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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 wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting’ Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15882 was prepared by Technical Committee ISO/TC 198, Sterilization“of health care products.

This second| edition cancels and replaces the first edition (ISO 15882:2003) which has been techrjically
revised.

iv © 1SO 2008 — All rights reserved
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Introduction

This

International Standard provides guidance for users regarding the selection, use and interpretation of

results of chemical indicators intended for use with sterilization processes employing steam, dry heat,
ethylene oxide, y or B radiation, low temperature steam and formaldehyde (LTSF), or vapourized hydrogen
peroxide as documented in 1ISO 11140 1 [13] The ISO 11140 (12], [13], [14], [15] [16] series of standards specifies
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facturers of chemical indicators. The gwdance in this document is of a general nature; chemical
tors do not, of themselves, constitute a comprehensive monitoring programme with) regard to the
zation of health care products. Users' attention is drawn to the requirements for validation qgf sterilization
sses specified in 1SO 14937 ['8] for general processes, the ISO 17665 [19]. 201 series fgr moist heat
zation, the 1SO 11135051 [6] series for ethylene oxide sterilization, 1SO13437-1[7] for radiation
zation and 1ISO 20857 [22] for dry heat sterilization.

ctual use/frequency of chemical indicators might be regulated by international and or national standards
Il as by local regulatory authorities.

heed for convenient and rapid means of detecting sterilization<problems occurring during sterilization
sses has brought about the development of sterilization¢precess monitors generally rgferred to as
nical indicators.” In this International Standard, users will find guidance on selection of the correct
ical indicator for their particular sterilization process afd.critical parameters as well as gu|dance on its
priate use. The complexity of modern medical technology and the wide variety of sterilizatign processing
iques and equipment available have made effective sterility assurance programmes mor¢ challenging
bver before.
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INTERNATIONAL STANDARD ISO 15882:2008(E)

Sterilization of health care products — Chemical indicators —
Guidance for selection, use and interpretation of results

1 cope

1.1 | This International Standard provides guidance for the selection, use and interpretation of fesults
of chemical indicators used in process definition, validation and routine monitoring and|everall gontrol
of sterilization processes. This International Standard applies to indicators that @hew exposhre to
sterilization processes by means of physical and/or chemical change of substanices, and whi¢h are
used|to monitor one or more of the variables required of a sterilization precess. These chemical
indicators are not dependent for their action on the presence or absence of aliving organism.

1.2 | This International Standard does not consider indicators for use in)those processes that rely on
physical removal of microorganisms, e.g. filtration.

1.3 | This International Standard is not intended to apply-to"indicators for use in combination
procgsses, for example, washer disinfectors or CIP (cleaningtin’place) and SIP (sterilization in pldce).
2 Terms and definitions

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

-

NOTEH A vocabulary of terms used for stetilization of health care products is provided in ISO/TS 11139!

21
chemical indicator

non-piological indicator
test gystem that reveals change in one or more pre-defined process variables based on a chemjcal or
physical change resultingfrom exposure to a process

[ISOATS 11139, definition 2.6]

2.2
endpoint
point|of the observed change as defined by the manufacturer occurring after the indicator hag been
expoged-to specified stated values

[ISO 11140-1, definition 3.3]

23

indicator

combination of the indicator agent and its substrate in the final form in which it is intended to be used
[ISO 11140-1 definition 3.5]

NOTE 1  An indicator system in combination with a specific test load is also termed an indicator.

NOTE 2 See Annex E.

© 1SO 2008 — All rights reserved 1


https://standardsiso.com/api/?name=2dca7869413133e646c8b42432776ef4

ISO 15882:2008(E)

2.4

indicator agent
indicator reagent
active substance(s) or combination of substances

[ISO 11140-1, definition 3.6]

NOTE

2.5

See Annex E.

process challenge device

PCD

item designéd to constitute a defined resistance to a sterilization process and used to assess

performance

[ISO/TS 111

2.6

of the process

BO, definition 2.33]

process chdllenge location

PCL
site which re]
be sterilized

2.7
process par|
specified val

[ISO/TS 111

NOTE1  Th

NOTE2  S¢

2.8
process var
condition wit

[ISO/TS 111
EXAMPLES

NOTE Sq
29

resistomete
test equipme
sterilization g

presents “worst case” conditions as they are given for sterilizing agent(s) in the goods to

ameter
le for a process variable

BO, definition 2.34]
e specification for a sterilization process includes the’process parameters and their tolerances.

e Annex B.

able
hin a sterilization process, changes in which alter microbicidal effectiveness

BO, definition 2.35]

Time, temperature, pressure, concentration, humidity, wavelength.
e Annex B.
-

nt deésigned to create defined combinations of the physical and/or chemical parameters
rocess

2.10

saturated steam
water vapour in a state of equilibrium between condensation and evaporation

[ISO 11140-1 definition 3.11]

2.11
stated value
sV

of a

value or values of a critical variable at which the indicator is designed to reach its endpoint as defined by the
manufacturer

[ISO 11140-1, definition 3.12]

© 1SO 2008 — All rights reserved
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212

visible change

change defined by the manufacturer, which can be seen in the indicator after exposure to one or more critical
variables of the process

NOTE Visible change is used to describe the response of class 1 process indicators.

[ISO 11140-1, definition 3.15]

3 General considerations

3.1 | All chemical indicators are intended to provide information about conditions at the-logation of the
indicator within the sterilizer, sterilizer load or PCD. This can alert the user to potential sterilization process
failures.

3.2 | The value of the information provided by a chemical indicator is dependentdupon the clasg of indicator,
number and location of the indicators, being representative of the conditions throughout the steriljizer chamber
or logd. Representative locations for a load configuration should be identified.during process validation studies.

3.3 | The basic performance descriptors of any chemical indicator are its,visible change, graduated response
or “ehdpoint” response. The endpoint response can, for example, ihvolve either the melting df a chemical
subsfance or a chemical reaction resulting in a specified colour change.

3.4 | A number of different classes of chemical indicators have been developed to suit differept monitoring
needp and to provide information about the sterilization process. Some types are sensitive to cqrtain specific
problems, such as a failure to attain a required temperature. Others might not respond only to a single
procgss variable, but might simultaneously respond to.several process variables during the sterilization cycle.

Selegtion of the classes of chemical indicators that are best suited to a particular application shquld be made
only in the context of:

— \What characterizes effective sterilization?

— Which problems could prevent. sterilization?

— \What are the performance.characteristics of the indicator(s)?

— \What constitutes effective sterility assurance activities during product release?

Oncq an indicatords.sé€lected, it will be of value in sterility assurance only if it is used and interpreted correctly,
and if the user takes appropriate action in response to the results.

3.5 | Chemical indicators of the same class can differ in response characteristics and thgir means of
deteqgting“exposure conditions. Chemical indicator classification in 1SO 11140-1[13] is based on defined
performance characteristics (see, e.q., different stated values in that document) rather than onl chemical or
physical changes as related to specific sterilization processes. For example, in a steam process, some
indicator types must be exposed to steam for a minimum length of time to achieve the endpoint, some must
be exposed to a minimum temperature, some are affected by a combination of temperature and time of
exposure, and still others are affected by time, temperature and saturated steam. In all cases, the user
compares the response of the chemical indicator to an endpoint described by the manufacturer.

If a chemical indicator fails to reach its endpoint, the facility should follow a documented protocol to investigate
the cause of the problem which could include, but not be limited to, the following items.

a) Was there a sterilizer malfunction that could account for the failure to achieve the endpoint?

b) Has there been a change(s) in the product and/or sterile barrier system?

© 1SO 2008 — All rights reserved 3
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c) Hasthe

loading density increased or decreased within the sterile barrier system?

d) Has the sterilization processing container/configuration changed (e.g. number of cartons has increased or
decreased, or the configuration was not the same as that used during validation)?

e) Was sterilizer calibration and/or routine maintenance conducted appropriately?

f)  Was the correct sterilizer process chosen for the product sterilized?

g) Was the chemical indicator handled under manufacturer's recommended practices?

h) Have there—been—t Tanges im—theutitities buppiicu' to—the—steritizerthat—coutd—mater ia”y affect cycle
execution (pressure, flow rate, non-condensable gases in the steam supply, etc.)?

NOTE Fq
ISO/TS 17665

3.6 Althou
variables for
all of the vari

If the use of
product. For
sterilization @
sterilization (

Process Symbol? Variables
Steam Time, temperature and water (as delivered by saturated steam)
Dry heat Time and temperature
Ethylene pxide Time, temperature, humidity, and EO concentration
Irradiation IRRAD| Total absorbed dose
Low temperature steam and Time, temperature, water (as delivered by saturated steam) and
formaldelyde (LTSF) formaldehyde concentration
Vapouriz¢d hydrogen peroxide Time, temperature, hydrogen peroxide concentration, and,
applicable, plasma
@8  Thesg are symbols and are not intended to be translated.

r more information, the requirements and guidance provided in the specific process’ stan
2201 1SO 20857[221, 1ISO 11137-117], EN 14180[24l and EN 15424[2%] is valid.

gh other factors can influence the efficacy of a sterilization process, 1ISO 11140-1[13] identifie
pbles, as indicated by its class (see Clause 5) and manufacturer's instructions for use.

the indicator is limited to a specific sterilization cycle, this information is stated or coded ¢
example, ISTEAM| 15 min 121 °C” means that the indicator is_for use in a 15 min, 121 °C {

ycle. The box around the word “STEAM” signifies that the indicator can only be used in the s
rocess.

Table 1 — Variables for sterilization processes

Hards,

s the

each sterilization process in Table 1. A specific chemical indicator can réspond to one, sonme, or

n the
team
team

=

3.7 Class 3, 4, 5 and 6 indicators will have one or more stated value (SV) identified by the manufacturer.
These stated values identify the parameters that the indicator is designed to react to, and the level of
exposure required to achieve the stated visible change, graduated response or endpoint. Details of the SV will
be provided on the indicator, on the indicator packaging, or in information provided with the product. Visible
change is used to describe the response of class 1 process indicators. Graduated response is the progressive
observable change occurring on exposure to one or more process variables allowing assessment of the level

achieved.

The SV's are

based on the outcome of tests carried out in a resistometer by a manufacturer.

The resistometer (ISO 18472[21] gives further information) is a test vessel that is designed for very rapid
attainment of the particular critical parameters of the sterilization process. These parameters are very closely
controlled during the exposure phase. Because sterilizers typically do not have the same response

© 1SO 2008 — All rights reserved
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characteristics or accuracy of exposure conditions as found in resistometers, it is very difficult for a user to
replicate manufacturer label claims using a sterilizer. Third party independent laboratories with resistometers
may be used to verify manufacturers' label claims. Since chemical indicators are tested at specific conditions,
inadvertent or intentional exposure to parameters (for example longer time, lower temperature and/or lower
sterilant concentration) outside of those specified by the manufacturer can lead to misleading results.

All chemical indicators in classes 3, 4, 5 and 6 have SV(s) at which they will reach their endpoints. A
sterilization process is defined by a minimum value with an upper limit, e.g. for a moist heat process a
minimum temperature is specified with an upper limit of + 3 °C. The SV(s) of the chemical indicator will
normally be linked to the minimum sterilization parameters for the process employed to process health care
products.

The fesponse of the chemical indicator to a fail condition is verified by exposing the chemical|indicators to
conditions lower than the SVs as specified in the accompanying tables.

4 Classes of chemical indicator

4.1 | General

Chemical indicators are classified by their intended use. The chemical indicators described in ISQ 11140-1[13]
are ¢lassified into six groups. The chemical indicators within geach of these classificationg are further
subd|vided by the sterilization process for which they are designéd to be used. The classificatiop structure is
used|solely to denote the characteristics and intended use of each type of indicator when used as defined by
the manufacturer. This classification has no hierarchical signifisance.

Chemical indicators are used to detect whether or not:certain critical process variables have reached a
predetermined level in a given sterilization process. The classification denotes the performance characteristics
and iptended use of the indicator only.

The performance characteristics of each class*enable the respective chemical indicators to corjvey different
typeq of information and therefore perform.different functions.

All chemical indicators are based on éither a chemical and/or physical change that results in a cplour change
or in the migration of a chemical.

The following descriptions for each class of chemical indicator will start with an italicized quote {faken directly
from SO 11140-1[13], which-has been used to define that specific class of chemical indicator.

4.2 (Class 1: Process indicators

Proceéss indicators are intended for use with individual units (e.g. packs, containers) to indicate| that the unit
has hQeen directly exposed to the sterilization process, and to distinguish between processed and lunprocessed
units| Theyshall be designed to react to one or more of the critical process variables (ISO 1114041:2005, 4.2).

This class of thdicator 15 used to [dentify packs yetto be processed, 1.6, fdentfying packs yet 1o be processed
versus those processed and ready for distribution if the sterilization cycle ran correctly and if indicators of a
higher class show that the conditions required for sterilization were met. A “pass” response of a class 1
process indicator is not intended to indicate attainment of the conditions required for sterilization.

Process indicators are typically applied to, or visible from, the outside of packages. Examples of process
indicators include indicator tape and packaging material with a chemical indicator printed on it. These
chemical indicators are typically external and exposed directly to the sterilizating agent without the
interference imposed by packaging, and will typically “fail” only when there is gross malfunction. Process
indicators are intended to exhibit a visual change after exposure to what could be a sub-optimal sterilization
cycle.

© 1SO 2008 — All rights reserved 5
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For the irradiation process ISO 11140-1[13] only describes process indicators for use in y and p irradiation. For
example, Table 1 from ISO 11140-1:2005, Clause 8 contains the tolerances (upper and lower limits of
performance acceptability for the steam process indicator, when tested by the manufacturer) that need to be
met for each critical parameter. That table is reproduced below.

Table 2 — Test and performance requirements for class 1 process indicators for STEAM

No change or a change that is
markedly different from the visible
change as specified by the
manufacturer

Visible change as
specified by the
manufacturer

Test environment Test time Test temperature

Saturated ste 30mint5s 121 °C (+3/0 °C)
121 °C (+3/0 °C)
134 °C (+3/0 °C)
134 °C (+3/0 °C)

140 °C (+2/0 °C)

Acceptable result Unacceptablergsult

—

Saturated stegm 10,0min+5s Unacceptable result Acceptable'resu

Saturated steam 0,5mint5s Acceptable result Unacceptable rgsult

—

Saturated steam 2min+5s Unacceptable result Acceptable resu

30 min = 1 min sult

Dry heat Acceptable result Unacceptable rg

NOTE The

dry heat test is designed to ensure that process indicators for steam require the presence of steam in order to respond.

4.3 Class|2: Indicators for use in specific tests

Class 2 indig
standards (1S

Chemical ind
be carried o
specified in
penetration t

air removal fest are specified in 1ISO 11140-5[16] and éither used in combination with a standard textil

pack or alter

The presenc
residual air

ators are intended for use in specific test procedures as defined in relevant sterilizer/steriliz
0 11140-1:2005, 4.3).

icators widely recognised in class 2 are used to_perform the Bowie and Dick-type test. Thi
It using test sheets specified in 1SO 11140-314in combination with the standard textile
EN 285[23]. Chemical indicators for condugting the alternative Bowie and Dick-type S
est are specified in ISO 11140-4115], Cheniical indicators for conducting the Bowie and Dick

natively as a ready-to-use pack. Also.see Annex A.

e of moisture is critical to the teffectiveness of the steam sterilization process. The presen
ill impede steam penetratien~and therefore the presence of moisture on the surfaces

sterilized. CI
of steam an

uniform coldqur change on thecindicator sheet. Causes of failure could include the presence of

ss 2 Bowie and Dick-type indicators are intended to demonstrate the rapid and even penet
by implication the adequacy of air removal. This condition is generally demonstrated

ation

5 can
pack
team
-type
b test

ce of
o be
ation
by a
non-

condensable| gases in the steam(for example fabric conditioning agents used in the laundering of the fextile

pack) or inadequate air reme@yval or air leaks.

Because BoWie and Dick-type indicators are designed to react to a specified exposure that could be different

from those reéquired-ta achieve effective sterilization, they are not appropriate for use as routine steriliz
cycle indicators¢ Extending the exposure time for the Bowie and Dick-type test, or disregardin
manufacturef's_recommendations for how to conduct the Bowie and Dick-type test will entirely defe

oftoct kb racult

% the

ation
the

purpose of th

Noootioina patalaaAin A slic
CHC St oy CausmygTmSiCatimgToSUTtS:

For background information on the Bowie and Dick test, see Annex A.

4.4 Class

3: Single variable indicators

A single variable indicator shall be designed to react to one of the critical variables and is intended to indicate
exposure to a sterilization process at a stated value (SV) of the chosen variable (ISO 11140-1:2005, 4.4).

A single variable indicator is intended to respond to only one critical process variable of the sterilization
process. The variable and its stated value will be provided by the indicator manufacturer and that indicator can

only be used

to monitor that process variable.

© 1SO 2008 — All rights reserved
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For example, a single variable indicator for temperature can only indicate the attainment of a stated value for
temperature, and will not provide reliable information for other process variables such as exposure time or the
presence of steam. The indicator can reveal whether a specific minimum temperature was attained at a
particular location within the sterilizer chamber or the load. The indicator must be correctly selected for the
minimum temperature of the process.

Single variable indicators should be supplemented by other means of monitoring the sterilization process.

Care should be taken when interpreting the results obtained from single variable indicators. Process
parameters (and their tolerances) for chemical indicators share no relationship with process parameters (and
their tolerances) for sterilization processes. Most sterilization processes have more than one process
parameter-which-must-be—attained-i-sterilizationistooceur—Table 3{adeoptedfromTable Frer ISO 11140-
1:20Q5) contains tolerances (upper and lower limits of performance acceptability for the chémical indicator,
when tested by the indicator manufacturer) that need to be met for each critical parameter.

The gtated values are the predetermined conditions that the manufacturer shall maintain [during tgsting.

Table 3 — Test and performance requirements for class 3 and class 4 indicators

. RH
Sterilization process | Test point @ Test time Test temperature Sterlllzmg_ agent
concentration mg/l %
1 SV*+0% SV+0-°C
Steain Not applicable Not applicable
2 SV-25% SV -23C
1 SV+0% SV.+0°C
Dry Heat Not applicable Not applicable
2 SV-25% SV-5°C
Ethvi " 1 SV+0% SV+0°C SV+0% > 30
ylene oxide
2 SV-25% SV-5°C SV-25% > 30
Low femperature steam 1 SV +0-% SV+0°C SV+0%
and formaldehyde Not applicable
(LTSF) 2 SVi-25 % SV-3°C SV -20%
NOTH For examples of testing multi-variable (class 4) indicators, see 11140-10131,

*SV 5 Stated value.

a8  Test point 1: the indicator, when tested at the SV, shall reach its endpoint.

Test point 2: the indicater;when tested at all SVs minus the combined tolerances, shall not reach its endpoint.

Example

Steam sterilization indicator (class 3: Single variable indicator).

Stategl value: 121 °C.

Table 3 provides the test points at which the class 3 indicator must show a “pass” response (test point 1) and a “fail”
response (test point 2) when tested by the manufacturer using the equipment specified in ISO 18472[21],

Test point 1 for this indicator is 121 °C, i.e., the stated value.
Test point 2 for this indicator is (121 °C minus 2 °C), i.e., 119 °C.

Therefore the indicator tested at 121 °C shall give a “pass” response (test point 1) and when tested at 119 °C shall give a
“fail” response (test point 2).

© 1SO 2008 — All rights reserved 7
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4.5 Class 4: Multi-variable indicators

A multi-variable indicator shall be designed to react to two or more of the critical variables and is intended to
indicate exposure to a sterilization cycle at stated values (SVs) of the chosen variables (1ISO 11140-1:2005,
4.5).

The manufacturer states the conditions under which multi-variable chemical indicators reach their endpoint.
These indicators typically provide more information than either process (class 1) or single variable (class 3)
indicators. Chemical indicators are designed to reach their endpoint when the stated values of the critical
variables have been achieved.

1ISO 11140-1
indicator, wh

+Bcontains toferances (upper and fower fimits—of performance acceptabitity for the chgmical

bn tested by the manufacturer) that need to be met for each critical variable. See Table 3:

tered
more

An example
simultaneoug
parameters

bf multi-variable indicator performance is given below. Although all parameters hayve been a
ly in the example, in practice when manufacturers test the indicators, they may vary one or
vhile holding the remaining parameters at the stated value.

EXAMPLE Ethylene oxide sterilization indicator (class 4: multi-variable indicator).

Stated values]60 min at 900 mg/I.
. The
r than
e gas
me is
b, the

Table 3 provid
tolerances fro

es the tolerances and limiting values (upper and lower limits of perférmance) for this class 4 indicato
m this table are 60 +0/-25 % min and 900 +0/-25 % mg/l when_tested at a relative humidity greate
30 %. Therefdre, the indicator will not reach its endpoint if the time is less_than 45 min [i.e., 60 — (60 x 0,25)], th
concentration fis less than 675 mg/I [i.e., 900 — (900 x 0,25)] and the relative~humidity is greater than 30 %. If the t
60 min or longer, and the EO concentration is 900 mg/l or higher, and\the relative humidity is greater than 30 9
indicator must|reach its endpoint.

An indicator wjth the above stated values will respond as follows-when exposed to the conditions below:

Exposed to thé following conditions Based on Table'2 an acceptable indicator

< 44 min
> 60 min

In this exampl
have an influe

4.6 Class

Integrating in
to be equivg
(ISO 11140-
typical temp

at < 650 mg/I must'show fail

at > 900 mg/I must show pass

b, the indicator might not.respond to temperature or relative humidity. If temperature and/or relative hu
hce on the indicator peffermance, the indicator manufacturer should provide this information.

5: Integratingindicators

dicators shall be designed to react to all critical variables. The stated values (SVs) are geng
ent. to;~or exceed the performance requirements given in the ISO 11138l8I8I[10] series fq
:2005, 4.6). The stated values for steam class 5 integrating indicators are required ovs

midity

rated

r Bls
r the

Viable microorganisms are affected by all the complex interrelationships of the critical sterilization process
variables. Chemical indicators might not be affected in the same way, but they do provide information about
the specified process variables. This does not necessarily allow accurate assessment of microbial inactivation.

A steam class 5 integrating indicator shall have stated values for time at 135 °C, 121 °C, and at one
temperature between these; the 121 °C stated value for time must be greater than 16,5 min.

A dry heat class 5 integrating indicator shall have stated values for time at 160 °C and 180 °C and an
additional time at either 140 °C or 170 °C.
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An ethylene oxide class 5 integrating indicator shall have stated values for time at 54 °C and 37 °C with
600 mg/l of EO and 60 % RH; the 54 °C stated value shall be greater than 30 min and the 37 °C stated value
shall be greater than 90 min.

An integrating indicator, by definition, will be affected simultaneously by a number of critical process variables.
Because the effects of the critical variables on the integrating indicator are simultaneous, a failure to reach the
“endpoint” might or might not be assignable to a specific variable.

The performance requirements for a class 5 Integrating indicator are given in ISO 11140-1011],
To understand the rationale for the requirements for class 5 integrating indicators and the link to the

requifements for biofogicat tndicators specified I the SO 1138 Seresthet*—andmicrobial inactivation,
see Annex C.

4.7 |Class 6: Emulating indicators

Emulgting indicators are cycle verification indicators which shall be designed to reactto all critical variables for
specified sterilization cycles. The stated values (SVs) are generated from the critical variables of|the specified
sterillzation process (ISO 11140-1:2005, 4.7).

Table 4 — Test and performance requirements for class 6 indicators

Sterilization C g Test time Gas concentration RH
Test point Test temperature
process min mg/| %
1 SV*+0 % SV+0°C ) .
Stpam Not applicable Not japplicable
2 SV-6% SVv-1°C
Drly heat 1 S+ 0% SV+0°C Not applicable | Notfapplicabl
ny hea ot applicable otjapplicable
2 SV -20% SV-1°C
1 SV+0% SV+0°C SV+0% > 30
Ethylene oxide
2 SV -10% Sv-2°C SV-15% > 30
NQTE For an example of testing emulating (class 6) indicators, see ISO 11140-1:2005, Annex B.
*SY = Stated value.
@ | Test point 1: The indicator, when tested at the SV, shall reach its endpoint (pass condition).
Test point 2: The indicator, when tested at all SVs minus the combined tolerances, shall not reach its endpoint (fgil condition).

The folerances-defined in Table 4 are the most stringent of the different classes of chemical indigators. These
test ¢onditions ean only be achieved in a resistometer and would be virtually impossible to reproduce in a
hospital sterilizer. Emulating indicators can therefore offer a high level of assurance in demonstrating that

critical parameters of a specified cycle have been met. Unless the cycle parameters tested matgh exactly the
SVst Y lating indi I I I ious] sleadi

An emulating indicator, by definition, will be affected simultaneously by a number of critical process variables.
Because the effects of the critical variables on the emulating indicator are simultaneous, a failure to reach the
“endpoint” might or might not be assignable to a specific variable.

An example of an emulating indicator performance is given below. Although all parameters have been altered
simultaneously in the example, in practice when the manufacturers test the indicators, they may vary one or
more parameters while holding the remaining parameters at the stated value.

EXAMPLE
Steam sterilization indicator (class 6: Emulating indicator).

Stated values: 3,5 min, 134 °C.
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Table 4 provides the test points at which the class 6 indicator must show a “pass” response (test point 1) and a “fail”
response (test point 2) when tested by the manufacturer using the equipment specified in ISO 18472[21],

Test point 1 for this indicator is 134 °C and 3,5 min, i.e., the stated values.
Test point 2 for this indicator is (134 °C minus 1 °C), i.e., 133 °C and (3,5 min minus 6 %), i.e., 3,29 min.

Therefore the indicator tested at 134 °C for 3,5 min shall give a “pass” response (test point 1) and when tested at 133 °C

for 3,29 min shall give a “fail” response (test point 2).

5 Select

51 There
chemical ind
process othg
indicator as
interpret the
manufacture
stated valueq

5.2 Chemi
process and
demonstratio
appropriate
indicators. W
removed frof

has been cofrected.

5.3 Systen
limits, and re

5.4 Variou
could have ¢

provide diffefing challenges to a process.

5.5 Manuf
their product|
interpret indi

£ chemical indicat

are wide variations in sterilization processes and therefore chemical indicator manufacturers|

r than that specified by the manufacturer. It is the responsibility of the user to select a chel
described by the manufacturer as being appropriate for the particular process, and use
results according to the manufacturer's instructions. The stated value provided by the ind
" will assist the user in determining which indicator is appropriate for his orher application. T
can be found on the product or in the literature supplied.

cal indicators are used to demonstrate the attainment of one or more’ parameters of a steriliz
are not in themselves sufficient to demonstrate the efficacy,'of a sterilization process.
n of sterilization efficacy is a combination of validation, equipnient maintenance and calibr

hen any variable of a sterilization process is outside its.specified limits, the sterilizer shou
h service and the cause investigated. The sterilizer.should not be returned to use until the g

asons for accepting any deviation should, be)fully documented.

5 types of chemical indicators are available, each with different response characteristics.
ifferent stated values for each measured parameter and so different chemical indicators

beturers should provide information on the reliability, safety, and performance characterist
5. In addition, manufacturers of chemical indicators should provide written information on h
Cator results, the reliability of the indicator in maintaining endpoint stability (if applicable) @

label

icators according to their intended use. Chemical indicators are not intended for use i any

mical

and
cator
hese

ation
This
ation,

ise and physical monitoring and, where appropriate, the use of chemical and/or biolggical

Id be
efect

hs and/or procedures should be established\to”evaluate any deviations from the cycle process

They
could

cs of
bw to
uring

storage of sferilized items, the-process parameters to which the indicator has been designed and tested to

react, and th
ensure that t
give mislead

e storage requirements for, and shelf life of, the indicator itself. It is the user's responsibi
hey have read“and understood this information. Use of an indicator outside its stated value
ng results;-but this does not mean that the chemical indicator is working inappropriately.

6 Use 011 chemical indicators

ity to
5 can

6.1 Class 1 process indicators
The purpose of a class 1 process indicator is to differentiate between processed and unprocessed products,
and not whether the parameters for adequate sterilization have been met.

Indicator tape (e.g. autoclave tape), indicator labels, or packaging incorporating a chemical indicator should be
on all packages assembled and intended for sterilization in the facility. The chemical indicator needs to be
examined after sterilization to confirm that the required visible change has taken place and hence that the item
has been exposed to a sterilization process.
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6.2 Class 2 indicators

The steam penetration or air removal test is run in an otherwise empty sterilizer. The manufacturer's
instructions should be followed for use of the indicator.

6.3 Class 3, 4, 5 and 6 indicators

When a class 3, 4, 5 or 6 chemical indicator is used, it provides information concerning the level of critical
variables at that specific location. Many factors can affect the attainment of these critical variables, such as
load contents, loading configurations, location within chamber, packaging materials and technique, steam

quality and sterilizer malfunction.

For Wwrapped loads, a chemical indicator should be placed in that area of the package, tray
considered least accessible to sterilizing agent penetration. This area might or might not\be at
the ppckage, tray or container or at the centre of the given sterilizer chamber. Multiple indicators
to evpluate each layer of multilayered container or tray. It is advantageous to place chemical

or container
the centre of
can be used
indicators in

multiple packs within the load in order to monitor different locations within theisterilizer chafnber. During

procgss validation, information about the locations within the sterilizer chamber and/or load, wh
accessible for the sterilizing agent, can be obtained. Representative information’can only be obts
indicator if the indicator is placed in a location that represents those conditions’

For unwrapped loads, a chemical indicator shall be placed in or on théray with the items to be st

6.4 |Indicators for use with process challenge devices

Proce¢ss challenge devices (PCDs) have been developed té’represent penetration challenge to th
procgss. The performance of PCDs should be correlatedto specific sterilization methods, types|
and |oad contents. There is no universal PCD thati'can be used for all sterilizer types and
procgdures. The performance and challenge of the*PCD is a result of the combined effect of
indicator and the PCD components; any modification, e.g. use of another indicator, could con
performance of the PCD.

Somé PCDs could represent a defined product or a specific combination of product and sterile ba
They| can be used to develop and define a sterilization process. Most commercially availab
designed to assess the penetration:of a reference load. Attention is drawn to the fact that

ich are least
ined from an

brilized.

b sterilization
of sterilizers

sterilization
the chemical
hpromise the

rrier system.
e PCDs are
these PCDs

ement in the
n, called the
use of more

chall¢nge the process and do not represent the sterilization load.

PCDs can be used to confifm specific process performance(s) for routine monitoring of a sterilization process
if performance and use efthe PCDs is validated. See, for example, ISO 17665-1:2006, 10.5.

To obtain reliable results when using commercially available chemical indicator PCDs, the plac

sterilizer and within.the load should be validated to represent the most difficult-to-sterilize locatig

procgss challenge location (PCL). Since in most cases the PCL can be an assumption only, the

than pne PCD-could be reasonable as outlined already.

The petformance of PCDs should be correlated to specific sterilization methods, types of sterili

rer, and load

DOt

t 4 Tl H + 1 4 o a £ L 4+ HH ' 4 pu | +lo
contents—mMere s ho—tntversar—T Co—that—can—poe—usea—ror—an—StetrZaton LypToS daiiu Tty

ds. Different

products, e.g. hollow loads (beakers, basins, tubing), porous loads (linens, dressings, textiles) and non-porous

loads (solid and surgical instruments) can be represented by different PCDs.

Some issues which might be considered when selecting a PCD are:

a) the device should be designed to allow the chemical indicator to be placed in the position that is most
difficult for the sterilant to reach;

b) the design of the device should relate to the type of goods to be sterilized and the sterilization procedure;

c) the chemical indicator should not interfere with the function of the device;

d) the potential effect of the PCD and the load.

© 1SO 2008 — All rights reserved
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Interpretation of results from chemical indicators

General

A comprehensive sterility assurance programme incorporates every aspect of processing including cleaning,
decontamination, preparation and packaging, loading the sterilizer, sterilization, handling the item after
sterilization, storage under appropriate conditions in the packaging system, distribution, and handling to the
point of use. Routine monitoring and control of the sterilization process is an important aspect of a
comprehensive sterility assurance programme. Chemical indicators complying with the requirements of
ISO 11140-1[13] which are used in accordance with the manufacturer's recommendations for use, can provide
useful information about the sterilization process. The frequency of use and number of chemical indicators per

load or cycle
the sterilizer

Chemical ing
achieved an
Examples o
understood H

depends on national regulations and recommendations, and/or policies of the institution, v
s located. Appropriate information can be found, e.g. in ISO 14937:2000, E.7

icators should clearly differentiate between the locations where the stated valdes have
d those where not. For this reason the endpoint should be appropriate and)unambig
pass and fail response indicators should be available from the manufactarer and c
y the user.

7.2 Chemical indicator responses

Indicators on
place all indi
locations. Ch

ly signal when certain parameters are met in their particularlecation. Care should be tak

emical indicators should be viewed as an element of an overall sterility assurance programn

7.3 Chemical indicators showing “fail” response

If a chemica
indicator shd
always be ir
undertaken.

8 Chemi

8.1 Gene

Chemical ing
processes to|

A planned pr

be part
validatio

assist in

assist in

reveal u

ws a ‘fail' response, it should not be assumed that the indicator has malfunctioned; it s
terpreted as a fault with the process. Ad.investigation into the cause of the failure shou

ical indicators in sterility;assurance procedures

al

icators, whethercapplied internally or externally to packages, are used to monitor steriliz
provide evidence, that certain critical parameters have been achieved.

pgramme-for the placement and evaluation of chemical indicators can:

of thesterilizer installation, operating and performance qualification (IQ, OQ and PQ)
N;

Vhere

been
lous.
early

en to

cators in locations that are representative of the load or, better still, in the most difficult to stérilize

e.

indicator fails to reach its endpoint, the facility,should follow a documented protocol. When an

hould
d be

ation

be part of routine process monitoring;

the diagnosis of process malfunctions;

the detection of packaging problems (e.g. excessively large or dense packs);

nprocessed loads;

assist in the detection of loading problems (e.g. tipped basins that can trap air if not properly oriented);

assist in the detection of sterilizer malfunctions relating to air removal and steam penetration or

temperature/dwell attainment; and assist in the detection of problems with the sterilizing agent supply.

12
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The processing department should have written procedures for all processes. Because the reprocessing of
medical devices is comprised of multiple steps which can include cleaning, decontamination, disassembly,
inspection, re-assembly, packaging, terminal sterilization, storage and handling, it is imperative that means be
established to differentiate the status of all items during each phase of the process. For example, class 1
indicators differentiate product exposed to the sterilization process from non-exposed product.

The overall sterility assurance programme should include product identification and traceability; sterilizer
calibration, maintenance and efficacy testing; mechanical, chemical and biological monitoring of sterilization
cycles. No single element of a sterility assurance programme, including the various sterilization monitors, can
be relied upon, by itself, to assure sterility. Sterility assurance requires continuous attention to all aspects of
sterilizer performance, the sterilization process and continuous compliance with established policies and

proce

Prop
each
Mech
and

malfy
apprd
load

chem
satur]
endp
demg
mear
used

Chen
parar
unde
proce

taker].

differ|
respq

8.2

Chen
resul
cycle
shou
natio

ToTTUT

br use of mechanical, biological, and chemical sterilization monitors requires an understar
type of monitor is designed to do and what each reveals about the sterilization Cycle
anical or physical sterilization monitors, which include time, temperature, and pressure reco
pauges, provide real-time assessment of the sterilization cycle variables and allow m
nctions to be detected as soon as possible. However, mechanical indicators cannot

configuration or package composition. Chemical indicators are designéd;to respond with a
ical or physical change to one or more of the process variables (e.g. time, temperature,
bted steam, humidity, ethylene oxide gas concentration, radiation dose) within the sterilizer
bint of a chemical indicator does not prove that the item accoempanied by the indicator
nstrates that the item has been subjected to certain conditions. Chemical indicators prg
s to detect certain problems within the sterilizer before a potentially non-sterile product ig

hical indicators can be helpful in diagnosing certain*problems associated with the attainm
heters associated with sterilization conditions. Effective use of chemical indicators require]
standing of the types of chemical indicator and what they can and cannot indicate about

Individual chemical indicators are .usually specific to one type of sterilization proceq
ent indicators of the same class and(type, when exposed to a sterilization cycle, can sho
nse.

Record keeping

nical indicators or a description of their results may be kept as part of the sterilization rec
s are part of a quality,system (e.g. ISO 9000 series) they should be traceable to a specifi
and preferably ta-thie patient. The test results should be evaluated by a responsible traine
d include date, sterilizer identification, load number and recorded process variables. D
nal and/or local requirements, indicator results may be kept for varying periods of time.

indic

9

tor results’may be kept manually or electronically.

ding of what
or process.
ding devices
hny sterilizer
determine if

priate variables were achieved throughout the sterilizer and cannot detect,problems related to improper

characteristic
presence of
chamber. An
is sterile; it
vide a rapid
released or

bnt of critical
5 a thorough
h sterilization

ss. Consequently any result given by a chemical indicator should be followed by appropriat¢ action to be

s. However,
w a different

brds. If these
C sterilization
| person and
epending on
All chemical

ersonnel training

There should be written procedures for the handling and use of chemical indicators. Personnel responsible for
the placement and retrieval of chemical indicators should be trained in the reprocessing procedure and the
selection, use and interpretation of chemical indicators. This training should include all personnel in the
reprocessing procedure areas and anyone who will be using sterile supplies and thus interpreting chemical
indicators. The correct interpretation of the chemical indicator endpoint is vital.

Training should be conducted and reviewed periodically, and documented.

© IS0 2008 — Al rights reserved 13


https://standardsiso.com/api/?name=2dca7869413133e646c8b42432776ef4

ISO 15882:2008(E)

10 Storage and handling

The manufacturer or supplier of the chemical indicator is responsible for providing information on the proper
storage and handling of the indicator before and after exposure.

The performance of a chemical indicator can be affected by the conditions encountered during shipping or
storage prior to its use, the method of use, the techniques employed after exposure to the sterilization process,
and the stability of the chemical indicator following its exposure to the sterilization process. For these reasons,
the specifications of the chemical indicator manufacturer for storage and use should be followed. Failure to
follow these specifications could affect the integrity and performance of the chemical indicator and lead to
incorrect assumptions regarding the efficacy of the sterilization process.

Chemical ind

11 Labell

11.1 Gene

Labelling of
information is

11.2 Indics

Each indicat
class of indig
indicator dos
information s

11.3 Process marking

If the indicat
the indicator,

[STEAM 121

11.4 Packa

Each packag
following infg

a)
adequat

the chamge that:is intended to occur; for colour change indicators where the colour change cann

icators should not be used beyond their expiration date.

ator, and for class 3, 4, 5 and 6 indicators, with the stated values. Where the size or format
s not permit this information to be stated in a font of six characters per centimetre or large
hall be provided on the label and/or instructionsfor use.

br is designed for use in specific sterilization cycles, this information shall be stated or cods
e.g..

°C 15 min

ge marking

e of indicators or the technical information leaflet supplied with the package shall provid
rmation:

bly described, samples of the expected colour range for both changed and unchanged indica

ng

al

chemical indicators should include all of the information outlined"in ISO 11140-1013l| This
reproduced in 11.2, 11.3 and 11.4.

tor marking

br shall be clearly marked with the type of process for, which it is intended to be used, with the

Df the
Ir, the

ed on

e the

ot be
tors;

b)
c)
d)

e)

the critical variable(s)to which the indicator will Tfespond, and where applicable, thelr stated values;
the class, process and intended use for which the indicator is designed;

the storage conditions, before and after use;

expressed in accordance with 1ISO 8601[3] (i.e. YYYY-MM);

f)

)]

14

a unique code (e.g. lot number) to provide traceability;

instructions for use essential to ensure proper functioning of the indicator;

the expiry date, or the manufacturing date plus shelf life, under the specified storage conditions,
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h) any interfering substances that are likely to be encountered, or conditions that are likely to occur, during
the intended use of the indicator and which are known to adversely affect the performance of the
indicator;

i) any safety precautions required during and/or after use;

j)  the manufacturer's or supplier's name and address;

k) the nature of any change that can occur when completely/incompletely changed indicators are stored
according to the manufacturer's instructions.

NOT | TP ] + l 1ot 1ol o PAPNHH ] PRH3 + H 4
= atoTar O T egioar TegurationS—CotTt—Coma T atutraoTar O UreTeTTr e YU CTTTeTItST
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Annex A
(informative)

Background on the Bowie and Dick test
In 1963 a publication by J. H. Bowie and his co-workers[26] described a simple test suitable to determine if the

vacuum system of a pre-vacuum sterilizer was functlonlng correctly Pre- -vacuum sterilizers present a problem
if there is a lea

paper onto which a St. Andrew's cross was made with autoclave indicator tape. Thée)test pack Bowie
described wps composed of huckaback towels having a minimum size of 36 inx 24 in (approximately
91,5 cm x 6( cm) before laundering. These towels were folded into four along theif-length and then dolbled
across to givie eight thicknesses of cloth. The number of towels will vary depending upon their thicknes$, but
the stack shpuld measure 10 in to 11 in (approximately 25,5 cm to 28 cm) high) ' When tested in a correctly
functioning sferilizer with a holding time of 3,5 min at 134 °C with only the test pack in the chamber, the]lines
on the auto¢lave tape will change to a uniform dark colour. A satisfactery test will indicate rapid qteam
penetration, pdequate air removal and freedom from significant air leaks. If operated properly, the steriliger is
capable of producing sterile goods. It is intended that this test be performed each day after the sterilizer is
heated to opgrating temperature.

Pre-printed test sheets were created because it was recoghized that the autoclave tape did not covgr the
entire test afea and if the air pocket collected in a spot whére there was no indicator tape, it would npt be
detected.

As stated previously, there are three standards for the Bowie and Dick-type test, these are ISO 11140{3[14],
ISO 11140-4{'3] and 1ISO 11140-5[161.

These documents were developed because different parts of the world interpreted the original wofrk by
Dr. Bowie in [different ways. Some countries refer to the test as an air removal test and follow specific cfiteria
for a pass r¢sponse, while others _consider it a steam penetration test with specific acceptance criterfia. In
reality both gre needed. A sterilizer_cannot achieve acceptable steam penetration without air removal. [In all
instances, the disposable/alternative test pack is compared to the cotton sheet or cotton towel pack. Thelist in
Table A.1 dgscribes the significant differences in reference materials and minimum values for pass arld fail
conditions. Fpr the definitive_cfiteria, see the reference documents.
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Table A.1 — Comparison of ISO 11140-3, ISO 11140-4 and ISO 11140-5

Test pack SO 11140-3[14] ISO 11140-4[1%] ISO 11140-5[1€]
Test pack reference |EN 285[23] EN 285[23] ANSI/AAMI ST46[28]
Test pack weight (7+0,2) kg (7+0,2) kg (4 +0,5) kg

Test pack density 0,42 kg/dm?3 0,42 kg/dm3 0,20 kg/dm3

Test pack size

220 mm x 300 mm x 250 mm

220 mm x 300 mm x 250 mm

250 mm x 300 mm x
(250 mm to 280 mm)

Criteria for pass

Temperature in pack not more

Temperature in pack not more

Temperature in pack not more

condition than 0,5 °C lower than drain|than 1°C lower than set|than 0,5°C lowg¢r than drain
throughout holding stage. operating temperature | throughout holding stage.
measured in drain.
Critelria for fail Temperature in pack 2 °C to|Temperature in pack 2 °C to|2 °C difference Hetween drain
condition 3°C lower than drain|7 °C lower than the drain at the |and)~eentre of | pack 1 min
temperature at the beginning|start of the holding stage and |jbefore end of 3, min, 134 °C
of holding stage. 2 °C to 4 °C at the start of, apd | holding stage.
not more than 1 °C at the-end
of, the holding stage.
Y A
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2@  Holding stage.

Figure A.1 — Examples of fail conditions

© 1SO 2008 — All rights reserved

17


https://standardsiso.com/api/?name=2dca7869413133e646c8b42432776ef4

ISO 15882:2008(E)

Figure A.1 represents examples of fail conditions described in Table A.1, including:
a) the reference point temperature (curve 1) in the drain (during holding stage);

b) when the range in temperature depression (AT,) (curve 2) exists in the geometric centre of the reference
textile pack (7 kg as in ISO 11140-3["4]), the indicator sheet shall show a fail result;

c) when the range in temperature depression (AT,) (curve 3) exists in the geometric centre of the reference
textile pack (7 kg as in ISO 11140-4[19]), the alternative test pack shall show a fail result;

d) when the range in temperature depressron (AT3) (curve 4) eX|sts in the geometrlc centre of the reference
textile pg = he—ifre . ccpmite
pack shall show a farl result.
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Annex B
(informative)

Explanation of the terms “parameter” and “variable”

Concerning changes that alter microbicidal effectiveness, 1ISO 11140-1[13] defines “parameter” as a specified
value for a process variable, and “variable” as a condition within a sterilization process. These terms are

modified slightly in 1ISO/TS 11139[1"] by the use of the prefix ‘process' before each term.

By way of an example, if considering a dry heat sterilization process, there are two “variables
variables,” namely time and temperature. The “parameters” or “process parameters” associate
variables could be the values 160 °C and 120 min.

© 1SO 2008 — All rights reserved
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Annex C
(informative)

Rationale for the requirements for integrating indicators and the link to

the

requirements for biological indicators (Bls) specified in the

ISO 11138 series and microbial inactivation (derived from ISO 11140-1)

CA1 StearJ\

C.1.1 Intro

Integrating in
exposed to t
performance
as defined i
the requirem

duction

dicators are designed to respond in a similar manner to that of a biological indicator (BI)
ne critical variables of a sterilization process. For the purposes of this Inteérnational Standar
of integrating indicators is linked to the minimum requirements for a BI-for moist heat steriliz

bnts for the class 5 integrating indicators specified in 4.6.

C.1.2 BacKground information

1ISO 11138-3
1,5 min, a m
stearothermd
heat procesg

9] specifies that a Bl for moist heat sterilization progesses shall have a D454 of not less
inimum population of 1 x 105 and a z value > 6. Fhe z value for many species of Geoba
philus is often nearer to 10 (ISO 14161). Theorgtical calculations relating to validation of
es, e.g. F,, normally use a z of 10 (Pflug[27]).

The performance of a Bl can also be defined by the survivor kill window (SKW) which, at 121 °C and bas

the minimum

values specified above, would typically-be: survives 4,5 min and is killed in 13,5 min. The

is calculated [from:
Survivalltime = (log P — 2) x D54;
Kill time[= (log P + 4) x D454;
where
log igthe log to the base ten of the number;
P is the nomihal population;
D54 igthe decimal reduction time at 121 °C in minutes.

when
i, the
ation

ISO 11138-3[9]. Subclause C.1.2 provides background informatiori<and a detailed rationaje for

than
cillus
moist

ed on
SKW

(C.1)

(C.2)

C.2 The link between the integrator stated value (SV) and biological indicator (Bl)
inactivation

In order to achieve an inactivation of at least 1 x 106 in populations of microorganisms, it would be necessary
to expose a Bl with a D454 = 1,5 min and a population of 1 x 10° to a temperature of 121 °C for 16,5 min.

Thus

(log 108

20

—log 106) x 1,5 = 16,5 min
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Thus for a class 5 integrator the minimum stated value (SV), i.e., the time at which the endpoint is reached at
121 °C, is required to be not less than 16,5 min. By requiring a minimum SV of 16,5 min, a direct relationship
is established between the integrator endpoint and a satisfactory inactivation level in an equivalent Bl and
therefore the objective of a terminal sterilization process.

In the case where the manufacturer specifies an SV at 121 °C greater than 16,5 min, a greater inactivation
level will have been achieved (and therefore a greater safety factor) by the time the indicator reaches its
endpoint. Nevertheless, when tested, the integrator should reach or exceed its endpoint when exposed for a

time equal to the SV.

The above represents the pass or accept condition for the integrator.

Reggrding the fail condition, theoretically a single Bl will show no growth when the exposure-fimg is sufficient
to refluce the population to less than one surviving organism. However, when actual Bls+ar¢ in use, the
expogure time has to be greater than that specified above because of the natural variation asgociated with

biological systems. Typically, if 50 or more Bls are tested, then an exposure time thatyreduces the population
to a theoretical level of less than 10-2 would be required to eliminate any positives.fangrowth (IS

The

expo

one
forg

Adop
popu

requ

Thus

for 1

expo

q
4

etermination of the SKW provides an indication of how much more exposure-time is requi
sure period of (log P+ 4) x D is used to define the kill time, i.e., a further@"log reduction pas
urviving organism per unit, i.e., 1 x 10~4. Thus, it can be anticipated that some Bls would §
fowth at a 10~2 exposure level but none at a 10~4 exposure level.

ting these criteria for the definition of the fail response in@an-integrating indicator at 1
ation of 10° and a D value of 1,5, a 7 log reduction is requiréd t6 reach the 10-2 level. The e
ired for this is:

log P+ 2) x D = 10,5 min

D,5 min. However, the manufacturer's SV at {121 °C could be greater than 16,5 min, in wh
sure conditions required to create a failure or reject response in the integrator must be

O 14161[17]),
red. Thus an
t the point of
how positive

P1 °C with a
Xposure time

(C.4)

the integrating indicator should not reach its gndpoint when exposed to dry saturated steam at 121 °C

ich case the
inked to the

manufacturer's SV and be at least 10,5 min. ‘Using 10,5 min as a baseline for failure and 16,5 min as a
baseline for a pass:
105 _ 0,636 (C.5)
16,5
Thus| for an indicator with(@n 'SV greater than 16,5 min, the fail condition at which it is tested $hould be an
exposure time which is 683;6 % of its SV. Thus, the indicator must show a fail or reject response when exposed
to dry saturated steam‘ab 121 °C for 63,6 % of the SV.
In comparison tora:Bl, the SV of the integrator is related to the time required to achieve an 11 log reduction in
population. 63;6)% of the SV is related to the time required to achieve a 7 log reduction in popplation. Thus
the 7] value 6f‘a Bl complying with ISO 11138-3[% is related to the SV of the integrator through th¢ following:
(logP +6) x D = SV (C.6)
(5+6)x15=16,5 (C.7)
i.e., an 11 log reduction in population to an inactivation level of 1 x 10-6.
Therefore
D= _SV = sV (C.8)
(logP+6) 11
© IS0 2008 — Al rights reserved 21
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In a BI, survivors will be observed when the exposure time (survivor time, ST) is

(logP+2)xD=8ST (C.9)
substituting for D:

(log P+ 2) x 81—\1/ =ST (C.10)
Now

logP+32=7 (c.11)
Therefore

7 x SV ST (£.12)

11

Therefore

SV x % = SV % 0,636 = ST (€.13)

Thus, for the)
endpoint mu

The class 5 i
One factor i
performance
Bls can have
then, plotting
If it is establi
121 °C.

The slope off
between the
addition, a c
time. In othe
at 134 °C. (1

For an illustr
connecting th

integrator the survivor time, i.e., the fail response in the integrator, and hence the time whe
5t not be reached, is 63,6 % of the SV.

ndicator definition can best be understood by initially-focusing on performance in steam ster

with Bl performance the term “temperature coefficient” is used to somewhat simulate the z

z values of between 6 and 14. If, a temperature coefficient range of 6 °C to 14 °C is establ
the two temperature coefficients at various temperatures can create a graph on semi-log p
thed that the SV at 121 °C is 16,5 min|.the two temperature coefficient plots intersect at 16,5

a line created from a plot of data representing the SV of a Cl at various temperatures mu
slopes of the lines created from temperature coefficients 6 °C and 14 °C and be line
ear fail result must be-obtained if the exposure time for any given stated value is 63,6 % O
- words, if a Cl has a stated value PASS of 1,80 min at 134 °C, it must indicate FAIL at 1,1
80 min x 0,636 =1,14 min) or (1 min, 48 s PASS x 0,636 = 1 min, 9 s FAIL).

btion, see Figure C.1. After plotting stated values at four temperature points, the slope of th
e points shall'be between lines A and B.

izers.

n the definition is that it be quite similar to Blsiin performance. In an attempt to correlgte ClI

alue.
shed
aper.

min,

5t fall
ar. In
f that
1 min

B line
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Figure C.1 — Tempeérature coefficient for steam Class 5 Integrating indicators

C.3 |Comparison with the requirements for integrating indicators in
ISO|11140-1[12]

ISO 11140-10'2Nfequired that an integrator show a fail response when exposed to its stated value (SV)
minug 1 °C enstémperature and minus 15 % on time. For an integrator with a SV of 16,5 min at 121 °C, a fail
condftion, should be observed when the indicator is exposed to 120 °C for 14,025 min. Relafing this to a
biological indicator (BI) response, if the Bl has a D4,4 of 1,5 and a z of 10 °C, then the D at 120 °¢ will be:

Digg = D121 X 1071 Trer)10] (C.14)
where

D4og is the D value at 120 °C;
Dyoq isthe D value at 121 °C;

T, is the working temperature (in this case 120 °C);
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T, ref

Dypp =1

is the reference temperature (in this case 121 °C);

,5 x 10-1(120-121)/10] = 1,88 min.

Assuming the Bl has a population of 1 x 10%, then the log reduction achieved by exposing the Bl at 120 °C for
14,025 min would be:

14,025

188 =7,427 (C.15)
i.e., a 7,4 logreduction.
Thus, the lod survivor level in the Bl would be

5-7,42f =-2,427 (c.16)
Therefore, thie surviving population will be

1x104427=3,7x10-3 (L.17)
This is very flose to the requirements specified in 1ISO 11140-1[13] j.e., thatian integrator should show|a fail
when the exposure time creates a 7 log reduction in population, i.e., downfoA x 10-2.

Thus, the pfoposed requirements listed above are broadly similar to the previous requirements fgr the
example citefd above.
Considering p Bl with a z of 6, the D value at 120 °C will be given by:

D1z = 1]5 x 10-1(120-121)/6] = 2 2 min (£.18)
Assuming the Bl has a population of 1 x 10°, then(log reduction by exposing the Bl at 120 °C for 14,02p min
would be:

%zGB?S (£.19)
Thus, the sugvivor level in the Bl would be

5-6,37p = —1,375 = Jog\(4,6 x 10-2) (£.20)
Considering p Bl with @ z of 14:

Digg = 1,5.£40-1(120-121)/14] = 1,768 1 (£.21)

Assuming the Bl has a population of 1 x 109, then log reduction by exposing the Bl at 120 °C for 14,025 min

would be
M =7,93 (C.22)
1,7681

Thus, the survivor level in the Bl would be
5-7,93=-29=log (1,25 x 10*3) (C.23)

For a summary of the above, see Table C.1.

24
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