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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www .iso .org/ directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www .iso .org/ patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www .iso .org/ 
iso/ foreword .html.

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

A list of all parts in the ISO 11140 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www .iso .org/ members .html.
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Introduction

This document is intended for manufacturers and specifies the requirements for chemical indicators 
and process challenge devices used as steam penetration tests to monitor type B cycles and some type 
S cycles of small steam sterilizers conforming to EN 13060.

This part of ISO 11140 includes a description of both hollow and porous devices and their performance 
requirements along with methods by which alternative device can be shown to have equivalent 
performance to that of the references. Small sterilizers unable to accommodate a sterilization module 
(600 mm x 300 mm x 300 mm) cannot be tested using the tests described in EN 285 for large sterilizers 
for wrapped goods and porous loads. The chamber size is unable to accommodate the standard test 
pack and because the efficacy of the tests is impaired when the test pack occupies a large proportion of 
the chamber volume (>20 % chamber volume).

Indicators described in this document are intended to be used in conjunction with appropriate process 
challenge devices to show penetration of steam into the process challenge device. The reference 
indicator systems and alternative indicator systems pose specified challenges to air removal and steam 
penetration.

The devices described in this document are intended for use only in small steam sterilizers (that are 
unable to accommodate a sterilization module as defined in EN 285) to monitor steam penetration in 
type B cycles and some type S cycles.

NOTE The use of this document can involve hazardous materials, operations and equipment. This document 
does not purport to address to all the safety problems associated with its use. It is the responsibility of the user of 
this document to establish appropriate safety and health practices and determine the applicability of regulatory 
limitations prior to use.
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Sterilization of health care products — Chemical 
indicators —

Part 6: 
Type 2 indicators and process challenge devices for use in 
performance testing of small steam sterilizers

1 Scope

This document specifies the performance requirements and test methods for hollow devices and porous 
devices as well as the indicators that are utilized within these devices for testing a specific steam 
penetration performance of type B cycles and some type S cycles of small steam sterilizers that comply 
with EN 13060. The suitability of the hollow and porous devices described in this document as surrogate 
devices for hollow and porous medical devices used in health care facilities is not substantiated.

Chemical indicators used with a porous device specified in this document are designed to demonstrate 
the adequacy of steam penetration into a porous device in small steam sterilizers (see EN 13060).

The relevant sections of this document covering porous loads specify the requirements for:

a) a reference porous device as a reference device by which alternative porous indicator systems can 
be shown to be equivalent in performance according to this document, i.e. a textile test pack in 
which steam penetration is judged by thermometric means;

b) an alternative porous indicator system equivalent in performance to the reference porous device, 
i.e. an alternative porous indicator system, usually commercially manufactured, of any design.

Chemical indicators used with a hollow load device specified in this document are designed to 
demonstrate the adequacy of steam penetration into a narrow lumen (previously known as hollow 
load A) in small steam sterilizers (see EN 13060).

The relevant sections of this document covering hollow loads specify the requirements for:

a) a reference hollow device used as a reference device in this document, i.e. a lumened device with 
attached capsule in which steam penetration is judged by inactivation or survival of a specified 
biological indicator;

b) an alternative hollow device:

i. employing the same specific test load as defined for the reference hollow device and a chemical 
indicator designed specifically for use in the reference hollow test load, i.e. a lumened device 
with an attached capsule in which steam penetration is judged by visual examination of a 
chemical indicator;

ii. equivalent in performance to the reference hollow device, i.e. an alternative hollow device, 
usually commercially manufactured, of any design.

2 Normative references

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

DRAFT INTERNATIONAL STANDARD ISO/DIS 11140-6:2021(E)
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ISO 10012:2003, Measurement management systems — Requirements for measurement processes and 
measuring equipment

ISO 11140-1:2014, Sterilization of health care products — Chemical indicators — Part 1: General 
requirements

ISO 11140-4:2007, Sterilization of health care products — Chemical indicators — Part 4: Class 2 indicators 
as an alternative to the Bowie and Dick-type test for detection of steam penetration

ISO 18472:2018, Sterilization of health care products — Biological and chemical indicators — Test 
equipment

3	 Terms	and	definitions

For the purposes of this document, the terms and definitions given in ISO 11140-1 and the following 
apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https:// www .iso .org/ obp

— IEC Electropedia: available at https:// www .electropedia .org/ 

3.1
chemical indicator
test system that reveals change in one or more pre-specified process variables based on a chemical or 
physical change resulting from exposure to a process

Note 1 to entry: See Annex D.

[SOURCE: ISO 11139:2018, 3.43, modified – Note 1 to entry has been added]

3.2
chemical indicator endpoint
completion of a specified change after a chemical indicator has been exposed to specified conditions

[SOURCE: ISO 11139:2018, 3.44]

3.3
chemical indicator system
combination of a chemical indicator and a specific test load

Note 1 to entry: See Annex D.

[SOURCE: ISO 11139:2018, 3.43.1, modified – Note 1 to entry has been added]

3.4
process challenge device
PCD
item providing a defined resistance to a cleaning, disinfection, or sterilization process and used to 
assess performance of the process

[SOURCE: ISO 11139:2018, 3.205]

4 Requirements

4.1 General

4.1.1 Unless specified otherwise in this document, the requirements of ISO 11140-1:2014 shall apply.
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4.1.2 The chemical indicator, the biological indicator, the hollow device and porous device shall be 
conditioned in an environment of (50 ± 10) % relative humidity and (25 ± 5) °C. Means shall be used to 
ensure the internal volume of the hollow device is conditioned similarly.

4.1.3 Chemical indicators intended for use with re-usable user-assembled hollow devices shall not 
transfer indicator reagent to the material of the hollow device during processing. Pre-assembled hollow 
devices and porous devices, and indicators for single-use or user-assembled devices shall not transfer 
indicator reagent to the material of the device during processing to an extent which impairs the utility of 
the device.

4.1.4 A PCD intended to be re-used shall, when processed in accordance with the provided instructions 
for use, meet the relevant requirements of this document, during its specified shelf life.

NOTE 1 Instruction can include restriction on the number of re-uses, as well as important information on 
service, cleaning procedures, the manner of inspection and criteria, maintenance and replacement of components.

For demonstration of conformance, a study shall be conducted by way of a protocol developed before 
study commencement, to show conformity to the performance requirements of this document over 
the shelf life of the product. This may be either a real-time study, or be accelerated. An example of an 
accelerated study is given in Annex F.

NOTE 2 Some regulatory authorities will only accept data from real-time studies.

4.1.5 For chemical indicator systems with re-usable user-assembled hollow devices, conformance to 
this document shall be demonstrated for the whole of the usable life of the chemical indicator system as 
specified by the manufacturer.

4.1.6 Conformance shall be demonstrated by visual examination before and after testing in accordance 
with the requirements of 4.2.3, 4.4 and 4.5, as appropriate.

4.1.7 The designs of alternative hollow and porous devices are not restricted provided they meet the 
requirements of 4.2.3, 4.4 and 4.5.

4.2 Porous devices

4.2.1 Reference porous device

The reference porous device shall be a standardised test pack that is used to assess the steam 
penetration performance of small steam sterilizers.

4.2.1.1 The pack shall be constructed from plain non-coloured cotton sheets, each having an 
approximate size of 450 mm x 300 mm. Edges other than selvage shall be oversewn, not hemmed.

4.2.1.2 The number of threads per 10 mm in the warp shall be (30 ± 6) and the number of threads per 
10 mm in the weft shall be (27 ± 5).

4.2.1.3 The mass per unit area shall be (185 ± 5) g ⋅ m-2.

4.2.1.4 The sheets shall be machine-washed when new and when soiled. During the machine-washing 
process the sheets shall not be subjected to any fabric conditioning agent.

NOTE Washing includes adequate rinsing to remove bleach and detergent residues.

4.2.1.5 After washing, the sheets shall be dried and aired, but not ironed or calendered.
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4.2.1.6 Before use, the sheets shall be equilibrated in an environment at a temperature of (25 ± 5) °C 
and a relative humidity of (50 ± 10) %.

4.2.1.7 After equilibration, the folded sheets shall be approximately 110 mm x 150 mm and stacked 
to a height of approximately 120 mm after compressing by hand. The pack shall be wrapped in a single 
sheet of the same fabric and secured with tape not exceeding 19 mm in width. The total weight of the 
pack shall be (900 ± 30) g.

When forming the pack, consecutive sheets should be stacked with the folded side alternating to ensure 
an even stack.

When the weight of sheets used to form a stack approximately 120 mm high exceeds 930 g, the sheets 
should be discarded.

4.2.1.8 Prior to use the temperature and humidity of the pack shall be measured using a suitable 
calibrated temperature and humidity probe. The conditions within the pack shall be between (50 ± 10) % 
relative humidity and (25 ± 5) °C before it is used for test purposes.

NOTE Pack temperature and humidity can be measured using a sword hygrometer.

4.2.2 Detector for reference porous device

4.2.2.1 The detector for the reference porous device shall be a thermometric recording instrument and 
temperature sensors as specified in 4.6 of ISO 11140-4:2007.

4.2.2.2 Remove the wrapping from the standard test pack and place five, temperature sensors within 
the test pack at locations as indicated in Figure 1, of which one shall be placed at the geometric centre of 
the test pack. The others shall be arranged in a pattern around the geometric centre of the test pack to 
detect a temperature depression occurring within a radius of 30 mm of the geometric centre.

Dimensions in millimetres

Key
1 position of sensor
2 centre layer

Figure 1 — Location of temperature probes
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4.2.2.3 Place one temperature sensor at the defined reference point within the chamber to measure 
the chamber reference temperature. Reassemble the test pack as described in 4.2.1.

4.2.2.4 As the coolest spot within the standard test pack will not be predictably at the exact 
geometric centre, the additional temperature sensors in the standard test pack are used to improve the 
reproducibility of the test results.

4.2.2.5 If it is ensured that saturated steam is present in the chamber, the reference temperatures and 
holding times shall include 134 °C for 3,5 min and/or 121 °C for 15 min. All temperature sensors within 
the test pack shall register 134 °C for 3,5 min and/or 121 °C for 15 min in a pass cycle.

NOTE In setting up the standard test pack, the use of a chemical indicator test sheet conforming with 
ISO 11140-3, cut to the size of the horizontal dimensions of the standard test pack, and placed within the pack, 
might be helpful in visualizing the position of the air pocket and determining the optimum position for the 
temperature sensors.

4.2.3 Alternative porous indicator system

4.2.3.1 The alternative porous indicator system shall conform with the requirements of 
ISO 11140-4:2007 except for the purpose of demonstration of equivalent performance. The performance 
shall be compared with thermometric monitoring (see 4.2.2) of the reference porous device given in 
4.2.1 and using the steam exposure apparatus defined in Annex A.

4.2.3.2 Carry out the test on three samples for each of three production batches using operating 
cycles with a sub-atmospheric air removal stage, and on further sets of samples with operating cycles 
employing a super-atmospheric air removal stage defined in Annex B.

4.2.3.3 Before and after each series of three tests, run an operating cycle containing a reference porous 
device monitored with temperature sensors, to verify the operating cycle is performing within the 
required limits as shown in 4.2.4.

4.2.3.4 The alternative porous indicator system shall show a uniform colour change after exposure 
to saturated steam at 134 °C for 3.5 min, or at 121 °C for 15 min or at any other time/temperature 
combination specified by the manufacturer, where the temperature tolerance shall be -0/+1,5 K and the 
time tolerance shall be ± 5 s, indicating satisfactory air removal and steam penetration.

4.2.3.5 The alternative porous indicator system shall show a fail as specified by the manufacturer 
indicating unsatisfactory air removal and steam penetration when exposed to a test cycles, previously 
demonstrated to produce a reference porous device fault response.

Exposure to a reference fault condition shall produce a fault response regardless of the means of 
creating the reference fault condition, i.e. the system used to produce the fault may use air retention or 
air injection. The test cycles used to generate the reference fault conditions shall be as shown in B.4, B.5 
and B.6.

The chamber reference temperatures and holding times shall include 134 °C for 3,5 min, or 121 °C for 
15 min or another time/temperature combination specified by the manufacturer when the temperature 
tolerance shall be -0/+1,5 K and the time tolerance shall be ± 5 s.

4.2.4 Reference porous device

4.2.4.1 Reference porous device pass response

During reference pass conditions there shall be no detectable temperature difference between the 
centre of the reference porous device and the chamber reference temperature (within the limits of 
the accuracy of the measuring equipment) by the end of the first 10 % of the exposure time for the 
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sterilization temperature. (e. g. for sterilization at 134 °C for 3,5 min after first 18 s of the plateau 
period).

4.2.4.2 Reference porous device fail response

During reference fault conditions the centre of the reference porous device shows a temperature 2 °C 
lower than the chamber reference temperature (within the limits of the accuracy of the measuring 
equipment) during the first 10 % of the exposure time for the sterilization temperature. (e.g. for 
sterilization at 134 °C for 3,5 min a temperature of 132 °C or less in the centre of the reference porous 
device for the first 18 s of the plateau period).

Table 1 — Schedule of test cycles to be used

Test condition

Standard test cycle of ISO 11140-4:2007, Annex B
B.1 

Sub- 
atmospheric  

pulsing

B.2 
Trans- 

atmospheric  
pulsing

B.3 
Super- 

atmospheric  
pulsing

“Pass” cycle (see 6.1) √ √ √
“Fail” cycle – modified air removal stage (see 6.2) √ √ x
“Fail” cycle – induced leak (see 6.2) √ x x
“Fail” cycle – air injection (see 6.2) √ x √
√ = test required

x = test not required

4.3 Hollow devices

4.3.1 Reference hollow device

This section describes the requirements for a reference hollow device including the physical 
specifications and an engineering drawing (Annex E). The manufacturer shall ensure the internal 
dimensions, the free capsule volume, the capsule weight and weight distribution around the device are 
all as specified.

4.3.1.1 The reference hollow device shall consist of a single-ended capsule to contain a biological 
indicator, connected to a lumen and of uniform internal dimensions throughout its length (see Annex E). 
The capsule shall be of uniform cross-section over its length of the inserted indicator. Maximal angular 
deviations of 1 degree are accepted. The reference hollow device shall have the following specification:

a) tube wall thickness: (0,5 ± 0,05) mm;

b) tube internal diameter: (2,0 ± 0,1) mm;

c) tube length: (1 500 ± 5) mm;

d) free capsule volume (280 ± 50) µl;

e) cap and receptacle material of construction: Polytetrafluoroethylene (PTFE);

f) Capsule mass: (14,0 +/- 1 ,0) g;

g) lumen material of construction: PTFE or FEP (fluorinated ethylene propylene);

h) seal material of construction: heat- and steam-resistant elastomer.

NOTE The inner and outer dimension of the capsule, and the ratio of the volume of the reference hollow 
device’s tube to the free capsule volume, has an influence on the penetration and air removal characteristics. 
Physical properties such as mass, heat capacity and heat transfer can also influence the test result.
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4.3.1.2 The capsule shall be terminal and of uniform dimensions (cross-sections).

4.3.1.3 There shall be no bubbles visible escaping from the device, when tested according to the 
method given in 4.4.1.

4.3.1.4 To reduce the number of unwanted variables during testing:

a) the dimension as defined in 4.3.1.1 shall be specified, measured and documented;

b) orient terminal orifice of hollow devices at geometric center of test vessel, suspended by fine mesh 
basket; capsule higher than terminal orifice.

c) the reference hollow device shall be conditioned by one of the following methods:

i. having ambient air at (50 ± 10) % relative humidity and (25 ± 5) °C drawn through it for not 
less than 15 minutes; or

ii. drawing a vacuum (<5 kPa) for not less than 15 minutes at 25 ± 5 °C (e.g. in a desiccator), 
followed by admission of ambient air at (50 ± 10) % relative humidity and (25 ± 5) °C.

4.3.2 Detector for reference hollow device

4.3.2.1 The detector to be used in the reference hollow device shall be a carrier inoculated with 
Geobacillus stearothermophilus and conforming with ISO 11138-3, modified according to the following 
specification:

 Minimum value Maximum value
D121value 1,8 min 2,3 min

Population 1 x 106 9,9 x 106

z-value 6 °C 14 °C

NOTE Due to inherent variability in the manufacture of biological indicators, the same lot of biological 
indicators may help to reduce variability in a given test series.

4.3.2.2 The carrier dimensions shall be: (38,0 + 2/-0) mm x (6,0 ± 1) mm x (0,5 ± 0,05) mm (L x W x H). 
A different height may be used providing the resulting free capsule volume is maintained as specified by 
4.3.1.1 when tested according to 4.5.3.

NOTE The porosity of the carrier is an important factor because the porosity volume will increase the free 
capsule volume.

4.3.3 Reference hollow indicator system

The combination of reference hollow device and detector for reference hollow device shall be used as 
the reference hollow indicator system.

4.3.4 Reference indicator system performance determination

Three test cycles (see A.2) are defined for testing of modified air removal. These test cycles represent 
test cycles adapted from ISO 11140-4. The test cycles are differentiated through particular pre-
exposure phases in which the upper pressure change points (endpoint of steam admission process 
step) and the pressure change rates (during both vacuum and steam admission steps) are defined. 
Using the test methods described in A.3.2 to A. 3.4 characteristic vacuum pressure change points for 
each test cycle shall be determined by the experimenter using the reference hollow indicator system 
in 4.3.3. These characteristic vacuum pressure change points are determined as shown in Figure 2 and 
described in the corresponding sections.
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NOTE Numbers and frames give reference to corresponding requirements. Bars and dotted lines show 
established limits for the limiting pass process (LPP), the reference pass process (RPP), the alternative pass 
process (APP), the limiting fail process (LFP), the reference fail process (RFP) and the alternative fail process 
(AFP). Arrows show evaluation of vacuum pressure change points. Boxes show established reaction windows. 
Sizes of the reaction windows are 5 kPa or smaller.

Figure 2 — Determination of characteristic vacuum pressure change points during testing 
of	modified	air	removal

4.3.4.1 At the given vacuum set points three reference indicator systems tested at a time at the test 
cycles of Annex A.2 shall show no growth in three identical consecutive runs:

— Cycle 1: 17 kPa,

— Cycle 2: 23 kPa,

— Cycle 3: 21 kPa.

For each cycle the given hard limit shall correspond to the limiting pass process (LPP, see Figure 2).

4.3.4.2 Conformance shall be tested in accordance to A.3.2.

4.3.4.3 The highest pressure (vacuum) change point where the reference indicator system always 
shows no growth in three identical consecutive runs shall be deemed the reference pass process (RPP, see 
Figure 2). The reference pass process shall be used as reference for alternative hollow PCD testing (see 
4.4.2).

4.3.4.4 Conformance to the reference pass process shall be tested in accordance to A.3.2.

4.3.4.5 At the given vacuum set points three reference indicator systems tested at a time at the test 
cycles of A.2 shall always show growth in three identical consecutive runs:

— Cycle 1: 29 kPa,

— Cycle 2: 42 kPa,

— Cycle 3: 35 kPa.

For each cycle the given hard limit shall correspond to the limiting fail process (LFP, see Figure 2).

4.3.4.6 Conformance shall be tested in accordance to A.3.3.

4.3.4.7 The lowest pressure (vacuum) change point at which the reference hollow indicator system 
always shows growth in three identical consecutive runs shall be deemed the reference hollow fail process 
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for modified air removal. The reference hollow fail process (RFP, see Figure 2) shall be used as a reference 
for alternative hollow PCD testing (see 4.4.4)

4.3.4.8 Conformance shall be tested in accordance to A.3.3.1.

4.3.4.9 The inner reaction window between the highest pressure change point according to 4.3.4.3 and 
the lowest pressure change point according to 4.3.4.7 shall be 5 kPa or smaller.

4.3.5 Leakage test

The leakage test for Cycle 1 Table 2 and Annex A.2 of the reference hollow device should be performed 
in accordance to A.3.4.

4.4 Alternative hollow indicator system

4.4.1 General

Alternative hollow devices may be manufactured of any alternative design but shall conform with the 
specified requirements (see Annex C).

4.4.1.1 The chemical indicator within the alternative hollow device shall reach its chemical indicator 
endpoint indicating satisfactory air removal and steam penetration in cycles (see Table 2) previously 
demonstrated as capable of inactivating a population of Geobacillus stearothermophilus spores in the 
reference hollow device containing the above-specified biological indicator (see 4.3.2.1).

NOTE The indicator of an alternative hollow device reaching its chemical indicator endpoint as specified by 
the manufacturer.

4.4.1.2 Conformance shall be tested in accordance with Annex A using steam exposure apparatus 
defined in Annex A.1 and the ability to alter the rate of change of evacuation and steam admission during 
the air removal stage in accordance with the standard test cycles defined in Annex A.2.

4.4.2 The alternative indicator system shall reach its chemical indicator endpoint at a pressure change 
point 10 % below the pressure set point of the RPP (reference pass process) at the test cycles in A.2 
in three identical consecutive runs. This process shall be deemed the alternative pass process (APP, see 
Figure 2).

4.4.3 Conformance to the alternative pass process shall be tested in accordance to C.2.

4.4.4 The lowest pressure (vacuum) change point at which the alternative hollow indicator system 
always not reached its chemical indicator endpoint in three identical consecutive runs shall be at least 
10 % below the RFP. It shall be deemed the alternative hollow fail process for modified air removal (AFP, 
see Figure 2).

4.4.5 Conformance shall be tested in accordance to C.3.

4.4.6 The inner reaction window between the highest pressure change point according to 4.4.2 and 
the lowest pressure change point according to 4.4.4 shall be 5kPa or smaller.

4.4.7 The indicator within the alternative hollow device shall show a fail result (has not reached its 
chemical indicator endpoint) specified by the manufacturer indicating an unsatisfactory air removal and 
steam penetration when exposed to test cycles (see Table 2) previously demonstrated to produce a fail 
cycle, in accordance with 4.4.4 and Annex A.3. The chamber reference temperatures and holding times 
shall include 134 °C for 3,5 min and/or 121 °C for 15 min, and/or other time/temperature combination 
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specified by the manufacturer, where the temperature tolerance shall be -0/+1,5 K and the time tolerance 
shall be ± 5 s.

4.4.8 Conformance shall be tested using modified test cycles described in A.2 according to the schedule 
of tests shown in Table 2. The chamber reference temperatures and holding times shall include 134 °C 
for 3,5 mins and/or 121 °C for 15 min and/or other time/temperature combination specified by the 
indicator manufacturer where the temperature tolerance shall be -0/+1,5 K and the time tolerance shall 
be ± 5 s.

4.4.9 Where the alternative hollow device incorporates a demountable cap, no bubbles shall be visible 
escaping from the device, when tested according to the method given in 4.6.

4.5 Alternative hollow devices intended for multiple use

4.5.1 For alternative hollow devices intended for multiple use, conformance to this document shall be 
demonstrated for the service life of the hollow reference device including indicator as specified by the 
manufacturer.

Table 2 — Schedule of test cycles for alternative hollow indicator system

Test condition Cycle 1 a) Cycle 2 a) Cycle 3 a)

Pass cycle* Test required Test required Test required
Fail	–	modified	air	
removal stage*

Test required Test not required Test not required

Fail cycle – induced 
air leak

Test required Test not required Test not required

a) Test cycle as specified in A.2.

* With the vacuum set point determined using the reference hollow device with the detector for 
the reference hollow indicator system.

NOTE The reference hollow indicator system (RHIS) does not detect air leaks in super-atmospheric or trans-
atmospheric steam cycles. The only failure mode testing that must be conducted for the reference or alternative 
hollow device is the modified air removal stage; air leak testing is not required for this type of device.

4.5.2 Hollow device seal test method

4.5.2.1 Seal the hollow device according to the manufacturer's instructions. Connect the open end of 
the hollow device to a compressed air supply at 20 kPa ± 2 kPa above ambient pressure.

NOTE A suitable adaptor can be made to give a gas tight fit.

4.5.2.2 Immerse the sealed capsule in a suitable container filled with water until it is just below the 
water level. Observe the seal. No bubbles shall be visible. Any bubbles of air escaping from the seal, or 
any other part of the hollow device, indicate that the hollow device is unsuitable. The same test shall be 
carried out in a suitable container filled with oil at 140 °C.

NOTE Consider using oil that is stable and non-fuming at 140 °C.

4.5.3 Reference hollow device capsule volume test method (free capsule volume determination)

4.5.3.1 The free capsule volume, consisting of the internal volume of the part of the hollow load 
process challenge device which is intended to accommodate the indicator, less the indicator volume, shall 
be determined by subtraction of the inoculated carrier displacement volume (4.5.3.2) from the empty 
capsule volume (4.5.3.3.).
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4.5.3.2 The displacement volume of the detector shall be determined using a pycnometer of about 5 ml 
or 10 ml volume and a balance of accuracy of at least 1 mg, as follows:

a) the pycnometer shall be weighed dry and empty (=m1);

b) ten (10) inoculated carriers shall be weighed at once (=10*m2);

c) the pycnometer shall be weighed filled with deionised water at ambient temperature in absence 
(=m3) and in presence of the carrier (=m4);

d) (m3-m1)/V(pycnometer)=ρ(deionized water at given temperature) = ρ(diH2O);

e) (m2 + m3 – m4)/ρ(diH2O) =inoculated carrier displacement volume.

4.5.3.3 Determination of the empty capsule volume is as follows:

a) remove the PTFE tubing and any connector from the capsule;

b) insert the inoculated filter paper carrier into the previously conditioned capsule;

c) close the cap with the capsule;

d) insert a cylindrical rod of 3 mm diameter about 30 mm long in place of the tube;

NOTE Verification of the exact positioning of the rod within the tube during the whole measuring 
procedure can be done using an external marking.

e) determine the weight of d) and put the tare weight (unladen weight) to zero;

f) condition d) and a syringe filled with deionized water with a tiny amount of detergent (reducing 
the surface tension and assuring wetting of the inner surfaces) to a temperature of 20 °C ± 1 K;

g) remove the receptacle and the rod from the capsule;

h) fill the cap with water from the syringe;

i) slowly insert the receptacle with the inoculated carrier into the cap so that the capsule is closed, 
allowing displacement of air bubbles from the capsule;

j) hold the capsule vertically with the open end upward and insert the rod into the hole of the tubing 
allowing displacement of the water;

k) use the tare of the balance (see e) and determine the weight difference. The weight difference in mg 
is equivalent to the empty capsule volume in µl;

l) record the results and dry the capsule.

4.5.3.4 The free capsule volume shall be calculated as follows:

V(empty capsule) – V(inoculated carrier displacement) = V(free capsule)

4.6 Test procedure for validation of conformance of the alternative hollow device 
to the reference hollow device

4.6.1 Establish reference pass process, reference fail process, alternative pass process and alternative fail 
process with RHIS and AHIS according to 4.3.4.3 to 4.4.5. The indicator system shall have reached its 
chemical indicator endpoint for tests of 4.3.4 and 4.4, indicating a pass process. The indicator system 
should not have reached its chemical indicator endpoint for tests of 4.3.4 and 4.4, indicating a fail process.
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4.6.2 For each of the Cycles 1 to 3 validate the reference pass process cycle as follows:

a) set process parameters for reference pass process;

b) in each of three consecutive runs test three RHIS in parallel.

4.6.2.1 At the end of each cycle all RHIS shall show no growth.

4.6.2.2 See A.2.1 to A.2.3 for testing of 4.6.2.

NOTE For the reference pass process cycle the AHIS is in his reaction window and can show fail and pass 
results.

4.6.3 For each of the Cycles 1 to 3 validate the reference fail process cycle as follows:

a) set process parameters for reference fail process;

b) test three RHIS in parallel. At the end of the cycle all RHIS shall show growth;

c) test one AHIS in three consecutive runs. At the end of each cycle the AHIS shall have not reached its 
chemical indicator endpoint;

d) repeat the sequence of b) and c) two times in consecutive runs.

4.6.3.1 Testing of 4.6.3 a) to d) shall be carried out in consecutive order.

4.6.3.2 See A.2.1 to A.2.3 for testing of 4.6.3.

4.6.4 For each of the Cycles 1 to 3 validate the alternative pass process cycle as follows:

a) set process parameters for alternative pass process;

b) test three RHIS in parallel. At the end of the cycle all RHIS shall show no growth;

c) test one AHIS in three consecutive runs. At the end of each cycle the AHIS shall have reached its 
chemical indicator endpoint;

d) repeat the sequence of b) and c) two times in consecutive runs;

e) repeat b).

4.6.4.1 Testing of 4.6.4 a) to e) shall be carried out in consecutive order.

4.6.4.2 See A.2.1 to A.2.3 for testing of 4.6.4.

4.6.5 For Cycle 1, validate the alternative fail process cycle as follows:

a) set process parameters for alternative fail process;

b) test one AHIS in three consecutive runs.

4.6.5.1 At the end of each cycle the AHIS shall not have reached its chemical indicator endpoint.

4.6.5.2 See A.2.1 for testing of 4.6.5.

NOTE For the alternative fail process cycle the RHIS is in his reaction window and can show fail and pass 
results.
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4.6.6 For Cycle 1 validate the RHIS under induced air leakage - reference fail conditions as follows:

a) set process parameters for the “reference fail through induced leak cycle” process according to 4.3.5 
and A.3.4;

b) test three RHIS in parallel. At the end of the cycle all RHIS shall show growth;

c) test one AHIS in three consecutive runs. At the end of each cycle the AHIS shall not have reached its 
chemical indicator endpoint ;

d) repeat the sequence of b) and c) two times in consecutive runs;

e) repeat b).

4.6.6.1 Testing of 4.6.6 a) to e) shall be carried out in consecutive order.

4.6.6.2 See A.2.1 for testing of 4.6.6.

4.6.7 For Cycle 1 validate the AHIS under induced air leakage – alternative fail conditions as follows:

a) set process parameters for the “reference fail through induced leak cycle” process according to 4.3.5 
and A.3.4 with the exception that the chamber leak rate is reduced by 10 %;

b) test one AHIS in three consecutive runs.

4.6.7.1 At the end of each cycle the AHIS shall not have reached its chemical indicator endpoint.

4.6.7.2 See A.2.1 for testing of 4.6.7.

NOTE For the alternative fail condition for induced air leak the RHIS is in his reaction window and can show 
fail and pass results.

5 Chemical indicator dry heat performance

5.1 General

After exposure to the conditions given in 5.2 and 5.3, each chemical indicator that is available for either 
alternative hollow or porous devices shall not reach their chemical indicator endpoint after this test 
according to instructions provided by the chemical indicator manufacturer.

5.2 Test 1

5.2.1 Perform the chemical indicator dry heat test according to ISO 11140-1:2014 6.1.4, in a dry heat 
resistometer according to ISO 18472. The test shall be performed at (140 ± 2) °C, for a minimum time of 
30 minutes, in triplicate. The indicator shall not reach the chemical indicator endpoint.

NOTE If greater than 30 minutes is tested and all chemical indicators do not show the chemical indicator 
endpoint, the test should be interpreted as an acceptable result.

5.3 Test 2

5.3.1 Fit the indicator in combination with its specified test load (the hollow device) with a temperature 
sensor to monitor the temperature of the indicator and subject it to dry heat at (140 ± 2) °C to determine 
the time required for the indicator to reach 134 °C. This time is the heat-up time.

NOTE Indicator systems intended for use only at a sterilization temperature of 121 °C can be subjected to 
(130 ± 2 °C) and the time required to attain 121 °C is determined.
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5.3.2 Transfer the indicator systems to the oven and subject them to dry heat at (140 ± 2) °C for [(heat-
up time) + 30] min. Indicator systems intended for use only at a sterilization temperature of 121 °C may 
be subjected to dry heat at (130 ± 2) °C.

NOTE Several test samples can be exposed simultaneously.

5.3.3 The test shall be performed in triplicate.

6 Marking and labelling

NOTE See ISO 11140-1 for additional labelling requirements.

6.1 Alternative porous indicator system

6.1.1 The alternative porous indicator system shall be clearly marked with the following information:

SMALL STEAM STERILIZERS
POROUS

ISO 11140-6

6.2 Reference hollow device

6.2.1 The reference hollow device shall be clearly marked with the following information if it is made 
commercially available:

SMALL STEAM STERILIZERS
REFERENCE HOLLOW

ISO 11140-6

6.3 Alternative hollow device

6.3.1 The alternative hollow device shall be clearly marked with the following information:

SMALL STEAM STERILIZERS
HOLLOW

ISO 11140-6

6.3.2 The dimensions and type of chemical indicators with which the hollow device is intended to be 
used shall be clearly specified by the manufacturer.

6.3.3 The hollow device shall be clearly and permanently marked with the temperature range within 
which it is intended to be used. This marking shall also be placed on the package label; where this is not 
possible, this shall be justified and explained in the instructions for use.

6.4 Chemical indicators for use in hollow devices

6.4.1 The instructions for use shall include details of any limitations concerning the design of the 
hollow device with which the chemical indicator is intended to be used, e.g. capsule dimensions (see also 
4.3.1.1, 4.3.2.2 and Annex E).
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6.4.2 The chemical indicator shall be labelled with a unique product code to enable the correct 
identification of the chemical indicator to the hollow device.
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Annex A 
(normative) 

 
Test method for performance of reference hollow indicator system

A.1 Steam exposure apparatus and steam quality for test purposes

A.1.1 General

Steam exposure apparatus which has a chamber volume of less than 60 litres and is unable to 
accommodate a sterilization module (300 mm × 300 mm × 600 mm).

The vessel shall be equipped with means of maintaining the internal surface of the chamber walls, 
other than the endplate and door at a controlled temperature within the range 115 °C to 140 °C with a 
limit deviation of ± 2 K.

The steam exposure apparatus shall be supplied with saturated steam containing up to 2 ml of non-
condensable gases collected from 100 ml of steam condensate, when tested as described in EN 285:2015, 
21.1.

A.1.2 Leakage test

The steam exposure apparatus shall have an air leakage rate not greater than 0,1 kPa/min when 
determined by the following method:

With the temperature stabilized and the chamber empty (except for fixed furniture and necessary 
monitoring sensors) start the test cycle. When the pressure in the chamber has reached or is below the 
value corresponding to the lowest operating vacuum of the test cycle air removal stages, close all the 
valves connected to the chamber and stop the vacuum pump. Observe and record the time, t1, and the 
absolute pressure, p1. Allow evaporation of condensate in the chamber for 300 s ± 10 s and then observe 
and record the absolute pressure, p2, in the chamber and the time, t2. After a further 600 s ± 10 s, again 
observe and record the absolute pressure, p3, and the time, t3. The resistometer may be equipped with 
a test cycle for air leakage that will carry out this procedure automatically and display the air leakage 
in kPa/min (mbar/min). At the end of the test calculate the rate of pressure rise for the 600 s period.

NOTE 1 If the value of (p2 − p1) is greater than 2 kPa (20 mbar), this could be due to the initial presence of 
excessive condensate in the sterilizer chamber.

NOTE 2 In a closed vessel at 4 kPa pressure, the pressure changes by approximately 0,1 kPa (1 mbar) for each 
10 °C change in temperature; over the range 20 °C to 140 °C; at 7 kPa (70 mbar) the change is approximately 
0,2 kPa (2 mbar). The test can be compromised if the temperature changes by more than 10 °C during the period 
in which the chamber pressure is monitored.

The leakage test shall be performed after warming the chamber to the desired exposure temperature.

A.1.3 Apparatus warm-up

After the successful leakage test perform a further warming cycle to ensure that the inner surfaces are 
at the desired temperature.

NOTE The warming cycle can be a shorter test cycle which does not have to be identical with the test cycles 
below.
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A.1.4 Instrumentation

A.1.4.1 General

The instrumentation shall conform with ISO 18472.

A.1.4.2 Indicator, controller and recorder sensors

A common system for indication, control and recording may be used provided that, a minimum of 
two sensors are employed for each location and variable to be considered and, that the system is self-
monitoring such that any error in the measured variable in excess of the accuracy specified (see A.2.1 
to A.2.4) shall result in the indication of a fault.

A.1.4.3 Calibration

The equipment used for measurement of temperature and pressure shall be in a known state of 
calibration which shall be carried out and documented in accordance with ISO 10012:2004.

This shall include verification of calibration before and after each series of tests.

A series of tests shall comprise all the tests required to investigate conformity of a product with this 
document.

Test results obtained after satisfactory verification of calibration but for which subsequent verification 
of calibration demonstrates that test equipment was outside specified limits shall not be used for 
demonstrating conformity with this document.

A.1.5 Cycle control

A.1.5.1 Steam control

Means shall be provided to enable the steam in the vessel to be maintained at the selected operating 
pressure with a limit deviation of ±1 kPa.

A.1.5.2 Air detector

If an air detector is fitted isolation of the air detector from cycle control shall be a cycle program option.

A.1.5.3 Signals

Means shall be provided to generate signals capable of being used to automatically initiate the 
operation of ancillary equipment (e.g. air injection apparatus) on attainment of a programmable value 
for temperature at the reference measurement point of the chamber temperature, chamber pressure, or 
elapsed time at any chosen point during the air removal, steam admission, or hold stages.

A.1.5.4 Leak valve

To perform a leak test, a test port with direct access to the vessel shall be provided. It is advised to 
keep the connecting tubes at a total length of 30 cm. At the test port, a valve shall be installed (see 
Table A.1). This valve shall be controlled by the process control of the steam exposure apparatus or a 
microcontroller.
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Table A.1 — Example of valve characteristics, creating a leakage of up to 0.6 kPa/min  
on a chamber of 20 L

Attribute Value
Medium air
Range approx. 1-7 Ln/h

Pre-pressurization 1.013 bar a
Holding pressure 0.05 bar a

Temperature 25°C
Material Aluminium / FKM

Connection G1/4
Design Globe valve

A.1.6 Operating cycle: Stages and control options required

The automatic controller shall provide means to select and adjust each of the following cycle stages:

a) Air removal: to effect the initial stages of air removal, a pressure of 5 kPa or less shall be attainable. 
This shall be followed by alternate steam admission and evacuation of the chamber. The pressure 
range shall be adjustable to provide both sub-atmospheric and super-atmospheric pulsing. The 
number of pulses shall be adjustable to provide the option to select between 0 pulse and not less 
than 6 pulses.

b) Steam admission: to pre-set exposure conditions (see A.2.4).

c) Operating pressure: the pressure shall be controlled throughout the exposure time within ± 2 kPa 
of the set pressure.

d) Evacuation: to remove steam (thus ending the indicator reaction) and also to dry the load, an 
ultimate pressure of 5 kPa or less shall be attainable.

e) Air admission: to equilibrate the chamber pressure with atmospheric pressure.

A.1.7 Control limits

A.1.7.1 Pressure attained control points shall be capable of being attained reproducibly to a limit 
deviation of ± 0,3 kPa over the range 4 kPa to 30 kPa and ± 1,0 kPa over the range 30 kPa to 385 kPa.

A.1.7.2 Elapsed time control points shall be capable of being attained reproducibly to a limit deviation 
of ± 1 s over the range 2 s to 60 min.

A.1.7.3 Temperature attained control points shall be capable of being attained reproducibly to a limit 
deviation of ± 0,5 K over the range 50 °C to 145 °C.

A.1.8 Steam supply

A.1.8.1 The steam supply shall conform with the requirements of EN 285. Particular attention shall 
be paid to the levels of non-condensable gases in the steam supply and to ensuring that the moisture 
content or superheating of the steam is within the specified limits even under the extremes of the steam 
demand generated by the steam exposure apparatus, and any other equipment connected to the same 
steam supply.

A.1.8.2 The condensate obtained from steam supplied to the chamber of the steam exposure apparatus 
shall conform with the following requirements unless the manufacturer can demonstrate that any of the 
specified contaminants, when present at higher concentrations, do not influence the performance of the 
indicator or indicator system.
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Conductivity: ≤15 µS/cm

pH: 5 to 8

NOTE The pH-value can be monitored by chemical colour indicator as paper strip or solution.

Other interfering substances e. g. phosphate, chloride, sulphate, oxidisable substances, shall be 
identified by the manufacturer and stated in the labelling.

A.2 Test cycles

A.2.1 Cycle 1, air removal by sub-atmospheric pulsing, slow

Standard test cycle 1 is adapted from ISO 11140-4, B.1 but with the pressure gradients for both vacuum 
and steam admission steps limited to 45±1 kPa/min. It shall consist of the following steps:

a) evacuation of the chamber to 5.0 kPa;

b) steam admission to 95 kPa;

c) repetition of steps a) and b) a further three times;

d) steam admission to set operating pressure;

e) exposure time;

f) evacuation to 5.0 kPa with a pressure gradient of at least 250 kPa/min;

g) evacuation of the chamber to ≤5 kPa for 2 minutes;

h) air admission.

The actual pressures achieved at the set points shall be determined by the tolerance permitted for the 
steam exposure apparatus.

NOTE The pressure change after the exposure phase should be as fast as possible (e.g. 400 kPa/min, see 
ISO 11140-4, A.2.1) in order to prevent belated temperature and steam effects on the detector.

Key
OP operating pressure

Figure A.1 — Cycle 1, sub-atmospheric air removal, slow pressure change rate
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A.2.2 Cycle 2, trans-atmospheric pulsing, fast

The standard test cycle for air removal by trans-atmospheric pulsing with the pressure gradients for 
both vacuum and steam admission steps limited to 250±2 kPa/min. It shall consist of the following 
steps:

a) evacuation of the chamber to 5.0 kPa;

b) steam admission to 160 kPa;

c) repetition of steps a) and b) a further three times;

d) steam admission to operating pressure;

e) exposure time;

f) evacuation to 5 kPa with a pressure gradient of at least 250 kPa/min;

g) evacuation of the chamber to ≤5 kPa for 2 minutes;

h) air admission.

The actual pressures achieved at the set points shall be determined by the tolerance permitted for the 
steam exposure apparatus.

NOTE The pressure change after the exposure phase should be as fast as possible (e.g. 400 kPa/min, see 
ISO 11140-4, A.2.1) in order to prevent belated temperature and steam effects on the detector.

Key
OP operating pressure

Figure A.2 — Cycle 2, trans-atmospheric fractionation, fast pressure change rate

A.2.3 Cycle 3, air removal by combined sub- and super-atmospheric pulsing

Standard test cycle 3 is adapted from ISO 11140-4, B.3 but with the pressure gradients for both vacuum 
and steam admission steps limited to 250±2 kPa/min. It shall consist of the following steps:

a) evacuation of the chamber to 5.0 kPa;
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b) steam admission to 95 kPa;

c) repetition of steps a) and b) a further two times;

d) steam admission to set operating pressure minus 20.0 kPa;

e) evacuation of the chamber to 100 kPa;

f) repetition of steps d) and e) a further two times;

g) steam admission to set operating pressure;

h) exposure time;

i) evacuation to 5.0 kPa with a pressure gradient of at least 250 kPa/min;

j) evacuation of the chamber to ≤5 kPa for 2 minutes;

k) air admission.

The actual pressures achieved at the set points shall be determined by the tolerance permitted for the 
steam exposure apparatus.

NOTE The pressure change after the exposure phase should be as fast as possible (e.g. 400 kPa/min, see 
ISO 11140-4, A.2.1) in order to prevent belated temperature and steam effects on the detector.

Key
OP operating pressure

Figure A.3 — Air removal by combined sub- and super-atmospheric pulsing

A.2.4 Acceptance limits during steam admission

The rate of both vacuum and steam admission shall in the range of 10 % and 90% of the total pressure 
change (ΔP) in every single process step prior to the particular exposure time. The rate of pressure 
change shall be determined as follows:

p3 = 0,1(9p1+p2)

p4 = 0,1(p1 + 9p2)
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Figure A.4 — Acceptance limits during steam admission

A.3 Test methods

A.3.1 Exposure time

Where 134 °C are used for the exposure temperature / operating temperature the exposure time shall 
be 3.5 minutes.

Other time/temperature combinations specified by the manufacturer may also be tested.

A.3.1.1 Conditioning of reference hollow load device (RHD) and detector

Before every test the hollow device shall be pre-conditioned.

This may be achieved by one of the following methods:

a) place all parts of the disassembled hollow device in a vacuum chamber (e.g. desiccator) and 
evacuate to a vacuum of ≤5 kPa;

b) draw air between 20 and 30 °C and 40% to 60% RH through it for not less than 15 minutes.

NOTE Appropriate conditioning of the device is indispensable for repeatable results and the avoidance of 
false-positive results.

A.3.2 Method for determination of pass conditions

A.3.2.1 Place the inoculated carrier as defined in 4.3.2 into the reference hollow device thus creating 
the reference hollow indicator system (RHIS). Three RHIS can be used at a time.
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A.3.2.2 Operate the steam exposure apparatus using:

a) the selected test cycle from A.2 (see Table 2);

b) the exposure temperature specified in A.3.1;

c) the exposure time specified in A.3.1.

A.3.2.3 At the end of the cycle recover the reference hollow device from the steam exposure apparatus.

NOTE If the reference hollow device is to be transported to another location for further analysis, means can 
be provided to ensure recontamination does not occur.

A.3.2.4 Employing aseptic technique, recover the inoculated carrier from the reference hollow device, 
transfer to growth medium and incubate according to the manufacturer's instructions.

A.3.2.5 The inoculated carriers shall show no growth after the recommended incubation time.

NOTE If growth of one or more carriers occurs, confirm that this is not due to the presence of surviving 
indicator organism.

A.3.2.6 Impair the air removal stage of the operational cycle by adjusting the vacuum pressure levels 
on each of the subatmospheric pulses of the test cycle by increments of 5 kPa until at least one inoculated 
carrier shows growth. Then decrease by increments of 2 kPa until all inoculated carriers show no growth. 
This process shall be deemed the pass reference cycle if three identical consecutive runs result in 3x3 no 
growth.

A.3.2.7 If growth of one or more inoculated carriers is observed in one repetition, reduce vacuum by 
1 kPa increment and repeat the verification in 3 identical consecutive repetitions according to A.3.2.6.

A.3.2.8 Testing shall be conducted in consecutive runs on the same working day.

A.3.3	 Method	for	determination	of	conditions	for	fail	through	modified	air	removal	
stage

A.3.3.1 Impair the air removal phase of the reference pass cycle as determined in A.3.2 by adjusting the 
vacuum pressure levels on each of the subatmospheric pulses of the particular test cycle by increments 
of +5 kPa until all reference inoculated carriers show growth. Then decrease by increments of 2 kPa until 
at least one inoculated carrier shows no growth. The process with the lowest vacuum set point where all 
inoculated carriers show growth shall be deemed the fail reference cycle if three identical consecutive 
runs result in 3x3 growth.

A.3.3.2 If no growth of one or more indicator systems is observed in one repetition impair vacuum by 
+1 kPa increment and repeat the verification in 3 identical consecutive repetitions according to A.3.3.1.

A.3.3.3 Employing aseptic technique, recover the inoculated carrier from the reference hollow device, 
transfer to growth medium and incubate according to the manufacturer’s instructions.

A.3.3.4 All inoculated carriers shall show growth after the recommended incubation time.

A.3.4 Method for determination of conditions for fail through induced leak

If the pressure in the vessel is below 95 kPa the induced leak valve shall open.

For reproducible setting of leakage, a high precision valve with a scale shall be installed. See Table A.1.
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The leak shall be reported both as a pressure change rate in [kPa/min] and as flow rate [ml/min] (as 
read from the high precision valve), determined using the method described for the chamber leakage 
(0) at the particular vacuum set point for the reference pass cycle.

A.3.4.1 Place the inoculated carrier as defined in 4.3.2 into the reference hollow device.

A.3.4.2 Operate the steam exposure apparatus using:

a) the test reference pass cycles as determined in A.3.2;

b) establish the operational limiting values required to overcome inoculated carrier inactivation 
by progressively increasing an air leak into the steam exposure apparatus chamber through a 
metering device using the method given in EN 285.

A.3.4.3 At the end of the cycle recover the reference hollow device from the steam exposure apparatus.

A.3.4.4 Employing aseptic technique, recover the inoculated carrier from the reference hollow device, 
transfer to growth medium and incubate according to the manufacturer’s instructions.

A.3.4.5 All inoculated carriers shall show growth after the recommended incubation time.

A.3.4.6 Repeat twice using separate exposure cycles.

A.3.4.7 If the repetitions show a consistent test result, the fail cycle has now been established for 
testing of the alternative hollow device. The leakage pressure change rate where three reference hollow 
devices equipped with detectors for reference hollow devices show growth in three identical consecutive 
runs shall be deemed reference fail through induced leak cycle.

For cycle 1 with the vacuum set point determined for the reference pass process three reference 
indicator systems tested at a time shall show growth at an induced leakage of 3 mL/min or lower in 
three identical consecutive runs.

NOTE An induced leak is not specified for cycle 2 and cycle 3.
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Annex B 
(normative) 

 
Test method for performance of alternative porous indicator 

system

B.1 Apparatus

Steam exposure apparatus in accordance with A.1.

B.2 Pass cycle 1 - sub-atmospheric air removal

B.2.1 The cycle sub-atmospheric air removal shall meet the following requirements:

a) evacuation to 20 kPa;

b) steam admission to 95 kPa;

c) steps a) and b) repeated five more times;

d) steam admission to exposure pressure;

e) hold for exposure time;

f) evacuation to 10 kPa;

g) air admission to ambient pressure.

B.2.2 The rate of pressure change, during steps B.2.1 a) to b) shall not exceed 50 kPa/min and during 
step B.2.1 d) shall be within the range 25 kPa/min to 50 kPa/min

B.2.3 If air injection is being used, it shall take place and be completed during steam admission to the 
exposure time at a pressure of between 75 kPa and 105 kPa.

NOTE The actual pressures achieved at the set points will be determined by the tolerances permitted for the 
steam exposure apparatus (see Annex A).
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Key
a Set operating pressure.

Figure B.1 — Standard test cycle – Sub-atmospheric air removal (see B.2)

B.3 Pass cycle 2 - super-atmospheric air removal

B.3.1 The cycle super-atmospheric air removal shall meet the following requirements:

a) evacuation to 20 kPa;

b) steam admission to set operating pressure minus 20 kPa;

c) evacuation to 105 kPa;

d) steps b) and c) repeated six more times;

e) steam admission to exposure pressure;

f) hold for exposure time;

g) evacuation to 10 kPa;

h) air admission to ambient pressure.

B.3.2 The rate of pressure change during steps B.3.1 a) to c) shall not exceed 50 kPa/min and during 
step B.3.1 d) shall be within the range 25 kPa/min to 50 kPa/min.

B.3.3 If air injection is being used, it shall take place during steam admission to the exposure time at a 
pressure of between 120 kPa and 130 kPa.

NOTE The actual pressures achieved at the set points will be determined by the tolerances permitted for the 
steam exposure apparatus (see Annex A).
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Key
a Set operating pressure.
b Set operating pressure minus 20 kPa.

Figure B.2 — Standard test cycle – Super-atmospheric air removal (see B.3)

B.4 Cycle 3: Impaired sub-atmospheric air removal

As cycle 1 (see B.2) but modify the pressure range, and if necessary, the number of repetitions at step c) 
until the centre of the reference porous device performing within the required limits as shown in 
4.2.4.2.

NOTE The reduction in the pressure range and, if necessary, the number of pulses in the air removal stage 
should be determined by prior trial.

B.5 Cycle 4: Impaired super-atmospheric air removal

As cycle 2 (see B.3) but modify the pressure range, and if necessary, the number of repetitions at step d) 
until the centre of the reference porous device performing within the required limits as shown in 
4.2.4.2.

NOTE The reduction in the pressure range and, if necessary, the number of pulses in the air removal stage 
should be determined by prior trial.

B.6 Cycle 5: Air injection

As cycles 1 and 2 (see B.2 and B.3) and then subjected to air injection test using an air injection 
apparatus described in ISO 11140-4:2007, Annex L. Modify air injection until the centre of the reference 
porous device performing within the required limits as shown in 4.2.4.2.
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Annex C 
(normative) 

 
Test method for performance of alternative hollow indicator 

system

C.1 Apparatus

Steam exposure apparatus in accordance with A.1.

C.2 Method – Pass cycle

C.2.1 Place the chemical indicator which has previously been demonstrated to conform with the 
requirements of 4.3.3 into the alternative hollow device.

C.2.2 Place both the reference indicator system and the alternative indicator system into the steam 
exposure apparatus.

C.2.3 Operate the steam exposure apparatus using the same test conditions as determined in A.3.2 
with the exception that the exposure time shall be set to that required to achieve an endpoint in the 
indicator as specified by the indicator manufacturer.

C.2.4 Upon recovery from the steam exposure apparatus, the indicator shall have reached its endpoint.

C.2.5 Repeat C.2.1 to C.2.4 two more times using separate exposure cycles of the steam exposure 
apparatus. Carry out the test on three samples for each of three production batches.

C.3 Method – Fail cycle

C.3.1 Place the chemical indicator which has been previously demonstrated to conform with the 
requirements of 4.3.3 into the alternative hollow device.

C.3.2 Place both the alternative indicator system and the reference indicator system into the steam 
exposure apparatus.

C.3.3 Operate the steam exposure apparatus using the same test conditions required to generate a fail 
condition determined in A.3.3 with the exception that the settings required for impaired air removal 
shall be deeper by 10% and with the exception that the exposure time shall be set to that required to 
achieve an endpoint in the indicator, as specified by the manufacturer.

C.3.4 Upon recovery from the steam exposure apparatus, the indicator shall not have reached its 
endpoint.

C.3.5 Repeat C.3.1 to C.3.4 two more times using separate exposure cycles of the steam exposure 
apparatus. Carry out the test on three samples for each of three production batches.
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Annex D 
(informative) 

 
Relationship of chemical indicator components

Key
1 chemical indicator reagent 4 chemical indicator to be used only with a specified test load
2 substrate 5 specified test load
3 chemical indicator to be used as is 6 chemical indicator system

Figure D.1 — Relationship of chemical indicator components  
(derived from ISO 11140-1:2014, Annex E)

This document gives requirements for various devices. To increase readability the following terms and 
abbreviations are used:

a) reference porous device = RPD (this is the porous process challenge device without any detector);

b) reference porous indicator system = RPIS (this is the RPD plus a detector);

c) alterative porous device = APD (this is the porous process challenge device different in design to 
the RPD without any detector);

d) alternative porous indicator system = APIS (this is the APD plus a detector);
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e) reference hollow device = RHD (this is the hollow process challenge device without any detector);

f) reference hollow indicator system = RHIS (this is the RHD plus a detector);

g) alterative hollow device = AHD (this is the hollow process challenge device different in design to 
the RHD without any detector);

h) alternative hollow indicator system = AHIS (this is the AHD plus a detector);

i) detector = the detector can either be a biological indicator or inoculated carrier, a chemical 
indicator or a physical measurement system, e.g. thermocouples.
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Annex E 
(normative) 

 
Reference hollow device

The reference hollow device, its sub-components and dimensions, together with tolerances, are defined 
in Figures E.1, E.2 and E.3.

Figure E.1 — Reference hollow device hose and pin dimensions

Figure E.2 — Reference hollow device tube diameters
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Annex F 
(informative) 

 
Accelerated ageing of test samples

F.1 Place the chemical indicator, or chemical indicator system, in a desiccator in a horizontal position on 
a perforated plate above a saturated aqueous solution that provides a relative humidity of approximately 
80 % at 65 °C.

The salts used in solution to control humidity should be selected from those which will not interact 
with the indicator reagent (e.g. potassium chloride).

F.2 Use sufficient samples of the chemical indicator, or chemical indicator system, to allow the tests 
necessary to demonstrate compliance with all required performance requirements.

F.3 Seal and place the desiccator in an oven in which the temperature is maintained uniformly 
throughout the interior, and heat for 7 days at a temperature of (65 ± 2) °C.

A mechanical convection oven with air circulated by a multi-blade centrifugal fan acting as a mixer and 
impeller, and having a continuous temperature-recording device, is recommended.

F.4 Prior to testing, remove the chemical indicator system and condition it in accordance with the 
requirements given in 4.1.2.

NOTE This approach might not be acceptable to some regulatory authorities.
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Annex G 
(informative) 

 
Evaluation of reference hollow devices – results

G.0  Introduction

During the drafting of this document, considerable testing was performed in order to base the 
performance requirements for the hollow load process challenge device described in 4.5.3 on actual test 
data. This annex provides a summary of the testing performed and data generated by the participating 
test laboratories.

G.1 Background

EN 13060:2014+A1: 2018, Small steam sterilizers, provides the definition of a narrow lumen (3.18) as 
a “hollow device which is beyond the range defined for a simple hollow item (see 3.30 and Figure A.3) 
and which is neither solid (see 3.32) nor porous (see 3.22)”. A simple hollow item is defined as “single-
ended open-space items where the ratio of length to diameter of the cavity is greater than or equal to 
1 and less than/or equal to 5 (1 ≤ L/D ≤ 5) and where the diameter is greater than or equal to 5 mm 
(D ≥ 5 mm) or double-ended open-space items where the ratio of length to diameter of the cavity is 
greater than/or equal to 2 and less than/or equal to 10 (2 ≤ L/D ≤ 10) and where the diameter is greater 
than or equal to 5 mm (D ≥ 5 mm)”. Annex A provides detailed clarification of the definition of narrow 
lumens and simple hollow items.

EN 13060 describes a process challenge device (PCD) and chemical indicator for narrow lumens (8.10) 
by cross referencing EN 867-5:2001. EN 13060 then describes a narrow lumen test employing the 
devices defined in 8.10 (i.e. that defined in EN 867-5). The chemical indicator incorporated into the PCD 
should show an endpoint for the test to meet the acceptance criteria.

EN 867-5 specifies a hollow load process challenge device (4.5.7) and the performance requirements of a 
chemical indicator for use in the hollow load process challenge device (4.6) and test methods to be used 
to evaluate performance (5.2). Whilst originally intended for use in small sterilizers complying with 
EN 13060 the hollow load process challenge device was adopted, as the result of a round robin study, 
within EN 285:2006 + A2: 2009 as a replacement for the rubber load test (type tests and works tests) 
and then specified within ISO 17665-2:2009 as one of the annual tests for assessing the performance of 
a porous load sterilizer. It should be noted that EN 867-5 provides a description of the hollow load test 
device rather than an engineering drawing and so a number of design options exist.

As EN 867-5 became scheduled for revision a new work item was created within ISO TC 198 WG 6 under 
the Vienna agreement to revise, update and clarify the content of EN 867-5 and publish a new standard 
EN ISO 11140-6. As the work item progressed a design drawing was developed, and a number of new 
test methods were specified which were adopted from ISO 11140-4:2007. A new CD was circulated 
and as a result of the ISO enquiry a number of critical comments arose questioning the change in the 
format, scope, requirements, specification, but in particular the test methods of the developing ISO 
standard when compared to the parent EN 867-5. It was therefore agreed to develop a protocol and 
conduct a round robin study designed to evaluate the performance of the hollow load reference device 
in a number of test conditions in large and small sterilizers. Initially the test cycles and failure modes 
specified in both ISO 11140-4 and EN 867-5 were employed to see if there were differences. In addition, 
such factors as orientation (vertical vs horizontal) and whether the hollow reference device was coiled 
randomly or on a holder designed to ensure free drainage, were to be examined.

A number of participating laboratories submitted data which were evaluated at a meeting of 
ISO/TC 198/WG 6, in order to try and establish common performance characteristics for the hollow 
load reference device. After two days of evaluation the committee concluded that there was so much 
variability in the reported results that no firm conclusions could be drawn. After further discussion 
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it was agreed that further test data was required. This decision resulted in the initiation of a series of 
sequential round robin studies in which additional testing was carried out in response to the analysis 
of submitted data. Each study was described in an agreed protocol, the content of which was based on 
the first and subsequent studies, but which evolved in response to the working group discussions on 
each data set submitted by the participating laboratories.

A summary of the results from each sequential round robin study are shown in G.2.

G.2 Summary of sequential round robin test results

G.2.1 Round Robin 1

Results in Table 1 questioned due to lack of raw data.

Cycle speed (Δ P) in every lab may not be the same.

Hypothesis

The 9-pulse cycle does not reflect current small sterilizer cycles.

The 9-pulse cycle causes greater variability due to propagation of errors over subsequent pulses (ΔP, 
attained set point).

Comments on Results

The 9-pulse test cycle was used and the hollow device with capsule and CI;

1. All Labs achieved a pass in 200mB test cycle.

2. As set point was raised, no consistency in where the fail was first observed from each laboratory.

3. Does not prove this cycle is an effective sterilization process.

4. Cycle speed (ΔP/Δt on pulses) is very important in influencing the results obtained. A failure is 
detected at a lower pressure set point in cycles using greater ΔP/ Δt.

5. Cycle set point attained is very important in the results obtained (Dilution factor).

6. The tolerances on the test vessel settings were not small enough.

G.2.2 Round Robin 2

The 9-pulse test cycle was used and the hollow device with capsule and CI and BI;

Comments on Results

At 200mB all labs achieved a pass

At 430mB all labs achieved a pass

At 700mB all labs achieved a fail

Between 430 and 700mB mixed results:

Hypothesis

It was considered by the WG to be too big a window for a test protocol which can be used as a reference.

It was noted that the internal “pins” of the CI holder deformed during testing. This was discussed as one 
of a number of possible sources of the variability observed in the results.
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G.2.3 Round Robin 3

This round robin testing was conducted using a 4-pulse cycle, the hollow device with capsule and a CI.

Comments on Results

Moving from the 9-pulse to the 4-pulse cycle and based on the limited data set, a narrower Pass/Fail 
window both in intra and inter lab test results, was attained.

G.2.4 Round Robin 4

This round robin was conducted using biological indicators on a wire inserted into the end of a modified 
hollow device (without capsule).

Hypothesis

The wall thickness of the tubing contributes to the variability of the results.

Comments on Results

Moving to this specific test protocol increased the intra and inter test house variability.

The wall thickness of tubing varied between different manufacturers and different lots, significantly 
despite being ordered to the same specification.

G.2.5 Supplementary study results

Tests were carried out at a single test site, observed by additional WG members. The hollow device with 
capsule and CI was evaluated in the 4-pulse test cycle with and without forced convection within the 
chamber. A fan was utilised to create forced convection

Hypothesis

Use of the fan was assumed to create greater homogeneity in the test environment.

Comments on results

Data shows forced air circulation shifts the mean of the pass to fail transition point.

Additional data submitted by the test laboratory.

When using the hollow device, oriented horizontally, the location on the vertical axis of a large test 
chamber (top, middle and bottom of chamber) influences the pass to fail transition point (pressure set 
point).

Hypothesis.

Forced convection in the large chamber eliminated stratification of air and steam in the test 
environment.

G.2.6 Round Robin 5

Tests were carried out by four laboratories at their test sites. In some cases, tests were observed by 
additional WG members at a particular site.

Hypothesis

Lessons learned from previous Round Robin tests allowed the creation of a test protocol which 
supported conformance tests between a reference indicator system and alternative indicator systems.
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Comments on Results

This study represents the most recent carried out, the results of which informed the proposed 
requirements in ISO 11140-6. The results are described in G.3.

G.3 Summary of round robin test results

During the Round Robin studies, it was noted early on, that test equipment varied between laboratories. 
Examples include variations of vessel sizes, thermal masses, control systems, system dynamics (such as 
times for opening of doors) or leakage rates. This fact, as well as the resulting drawbacks for reference 
tests were taken into account: The study of Round Robin 5 and thereby requirements of 4.3 to 5.3 and 
related Annexes were designed for minimizing the effect of such variations. Laboratories participating 
in this study used different setups while developing and following the test protocol.

It should be noted that pressures described in the following results and calculations are rounded to 
the nearest integer value. Window sizes for each dataset are calculated by dividing pass from fail 
conditions.

G.3.1 Outcome of Round Robin 5 for Cycle 1

Table G.1 and Table G.2 present pass and fail conditions for a measurement series on cycle 1.

References from two independent laboratories qualified for biological evaluations were selected for 
evaluating the reference PCD in cycle 1, see Table G.1.

Table G.1 — Round Robin results for pass and fail conditions using cycle 1 and  
the reference PCD (with biological indicators)

Set 1 Set 2
Pressure at pass condition (kPa) 23 22
Pressure at fail condition (kPa) 29 27
Window size (kPa) 6 5
NOTE   Pressure at pass conditions corresponds to the pass process APP. Pressure at fail conditions corresponds to the fail 
process AFP. Window sizes are calculated.

For Cycle 1 a minimum pressure of 22 kPa was obtained for the pass conditions, using the reference 
PCD. For the same PCD, fail conditions showed a maximum pressure of 29 kPa. Calculated window sizes 
of this reference data range between 5 and 6 kPa.

WG 6 conducted the tests on alternative PCDs in a larger study, thereby providing insight into variations 
in test equipment. Alternative PCDs consisted of the reference hollow device combined with chemical 
indicators. Results are presented in Table G.2.

Table G.2 — Round Robin results for pass and fail conditions using cycle 1 and  
an alternative PCD (with chemical indicators)

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6
Pressure at pass condition (kPa) 25 24 22 22 17 24
Pressure at fail condition (kPa) 28 26 26 25 20 27
Window size (kPa) 3 2 4 2 2 3
NOTE   The pressure at the pass condition corresponds to the pass process APP. The pressure at the fail condition 
corresponds to the fail process AFP. Window sizes are calculated for each set.

For Cycle 1 a minimum pressure of 17 kPa was obtained for the pass condition, using the alternative 
PCD. For the same PCD, fail conditions showed a maximum pressure of 25 kPa. Calculated window sizes 
of this reference data range between 2 and 4 kPa.
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G.3.2 Outcome of Round Robin 5 for Cycle 2

Tables G.3 and G.4 present pass and fail conditions for a measurement series on cycle 2. In Table G.3 
datasets from three laboratories are provided for the reference PCD.

Table G.3 — Round Robin results for pass and fail conditions using cycle 2 and  
the reference PCD (with biological indicators)

Set 1 Set 2 Set 3
Pressure at pass condition (kPa) 31 27 31
Pressure at fail condition (kPa) 42 34 41
Window size (kPa) 11 7 10
NOTE   The pressure at the pass condition corresponds to the pass process APP. The pressure at the fail condition 
corresponds to the fail process AFP. Window sizes are calculated.

For Cycle 2 a minimum pressure of 27 kPa was obtained for the pass condition, using the reference PCD. 
For the same PCD, the fail condition showed a maximum pressure of 42 kPa. Calculated window sizes of 
this reference data range between 7 and 11 kPa.

Results for the application of alternative PCDs in cycle 2 are presented in Table G.4. As for cycle 1, 
alternative PCDs consisted of the reference hollow device combined with chemical indicators.

Table G.4 — Round Robin results for pass and fail conditions using cycle 2 and  
the alternative PCD (with chemical indicators)

Set 1 Set 2 Set 3 Set 4
Pressure at pass condition (kPa) 25 28 23 25
Pressure at fail condition (kPa) 29 36 25 27
Window size (kPa) 4 8 3 2
NOTE   The pressure at the pass condition corresponds to the pass process APP. The pressure at the fail condition 
corresponds to the fail process AFP. Window sizes are calculated for each set.

For Cycle 2 a minimum pressure of 23 kPa was obtained at the pass condition, using the alternative 
PCD. For the same PCD, the fail condition showed a maximum pressure of 36 kPa. Calculated window 
sizes of this reference data range between 2 and 8 kPa.

Inspection of the results shown in Table G.3 and Table G.4, indicated the importance of a low leakage 
rate when using Cycle 2.

G.3.3 Outcome of Round Robin 5 for Cycle 3

Tables G.5 and G.6 present pass and fail conditions for a measurement series on cycle 3. In datasets 
from two laboratories are provided for the reference PCD.

Table G.5 — Round Robin results for pass and fail conditions using cycle 3 using  
reference PCD (with biological indicators)

Set 1 Set 2
Pressure at pass condition (kPa) 21 24
Pressure at fail condition (kPa) 23 35
Window size (kPa) 2 11
NOTE   Pressure at pass conditions corresponds to the pass process APP. Pressure at fail conditions corresponds to the fail 
process AFP. Window sizes are calculated.

For Cycle 3 a minimal pressure of 21 kPa was obtained at pass conditions, using the reference PCD. For 
the same PCD, fail conditions showed a maximum pressure of 35 kPa. Calculated window sizes of this 
reference data range between 2 and 11 kPa.
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Results for the application of alternative PCDs in cycle 3 are presented in Table G.6. As for cycle 1, 
alternative PCDs consisted of the reference hollow device combined with chemical indicators.

Table G.6 — Round Robin results for pass and fail conditions on cycle 3 and  
the alternative PCD (with chemical indicators)

Set 1 Set 2 Set 3 Set 4
Pressure at pass condition (kPa) 24 24 24 18
Pressure at fail condition (kPa) 31 27 35 20
Window size (kPa) 7 3 11 2
NOTE   The pressure at the pass condition corresponds to the pass process APP. The pressure at the fail condition 
corresponds to the fail process AFP. Window sizes are calculated for each set.

For Cycle 3 a minimum pressure of 21 kPa was obtained at the pass condition, using the alternative 
PCD. For the same PCD, the fail condition showed a maximum pressure of 35 kPa. Calculated window 
sizes of this reference data range between 2 and 11 kPa.

G.3.4 Analysis of Round Robin 5 for Cycle 1 to Cycle 3

Analysis of maximum and minimum pass and fail results from the laboratories for a given test cycle (see 
A.2) lead to the definition of the corresponding limiting pass process (LPP) and limiting fail process 
(LFP), see Figure 2.

For Cycle 1 the limiting pass process (LPP) was set to 17 kPa (see 4.3.4.5). This limit corresponded to 
the minimum pressure of 17 kPa obtained at pass conditions, using the alternative PCD (see Table G.2). 
Using biological indicators in the reference PCD (see Table G.1) resulted in a positive offset of 5 kPa: An 
LPP of 17 kPa was therefore met by the values shown in Tables G.1 and G.2.

For Cycle 1 the limiting fail process (LFP) was set to 29 kPa (see 4.3.4.5). For the alternative PCD, fail 
conditions showed a maximum pressure of 25 kPa (see Table 2). Use of biological indicators resulted 
in a positive offset of 4 kPa with a maximum pressure of 29 kPa for a fail condition (see Table G.1). The 
higher limit was selected for the LFP.

Requiring an LPP and LFP promotes comparability between alternative PCDs and the reference PCD 
(see Annexes C and D) by the correct application of the test methods (see A.3 and Annex B) and use of 
compliant test equipment (see A.1).

For the reference PCD and alternative PCD window sizes of 5 kPa were obtainable for Cycle 1 (see 
Tables G.1 and G.2). As a result, dPmax was set to 5 kPa. By limiting the difference between the pass 
process (RPP, APP) and the fail process (RFP, AFP) to dPmax, strict testing of the PCD is ensured for all 
laboratories utilising the described methods.

Following the same principles LPP, LFP were obtained for cycle 2 and cycle 3 (see 4.3.4.1 and 4.3.4.5). 
Based on the analysis of influencing factors and results of Round Robin 5, a dPmax of 5 kPa was 
considered adequate for all cycles on reference PCDs and alternative PCDs. It should be noted that the 
test outcome is affected by the detailed elements of the test method employed, such as the conditioning 
of the equipment used, leakage rates, variations in timing or pauses of test sequences.

G.3.5 Analysis of Round Robin for Cycle 1 to Cycle 3 with air leaks

Cycle 1 reference PCD

Vacuum set point was set to 22.4 kPa (pass condition) (see Table G.7).
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Table G.7 — Cycle 1 fail condition air leak

pass condition Not determined
fail condition 30 ml/min air leak (0.67 kPa/min)
Window size N/A

The reference PCD intermittently failed with the smallest leak rate of 3 ml/min (0.16 kPa/min).

Cycle 1 alternative PCD

The leak rate was not determined. The alternative PCD did not show consistent fails even with the 
largest leak rate allowed by the test equipment and instruments.

Cycle 2 reference PCD

Vacuum set point was set to 30.8 kPa (pass conditions) (see Table G.8).

Table G.8 — Cycle 2 pass condition air leak

Set 1
pass condition 240 ml/min air leak (1.46 kPa/min)
fail condition Not determined
Window size N/A

The reference PCD intermittently passed up to 700 ml/min (3.55 kPa/min).

Cycle 2 alternative PCD

Vacuum set point was set to 28kPa (pass conditions) (see Table G.9).

Table G.9 — Cycle 2 pass and fail condition air leak window

Set 1
pass condition 4 ml/min air leak (0.23 kPa/min)
fail condition 190 ml/min air leak (1.3 kPa/min)
Window size 184 ml/min (1.07 kPa/min)

Cycle 3 reference PCD

Vacuum set point was set to 24.4 kPa (pass conditions) (see Table G.10).

Table G.10 — Cycle 3 pass condition air leak

Set 1
pass condition 190 ml/min air leak (1.3 kPa/min)
fail condition Not determined
Window size N/A

The reference PCD intermittently failed with a leak rate of 200 ml/min (1.35 kPa/min).

Cycle 3 alternative PCD

Vacuum set point was set to 24kPa (pass conditions) (see Table G.11).
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Table G.11 — Cycle 3 pass and fail condition air leak window

Set 1
pass condition 1 200 ml/min air leak (5.35kPa/min)
fail condition 1 700 ml/min air leak (6.55 kPa/min)
Window size 500 ml/min (1.2 kPa/min)
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