT Yy UTS T TOUTTU, TUTC 51T - SITAIT CUTISTS T UT TTUITT

a) portions of product selected at random that proportionally represent each of the materials from

which the product is made, or

b) theportion ofthe productthatis considered to be the most severe challenge to the sterilization process.

The value of SIP can be calculated on the basis of length, mass, volume or surface area (see Table 2
for examples).
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Table 2 — Examples for calculation of SIP

Basis for SIP Product
Tubing (consistent diameter)
Length
Rolls of bandage
Powders
Mass
Gowns
Volume Liquids

Surgicat drapes
Surface area

Tubing (variable diameter)

5.2.4 THRe preparation and packaging of an SIP shall be carried out under conditions fhdt minimjize
alteration} to bioburden. Environmentally-controlled conditions should be used for preparation of S[Ps
and, whenlever possible, packaging materials should be equivalent to those used for the finished product.

5.2.5 THe adequacy of a selected SIP shall be demonstrated. The bioburden ofthe SIP shall be such that
either at lpast 17 of the 20 non-irradiated SIPs yield positive tests of sterility_or a bioburden of one|or
more is folind on at least 85 % of 20 or more SIPs. If neither of these criteriatis met, an SIP that is different
than that ¢xamined originally and that meets one of the above criteria ghall be used. If an entire prodpct
is tested (BIP equal to 1,0), the criteria specified above do not apply.

5.2.6 THe same portion of product item (SIP) should be used in the performance of tests of sterility
when carrlying out the verification dose experiment as that used in the determination of bioburden when
obtaining|the verification dose.

NOTE If the portion of product item (SIP) used in the.pérformance of tests of sterility is different from that
used in th¢ determination of bioburden, caution should be exercised when selecting the sterilization dose gnd

when calcylating the value of SIP VDmaXSD . In carrying out these two activities, two separate determination§ of
bioburden pre required: one for the SIP used to.oBtain the bioburden for the entire product item employed in the
selection of the sterilization dose and the other for the SIP used to obtain the value of SIP VDmaXSD employed in
the performance of the verification dose experiment.

5.3 Manner of sampling

5.3.1 Product for sterilization dose substantiation and for sterilization dose auditing shall |be
representative of that subjected to routine manufacturing procedures and conditions.

5.3.2 Edch proddct'item used in the determination of bioburden or in the performance of a test of
sterility should.be taken, where applicable (see Table 1), from a separate packaging system.

5.3.3 Theperiod oftime between the taking of product items from production and the determination of
bioburden or the performance of the verification dose experiment should reflect the time period between
completion of the last manufacturing step and sterilization of product.

5.3.4 Ifprolonged storage of product items is necessary prior to the determination of bioburden and/or
in the performance of tests of sterility, product capable of supporting microbial growth shall be stored
under conditions that inhibit such growth.

5.3.5 Productitems may be selected from product rejected during the manufacturing process provided
that they have been subjected to the same manufacturing procedures and conditions as the remainder of
production, including packaging.
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5.4 Microbiological testing

5.4.1 Bioburden determinations and performance of tests of sterility shall be conducted in accordance
with ISO 11737-1 and ISO 11737-2, respectively.

NOTE Soybean Casein Digest Broth, with an incubation temperature of (30 + 2) °C and an incubation period
of 14 days, is generally recommended when a single medium is used for the performance of tests of sterility.
If there is reason to suspect that this medium and temperature do not support the growth of microorganisms
present, other appropriate media and incubation conditions should be used. See, e.g. Herring et al.[3]; Faverol4];
NHB 5340.1A.3]

To|reduce the possibility of false positives in carrying out tests of sterility, items may be disassembled
anfl repackaged prior to irradiation. Manipulations prior to irradiation shall not changethe hagnitude
of the bioburden or its response to radiation (i.e. manipulations that alter the chemicallenvirpnment in
the vicinity of the microorganisms, typically oxygen tension).

5.4.2 Bioburdendeterminations shall be carried out on product thathas undergone the packagiI‘g process.

NO[TE Generally, it is sufficient to perform a bioburden determination on.a product item after reoval from

itspackaging system and to omit the packaging system from the determination:
5.5 Irradiation

5.3.1 Irradiation of product in performing sterilization ‘dose substantiation and sterilizgtion dose
augliting shall be conducted in an irradiator that has undergone installation qualification and operational
quplification in accordance with ISO 11137-1.

5.3.2 Measurement of dose and the use of radidtion sources shall be in accordance with ISO[11137-1.

5.3.3 For the performance of a verification dose experiment, sufficient performance qualification dose
mdpping shall be carried out to identify~the highest and the lowest doses delivered to product.

5.3.4 Whenever practicable, for the performance of a verification dose experiment, product|{should be
irrpdiated in its original form and in its packaging system.

5.3.5 Materials for repackaging product items for irradiation, if applicable (see 5.4.1), shall be capable
of [withstanding the doses delivered and subsequent handling, thereby minimizing the likgelihood of
coptamination.

NOTE See IS@-11137-3 for guidance on dosimetric aspects of radiation sterilization.

6 | Method vp__ P — Substantiation of a selected sterilization dose of 17,5, 20,

max

23,5,27,5, 30, 32,5, or 35 KGy

6.1 Rationale

Operationally, the method of substantiation for a selected sterilization dose is similar to dose setting
Method 1 of ISO 11137-2; it too requires a determination of bioburden and the performance of a
verification dose experiment.

In carrying out substantiation, the method verifies that bioburden present on product prior to
sterilization is less resistant to radiation than a microbial population of maximal resistance consistent
with the attainment of an SAL of 10-6 at the selected sterilization dose; verification is conducted
through performance of a verification dose experiment at an SAL of 10-1 using 10 product items. The
dose at an SAL of 10-1 for a population having this resistance (maximal verification dose, VDpayx) is
characteristic of the bioburden level, the sterilization dose and the associated maximal resistance. In
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establishing the maximal resistance for a particular bioburden level and sterilization dose, due account
has been taken of the various resistance components of the Standard Distribution of Resistances (SDR),
the latter being the basis of Method 1. Components of the SDR of high resistance that have significant
effect on the attainment of an SAL of 10-6 have been used to define the maximal resistances on which
this substantiation method is based. In this way, the level of conservativeness of the SDR, and thus of
Method 1, is preserved. See Kowalski and Tallentirel6]; Kowalski, Aoshuang, and TallentirelZl; Kowalski
and Tallentire.[10]

In practice, a determination is made of the average bioburden. Based on this average value, a sterilization
dose is selected from a table listing the upper limits of average bioburden that apply to specified selected
sterilizati . T i i i i imal
resistanc¢ commensurate with the attainment of a SAL of 10-6 at the selected sterilization dosg. “The

VD,..>0 dlose corresponding to the selected sterilization dose and the average bioburden is péad frpm

a second tpble; it is the dose at which the verification dose experiment is carried out. Ten product itemns,
or portior]s thereof (if applicable, see 5.2), are exposed to the VDy,xSP dose and each item-is subjected
individually to a test of sterility. If there is no more than one positive test of sterility in the 10 tests, the
pre-selectied sterilization dose is substantiated.

The VD, methods given in this Technical Specification are for selected steritization doses of 17,5, 0,
22,5,27,5)30, 32,5 and 35 kGy. To distinguish these applications of Method.VD,,,, and their associated
sets of values of verification dose, a superscript has been added to the tertm VD ., where appropridte,
viz. VDmakSP, where SD is the selected sterilization dose.

NOTE Inspection of the values of the VD, for the various levels of.average bioburden given in each of fthe

tables in Clause 8 reveals a change in the relationship between théhioburden level and the value of VDmaxSD .

With increpsing bioburden up to a certain level, values progressively increase, as might be expected. However, at

a particulajr bioburden level, the VD SD' takes a maximum, and for higher bioburden levels, the correspondfing

max

VDmaXSD alues progressively decrease. For example, foFyMethod VDpax17.5, VDpaxl75 values progressiely

increase up to a bioburden level of 2,5. However, at a bioburden of 2,5, the value of VDpax175 takes a maximiim,
and for higher bioburden levels, the corresponding VBinax17.5 values decrease. A similar increase, followed Hy a

decrease, if seen with the other VDmaXSD methods. This behaviour is not the result of an error in either the taljles

or the calcplation of the VDmaXSD values. It is_dn inevitable outcome of building into Method VD ., the same

degree of donservativeness as that in Method-1 (see Kowalski and Tallentire[10]).

6.2 Prgcedure for Method vb) 5" for multiple production batches

max

6.2.1 Ge¢neral

6.2.1.1 |n applyingiMethod VD, 5P for product with an average bioburden less than or equal to 0,9,

the entire productitem shall be used, whereas for product with an average bioburden greater than 0,9 an
SIP may b used{see 5.2.5).

6.2.1.2 Imapplying Method VD, >7, the six stages below shall be followed.

max

NOTE For worked examples, see 9.1 and 9.2.

6.2.2 Stage 1: Obtain samples of product

Select 10 product items from each of three independent production batches, in accordance with 5.1, 5.2
(if applicable) and 5.3.

NOTE Product will also be needed to perform the verification dose experiment (see 6.2.6.1) and additional
product might be needed to validate the adequacy of an SIP less than one (see 5.2.5) or to perform a confirmatory
verification dose experiment (see 6.2.7.2 and 6.2.8).
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6.2.3 Stage 2: Determine average bioburden
6.2.3.1 Apply the correction factor in the determination of bioburden (see ISO 11737-1).

6.2.3.2 Determine the bioburden of each of the selected product items and calculate:

a) theaveragebioburdenperitem foreachofthethreebatchesofproductitems (batch average bioburden);

b) the average bioburden per item for all selected product items (overall average bioburden).

guidance does not apply to SIP; SIPs should not be pooled, rather a larger SIP should be chosen (§ég 5.2

NOTE 2  An observation of no colonies in the determination of bioburden is sometimesexpressed 3

is low (e.g.
rden. This
.5).

s less than

thg limit of detection. Use of the limit of detection as a bioburden value in calculating.average bioburden could
lead to an overestimation of average bioburden. Overestimation could lead to selection of too high a sterilization

doge and, in consequence, a high value for VDmaXSD, thereby affecting the validity of the verifid

ation dose

experiment. The use of an approach for bioburden determination having a low limit of detection can reduce such

ovérestimation.

Forl an SIP less than 1,0, calculate the average bioburden for the enitire product item (SIP eqpal to 1,0)
by|dividing each of the three SIP batch average bioburdens and the overall SIP average bioburden by

the SIP value.

6.2.4 Stage 3: Obtain the selected sterilization dose

6.2.4.1 In obtaining the selected sterilization dase; values of average bioburden for the entife product

item (SIP equal to 1,0) shall be used (see 6.2.3.23;

6.2.4.2 From Table 3, obtain the selected sterilization dose. In obtaining this dose, all th

ree batch

average bioburdens (SIP equal to 1,0)determined in Stage 2 shall be below or equal to the associated

upper limit of the average bioburden given in Table 3.

6.2.4.3 A sterilization dose-greater than the lowest dose consistent with meeting the requ
6.2.4.2 may be selected. A ratienale for selecting a greater dose might be based on factors such|

rement in
as:

a) | the difference between the average bioburden and the upper limit associated with the selected

sterilization dose;

b) | available dataonthevariationinthe numbersand typesofmicroorganismsthatcomprise the bioburden;

c) | available) data on the microbiological quality of similar products including the results of

sterilization dose audits;

d) | ‘the materials comprising the product and the control of the microbiological quality of m4

e) the manufacturing process and associated control and monitoring procedures, particul
that affect bioburden or its resistance; and

f) the manufacturing environment, particularly the extent of microbiological control and m
and available data on the stability of the manufacturing environment over time.

© IS0 2013 - All rights reserved
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Table 3 — Upper limit of average bioburden for selection of a given sterilization dose

Upper limit for average bioburden Selected sterilization dose
(SIP equal to 1,0) (kGy)
9,0 17,5
45 20
220 22,5
5000 27,5
23000 30
100 000 32,5
440000 35

6.2.5 Stpge 4: Obtain vD__ 5"

max

6.2.5.1 From Table 4, identify the table in Clause 8 that gives values of SIP equal to 1,0 VD SbSIp

max
dose redyction factor and dose augmentation value, corresponding to diffevent values of average
bioburder, for the selected sterilization dose.

Table 4 — Table in Clause 8 corresponding to the seleetéd sterilization dose

Selected sterilization dose (kGy) Corresponding table in Clause 8
17,5 Table 5
20 Table &
22,5 Table'7
27,5 Table 8
30 Table 9
32,5 Table 10
35 Table 11

6.2.5.2 (Compare the three batchraverage bioburdens to the overall average bioburden found in Stage
2 and detgrmine whether any one of the batch average bioburdens is two or more times greater than the
overall av¢rage bioburden.

6.2.5.3 From the idetified table in Clause 8, obtain the value of SIP equal to 1,0 VD, 5"

the followjing as the-avérage bioburden:

using ong of

a) if a batch ayerage bioburden is two or more times greater than the overall average bioburden, yise
the hiFhest batch average bioburden, or

b) ifeach of the batch average bioburdens is less than two times the overall average bioburden, use the
overall average bioburden.

Foran SIP equal to 1,0, if the average bioburden is not given in the identified table in Clause 8, use the closest

tabulated value greater than the average bioburden to locate the value of SIP equal to 1,0 VD maXSD

For an SIP less than 1,0, use the average bioburden for the entire product item (SIP equal to 1,0),
calculated in Stage 2 (6.2.3.2), to enter the identified table in Clause 8. If the calculated average bioburden
is not given in the identified table in Clause 8, use the closest tabulated value greater than the average
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bioburden to locate the value of SIP equal to 1,0 VD, 5" and the corresponding SIP dose
factor. Use Equation (1) to calculate the SIP VDmaXSD (see Kowalski and Tallentirel10]).

SIP vD. .S

max

D = (SIP equal to 1,0 VD .. 5P ) + (SIP dose reduction factor x log SIP)

max

NOTE Use of an SIP less than 1,0 is not permitted for product with an average bioburden le
equal to 0,9 (see 6.2.1.1).

6.2.6 Stage 5: Perform verification dose experiment

:2013(E)

reduction

(D

ss than or

6.2.6.1 Select 10 productitems from a single batch of product. The 10 productitems for the pe
of Stage 5 may be selected from one of the batches on which a bioburden determination w
ouf in Stage 2, or from a fourth batch manufactured under conditions that are representative

production (see 5.3).

6.2.6.2 Irradiate these product items at VD, " obtained from the identified table in C]
caliculated using Equation (1), whichever is appropriate.

Th highest dose to product items shall not exceed VDmxSD by mote than 10 % or 0,1 kGy, w}
greater.
NOTE A tolerance of 0,1 kGy is allowed in order to accommadate the ability and practicality of

facflities to deliver and measure VD D doses below 1,0 KGyr

max

Th arithmetic mean of the highest and lowest dogés to product items should not be less thg
VD ax > -

max

Defermine the dose delivered (see 5.5).

Ift
the

he highest dose to product items excéeds VD,..5? by more than 10 % or 0,1 kGy, whichever
verification dose experiment shiallbe repeated.

If g
vel

pe
ex

he arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD

ification dose experiment-may be repeated. If this mean dose is less than 90 % of VD .,

-formance of tests of sterility, acceptable results are observed (see 6.2.7), the verific3
pberiment need not berepeated.

6.2
nu

.6.3 Subjecteach irradiated product item individually to a test of sterility (see 5.4.1) and
mber of positive tests of sterility.

6.3.7 . Stage 6: Interpretation of results

-formance
as carried
of normal

ause 8 or

lichever is

irradiation

n 90 % of

is greater,

SD
max ’ the

D and, on
tion dose

record the

6.2.71
verification and thereby substantiate the selected sterilization dose.

If no more than one positive test of sterility is obtained from the 10 tests carried out, accept

6.2.7.2 Iftwopositive tests of sterility are obtained, perform a confirmatory verification dose experiment
(see 6.2.8).
6.2.7.3 Ifthree or more positive tests of sterility are obtained, do not accept verification as the selected

sterilization dose might be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of the

determination of bioburden, incorrect performance of tests of sterility or incorrect delivery o

f VD, ., >0

or a specific bioburden-related cause, implement corrective action and repeat the verification dose
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experiment using a further 10 product items from a batch manufactured under conditions that are
representative of normal production. If, as aresult of corrective action, the estimate of average bioburden

changes, for the repeat verification dose experiment use the VDmXSD (6.2.5) that corresponds to the

changed average bioburden. If the estimate of average bioburden is unchanged, use the same vD,,,, 5"

as that used in the verification dose experiment that was not accepted. Interpret the results of the
repeat verification dose experiment in accordance with 6.2.7.

If the occurrence of these positive tests of sterility cannot be ascribed to incorrect performance of the
determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VDmxSD
Iy ‘ e : ' ner

not

d 2; and

d) amethod providing assurance, in regard to achieving maximally an SAl-of 10-6, equivalent to that
of othler methods of dose establishment.

6.2.8 Cgnfirmatory verification dose experiment

6.2.8.1 (eneral

If a confirmatory verification dose experiment is to be carried out (see 6.2.7.2), the three stages belpw
shall be fqllowed.

6.2.8.2 S$tage 1: Obtain samples of product

Select 10 product items from a single batch ofproduct. The 10 product items for the performance of the
confirmatjory verification dose experimentmay be selected from one of the batches on which a bioburden
determingtion was carried out in Stage 2 (see 6.2.3), from the fourth batch used in Stage 5 (see 6.2.64.1)
or from a patch manufactured underconditions that are representative of normal production (see 5.3).

6.2.8.3 ptage 2: Perform confirmatory verification dose experiment

6.2.8.3.1 | Irradiate theseproduct items at VD,,,,.°° obtained in 6.2.5.

The highefst dose to-product items shall not exceed VD,,,,>° by more than 10 % or 0,1 kGy, whichevef is
greater.

NOTE Artolerance of 0,1 kGy is allowed in order to accommodate the ability and practicality of irradiatjion

e 1. N P SD . e 4 P
facilities todetiverandmeasure Vumax aoses DEIOW L, U KUY.
The arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of

vD_ SD.

max

Determine the dose delivered (see 5.5).

If the highest dose to product items exceeds VD, . 5? by more than 10 % or 0,1 kGy, whichever is greater,
the verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD, .. 5P, the
confirmatory verification dose experiment may be repeated. If this mean dose is less than 90 % of
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VDmaXSD and, on performance of tests of sterility, acceptable results are observed (see 6.2.8.4), the
confirmatory verification dose experiment need not be repeated.

6.2.8.3.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record
the number of positive tests of sterility.

6.2.8.4 Stage 3: Interpretation of results

ve 1f1cat10n and thereby substantiate the selected sterilization dose.

6.2.8.4.2 If any positive tests of sterility are obtained, do not accept confirmatory, verificaffion as the
selected sterilization dose might be inadequate.

If ghe occurrence of these positive tests of sterility can be ascribed to incorreét performance|of tests of
stdrility or incorrect delivery of VDmaXSD , or a specific bioburden-related.¢auise, implement forrective

action and repeat the confirmatory verification dose experiment usinga-further 10 product ifems from
a hatch manufactured under conditions that are representative of @ermal production and|the same

VD maXSD as that used originally. Interpret the results of the repeat confirmatory verification dose
experiment in accordance with 6.2.8.4.

If e occurrence of these positive tests of sterility cannot be’aScribed to incorrect performanice of tests

of [sterility or incorrect delivery of VDmaXSD, or a speécific bioburden-related cause, th¢ selected

stdrilization dose is not substantiated and another approach for establishing a sterilization dope shall be
us¢d. Other approaches are:

a) | selection and substantiation of a higher sterilization dose than that for which verificatign was not
accepted using Method VD, 5, starting'at Stage 3 (6.2.4);

b) | Method 1;
c) | Method 2; and

d)| a method providing assuratice, in regard to achieving maximally an SAL of 10-6, equivalgnt to that
of other methods of dgSe-€éstablishment.

6.3 Procedure forMethod vp_, 5P for a single production batch

6.3.1 Rationale

Thiis methéd"is an adaptation of Method VD, 5P and is intended to be used only for the subsftantiation
of f selected sterilization dose for a single production batch.

6.3.2 General

6.3.2.1 In applying Method VDmaxSD for product with an average bioburden less than or equal to 0,9,

the entire product item shall be used, whereas for product with an average bioburden greater than 0,9, an
SIP may be used (see 5.2.5).

6.3.2.2 Product capable of supporting microbial growth should be stored under conditions that inhibit
such growth for the time between manufacture of the single production batch and sterilization.

6.3.2.3 Inapplying Method VD, 5P, the six stages below shall be followed.
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6.3.3 Stage 1: Obtain samples of product

Select 10 product items from the single production batch, in accordance with 5.1, 5.2 (if applicable) and 5.3.

NOTE

Product will also be needed to perform the verification dose experiment (see 6.3.7) and additional
product might be needed to validate the adequacy of an SIP less than one (see 5.2.5) or to perform a confirmatory
verification dose experiment (see 6.3.9).

6.3.4 Stage 2: Determine average bioburden

6.3.4.1 Apply the correction factor 1N the determination of bioburden (See 150 11737-1J.

6.3.4.2 Determinethe bioburden of each of the selected productitems and calculate the average ioburden.
NOTE1 |Bioburden is generally determined on individual product items, but when the bioburden is low (p.g.
less than 10), it is permissible to pool the 10 product items for the determination of average-bioburden. This

guidance does not apply to SIP; SIPs should not be pooled, rather a larger SIP should be chosen'(see 5.2.5).

NOTE 2
the limit o
lead to an
dose and,
experimen|

An observation of no colonies in the determination of bioburden is sometimes‘expressed as less than
detection. Use of the limit of detection as a bioburden value in calculating-average bioburden copuld

verestimation of average bioburden. Overestimation could lead to selection of too high a sterilizatjon

in consequence, a high value of VDmaXSD, thereby affecting the validity of the verification d
k. The use of an approach for bioburden determination having alew limit of detection can reduce s

overestimdtion.

For an SIPless than 1,0, calculate the average bioburden for the-€ntire product item (SIP equal to 1,0)

dividing t

he SIP batch average bioburden by the SIP value.

6.3.5 Stage 3: Obtain the selected sterilization dose

bse
ich

by

6.3.5.1 [nobtainingthe selected sterilization dose) the value of average bioburden for the entire prodjict
item (SIP gqual to 1,0) shall be used (see 6.3.4.2)-

6.3.5.2 From Table 3, obtain the selected sterilization dose. In obtaining this dose, the batch avergge
bioburder] (SIP equal to 1,0) determined in Stage 2 shall be less than or equal to the associated upper lijnit
of the average bioburden given in Table 3.

6.3.5.3 A sterilization dose“gréater than the lowest dose consistent with meeting the requirement in

6.3.5.2 mgy be selected. A rationale for selecting a greater dose might be based on factors such as:

a) thed
steril

zation dose;

fference between the average bioburden and the upper limit associated with the selected

b) available dataonthevariationinthe numbersandtypesof microorganismsthat comprise the bioburden;

c) availd

ble’ data on the microbiological quality of similar products including the results

of

sterilization dose audits;

d) the materials comprising the product and the control of the microbiological quality of materials;

e) the manufacturing process and associated control and monitoring procedures, particularly steps
that affect bioburden or its resistance; and

f) the manufacturing environment, particularly the extent of microbiological control and monitoring,
and available data on the stability of the manufacturing environment over time.

18
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6.3.6 Stage 4: Obtain vD__ 5"

6.3.6.1 From Table 4, identify the table in Clause 8 that gives the values of SIP equal to 1,0 VD

:2013(E)

D gIp

max

dose reduction factor and dose augmentation value, corresponding to different values of average

bioburden, for the selected sterilization dose.

6.3.6.2 From the identified table, obtain the value of SIP equal to 1,0 VD, using the average

bioburden for the entire product item (SIP equal to 1,0).

Fo
tah

an SIP equal to 1,0, if the average bioburden is not given in the identified table in Clause 8, use

ulated value greater than the average bioburden to locate the value of SIP equal to 1,0 VD, .,

Fo
in
giv
SIH
to

"an SIP lessthan 1,0, use the average bioburden for the entire productitem (SIP equalto1,0),
Stage 2 (6.3.4.2), to enter the identified table in Clause 8. If the calculated avérage biobur
en in the table, use the closest tabulated value greater than the average value to locate th

equal to 1,0 VDmaXSD D and corresponding SIP dose reduction factor. Use)Equation (1) (s¢
ralculate the SIP VD 5D (see Kowalski and Tallentire[10]).

max

NO
09

TE Use of an SIP less than 1,0 is not permitted for product with an.avérage bioburden less than
(see 6.3.2.1).

.3.7 Stage 5: Perform verification dose experiment

.3.7.1 Select 10 product items from the single batch of product.

6.3
de

7.2 Irradiate these product items at VD -}*" obtained from the identified table in C|
ived using Equation (1), whichever is appropriate.

ThE highest dose to product items shalkhot exceed VD, .5° by more than 10 % or 0,1 kGy, w}

greater.

max

NO[TE
facjlities to deliver and measure VDmaxSD doses below 1,0 kGy.

A tolerance of 0,1 kGy is_allowed in order to accommodate the ability and practicality of

The arithmetic mean ofthe highest and lowest doses to product items should not be less thd
V maXSD

Determine the dosg delivered (see 5.5).

If the highest'dose to product items exceeds VDmaXSD by more than 10 % or 0,1 kGy, whichever
the verification dose experiment shall be repeated.

If

the closest
9]

ralculated
den is not
e value of

be 6.2.5.3)

or equal to

ause 8 or

lichever is

irradiation

n 90 % of

is greater,

earithmetic mean of the highest and lowest doses to product items is less than 90 % of VD)

SD
max . » the

verification dose experiment may be repeated. If this mean dose is less than 90 % of VD,

S

D and, on

performance of tests of sterility, acceptable results are observed (see 6.3.8), the verification dose

experiment need not be repeated.

6.3.7.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the

number of positive tests of sterility.
6.3.8 Stage 6: Interpretation of results

6.3.8.1
verification and thereby substantiate the selected sterilization dose.

© IS0 2013 - All rights reserved
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6.3.8.2 Iftwopositive tests of sterility are obtained, perform a confirmatory verification dose experiment
(see 6.3.9).

6.3.8.3 Ifthree or more positive tests of sterility are obtained, do not accept verification as the selected
sterilization dose might be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of the
determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VD, 5P
or a specific bioburden-related cause, implement corrective action and repeat the verification dose

experimentusing a further 10 productitems If as a result of corrective action, the estimate of average

bioburderf changes, use the VD, 5P (6.3.6) that corresponds to the changed average bioburden, Tfthe

estimate ¢f average bioburden is unchanged, use the same VD, 5P as that used in the verification dgse

experiment that was not accepted. Interpret the results of the repeat verification dose experiment in
accordande with 6.3.8.

If the occyrrence of these positive tests of sterility cannot be ascribed to incorrect.performance of the
determingtion of bioburden, incorrect performance of tests of sterility or incorreét delivery of VD"

or a specific bioburden-related cause, the selected sterilization dose is not substantiated and another
approach for establishing a sterilization dose shall be used. Other approacheS’are:

a) selectliion and substantiation of a higher sterilization dose than that for which verification was pot
accepfed using Method VD, .5, starting at Stage 3 (6.3.5);

b) Method 1;
c) Method 2; and

d) amethod providing assurance, in regard to achievifig maximally an SAL of 10-6, equivalent to that
of othler methods of dose establishment.

6.3.9 Cgnfirmatory verification dose experiment

6.3.9.1 General

If a confirmatory verification dose €xperiment is to be carried out (see 6.3.8.2), the three stages belpw
shall be fdllowed.

6.3.9.2 ptage 1: Obtain samples of product

Select 10 product item&from the single production batch of product.

6.3.9.3 ptage 2:'Perform confirmatory verification dose experiment

6.3.9.3.1 | Tfradiate these product items at VD, 5? obtained in 6.3.6.

The highest dose to product items shall not exceed VD_ .. 5? D by more than 10 % or 0,1 kGy, whichever

is greater.

max

NOTE A tolerance of 0,1 kGy is allowed in order to accommodate the ability and practicality of irradiation

facilities to deliver and measure VD 5P doses below 1,0 kGy.

max
The arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of
VD a2

max

Determine the dose delivered (see 5.5).

20 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=25e780b7a4f8756b4da297858e65ee79

ISO/TS 13004:2013(E)

If the highest dose to product items exceeds VD, 5? by more than 10 % or 0,1 kGy, whichever is greater,
the confirmatory verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD, 5P, the
confirmatory verification dose experiment may be repeated. If this mean dose is less than 90 % of
VDmaXSD and, on performance of tests of sterility, acceptable results are observed (see 6.3.9.4), the
confirmatory verification dose experiment need not be repeated.

6.3.9.3.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record
the¢ number of positive tests of sterility.

6.3.9.4 Stage 3: Interpretation of results

6.3.9.4.1 If there are no positive tests of sterility from the 10 tests carried out;’accept confirmatory
verification and thereby substantiate the selected sterilization dose.

6.3.9.4.2 If any positive tests of sterility are obtained, do not accépt verification as thg selected
stdrilization dose might be inadequate.

If he occurrence of these positive tests of sterility can be ascribed’to incorrect performance|of tests of
stdrility or incorrect delivery of VDmaXSD , or a specific biobdrden-related cause, implement forrective
action and repeat the confirmatory verification dose experiment using a further 10 product|items and
th¢ same VDmaXSD as that used originally. Interpret thesresults of the repeat confirmatory verification
dope experiment in accordance with 6.3.9.4.

If e occurrence of these positive tests of sterility: cannot be ascribed to incorrect performanice of tests
of |sterility or incorrect delivery of VDmaXSD 7 or a specific bioburden-related cause, th¢ selected
stdrilization dose is not substantiated and.another approach for establishing a sterilization dope shall be

us¢d. Other approaches are:

a) | selection and substantiation of @ higher sterilization dose than that for which verificatign was not
accepted using Method VD4, 5, starting at Stage 3 (6.3.5);

b) | Method 1;
c) | Method 2; and
d)| a method previding assurance, in regard to achieving maximally an SAL of 10-6, equivalgnt to that

of other methods of dose establishment.

7 | Maintaining process effectiveness

anaxal

7.1+—6
wl JTliviar

For product produced as multiple production batches, periodic determinations of bioburden and
sterilization dose audits are carried out to confirm the continued effectiveness of the established
sterilization dose. Requirements for maintaining process effectiveness given in Clause 12 of ISO 11137-1

apply to a selected sterilization dose substantiated using Method VDmaXSD together with those specific

to Method VDmaXSD given below (see 7.2.2). None of these requirements apply to product produced as a
single production batch.
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7.2 Determination of bioburden

7.2.1 Background to frequency of determination

[SO 11137-1:2006 requires:

a) for product with a bioburden greater than or equal to 1,5, determination of bioburden at a maximal
time interval of three months (ISO 11137-1:2006, 12.1.2.1),

b) for product with a bioburden less than 1,5 and for which the sterilization dose has been established

latlhad D Meaitlhad D 25 4

3 AN i H 43 £l ol o rS 3 1 4 HPe S
uslng CILIITT IVICLITIUU 4 UL IVICLIIUU V IVmax y ULLUT HITITIIAUIVILT U IUDUITUUTIl dU d IITIAdATIIIAd LVIITIC TIItC T

of three months (ISO 11137-1:2006, 12.1.2.2), and

c) for p

estab

(ISO 11137-1:2006, 12.1.2.3).

The requi
12.1.2.3,1i

Fement for the increased frequency of determination of bioburden given in,ISO 11137-1:20

with proﬂgct of low bioburden. An increased frequency was specified for bidburden values below

in the lig

bioburder} determination is also specified to Method VDax17.5 in this Teghnical Specification.

7.2.2 Frequency of determination specific to Method VD, 5>

7.2.2.1

For product of average bioburden greater than or equal to 10 and for which the selec

al

Foduct with bioburden less than 1,5 and for which the sterilization dose .has been
ished using either Method 1 or Method VDpax15, the maximal time interval of'one month

06,

5 to take account of wide variation in bioburden on product items that'occurs, on occasions,

1,5

of this value being the upper bioburden limit of Method VD515, 2 increased frequency of

red

sterilizatign dose has been substantiated using Method VD{,- 5P, the maximal interval of time betwden
determingtions of bioburden shall be three months.

7.2.2.2

For product of average bioburden less than 10 and for which the selected sterilization d

se

has been qubstantiated using Method VD317 24 the maximal interval of time between determinationg of
bioburder] shall be one month.

NOTE
stipulated

7.3 Ste

n ISO 11137-1 for an average-bioburden greater than 1,5 but less than 10.

rilization dose audit

7.3.1 Fiequency

In these circumstances, this Technical Specification stipulates a shorter maximal interval of time than

The frequency at whieh sterilization dose audits are carried out shall be in accordance with 12.1) of
[SO 11137-1:2006.Sterilization dose audits are not required during periods in which product is

produced

bioburder], sheuld be conducted in conjunction with sterilization dose audits. If the review indica
lack of contrel, appropriate action shall be taken

not

A review of environmental and manufacturing controls, together with determinationg of

tes

7.3.2 Outcome

Actions resulting from the outcome of a sterilization dose audit shall apply to all product comprising the
product family (see Clause 4).
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7.3.3 Procedure for auditing a sterilization dose substantiated using Method VD 5"

7.3.3.1 General

7.3.3.1.1 For the performance of a sterilization dose audit for a selected sterilization dose, substantiated
using Method VDmaXSD , use an SIP equivalent to that used originally in substantiating the sterilization dose.

7.3.3.1.2 In applying the sterilization dose audit, the four stages below shall be followed.

NO[TE For a worked example, see 9.3.

7.3.3.2 Stage 1: Obtain samples of product

Select 20 product items from a single batch of product, in accordance with 5.1, 5.2((ifapplicable) and 5.3.
7.3.3.3 Stage 2: Determine average bioburden

7.3.3.3.1 Apply the correction factor found from the most recent validation of the method of pioburden
determination.

7.3.3.3.2 Determine the bioburden of each of 10 product items'and calculate the average bioburden.

NOTE1 Bioburden is generally determined on individual product items, but when the bioburdenl|is low (e.g.
lesp than 10), it is permissible to pool the 10 product items. for the determination of average biobyrden. This
guidance does not apply to SIP; SIPs should not be pooled;¥dther a larger SIP should be chosen (see 5.2.5).

NOTE 2  An observation of no colonies in the deterinination of bioburden is sometimes expressed gs less than
thq limit of detection. Use of the limit of detection‘as a bioburden value in calculating average bioburden could
leafd to overestimation of the average. The use-of an approach for bioburden determination having a low limit of
defection can reduce such overestimation.

NOTE 3  These bioburden data are fiotintended to be used in obtaining the value of SIP equal to 1, VDmaXSD

for|the sterilization dose audit. They are used for process monitoring and control (e.g. trend analysis), inyestigation
of gterilization dose audit failuretand obtaining the dose augmentation value.

7.3.3.4 Stage 3: Perform verification dose experiment

7.3.3.4.1 Irradiate10 product items at VD, 5P used in the most recent successful substaptiation of

the selected sterilization dose.

max

Thi highestdose to product items shall not exceed VD, 5° by more than 10 % or 0,1 kGy, whichever is

max

NOEE anee 0 is—a ed-in-orderto-accomm irradiation

facilities to deliver and measure VDmaXSD doses below 1,0 kGy.

The arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of
VD s -

Determine the dose delivered (see 5.5).

If the highest dose to product items exceeds VDmaXSD by more than 10 % or 0,1 kGy, whichever is greater,
the verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD, 5?, the
verification dose experiment may be repeated. If this mean dose is less than 90 % of VD, ,.°” and, on
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performance of tests of sterility, acceptable results are observed (see 7.3.3.5), the verification dose
experiment need not be repeated.

7.3.3.4.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) using the
media and incubation conditions used in the original dose substantiation. Record the number of positive
tests of sterility.

7.3.3.5 Stage 4: Interpretation of results

7.3.3.5.1
the sterili

7.3.3.5.2
(see 7.3.3.

7.3.3.5.3
audit as th

If the occt

1 1 . c =1 - 1 - 1c 1 4 CH |
1T 110 II10OT'C UldIl OI1IC pUblLlVC LESL O Sl llll,_y IS5 0ODUAIIIEed ITOIIT UIE lG LESLS CdITICU OUL, dLC
ration dose audit.

6).

If three or more positive tests of sterility are obtained, do not accept, the sterilization d
e selected sterilization dose might be inadequate.

rrence of these positive tests of sterility can be ascribed to incorrgct performance of tests

maXSD, or a specific bioburden-relatedycause, implement correct

action andl repeat the verification dose experiment as soon as practieable using a further 10 prod

sterility (:{lincorrect delivery of VD

items fro
the same
of the rep

If the occu
sterility o

a) If thr
imme
apprd

S¢

a batch manufactured under conditions that are representative of normal production 3
VD . -" as that used in the sterilization dose audit thativas not accepted. Interpret the resu

pat verification dose experiment in accordance with A3.3.5.

rrence of these positive tests of sterility cannot be-ascribed to incorrect performance of tests
" incorrect delivery of VDmXSD , or a specific bioburden-related cause, the following shall apj

e to six positive tests of sterility areé)obtained, augment the selected sterilization d
diately (see 7.3.3.7) and re-establish the sterilization dose as soon as practicable using anotl
ach. Other approaches are:

tlection and substantiation of a higher sterilization dose than that for which verification
bt accepted using Method. VDmaXSD , starting at Stage 1 (6.2.2 or 6.3.3, as appropriate);
ethod 1;

ethod 2; and

method proyiding assurance, in regard to achieving maximally an SAL of 10-6, equivalent

that of other\methods of dose establishment. Continue to use the augmented sterilization d

htil re-establishment of the sterilization dose is completed.

N /Or ‘'more positive tests of sterility are obtained, discontinue sterilization at the selecf

ppt

If two positive tests of sterility are obtained, perform a confirmatory sterilizatioi.dose audit

pse

of
ive

ict
nd

Its

of
y.

=4
—_—

se
ner

yas

to
se

ed

n
1) M
2) M
3) a

u

b) If sev|

steril

zation dose. Do not augment the selected sterilization dose and do not resume sterilizat

on

until the sterilization dose is re-established using another approach. Other approaches are:

selection and substantiation of a higher sterilization dose than that for which verification was

not accepted using Method VD

SDstarting at Stage 1 (6.2.2 or 6.3.3, as appropriate);

max

1) Method 1;

2) Method 2; and

3) amethod providing assurance, in regard to achieving maximally an SAL of 10-6, equivalent to
that of other methods of dose establishment.
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7.3.3.6 Confirmatory sterilization dose audit

7.3.3.6.1 General

7.3.3.6.1.1 For the performance of a confirmatory sterilization dose audit for a selected st
dose, substantiated using Method VD, 5P

the sterilization dose.

7.3.3.6.1.2

2013(E)

erilization

, use an SIP equivalent to that used originally in substantiating

In applying the confirmatory sterilization dose audit, the three stages below shall be followed.

7.3.3.6.2 Stage 1: Obtain samples of product

Select 10 product items from a single batch of product, in accordance with 5.1, 5.2 (if applicabl
Th 10 product items for the performance of confirmatory sterilization dose auditnray be selg
either the batch used for the verification dose experiment carried out in the original steriliz
auglit (see 7.3.3) or a second batch manufactured under conditions that aresrepresentative
production (see 5.3).

7.3.3.6.3 Stage 2: Perform confirmatory verification dose experiment

7.3 SD

thg

.3.6.3.1 Irradiate 10 product items at VD,,>~ used in theé)most recent successful substa

selected sterilization dose.

Th
gre

NO
fac

e highest dose to product items shall not exceed VD, . >° by more than 10 % or 0,1 kGy, wh

pater.

max

TE
lities to deliver and measure VD

A tolerance of 0,1 kGy is allowed in order to accommodate the ability and practicality of
5D 4oses below 1,0 kGy.

max

e arithmetic mean of the highest and-lowest doses to product items should not be less tha
SD

If the highest dose to prodéict items exceeds VD, 5° by more than 10 % or 0,1 kGy, whichever

max

e) and 5.3.
cted from
htion dose
of normal

ntiation of

lichever is
irradiation

n 90 % of

is greater,

maxSD'the
n 90 % of

7.3.8.6.4), the

using the

media and 1ncubat10n condltlons used orlgmally in the substantlatlon of the selected sterlllzatlon dose

and record the number of positive tests of sterility.

7.3.3.6.4 Stage 3: Interpretation of results

Interpret the results of the confirmatory verification dose audit performed in accordance with

7.3.3.6, as follows:
a)

© IS0 2013 - All rights reserved

Ifthere are no positive tests of sterility from the 10 tests carried out, accept the sterilization dose audit.
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b) If one to four positive tests of sterility are obtained, do not accept the sterilization dose audit.
Augment the selected sterilization dose immediately (see 7.3.3.7) and re-establish the sterilization
dose as soon as practicable using another approach. Other approaches are:

1) selection and substantiation of a higher sterilization dose than that for which the sterilization
dose audit was not accepted, starting at Stage 1 (6.2.2 or 6.3.3, as appropriate);

2) Method 1;

3) Method 2; and

4) a[method providing assurance, in regard to achieving maximally an SAL of T0-%, equivalent to
that of other methods of dose establishment.

Continue tp use the augmented sterilization dose until re-establishment of the sterilization dose is completed.

c) If fivg or more positive tests of sterility are obtained, do not accept the sterilization dose audglit.
Discoptinue sterilization at the selected sterilization dose. Do not augment the selécted sterilizat{on
dose and do not resume sterilization until the sterilization dose is re-established using another
apprdach. Other approaches are:

1) st¢lection and substantiation of a higher sterilization dose than that fer which the sterilizat]on
bse audit was not accepted, starting at Stage 1 (6.2.2 or 6.3.3, ag-appropriate);

d
2) Method 1;
3) Method 2; and

4) almethod providing assurance, in regard to achieyifig maximally an SAL of 10-6, equivalent to
Iat of other methods of dose establishment.

(=3

If the occlyirrence of one or more positive tests of sterility can be ascribed to incorrect performancg of
tests of sterility or incorrect delivery of VD, .5, or a specific bioburden-related cause, implement

correctivg action and repeat the confirmatoryisterilization dose audit (see 7.3.3.6) using a further|10
productitpms from a batch manufactured under conditions that are representative of normal productjon

and the same VD, 5P asthatused in the.otiginal sterilization dose substantiation. Interpret the results,
in accordgnce with a) to c) above.

SD

7.3.3.7 Augmentation of a sterilization dose substantiated using Method VD,

From the|previously identified table in Clause 8 for the selected sterilization dose, obtain the d¢se
augmentation value corfesponding to the average bioburden (SIP equal to 1,0) as determined accordjng
to 7.3.3.3] If the average bioburden is not given in the table, use the closest tabulated value greafer
than the average bioburden to obtain the dose augmentation value. Use this dose augmentation valug in
Equation (2) to_caletlate the augmented sterilization dose.

augmented sterilization dose = selected sterilization dose + dose augmentation value (2)

7.3.4 Failure of a sterilization dose audit

Following failure of a sterilization dose audit requiring the re-establishment of the sterilization dose,
the cause of failure shall be investigated and correction and/or corrective action taken (see 4.4 of
IS0 11137-1:2006). As part of the investigation, the effect of irradiating product at the sterilization dose
that has failed sterilization dose audit on the achievement of the specified SAL for previously irradiated
batches of product shall be considered and a risk assessment undertaken on their suitability for use. The
investigation and subsequent actions shall be recorded (see 4.1.2 of ISO 11137-1:2006).

NOTE It might not be possible to determine the effect of irradiation at the sterilization dose that has failed
the sterilization dose audit on achievement of this SAL until the sterilization dose has been re-established.
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8 Tables of values for SIP equal to 1,0 VD,,xSD, SIP dose reduction factor and
augmentation dose corresponding to applicable values of average bioburden for
selected sterilization doses of 17,5, 20, 22,5, 27,5, 30, 32,5 and 35 KGy

Table 5 — 17,5 kGy selected sterilization dose for which the upper limit of average bioburden is 9,0

SD = 17,5 kGy
Average bioburden SIP equal t((l)<(1}'\g VDmax7 dose red::gon factor augme%gién e

ILess than or equal to 0,1 0,0 NAa 3,5
0,15 0,6 NAa 3,4
0,20 1,0 NAa 3,3
0,25 1,3 NAa 3,2
0,30 1,5 NAa 3,2
0,35 1,7 NAa 3,2
0,40 1,9 NA& 3,1
0,45 2,0 NAa 3,1
0,50 2,1 NAa 31
0,60 2,4 NAa 3,0
0,70 2,5 NAa 3,0
0,80 2,7 NAa 3,0
0,90 2,8 NAa 29
1,0 2,9 2,92 29
1,5 3,3 2,83 2,8
2,0 3,6 2,78 2,8
2,5 3,8 2,74 2,7
3,0 3,7 2,50 2,8
3,5 3,6 2,32 2,8
4,0 3,5 2,17 2,8
4,5 3,4 2,05 2,8
5,0 3,3 1,95 2,8
5,5 3,3 1,87 29
6,0 3,2 1,79 29
6,5 3,1 1,73 29
70 31 167 29
7,5 3,0 1,62 29
8,0 3,0 1,57 29
8,5 3,0 1,53 29
9,0 2,9 1,49 29

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 6 — 20 kGy selected sterilization dose for which the upper limit of average bioburden is 45

SD = 20 kGy
Average bioburden SIP equal (tl({)Gl};)O VDmax?? dose re dlfclgon factor augmen(]tjfl(:ii?)m value
less than or equal to 0,1 0,0 NAa 4,0
0,15 07 NAa 39
0,20 11 NAa 3,8
0,25 15 NAa 37 0y
0,30 17 NAa 37,0
0,35 2,0 NAa 367
0,40 2,1 NAa 86
045 2,3 NAa N7 35
0,50 2,5 NAa A7 35
0,60 2,7 NAa RO 3,5
0,70 2,9 NAa N 3,4
0,80 31 NAa ¢ 3,4
0,90 3,2 NARY 3,4
1,0 3,3 233 3,3
15 3,8 o, 3,24 3,2
2,0 4,1 D87 317 3,2
2,5 4,4 o 3,13 3,1
3,0 4,6 A 3,09 31
3,5 47 AL 3,06 31
4,0 49 N 3,03 3,0
4,5 50. 3,01 3,0
5,0 )51 2,99 3,0
5,5 O 52 2,97 3,0
6,0 o 5,2 2,95 3,0
N

6,5 o 5,3 294 29

70 O 5,4 2,92 2,9

75 QF 5,5 2,91 29
8,0 5,5 2,88 29
85 5,5 2,82 2,9
5,0 57 277 29
9,5 5,4 2,72 29

10 5,3 2,67 29

11 5,3 2,58 2,9

12 5,2 2,51 3,0

13 5,2 2,44 3,0

14 5,1 2,39 3,0

15 5,1 2,33 3,0

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 6 (continued)

ISO/TS 13004:2013(E)

SD = 20 kGy

Average bioburden

SIP equal to 1,0 VD520

SIP

augmentation value

Dose

kG dose reduction factor
(kGy) (kGy)
16 5,0 2,28 3,0
17 5,0 2,24 3,0
18 5,0 2,20 3,0
19 49 2,16 30
20 49 2,13 030
21 4,9 2,10 Y 30
22 4,8 2,07 O 30
23 4,8 206 N7 3,0
24 4,8 201 A 3,0
25 4,8 199,-O" 3,0
26 4,8 197" 3,1
27 4,7 2,194 3,1
28 4,7 AN 192 3,1
29 4,7 SN 190 31
30 4,7 & 1,89 31
31 47 X 1,87 31
32 46 . O 1,85 31
A\
33 46 1,83 3,1
34 46 1,81 31
35 ~\76 1,80 3,1
36 Y 1,78 31
37 A 46 1,77 31
38 O 4,5 1,76 3,1
39 oy’ 4,5 1,74 31
<

40 ¢ 4,5 1,73 3,1
1 Q> 4,5 1,72 3,1
R 4,5 1,71 3,1
43 45 1,70 3,1
N 44 4,5 1,68 31
— 75 77 167 3T

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.

Table 7 — 22,5 kGy selected sterilization dose for which the upper limit of average bioburden is 220

SD = 22,5 kGy

Average bioburden

SIP equal to 1,0 VDyax22,5
(kGy)

SIP

dose reduction factor

Dose

augmentation value

(kGy)

less than or equal to 0,1

0,0

NAa

4,5

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 7 (continued)
SD = 22,5 kGy
Average bioburden SIP equal t(oké,y(; VDmax?23 dose re dlfclgon factor augmen(]tjfl(;ts}i?)m value
0,15 0,8 NAa 4,3
0,20 13 NAa 4,2
0,25 1,7 NAa 4,2
0,30 2,0 NAa 41
0,35 2,2 NAa 41,0
0,40 2,4 NAa 40 Y
045 2,6 NAa _C#0
0,50 2,8 NAa N7 39
0,60 3,0 NAa A7 39
0,70 3,3 NAa o) 3,8
0,80 3,4 NAa o N7 3,8
0,90 3,6 NAa ¢, 3,8
1,0 3,8 375 3,8
15 4,3 13,64 3,6
2,0 4,6 o, 3,57 3,6
2,5 49 R 3,5
3,0 5,1 o 3,47 3,5
N
3,5 5,3 . 3,44 34
4,0 55 L 3,41 3,4
4,5 5,607 3,38 3,4
5,0 57 3,36 3,4
5,5 5,8 3,34 3,3
6,0 O 5 3,32 3,3
6,5 Y 60 3,30 3,3
7,0 o 6,1 3,29 3,3
75 Qo 6,1 3,27 3,3
80 O 6,2 3,26 3,3
8,5 1o 63 3,25 3,2
90 6,3 3,24 3,2
05 5 372 37
10 6,4 3,21 3,2
11 6,5 3,20 3,2
12 6,6 3,18 3,2
13 67 316 3,2
14 6,8 3,15 3,1
15 6,8 3,14 3,1
16 69 3,12 31

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 7 (continued)
SD = 22,5 kGy
Average bioburden SIP equal t(ok(l;,y(; VDmax?%3 dose re dusclfion factor augmen(]tj(;g;g)n value
17 6,9 3,11 31
18 7,0 3,10 31
19 7,0 3,09 31
20 71 3,08 31
21 71 3,07 031
22 72 3,06 Y3
23 7,2 3,06 oY 31
24 73 305 N7 3,0
25 73 303 A~ 3,0
26 73 3,00-(" 31
27 7,2 2977 31
28 7,2 4 294 31
29 7,2 oV 292 3,1
30 7,2 N 2,89 31
31 7,2 a 2,87 3,1
32 71 X 2,85 31
33 1 .o 2,82 3,1
3N
34 71 2,80 31
35 1 2,78 31
36 A7 2,74 31
37 ! 2,74 3,1
38 A 70 2,73 3,1
39 O 7,0 2,71 31
40 7,0 2,69 31
n & 7,0 2,68 31
42 Q7 7,0 2,66 31
a3’ 7,0 2,65 31
o 44 7,0 2,63 31
é\‘ 45 6,9 2,62 31
— 7% 50 760 3T
47 6,9 2,59 31
48 6,9 2,58 31
49 6,9 2,56 3,1
50 6,9 2,55 31
55 6,8 2,50 31
60 6,8 2,44 31
65 6,8 2,40 3,2

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 7 (continued)
SD = 22,5 kGy
Dose
22,5
Average bioburden SIP equal to 1,0 VDmax SIP augmentation value

(kGy) dose reduction factor (kGy)
70 6,7 2,36 3,2
75 6,7 2,32 3,2
80 6,7 2,29 3,2
85 6,6 2,26 3,2 O
90 6,6 2,23 3 an
95 6,6 2,21 32
100 6,5 2,18 Q32
110 6,5 2,14 N7 32
120 6,5 2,09 \/\QO 3,2
130 6,4 2,06 ~ 3,2
140 6,4 203 o\ 3,2
150 6,4 2,004, 3,2
160 6,3 198.) 3,2

N
170 6,3 B §§95 3,2
180 6,3 o193 3,2
190 6,2 8 190 3,3
200 6,2 oY 1,88 3,3
4\

220 6,2 1,85 3,3

a Not appli

able: SIP equal to 1,0 required; see 6.2.1.1 aqgm

Tablle 8 — 27,5 kGy selected sterﬁ-l’zatlon dose for which the upper limit of average
@ bioburden is 5 000

N

P
O~ SD = 27,5 kGy
. c) SIP equal to 1,0 VD 35275 SIP [t)ots_e T
Aveyage bioburden %\.- (kGy) dose reduction factor augmentation vajie
(kGy)
less than or equal WO 0,0 NAa 5,5
0 1{; 0,9 NAa 53
X@T 1,6 NAa 5,2
“b.25 2,0 NAa 5.1
0,30 2,4 NAa 5,0
0,35 2,7 NAa 5,0
0,40 3,0 NAa 49
0,45 3,2 NAa 49
0,50 3,4 NAa 4,8
0,60 3,7 NAa 4,8
0,70 4,0 NAa 4,7
0,80 4,2 NAa 4,7

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 8 (continued)

ISO/TS 13004:2013(E)

SD = 27,5 kGy

Average bioburden

SIP equal to 1,0 VD 5275

SIP

Dose

augmentation value

(kGy) dose reduction factor

(kGy)
0,90 44 NAa 4,6
1,0 4,6 4,58 4,6
2.0 5.7 4,36 4.4
3,0 6,3 4,25 W ap
4,0 6,7 4,17 AV 4p
5,0 7,0 4,11 N
6,0 7,2 406 O3] 41
7,0 74 402 o, 4
8,0 76 398N 4
9,0 7,7 G, 4
10 79 4393 3p
11 8,0 < 391 3p
12 81 QY 388 3p
13 8,2 o> 3,87 3p
14 83 O 3,85 38
15 83 o\~ 3,83 38
16 gl 3,82 38
17 (8,5 3,80 38
18 oF 85 3,79 3B
19 Y 86 3,78 3B
20 \° 8,7 3,77 38
21 ,.C“‘t 8,7 3,76 38
22 A 8,8 3,75 3
23 O 8,8 3,74 3
240y 8,9 3,73 3
- 8,9 3,72 37
26 9,0 3,71 3p
<X 7 9,0 3,70 3y
& 28 9,0 3,69 3f
29 91 3,69 3,7
30 9.1 3,68 3,7
31 9,1 3,67 3,7
32 9,2 3,66 3,7
33 9,2 3,66 3,7
34 9,2 3,65 3,7
35 9,3 3,65 3,6
36 9,3 3,64 3,6

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 8 (continued)
SD = 27,5 KGy
275 Dose
Average bioburden P eaqual t(?((l}’}g VDmax dose redusclfion factor augmentation value
(kGy)
37 9,3 3,63 3,6
38 9,4 3,63 3,6
39 9.4 3,62 3.6
40 9,4 3,62 36 \'D
41 9,4 3,61 3,6
42 95 3,61 86
43 9,5 3,60 0373,6
44 9,5 3,60 b 36
45 9,5 359} 36
46 9,6 359 3,6
47 9,6 3,58% 3,6
48 9,6 358 3,6
49 9,6 Q7358 3,6
50 9,6 ) 3,57 3,6
55 97 o 355 3,6
60 9,8 Qs 3,54 3,5
65 99 & 3,52 3,5
70 10,0 O 3,51 3,5
75 100 3,49 3,5
80 (101 3,48 3,5
85 10,2 3,47 3,5
90 SO 102 3,46 3,5
95 > 10,3 345 3,4
100 D~ 10,3 3,44 3,4
110 10,4 3,42 3,4
120 10,5 3,40 3,4
130" 10,6 3,39 3,4
40 10,6 3,38 3,4
S50 10,7 3,36 3,4
160 10,7 3,35 3,4
170 10,8 3,34 3,3
180 10,8 3,33 3,3
190 10,9 3,32 3,3
200 10,9 3,31 3,3
220 11,0 3,30 3,3
240 11,1 3,28 3,3
260 11,1 3,26 3,3

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 8 (continued)

ISO/TS 13004:2013(E)

SD = 27,5 kGy

Average bioburden

SIP equal to 1,0 VD 5275

SIP

Dose

augmentation value

(kGy) dose reduction factor

(kGy)
280 11,1 3,21 3,3
300 11,1 3,18 3,3
325 11,0 3,14 3.3
350 11,0 3,10 3B
375 11,0 3,07 AV 3
400 10,9 3,04 N
425 10,9 301 05 3
450 10,9 298 . 33
475 109 206 % 33
500 10,9 2 38
525 10,8 L2901 33
550 10,8 < 289 33
575 10,8 QY 287 33
600 10,8 o> 2,85 38
650 108 & 2,82 3
700 10,7 o~ 2,79 34
750 1077 2,76 34
800 (10,7 2,73 34
850 o5 107 2,71 34
900 Y 106 2,69 3h
950 \° 10,6 2,67 34
1000 ,.C‘S‘ 10,6 2,65 34
1050 - 10,6 2,63 3
1100 O~ 10,6 2,61 3
11507~ 10,6 2,60 34
1200 10,5 2,58 34
82250 10,5 2,57 34
.\~ 1300 10,5 2,55 3
& 1350 10,5 2,54 3
1400 10,5 2,53 3,4
1450 10,5 2,51 34
1500 10,5 2,50 3,4
1550 10,4 2,49 3,4
1600 10,4 2,48 3,4
1650 10,4 2,47 3,4
1700 10,4 2,46 3,4
1750 10,4 2,45 3,4

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 8 (continued)
SD = 27,5 kGy
Dose
Average bioburden SIP equal to 1,0 VDpya527:5 SIP_ augmentation value
(kGy) dose reduction factor
(kGy)
1800 10,4 2,44 3,4
1850 10,4 2,43 3,4
1900 10,4 2,42 3.4
1950 10,4 2,41 34 D
2000 10,4 2,41 3,4/
2100 10,3 2,39 R
2 200 10,3 2,37 03 34
N
2300 10,3 2,36 &% 3,4
2400 10,3 2,35 O\ ~ 3,4
2500 10,3 2,34 \g) 3,4
2 600 10,3 2,32 3,4
2700 10,3 331 3,5
2800 10,2 272,30 3,5
NS
2900 10,2 D 2,29 3,5
3000 10,2 R 2,28 3,5
N\
3200 10,2 Qe 2,26 3,5
3400 02 @ 2,24 3,5
3600 10,2 . O 2,23 3,5
3800 10,2+ 2,21 3,5
4000 10,1 2,20 3,5
4200 ‘§§ © 10,1 2,19 3,5
4400 e 10,1 2,17 35
4600 o 10,1 2,16 3,5
9D 10,1 2,15 3,5
4800 ] , , :
5000 (V7 10,1 2,14 3,5
a Not appli¢able: SIP eqL@&)‘iO required; see 6.2.1.1 and 6.3.2.1.
\Y
Table 9 — 30@1 selected sterilization dose for which the upper limit of average bioburden |s
A 23 000
SD = 30 KGy
Dose
30
Average bioburden SIP equal t0 1,0 VDmax SIP augmentation value
(kGy) dose reduction factor (kGy)
less than or equal to 0,10 0,0 NAa 6,0
0,15 1,0 NAa 5,8
0,20 1,7 NAa 5,7
0,25 2,2 NAa 5,6
0,30 2,6 NAa 5,5

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 9 (continued)
SD = 30 kGy
Average bioburden SIP equal (tl(:Gl};;) VDmax30 dose re dusclfion factor augmen(]t)l:;s;g)n value
0,35 2,9 NAa 5,4
0,40 3,2 NAa 5,4
045 3,5 NAa 5,3
0,50 37 NAa 53
0,60 4,0 NAa _(\5,.2
0,70 4,3 NAa s
0,80 4,6 NAa oY s
0,90 4,8 Naa N 5,0
1,0 5,0 500 A~ 5,0
2,0 6,2 4,76, (" 4,8
3,0 6,8 463" 4,6
4,0 73 4 454 4,5
5,0 7,6 oV 448 45
6,0 79 N 443 44
7,0 8,1 a 4,38 44
8,0 8,3 N0 4,35 4,3
9,0 84 .0° 4,31 43
3N
10 8,6, 4,29 4,3
11 87 4,26 4,3
12 A8 4,24 4,2
13 L. 89 4,22 4,2
14 A 90 4,20 4,2
15 R 9,1 4,18 4,2
16 oy’ 9,2 4,16 4,2
17 & 9,3 4,15 41
180~ 9,3 4,13 4,1
ke 9,4 4,12 4,1
o 20 95 4,11 4,1
é\‘ 21 9,5 4,10 4,1
— 96 7,09 ZT
23 9,6 4,08 41
24 9,7 4,06 41
25 9,7 4,06 41
26 9,8 4,05 4,0
27 9,8 4,04 4,0
28 99 4,03 4,0
29 99 4,02 4,0

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 9 (continued)
SD = 30 kGy
Dose
30
Average bioburden SIP equal to 1,0 VDmax SIP augmentation value
(kGy) dose reduction factor (kGy)
30 99 4,01 4,0
31 10,0 4,00 4,0
32 10,0 4,00 4,0
33 10,0 3,99 40
e
34 10,1 398 40,0
35 10,1 3,98 40 Y
36 10,1 3,97 nJQ\Qo
37 10,2 3,96 N7 40
38 10,2 396 \/\QO 4,0
39 10,2 3,95 ~O 4,0
40 10,3 395 o N\ 3,9
4 10,3 394¢, 3,9
42 10,3 398 39
N
43 10,3 ) ‘§x93 3,9
44 10,4 o 392 39
'l
45 10,4 8 392 39
46 10,4 O 3,92 39
N
47 10,4 . 391 39
48 10,5 391 39
49 10,53 390 39
50 105 3,90 39
55 10,6 3,88 39
60 _ O 107 3,86 39
65 Y 108 3,84 3,8
<
70 D 10,9 3,82 3,8
75 Q> 11,0 3,81 3,8
80 )° 11,0 3,80 3,8
85\ 11,1 3,78 3,8
0 11,1 3,77 3,8
I5 1,2 376 38
100 11,3 3,75 3,8
110 11,3 3,73 37
120 11,4 3,71 3,7
130 11,5 3,70 37
140 11,6 3,68 3,7
150 11,7 3,67 3,7
160 11,7 3,66 3,7

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 9 (continued)
SD = 30 kGy
Dose
30
Average bioburden SIP equal to 1,0 VDmax SIP augmentation value
(kGy) dose reduction factor (kGy)
170 11,8 3,65 3,6
180 11,8 3,63 3,6
190 11,9 3,62 3,6
200 11,9 3,61 36
220 12,0 3,60 _\36
240 12,1 3,58 Y 36
)
260 12,2 3,57 N 3,6
280 12,2 3,55 N 3,6
300 12,3 354 A7 3,5
325 12,4 3,52 3,5
350 12,4 35107 3,5
375 12,5 2,350 3,5
A
400 12,6 AN 349 3,5
N\
425 12,6 \}\\ 3,48 3,5
450 12,7 A 347 3,5
475 127 <O 3,46 3,5
500 128 .o 345 3,4
A\
525 12,8, 3,44 3,4
550 Erx 3,43 3,4
575 A0 12,9 3,42 3,4
600 129 3,42 3,4
A
650 s 13,0 3,40 3,4
700 R 13,0 3,39 3,4
750 oy’ 13,1 3,38 3,4
&
800 13,2 3,37 3,4
8500 13,2 3,35 3,4
990 13,1 3,32 3,4
o 950 13,1 3,30 3,4
N 1000 13,1 3,27 3,4
—T050 T3 375 37
1100 13,1 3,23 3,4
1150 13,0 3,21 3,4
1200 13,0 3,19 3,4
1250 13,0 3,18 3,4
1300 13,0 3,16 3,4
1350 13,0 3,14 3,4
1400 13,0 3,13 3,4

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 9 (continued)
SD = 30 kGy
D
Average bioburden SIP equal to 1,0 VDmax3? SIP augment:tsi?)n value
(kGy) dose reduction factor (KGy)
1450 13,0 3,11 3,4
1,500 13,0 3,10 3,4
1550 12,9 3,09 3,4
1600 12,9 3,07 34
1650 129 3,06 34 Oy
1700 12,9 3,05 3¢V
1750 12,9 3,04 O34
1800 12,9 3,03 N7 34
1850 12,9 3,02 A7 34
1900 12,9 3,01 - 3,4
1950 129 300 o N 3,4
2000 129 299, 3,4
2100 12,8 297) 3,4
2200 12,8 3295 3,4
2300 12,8 o 293 3,4
2 400 12,8 8 292 3,4
2500 12,8 & 2,90 3,4
2600 12,8 Y 2,89 3,4
2700 128 2,88 3,5
2800 12,70 2,86 3,5
2900 127 2,85 3,5
3000 12,7 2,84 3,5
3200 O 127 2,82 3,5
3400 oY 127 2,80 3,5
<
3 600 D 12,7 2,78 3,5
3800 Q- 12,6 2,76 3,5
4000 0 12,6 2,74 3,5
4200 12,6 2,73 3,5
£400 12,6 2,71 3,5
7600 126 770 35
4800 12,6 2,69 3,5
5000 12,6 2,67 3,5
5300 12,5 2,65 3,5
5 600 12,5 2,63 3,5
5900 12,5 2,62 3,5
6 200 12,5 2,61 3,5
6 500 12,5 2,59 3,5

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 9 (continued)
SD = 30 kGy
Dose
30
Average bioburden SIP equal to 1,0 VDmax SIP augmentation value
(kGy) dose reduction factor (kGy)
6 800 12,5 2,58 3,5
7100 12,4 2,56 3,5
7 400 12,4 2,55 3,5
7700 12,4 2,54 35
8 000 12,4 2,53 L35
8 500 12,4 2,52 Y 35
\O)
9000 12,4 2,50 ”JQ 3,5
9500 12,4 2,48 N 3,5
10 000 12,4 2,47 \,\QO 3,5
10 500 12,3 2,460 3,5
11 000 12,3 248" 3,5
11 500 12,3 ¢ 243 3,5
12000 12,3 AN 242 3,5
N
13 000 12,3 \}\\ 2,40 3,5
14 000 12,3 o 2,38 3,6
15 000 122 <O 2,36 3,6
16 000 122 .0 2,35 3,6
17 000 122 2,33 3,6
18 000 a2 2,32 3,6
19 000 ANT2,2 2,31 3,6
20000 L 122 2,29 3,6
N
21000 s 12,1 2,28 3,6
22000 ¢ 12,1 2,27 3,6
23000 ) 12,1 2,26 3,6
a Not applicable: SIP,@?O 1,0 required; see 6.2.1.1 and 6.3.2.1.
&
Table 10 — 32;5 kGy selected sterilization dose for which the upper limit of average bioburden
Q is 100000
NV
AY SD = 32,5 kGy
VJ D
. SIP equal to 1,0 VDyax32/5 SIP b
Average bioburden (kGy) dose reduction factor augmen(tkaé;,())n value
less than or equal to 0,10 0,0 NAa 6,5
0,15 1,1 NAa 6.3
0,20 1,8 NAa 6,1
0,25 2,4 NAa 6,0
0,30 2,8 NAa 59
0,35 3,2 NAa 59

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 10 (continued)
SD = 32,5 kGy
Average bioburden SIP equal t(ok(l},y()) VDmax3%5 dose re dlfcltlz)ion factor augmen(lt?;a(g;gm value

0,40 3,5 NAa 5,8
045 3,8 NAa 5,7
0,50 4,0 NAa 5,7
0,60 4,4 NAa 56 0
0,70 4,7 NAa 56,00
0,80 5,0 NAa 557
0,90 5,2 NAa RSEE

1,0 5,4 5,42 N7 54

2,0 6,7 5,16 L7 52

3,0 74 5,02 Ne) 5,0
4,0 79 492 o N 49

5,0 8,2 485¢, 4,9

6,0 8,5 479) 4,8

7,0 8,8 - \4,75 4,7
8,0 9,0 o 471 4,7

9,0 9,1 S8 467 47

10 9,3 A 4,64 4,6

11 9,4 Y 4,62 4,6

12 95 L 4,59 4,6

13 9,77 4,57 4,6

14 98 4,55 4,5

15 99 4,53 4,5

16 _ O 99 4,51 4,5

17 o 100 4,49 4,5

18 R 10,1 4,48 4,5

19 QY 10,2 4,47 4,5

20 O 10,2 4,45 4,5

2108 10,3 4,44 44
22" 10,4 4,43 4,4
73 04 74T 73

24 10,5 4,40 44

25 10,5 4,39 44

26 10,6 4,38 44

27 10,6 4,37 44

28 10,7 4,36 44

29 10,7 4,36 4,4

30 10,8 4,35 4,3

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 10 (continued)
SD = 32,5 kGy
Average bioburden SIP equal t(oké,y(; VDmax3%3 dose re d::gon factor augmen(]t)l:;gg)n value
31 10,8 4,34 4,3
32 10,8 4,33 4,3
33 10,9 4,32 4,3
34 10,9 4,32 43
35 11,0 4,31 _y33
36 11,0 4,30 R
37 11,0 4,29 SE
38 11,1 420 N 43
39 11,1 428 A7 4,3
40 11,1 4,28.0" 43
41 11,2 527" 4,3
42 11,2 ¢ %26 4,3
43 11,2 AV 426 43
44 11,2 IR 43
45 11,3 ol 4,25 4,2
46 113 5 4,24 4,2
47 113 .¢° 4,24 4,2
3N
48 11,3 4,23 4,2
49 Gk 4,23 4,2
50 ~N14 4,22 4,2
55 . 115 4,20 4,2
60 A 116 4,18 4,2
65 O 11,7 4,16 4,2
70 3’ 11,8 4,14 41
75 11,9 4,13 4,1
80~ 11,9 4,11 4,1
. 12,0 4,10 41
N 90 12,1 4,09 4,1
N 95 12,1 4,07 4,1
—T00 ) 7,06 7T
110 12,3 4,04 4,0
120 12,4 4,02 4,0
130 12,5 4,01 4,0
140 12,6 3,99 4,0
150 12,6 398 4,0
160 12,7 396 4,0
170 12,8 395 39

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 10 (continued)

SD = 32,5 kGy

Average bioburden

SIP equal to 1,0 VD 32,5

SIP

Dose

augmentation value

(kGy) dose reduction factor (kGy)
180 12,8 394 39
190 12,9 393 39
200 12,9 392 39
220 13,0 3,90 39 0
240 13,1 3,88 39, Oy
260 13,2 3,86 39V
280 13,3 3,85 38
300 13,3 3,83 N7 38
325 13,4 3,82 A7 38
350 13,5 380 ) 3,8
375 13,5 379« N7 3,8
400 13,6 378¢, 3,8
425 13,7 377 3,8
450 13,7 2876 3,8
475 13,8 o 375 3,7
500 13,8 R 3,7
525 13,9 A 3,73 37
3N
550 139 3,72 3,7
575 139 3,71 3,7
600 14,0°0 3,70 37
650 Jda1 3,69 3,7
700 14,1 3,67 37
750 O 12 3,66 37
800 oY a2 3,65 37
850 R 14,3 3,64 3,6
900 14,4 3,63 3,6
950 ) 14,4 3,62 3,6
1000 14,4 3,61 3,6
£050 14,5 3,60 3,6
TT00 45 359 36
1150 14,6 3,59 3,6
1200 14,6 3,58 3,6
1250 14,6 3,57 3,6
1300 147 3,57 3,6
1350 14,7 3,56 3,6
1400 14,7 3,55 3,6
1450 14,8 3,55 3,5

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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Table 10 (continued)
SD = 32,5 kGy
Average bioburden SIP equal t(oké,y(; VDmax3%3 dose re d::gon factor augmen(]t)ligsig)n value
1500 14,8 3,54 3,5
1550 14,8 3,54 3,5
1600 14,8 3,53 3,5
1650 14,9 3,53 35
1700 149 3,52 _(\35
1750 14,9 3,52 Y 35
1800 14,9 3,51 SR
1850 15,0 351 N 3,5
1900 15,0 350 A7 3,5
1950 15,0 3,50.0" 3,5
2000 15,0 349~ 3,5
2100 15,1 ¢, 349 3,5
2200 15,1 oV 348 35
2300 15,1 N 347 3,5
2400 15,2 o 3,46 3,5
2500 152 5 3,46 3,5
2600 152 . 0" 3,45 3,5
2700 153, 3,44 3,5
2800 452 343 3,5
2900 ~0T5,2 3,41 3,5
3000 . 152 3,40 3,5
3 200 A 152 3,37 3,5
3400 O 15,2 3,35 3,5
3600 5 15,2 3,33 3,5
3800 & 15,1 3,31 3,5
4000~ 15,1 3,29 3,5
4200 15,1 3,27 3,5
54400 15,1 3,25 3,5
N 4600 15,1 3,23 3,5
— 7800 151 372 35
5000 15,1 3,20 3,5
5300 15,0 3,18 3,5
5 600 15,0 3,16 3,5
5900 15,0 3,14 3,5
6 200 15,0 3,13 3,5
6 500 15,0 3,11 3,5
6800 15,0 3,09 3,5

a Not applicable: SIP equal to 1,0 required; see 6.2.1.1 and 6.3.2.1.
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