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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 18472 w

This first edifjon of ISO 18472 partially replaces ISO 11140-2.

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting.CPublication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 198, Sterilization“of health care products.
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ISO 184

Introduction

72:2006(E)

To test the performance of chemical and biological indicators, specific test equipment is required. This
International Standard specifies the performance requirements for the test equipment to be used in order to
establish the response of chemical and biological indicators to critical process variables. This International
Standard does not apply to test equipment for irradiation indicators or low temperature steam and
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ldehyde indicators

tometers constitute test equipment designed to create precise and repeatable sterilizing €
ng the evaluation of their effect on biological inactivation kinetics, chemical‘ reactic
dation and product bioburden. Resistometers allow precise variation of the envirehmental ¢
sequences in order to produce controlled physical studies. When used with the defined
in ISO 11138 for biological indicators and ISO 11140 for chemical indicators, the results of
e used to demonstrate conformance of biological indicators and chemicalindicators to these

tometers differ from conventional sterilizers. Instrumentation selection and control requ
ometers are based upon mathematical models in which rates of teaction, measurement 3

bles. The requirements for accurate measurement, precise €ontrol, and rapid rates of chan
of commercially available process control and calibrationxinstrumentation accuracy. The 1
ontrol requirements often prohibit practical validation 6f\a resistometer using procedures f
byed in a conventional heat or chemical sterilization system. Resistometers are cor
ment rather than sterilizers; therefore, an understanding of instrumentation and process des
rifying requirements on precision and accuracy. Practical design has to consider the followin

achievable measurement and control;
acceptable equipment induced variatioin test results;
economic design (utilizing tight process controls only where required);

fest method correlation with intended use;

istorical knowledgeCapplied to test procedures and an understanding of micro-environmsg
henomena;

sting and._analysis alternatives, when accurate quantitative determinations exce
easurement/control limits.

nhvironments,

ns, material

pnditions and

est methods
hese studies
standards.

irements for
ccuracy and

ss control requirements are evaluated to quantify the effeets induced by test equipmeént-controlled

ge approach
neasurement
hat might be
sidered test
ign is critical
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ntal physical
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INTERNATIONAL STANDARD

ISO 18472:2006(E)

Sterilization of health care products — Biological and chemical

ind

icators — Test equipment

1

1.1
and
confda
ISO 1
usefd
qualif

ISO 1
Interr

appre

NOTH

cope

This International Standard specifies the requirements for test equipment to be used to fest chemical

iological indicators for steam, ethylene oxide, dry heat and vaporized hydrogen,peroxide (
rmity to the requirements given in ISO 11140-1 for chemical indicators, or the fequirements
1138 series for biological indicators. This International Standard also provides informa
| in characterizing the performance of biological and chemical indicators for intended use a
y control testing.

1138-2, ISO 11138-3, ISO 11138-4, and ISO 11140-1 require theluse of resistometers sp
ational Standard, and these resistometers are used in conjunetion with the test methods sp
priate parts of ISO 11138 and ISO 11140.

Resistometers for formaldehyde indicators are not included in this International Standard. Test

laborgtory apparatus for steam-formaldehyde are included in ISO®#1138-5, ISO 11140-3 and ISO 11140-4.

1.2

biolo
of the
by th

NOTEH
stand

1.3
usua

This International Standard does not address. the methods used to demonstrate cqg

rocesses for
given in the
ive methods
nd for routine

beified in this
ecified in the

methods using

mpliance of

jical or chemical indicators to ISO 11138 and\JSO 11140, as these are covered in the appiopriate parts

se standards. Indicators used with combination processes, such as washer-disinfection, arg
s International Standard.

Test equipment and methods necessary for ISO 11140-3, 1ISO 11140-4 or ISO 11140-5 are spe
brds.

This International Standard ‘does not address safety aspects of the test equipment becay
ly covered by specific regional, national or local regulations.

The
refer
docu

ISO

ormative reféerences

ollowing referenced documents are indispensable for the application of this documen
nces, only the edition cited applies. For undated references, the latest edition of th
ent (including any amendments) applies.

not covered

cified in those

se these are

t. For dated
b referenced

ethylene oxide sterilization processes

ndicators for

ISO 11138-3, Sterilization of health care products — Biological indicators — Part 3: Biological indicators for
moist heat sterilization processes

ISO 11138-4, Sterilization of health care products — Biological indicators — Part 4: Biological indicators for
dry heat sterilization processes

ISO 11140-1, Sterilization of health care products —Chemical indicators — Part 1: General requirements

©I1SO

2006 — All rights reserved
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ISO 11140-4"), Sterilization of health care products —Chemical indicators — Part 4: Class 2 indicators as an
alternative to Bowie and Dick test for detection of steam penetration

ISO 17665-1, Sterilization of health care products — Moist heat — Part 1: Requirements for the development,
validation and routine control of a sterilization process for medical devices

IEC 60584 (all parts), Thermocouples

IEC 60751:1983, Industrial platinum resistance thermometer sensors

3 Terms

For the purp
apply.

3.1
biological in
test system
process

[ISO/TS 111

3.2
calibration
set of opera
measuring ir
material, and

[VIM 1993, d

3.3

and definitions

dicator
containing viable microorganisms providing a defined resistance te ‘a’specified steriliz

89:2006, definition 2.3]

ions that establish, under specified conditions, the relationship between values indicated
strument or measuring system, or values represented by a material measure or a refe
the corresponding values realized by standards

efinition 6.11]

chemical indlicator

non-biologi
system that
change resu

[ISO/TS 111

3.4
come-up pe
time elapsed
conditions

3.5

tal indicator
Feveals change in one or mere. predefined process variables based on a chemical or ph
ting from exposure to a process

89:2006, definition 2,6]

fiod
from the intreduction of the sterilizing agent to the attainment of the minimum specified exp

come-down

bse of this document, the terms and definitions given in ISO 11138, ISO 11140 and ¢he’follpwing

ation

by a
ence

sical

bsure

period

time elapsed

3.6

from the termination of the exposure period to an established null reaction point

exposure period
time from the initial attainment of the minimum specified exposure conditions to the termination of the
exposure period

NOTE

This phase of the cycle includes the stabilization period and the steady state period

1) To be published. (Revision of ISO 11140-4:2001)
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3.7
mea

ISO 18472:2006(E)

surement accuracy

closeness of the agreement between the result of a measurement and the true value of the measurement

NOT
NOT

3.8
null

E1 “Accuracy” is a qualitative concept.

E2  The term “precision” should not be used for “accuracy”.

reaction point

terminating set of conditions that are either specified in the document or have been established and

dem

3.9

gnstrated to produce no significant effect on the indicators

precision
degr¢e of reproducibility of a measurement

3.10

reference standard

standard, generally having the highest metrological quality available ,at-a given location of

organization, from which measurements are derived

3.11

resistometer

test
steri

NOT
Indic:

3.12

resppnse time

time
mea

NOT

required for a 90 % change in sensor output when exposed to a step change in the v
qured

B It may be necessary te~determine the sensor response time using a faster data sampling

minimum for the equipment specified in this International Standard. Documentary evidence fron
manufacturer's stated response-time is equally acceptable as proof of conformance.

3.13

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

3.14

stabilization-period

elap
time

3.15

in a given

bquipment designed to create defined combinations of\the physical and/or chemical variables of a
lization process
B Resistometers were formerly referred to as a Bidlogical Indicator Evaluator Resistometer (BIER) or Chemical
dtor Evaluator Resistometer (CIER) test systems.

briable being

rate than the
h the sensor

f the defined

%ed time from the attainment of the minimum specified exposure conditions until the end o

o-achieve efnar’ly state conditions

steady state period
that portion of the exposure period which begins after the stabilization period and terminates at the end of the
exposure period, during which time all control parameters are within the specified limits

© I1SO 2006 — All rights reserved
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4 Performance requirements for resistometers

4.1 Intended use

The resistometer is intended to be used to expose test samples under stated test conditions, and therefore
shall be capable of producing cycle sequences as required for specific test methods. Depending upon the test
methods defined in ISO 11138-2, ISO 11138-3, ISO 11138-4 and ISO 11140-1, the resistometer utilized need

only verify those limits necessary to characterize the chemical or biological indicators.

NOTE

placed, but the means by which these conditions are to be controlled are not addressed.

The following specifications define the conditions to be achieved in the vessel in which the sample is to be

4.2 Meas

The following

irement and control capabilities

performance requirements define the measurement and control capabilities for,steam, eth

ylene

oxide, dry heat, and vaporized hydrogen peroxide resistometers.

4.3 Test methods

The equipmeént specified in this International Standard shall be used with the detailed test methods gien in
the approprigte parts of ISO 11138 and 1ISO 11140.

NOTE THe claimed performance tolerances for chemical and biological\indicators are based on the spgcified
exposure conditions without allowance for the operational tolerances of the test\equipment.

4.4 Leak test

4.41 With|the temperature stabilized and the chambertempty (except for fixed furniture and necepsary
monitoring sénsors) start the test cycle. When the pressure in the chamber has reached or is below the jalue
correspondirlg to the lowest operating vacuum of the test cycle air removal stages, close all the valves
connected tq the chamber and stop the vacuum pdmp. Observe and record the time, #;, and the abgolute
pressure, p4|Allow evaporation of condensatiop-if:the chamber for 300 s + 10 s and then observe and record

the absolute
record the al

pressure, p,, in the chamber and-the time, #,. After a further 600 s = 10 s, again observe and
solute pressure, p3, and the time, 3.

The resistom
and display t

eter may be fitted with altest cycle for air leakage that will carry out this procedure automa
he air leakage in kPa/min (mbar/min).

ically

4.4.2 Atthe end of the test ¢alculate the rate of pressure rise for the 600 s period.

NOTE 1 If
condensate in

he value of (p,~ p,) is greater than 2 kPa (20 mbar), this could be due to the initial presence of excgssive

the sterilizenchamber.

NOTE2 In
change in tem
The test can |
pressure is monitored.

a closed vessel at 4 kPa pressure, the pressure changes by approximately 0,1 kPa (1 mbar) for each|10 °C
perature; over the range 20 °C kPa (70 mbar) the change is approximately 0,2 kPa (2 mbar).
- ”""""G REe—teMmpPe oY 1oTre RI=1R 0= G-" A€ G‘GG‘ which e mber

4.5 Steam resistometer performance requirements

451 Measurement accuracy

The sensors used to measure temperature, vacuum and pressure from within the steam resistometer shall
have a response time as specified in Table 1. The system used to record time, temperature, vacuum and
pressure from within the steam resistometer shall be capable of operation with a resolution and accuracy
within the scale range specified in Table 1.

© I1SO 2006 — All rights reserved
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The measurement systems used may operate beyond the scale range specified as long as the limiting values

within the scale range specified in Table 1 are attained.

Requirements shall apply to complete measurement chains including sensors and data processing.

Table 1 — Steam resistometer instrumentation requirements

Sensor
Measurement Unit Scale range Resolution Accuracy (+/-)2 | response time
ms

TimpI HH:MM:SS Selectable 00:00:01 00:00:01 —
Tem;l)erature °C 110 to 145 0,1 0,5 < 500
Vacuum kPa 0to 100 0,1 1,0 <30
Presgure kPa 100 to 420 0,1 35 <30
@  Accuracy over the test condition range (see 4.1).

4.5.2| Recording interval

The heasurement system shall have a recording interval for each of the measurements specified|in Table 1 of
not Igss than one data point per second.

The data may be electronically archived and the print interval can be at the user's discretion.

453 Process control

The gteam resistometer process control shall be_capable of producing the conditions given in Tabje 2.

Table 2 — Steam resistometer physical design/control specifications

Stabllization period

Parameter Unit Range Tolerange (+/-)
Time] HH:MM:SS Selectable 00:00:01
Temperature °C 110 to 145 0,42
Presgure kPa 100 to 420 3,538
Vacuyum kPa 310 100 1.9
Time|to achieve vasuum set-point HH:MM:SS < 00:02:00° —
Comeg-up period HH:MM:SS < 00:00:10 —
Comeg-dewni period HH:MM:SS < 00:00:10 —
00:00:10 HH-MM:SS 1.0PC

desiccation can occur).

@  During steady state period (see Figure 1).

b Some indicators can be adversely affected by prolonged exposure to dry heat and vacuum. The minimum practicable settings for
evacuation should be used. The time taken should be as consistent as possible in order to minimize potential variability (e.g.,

© I1SO 2006 — All rights reserved
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PE

A
 J

PS PSS

A
/

TS
TSS

| A —
SP i

PCU PNR
Key
PS stabilization period PNR null reaction point
PSS steady|state period SP set point
PE  exposure period TS stabilization tolerance
PCU come-Up period TSS steady state tolerance

Figure 1 — Stabilization time for temperature for steam resistometer

454 General steam resistometer requirements

4541 The chamber shall be supplied with-saturated steam from a source external to the chambel|. The
steam supply shall meet the requirements‘ef 1SO 11140-4. Means shall be provided to ensure that th¢ test
items are no{ wetted by entrained water droplets in the steam supply.

4542 Air admitted at the end, of the cycle shall be filtered through a filter having the capability of
removing nof less than 99,5 % of-0;5 uym particles.

4.54.3 The sample helder shall allow the indicator to be exposed to the test conditions in the manner
intended by the indicator-manufacturer.

The various |types_of-indicator may require customized sample holders. Sample holders might have fo be
constructed fo hold test items in different vertical and horizontal attitudes to test performance differepces.
Consult the indicator manufacturer for guidance when verifying label claim performance.

4.5.5 Air leakage test

When determined by the method given in 4.4, the air leakage rate shall not be greater than
0,13 kPa/min x (54,8/V,;) where ¥ is the chamber volume in litres.

4.5.6 Operation of steam resistometer

4.5.6.1 The chamber shall be designed such that the formation of condensate during any stage of the
operating cycle does not affect the required test conditions. In order to avoid excessive condensate formation
during the operating cycle it might be necessary to provide thermostatic control of the inner surfaces of the
resistometer so that they can be maintained at a specified temperature (e.g. the exposure phase temperature).

6 © I1SO 2006 — All rights reserved
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4.5.6.2 Before initiating a test cycle, the inner surface of the chamber shall be heated to the test
temperature.
4.5.6.3 The equipment shall be provided with means to evacuate the chamber to the vacuum set point to

permit adequate air removal prior to admission of steam.
NOTE Steam admission to the chamber should not be used to effect air removal.
4.5.6.4 Temperature and absolute pressure shall be monitored, recorded and verified to be within the

limits required in Table 2 for the selected exposure conditions as given in ISO 11138-3 or 1SO 11140-1
(see 4.1).

4.6 |Ethylene oxide resistometer performance requirements

4.6.1| Measurement accuracy

The EO resistometer shall be capable of measuring the variables listed in Table 3 within the limitg there given.

Table 3 — EO resistometer instrumentation requirements (meastrement and recortfing)

Reslponse time
Measurement Unit Scale range Resolution Accuracy (+/-)?
ms

Time] constant HH:MM:SS Selectable 00:00:01 00:00:01 —
Temperature °C 2510 80 0,1 0,5 < 500
Vacyum kPa 0to 100 0,1 1,0 <30
Pressgure kPa 100 to 200. 0,1 3,5 < 30
Relafive humidity? % RH 20 to90 1 5 15 000
Sterilizing agent 5 % of the

: mg/| 2510 1 200 — concentration —
concgntration

targeted

@  Accuracy over the test condition rangei(see 4.1).

b

relative humidity is not determined by partial pressure.

4.6.2 Recording interval

The measurementsystem shall have a recording interval for each of the measurements specifigd in Table 3,
of not less than one data point every 10 s.

The [percentage relative humidity and sterilizing agent concentration shall be measurdd by direct
meagutement using a suitable sensor, or determined from pressure measurements during steady state stages
of theoperatingTycte:

4.6.3 Process control

The EO resistometer process control shall be capable of producing the conditions given in Table 4.

© I1SO 2006 — All rights reserved 7
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Table 4 — EO resistometer physical design/control specifications

Parameter Units Range Tolerance (+/-)

Time HH:MM:SS Selectable 00:00:01
Pressure kPa 100 to 200 3,5
Sterilizing agent concentration mg/| 200 to 1 200 5 % of the targeted
Temperature °C 2910 65 +12
Relative humidity % RH 30 to 80 10
Vacuum kPa 410100 10

Time to achieive vacuum set-point HH:MM:SS < 00:0 01:00 —
Come-up period HH:MM:SS < 00:01:00 —
Come-down period HH:MM:SS < 00:01:00 —
Stabilization geriod < 00:02:00 HH:MM:SS 3,0°C

@  During stepdy state period (see Figure 2).

PE

A
 J

PS PSS

A
A

A
Y

PCU PNR
Key
PS stabilization period PNR null reaction point
PSS steady|staté period SP set point
PE exposure period TS stabilization tolerance
PCU come-up period TSS steady state tolerance

Figure 2 — Stabilization time for temperature for ethylene oxide resistometer

4.6.4 General ethylene oxide resistometer requirements
4.6.4.1 Means shall be provided to ensure that test samples are not contacted by liquid ethylene oxide or

particles of polymer entering the chamber. Due to the potential for stratification, a mixing device may be used
to facilitate homogeneous conditions.

8 © I1SO 2006 — All rights reserved
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4.6.4.2 The test system including the chamber and door shall be provided with a means of maintaining the
temperature of the inner surfaces above the dew point for the test temperature and relative humidity. The
chamber environment shall be at thermal equilibrium control conditions before a cycle is initiated.

4.6.4.3 Air admitted at the end of the cycle shall be filtered through a filter having the capability of removing
not less than 99,5 % of 0,5 um particles.

4.6.4.4 The sample holder should allow the indicator to be exposed to the test conditions in the manner
intended by the indicator manufacturer.

The various types of indicator may require customized sample holders. Sample holders might have to be
crCtet O—11OTCG eS Herms—iA G"“ v“‘: atc ‘GG‘; a -G" A OFrGe O eS perfOrmance
differences. Consult the indicator manufacturer for guidance when verifying label claim performanice.

4.6.5| Air leakage test

When determined by the method given in 4.4, the air leakage rate shall” not be g@reater than
0,13 kPa/min x (54,8/V,) where V is the chamber volume in litres.

4.6.6| Operation of ethylene oxide resistometer

4.6.6|1 The equipment shall be provided with a means of evacuating the chamber to Igss than the
vaculim set point to permit adequate air removal prior to admission’ of water vapour and ethylene foxide.

4.6.6|2 Before initiating a test cycle, the inner surface~of the chamber shall be heated to the test
tempgrature.
4.6.6/3 Temperature and absolute pressure shall*be monitored, recorded and verified to be within the

required limits given in Table 4 for the selected exposure conditions as given in ISO 11138-2 or |ISO 11140-1
(see f.1).

4.7 | Dry heat (heated air) resistometer performance requirements

4.7.1] Measurement accuracy

The fry heat resistometer shall be capable of measuring time and temperature within the limits given in
Tablg 5.

Table 5 — Dry‘heat resistometer instrumentation requirements (measurement and recprding)

Resppnse time
Megsurement Unit Scale range Resolution Accuracy (+/-)2
ms
Time HH:MM:SS Selectable 00:00:01 00:00:01 -
Temperature °C 120 to 200 0,1 0,5 < 500

@  The accuracy over the test condition range (see 4.1).

4.7.2 Recording interval

The measurement system shall have a recording interval for each of the measurements specified in Table 5,
of not less than one data point every 10 s.

4.7.3 Process control

The dry heat resistometer process control shall be capable of producing the conditions given in Table 6.

© I1SO 2006 — All rights reserved 9
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Table 6 — Dry heat resistometer physical design/control specifications

Parameter Units Range Tolerance (+/-)
Time HH:MM:SS Selectable 00:00:02
Temperature °C 120 to 200 2528
Come-up period HH:MM:SS < 00:01:00 —
Come-down period HH:MM:SS < 00:01:00 —
Stabilisation period < 00:02:00 HH:MM:SS 4.0°C
IF—AﬂePe—E-miﬁ-e(-&bHiy_utiu.. tirme{seeFigure3)-

PE

A
 J

PS PSS

A
A
A

PCU PNR
Key
PS stabiligation period PNR null reaction point
PSS steady state period SP  set point
PE  expostrre period TS  stabilisation tolerance
PCU come-lp period TSS steady state tolerance

KFigure 3:— Stabilization time for temperature tolerance for dry heat resistometer

4.7.4 General dry heat(heated air) Tesistometer requirements

4741 Test samples shall be loaded on to a suitable sample holder. The sample holder shall not
adversely affect the performance of the indicator.

4.7.4.2 The test gas shall be of the type for the indicator's intended use (generally air).

4.7.5 Operation of dry heat (heated air) resistometer
4.7.5.1 Before initiating a test cycle, the inner surface of the chamber shall be heated to the test temperature.

This can require thermostatic control of the inner surfaces of the chamber and/or door to be at the selected
operating temperature.
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4.7.5.2 Temperature shall be monitored, recorded and verified to be within the required limits given in
Table 6 for the selected exposure conditions as given in ISO 11138-4 or ISO 11140-1 (see 4.1).

4.8 Vaporized hydrogen peroxide process resistometer performance requirements

4.8.1

Measurement accuracy

The H,0, resistometer shall be capable of measuring the following conditions within the limits given in Table 7.

Table 7 — Vaporized hydrogen peroxide resistometer instrumentation requirements

(measurementand recording)

Mpasurement Unit Scale range Resolution Accuracy (+/-) | _Respopse time ms
Time HH:MM:SS Selectable 00:00:01 00:00:01 —
Temperature °C 20 to 60 0,1°C 1,0 %€ 500
Pressure kPa 0 to 102 0,01 0,25 % <30
Hydrpgen peroxide mg/| 1t0 10 0,1 0,3 —

4.8.2 Recording interval

The heasurement system shall have a recording interval for each of the measurements specified|in Table 1 of
not Igss than 1one data point per second.

The Bterilizing agent concentration shall be measured by direct measurement using a suitalle sensor or
determined from pressure measurements during steady'state stages of the operating cycle.

4.8.3| Process control

A vaporized hydrogen peroxide resistometer’'shall be capable of producing the conditions given in Table 8.

Table 8 — Vaporized hydrogen resistometer physical design/control specifications

Measurement Unit Limit Resolution Accuracy (+/-)
Time] HH:MM:SS.S Selectable 00:00:01 00:00:00,5
Temperature °C 20 to 60 0,1°C 1,0C
Presgure kPa 0 to 102 0,01 0,25%
Hydrpgen Peroxide mg/l 1to5 0,1 0,3

4.8.4—General-vaporized-hydrogenperoxideresistometerreqtirements

4.8.41 Air admitted at the end of the cycle shall be filtered through a filter having the ability to remove not
less than 99,5 % of 0,5 ym particles.

4.8.4.2 The sample holder should allow the indicator to be exposed to the test conditions in the manner
intended by the indicator manufacturer.

The various types of indicator may require customized sample holders. Sample holders may have to be
constructed to hold test items in different vertical and horizontal attitudes in order to test performance. Consult
the indicator manufacturer for guidance when verifying label claim performance.
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4.84.3 The test system, including the chamber and the door, shall be provided with means to maintain
the temperature of the inner surfaces above the dew point for the test temperature. The chamber environment
shall be at thermal equilibrium with control set-points before a cycle shall be initiated.

4.8.4.4 The contact surface of the chamber and the sample holder shall be constructed from materials
that do not interfere with the sterilizing agent concentration.

4.8.5 Air leakage test

When determined by the method given in 4.4, the air leakage rate shall not be greater than 0,5 x 10-2 kPa/min
(0,05 mbar/min).

4.8.6 Operpation of vaporized hydrogen peroxide resistometer

4.8.6.1 The equipment shall be provided with a means of evacuating the chamber 1o less thap the
vacuum set point in order to permit air and sterilizing agent removal.

4.8.6.2 Before initiating a test cycle, the inner surface of the chamber shall-be heated to thg test
temperature.

4.8.6.3 Temperature, sterilizing agent concentration and absolute pressure.shall be monitored, recorded
and verified fo be within the required limits given in ISO 11138-4 and ISO 14440-1 (see 4.1).

5 Recorging systems

5.1 Meastirement systems

Temperaturel sensors shall be either platinum resistances that comply with class A of IEC 60751:1983 or
thermocouplés that comply with IEC 60584 or be another sensor system having an equivalent performancge.
5.2 Calibration

Calibration shall be carried out using a working or reference standard that is traceable to the national stapdard
or primary standard.

NOTE Calibration procedures are provided in ISO 10013.

6 Documentation

6.1 General

A test cycle ¢onsists of a sequence of phases and steps. This can be graphically described by plotting against

time, one or more variables relevant to a desired test cycle. Phases are parts of a cycle that can be uniquely
described (e.g. pre-vacuum, preconditioning, steam charge, exposure, post vacuum, air vent ...etc.). Steps
are parts of a phase which also have uniquely described functions that may be repeated as a sequence within
a phase a selected number, #, of times (e.g., 1[steam-pulse, vacuum] 2[steam-pulse, vacuum] ... n[steam-
pulse, vacuum]). Cycle documentation is used to record that the events comprising a test cycle have occurred.
Phase and step duration times indicate the time in the respective phase or step. The cycle duration indicates
the total time required to perform a test cycle.
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6.2

For every test cycle run, the following minimum information shall be documented:

Minimum information

a) the phase/step description and associated set point(s);

b) the date and time the cycle started;

c) the cycle number and resistometer identification number;

d) the data recorded from the resistometer instrumentation;

ISO 18472:2006(E)

e)

NOTH

perator.

Annex D shows typical documentation formats.

© I1SO 2006 — All rights reserved
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Annex A
(informative)

Additional performance characterization — Steam
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indicating chemicals migrating by capillary action rather than wicking along the intended path;

(air/steam mixtures);

c)
d)
e)

NOTE

delamination;
dehydration/desiccation and sublimation;

rates of chemical reactions.

could affect performance of the indicator.

14

ballooning of the primary package resulting in inconsistent synergistic inactivation characteristics

An observation view port or camera is helpful for visual observation of physical changes of the indicator that
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Yi
Y, 9
X
1 1 2] 3 1415 6 N
Key
X time
Y  gteam pressure
Y, VYacuum
1 gir removal: air is removed from the test chamber by evacuation to a selected vacuum level
2 gome-up: steam is injected.inte’'the test chamber until the selected test temperature is attained
3 ¢xposure time: the test@€hamber is maintained at the selected test temperature for the selected exposufe time
4  gome-down: the test.ehamber is exhausted to a selected level

WNOTE  As th& chamber pressure drops to atmospheric pressure or below, the chamber temperature drops below
temperatures, that contribute to indicator kinetics. A post-vacuum further cools samples.

5  gir ventthe test chamber is vented to atmospheric pressure
¢yCle complete: test samples are manually removed from the chamber

Figure A.1 — Steam test sequence
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A.4 Specific variable response

Indicators that are designed to react to multiple variables or parameters may react partially or completely on
exposure to only one of the critical process parameters. Indicators may be exposed to different combinations
of these variables in order to observe the indicator response. This may include exposing the indicators to
temperatures or conditions slightly outside the specified values.

A.5 Range characterization

Indicators may be tested over the application range specified by the manufacturer in order to quantify

performance
standards fo
design or mg

characteristics. This type of testing will generally be as prescribed by the applicable noermative

r a given type of indicator, and can be performed whenever there is a change to the. ind
nufacturing process.

16
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Annex B
(informative)

Additional performance characterization — Ethylene oxid

General

e

ate different types of ethylene sterilization process. Tests are performed on a routine basis
D 11138-2 and ISO 11140-1 to characterize indicator performance. In addition to these no
tests may also be used to verify that the indicators are suitable for their intended-application

e B.1 graphically depicts the typical sequence of an ethylene oxide resistometer used in a
process.

Chamber air removal

ual air in the test system/indicator device can result in demonstrable differences in indicator

htors used to
s prescribed
mative tests,
S.

ure ethylene

performance.
expected for
ues prior to
e respective

to allow the

result of pre-

5t humidity is

bcted time to

pent) until a

oncentration

The chamber air removal test provides information relativesto the change in performance
indicators with processes that use different vacuum levels and mechanical air removal techni
admigsion of ethylene oxide. Results are compared to~the performance requirements for th
indicators.
a) Air removal: air is removed from the test chamber by evacuation to a selected vacuum level.
b) acuum hold: the sterilizing chamber ‘is-held at the pre-vacuum level for a selected time
environmental temperature to return\to“the set chamber temperature that decreased as a
acuum cooling.
c) Humidification: sub-atmospheric steam is injected into the test chamber until the selected te
attained.
d) Humidity dwell: the test chamber is maintained at the selected humidification level for a sel
llow the test sample*to equilibrate with the environmental test condition.
e) (Come-up: the<test chamber is pressurized with vaporized ethylene oxide (sterilizing a
elected stérilizing agent partial pressure (sterilizing agent concentration) is attained.
f) xpasuyre time: the selected temperature, humidity and ethylene oxide (sterilizing agent)
ré-maintained for a selected time.
g) Come-down: the test chamber is evacuated to a selected vacuum level to remove the majority of
sterilizing agent.
h) Air vent: the test chamber is vented to atmospheric pressure.

Cycle complete: test materials are manually removed from the test chamber.
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Y A

><V

Y
Y
A
Y
A
Y
A
Y
A
Y

A J
A
A

A
Y

Key

X time

=<

absolute pressure

pre-vacuyim: see B.2 a)

vacuum hold: see B.2 b)
humidificgtion: see B.2 ¢)

humidity fwell: see B.2 d)
sterilizing agent charge: see B.2 e)
exposure; see B.2 f)

exhaust/post vacuum: see B.2 g)

0 N O g b~ WN -

air wash] the test chamber is pressurized.with air to a selected level (9) and evacuated to a selected vacuunp level
(10) for a| selected number of times

©

air vent: gee B.2 h)
10 cycle complete: see B.2 i)

Figure B.1 — Sequence’of ethylene oxide resistometer used in ethylene oxide exposure processes
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B.3 Vacuuml/pressurization rate

Alteration of the vacuum/pressurization rate can be utilized to evaluate device damage and resultant
performance change related to the rate at which pressure changes in sterilization processes. During
resistometer testing, pressure changes occur at rates significantly faster than expected in normal applications.
If the resistometer is capable of slower pressure changes, indicators may be tested using slower
pressurization and evacuation phases. Observations that have been reported to produce changes in indicator
performance might include:

— ballooning of the primary package;

— d@elamination.

NOTH An observation view port is helpful for visual observation of physical changes of the indjeator deyice that could
affect|performance of the indicator.

B.4| Specific variable response

Indicators that are designed to react to multiple variables or parameters could react partially or dompletely on
expogure to only one of the critical process parameters. Indicators may®e exposed to different gombinations
of thgse variables to observe the indicator response. This may includéxposing the indicators to femperatures
or gak concentrations slightly outside of the specified values.

B.5| Range characterization

Indicators may be tested over the application range-specified by the manufacturer to quantify |performance
chargacteristics. This type of testing will generally be as prescribed by the applicable normative standards for a
giver| type of indicator, and can be performed whenever there is a change to the indicatpr design or
manyfacturing process.
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Annex C

(informative)

Additional performance characterization — Dry heat

C.1 General

There are many factors that can influence the performance of the biological and chemical indicators‘uged to
evaluate different types of dry heat sterilization processes. Tests are performed on a routine\basfs as
ISO 11138-4 and ISO 11140-1 to characterize indicator performance. In addition to fhese

prescribed i
normative te|
applications.

Figure C.1g

C.2 Spe

cific variable response

sts, other tests may also be used to verify that the indicators are suitable for their intgnded

aphically depicts the typical sequence of the resistometer used in a dry h€at exposure procegss.

Indicators that are designed to react to multiple variables or parameters‘may react partially or completgly on
bnly one of the critical process parameters. Indicators may-be exposed to different combinations

exposure to
of these var
temperatures

C.3 Ran

Indicators m
performance
standards fo
design or mg

ge characterization

nufacturing process.

ables in order to observe the indicator response. This‘may include exposing the indicatgrs to
or conditions slightly outside of specified values.

ay be tested over the application.range specified by the manufacturer in order to qupntify
characteristics. This type of testing,will generally be as prescribed by the applicable normative
 a given type of indicator, and may be performed whenever there is a change to the ind|cator
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Y A

f

q
q

q

P7

q

><V

A
 J
A
 J
A
 J

me
Emperature

Xposure temperature
ample temperature
mbient temperature

ample placement: the test samples are placed in a preheated test environment that is designed to
elected test temperature within the times specified in the normative references

xposure time:the test chamber is maintained at the selected test temperature for the selected exposu
ycle complete: test samples are manually removed from the test environment

An observation view port or camera is helpful for visual observation of physical changes of the
affectperformance of the indicator.

recover to the

e time.

indicator that

Figure C.1 — Sequence of dry heat resistometer used in dry heat exposure processes
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Annex D
(informative)

Resistometer documentation and derivations

D.1 General

Resistometef documentation presents cycle information from each cycle that is performed. These datg may
be presented digitally or graphically, provided they meets the requirements of Clause 6.
Figure D.1 pfesents an example of a resistometer exposure cycle.
Y A
A -
< B -
| | | | | | -
to {4 ty t3 ty ts tg t; X
<l D -
[l =1
<l E -
Key
X  time

Y  process variable measured

cycle (process)

phases

steps

phase duration time = (¢, — ¢,)

m OO o >

cycle duration time = (¢; — ¢,)

Figure D.1 — Example of standard resistometer cycle
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