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Learning
Objectives
1. Define the classes of chemical
indicators and how each class
should be used to monitor the
sterilization process.

2. Define the term “endpoint” as it
relates to chemical indicators.

3. Define the term “stated value” as
it relates to chemical indicators.

4. Describe how manufacturers test
chemical indicators.

June 2007
The  self-study lesson on this central service topic was
developed by 3M and AAMI (Association for the Ad-
vancement of Medical Instrumentation). The lessons
are administered by KSR.

Earn CEUs
The series can assist readers in maintaining their CS
certification. After careful study of the lesson, complete
the examination at the end of this section. Mail the
complete examination and scoring fee to Healthcare
Purchasing News for grading. We will notify you if you
have a passing score of 70 percent or higher,  and you
will receive a certificate of completion within 30 days.
Previous lessons are available on the Internet at
www.hpnonline.com.

Certification
This in-service has been pre-approved by the CBSPD
for 1 Contact Hour. Follow the CBSPD CEU Protocols
for pre-approved in-services. The protocols can be found
on CBSPD website sterileprocessing.org or by calling
CBSPD office at 908-454-9555.

For more information
Direct any questions to Healthcare Purchasing News
(941) 927-9345, ext 202.
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International Standards are prepared
by International Organization for
Standardization (ISO) technical com-

mittees. These committees include rep-
resentatives from countries that have
national standards bodies. For ex-
ample, delegates from the Association
for the Advancement of Medical In-
strumentation’s (AAMI’s) Sterilization
Standards Committee represent the
United States on the ISO Technical
Committee responsible for standards
related to the sterilization of health care
products. Published ISO standards can
be adopted by AAMI as is or with tech-
nical variations. Most AAMI standards
and recommended practices are ap-
proved by the American National Stan-
dards Institute (ANSI) as American Na-
tional Standards as they represent a na-
tional consensus.

This self-study discusses ANSI/
AAMI/ISO 11140-1:2005 Sterilization of
health care products - Chemical indicators
– Part 1: General requirements. In this
case, AAMI adopted the ISO standard
without technical variations and it was
approved by ANSI as an American Na-
tional Standard, hence the triple acro-
nym, ANSI/AAMI/ISO, in the docu-
ment title. The 2005 document replaced
ANSI/AAMI ST60-1996 Sterilization of
health care products – Chemical indicators
– Part 1: General requirements, which was
based on the 1995 edition of the ISO
standard but had significant deviations
from the international document.

Background
Understanding some of the terms used
in the Chemical Indicator document will
help us delve into the content.
• Critical variable: “parameters identified

as being essential to the sterilization pro-
cess (and requiring monitoring).”1

• Endpoint: “point of the observed
change as defined by the manufac-
turer occurring after the indicator has
been exposed to specified stated val-
ues.”1 For example, the endpoint of a
color change chemical indicator
would be the post-sterilization color
of a successful cycle while the end-
point for a moving-front style chemi-
cal indicator would be the color
change bar moving into the “accept”
or “safe” area.

• Resistometer: a specialized test vessel
capable of reproducible cycles and
used by manufacturers to characterize
the performance of chemical indicators.

• Stated value (SV): “value or values
of a critical variable at which the in-
dicator is designed to reach its end-
point as defined by the manufac-
turer.”1  For example, a Class 5 Inte-
grating Indicator with a stated value
of 3.5 minutes at 134°C should reach
its endpoint when tested at 134°C for
3.5 minutes in a resistometer.
In addition to these terms, reviewing

the critical variables for the sterilization
processes used in healthcare facilities in
the United States is a good refresher. Re-
fer to Table 1 for the Critical Variables

Front of the class –
An update on chemical
indicator classifications
by Susan Flynn, BESc, CSPDT

Table 1: Critical Variables for Common Sterilization Processes
Sterilization Process and ANSI/AAMI/ISO Symbol Critical Variables per ANSI/AAMI/ISO 11140-1:2005(1)

Steam Time, temperature and water 
(as delivered by saturated steam)

Dry Heat Time and temperature

Ethylene Oxide Time, temperature, relative humidity and ethylene 
oxide (EO) concentration

Vaporized Hydrogen Peroxide Time, temperature, hydrogen peroxide concentration, 
and, if applicable, plasma

STEAM

DRY

EO

VH2O2
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and Symbol for selected sterilization
processes.

Now that we’re on common ground
with a few key terms and the critical pa-
rameters, let’s look at the six classes of
Chemical Indicators defined in the
ANSI/AAMI/ISO 11140-1:2005 stan-
dard. Table 2 provides AAMI definitions
for each of these classes and examples of
typical applications for each class.

So what’s new?
ANSI/AAMI/ISO 11140-1, 2005 classi-
fies chemical indicators by their intended
use and provides performance require-
ments for each classification. Note that
the document states that “this classifica-
tion has no hierarchical significance”.1

This means a Class 4 indicator is not bet-
ter than a Class 2 indicator, they simply
each have different characteristics and
intended uses. The major changes in the
updated AAMI document are: the addi-
tion of performance requirements for
chemical indicators for the vaporized
hydrogen peroxide sterilization process;
the increased performance requirements
for Class 5 Integrating Indicators; and the
addition of Class 6 Emulating Indicators
to the standard.

The performance requirements for
Class 5 integrating indicators were in-
creased in the new version of the docu-
ment. Integrating Indicators are the most
accurate of the internal chemical indica-
tors. Only Class 5 integrating indicators
are designed to react to all critical vari-
ables and have stated values equivalent
to or exceeding the performance require-
ments for BIs given in ISO 11138, Steril-
ization of health care products – Biological
indicator systems. Steam Class 5 integrat-
ing indicators must now have three SVs,
one each at 121°C/250°F and 135°C/
276°F, and at one temperature in between
(see Figure 1). Additionally, Class 5
steam integrating indicators MUST have
a SV at 121°C of not less than 16.5 min-
utes to ensure performance is compa-
rable to that of BIs in saturated steam.

This time correlates to inactivation of
a biological indicator with a population
of 1 x 105 microorganisms. This means “a
direct relationship is established between
the integrator endpoint and a satisfactory
inactivation level in an equivalent BI and
therefore the objective of a terminal ster-
ilization process.”1

Class 6 Emulating Indica-
tors are new to the AAMI
document. Class 6 emulating
indicators do NOT share the
requirements outlined above
for Class 5 integrating indi-
cators. Class 6 emulating in-
dicators are cycle specific, i.e.
they are designed to react to
all critical variables for a
specified sterilization cycle.
Therefore, if a Sterile Process-
ing Department runs mul-
tiple exposure times (e.g. 4,
10 and 18 minutes at 272°F),
a unique Class 6 emulating
indicator would be required
to monitor each type of cycle.
The response of Class 6 emu-
lating indicators does not
necessarily correlate to that
of a biological indicator so they cannot
be used as an additional monitoring
tool to release loads that do not con-
tain implants or in a BI PCD to moni-
tor implant loads.

At this time, the use of Class 6 emulat-
ing indicators is not covered in any
AAMI end-user document. Appropriate
use of Class 6 emulating indicators
would be as an internal chemical indica-
tor at the pack/tray level in cycles for
which it is labeled.

Class 5 and 6 steam indicators share a
requirement that they must pass a dry
heat test. The products must NOT reach
their endpoints when exposed to dry heat
at 137°C/280°F for 30 minutes.

How are chemical indicators
tested?
It’s important to understand that manu-
facturers do not characterize the perfor-
mance of chemical indicators in hospital
sterilizers. Rather, they use resistometers,
specialized vessels that are capable of do-
ing reproducible test cycles. “Resisto-
meters allow for precise variation of the
specific test conditions and cycle se-
quences in order to produce controlled
physical studies. Resistometers differ
from conventional sterilizers; therefore,
if conventional sterilizers are used to at-
tempt to duplicate resistometer condi-
tions, erroneous and/or misleading re-
sults may occur.”1

Steam resistometers must reach the
temperature set-point in < 10 seconds

(see Figure 2) while hospital sterilizers
may have up to 10 minutes of pre-con-
ditioning or come-up time (see Figure
3). Because BI inactivation and CI pro-
gression toward endpoint begin to oc-
cur during this pre-conditioning or
come-up time in hospital sterilizers,
hospital sterilizers cannot be used to
replicate manufacturers’ stated values.

The cycle specific data for Class 6 emu-
lating indicators is generated in a
resistometer, not in a hospital sterilizer.
Why is this significant? In use in a hos-
pital sterilizer, Class 6 indicators could
have significant progression towards
endpoint during the come-up time.

What about low temperature
sterilization monitors?
For ethylene oxide (EO) sterilizers,
ANSI/AAMI/ISO 11140-1:2005 pro-
vides guidance on testing Class 1, 3, 4, 5
and 6 indicators. The stated value for EO
integrating (Class 5) indicators for a
‘warm’ cycle at a temperature of 54°C,
EO concentration of 600 mg/l, and a
relative humidity of 60% should be
greater than 30 minutes.1  This assures
that the integrator will have an inacti-
vation time equivalent to an appropri-
ate biological indicator. Similarly for a
‘cool’ cycle, the stated value for a Class
5 indicator for a cycle at a temperature
of 37°C, EO concentration of 600 mg/l,
and a relative humidity of 60% should
be at least 90 minutes.1

See SELF-STUDY SERIES on page 38
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Table 2:  Steam Chemical Indicator Classes Defined

Class ANSI/AAMI/ISO 11140-1:2005 Definition* Practical Application

Class 1:
Process Indicators

“Process indicators are intended for use with individual 
units, (e.g., packs, containers) to indicate that the unit 
has been directly exposed to the sterilization process and 
to distinguish between processed and unprocessed units. 
They shall be designed to react to one or more of the 
critical process variables.”

Indicator tapes, indicator labels, and load cards are examples 
of externally visible chemical indicators that should be on the 
outside of every package.  

Class 2:
Indicators for use 
in Specific Tests

“Class 2 indicators are intended for use in specific test 
procedures as defined in relevant sterilizer/ sterilization 
standards.”

Bowie-Dick type tests are specific tests used for equipment 
control to evaluate the efficacy of air removal and steam 
penetration.  

Class 3:
Single Variable
Indicators

“A single variable indicator shall be designed to react to 
one of the critical variables and is intended to indicate 
exposure to a sterilization process at a stated value (SV) 
of the chosen variable.”

An example of a single variable indicator is a temperature 
tube that contains a chemical pellet that melts at a specific 
temperature.

Single variable indicators may be used for pack control monitor-
ing but would not provide as much information as a Class 4 or 
Class 5 chemical indicator when used as an internal chemical 
indicator.  Internal chemical indicators should be used inside 
each pack.

Class 4:
Multi-variable
Indicators

“A multi-variable indicator shall be designed to react to 
two or more of the critical variables and is intended to 
indicate exposure to a sterilization cycle at SVs of the 
chosen variable.”

Multi-variable chemical indicators are used for pack control 
monitoring. These internal chemical indicators are usually paper 
strips printed with a color change chemical indicator.  Internal 
chemical indicators should be used inside each pack.

Class 5:
Integrating
Indicators

“Integrating indicators shall be designed to react to all 
critical variables. The SVs are generated to be equivalent 
to, or exceed the performance requirements given in the 
ISO 11138 series for BIs.”

•  May be used as an internal chemical indicator for pack 
control monitoring.  Internal chemical indicators should be used 
inside each pack. 

• Can also be used as an additional monitoring tool to release 
loads that do not contain implants. For this application the 
Class 5 Integrating Indicator must be used in the appropriate 
Process Challenge Device (PCD).(2) 

• Should be used in a PCD to monitor implant loads. The PCD 
should also contain a BI. The implant should not be released 
until the BI result is known, except in emergencies.(2)   

Class 6:
Emulating
Indicators

“Emulating indicators are cycle
verification indicators which shall be designed to react to 
all critical variables for specified sterilization cycles. The 
SVs are generated from the critical variables of the speci-
fied sterilization process.”

Could be used as internal chemical indicators for pack control 
monitoring for the cycle for which they are labeled.    

The use of Class 6 Emulating Indicators is presently not covered 
in any AAMI health-care facility user documents. 

* Reprinted with the permission of the Association for the Advancement of Medical Instrumentation  

For the vaporized hydrogen peroxide sterilization process, ANSI/
AAMI/ISO 11140-1:2005 provides test conditions only for Class 1

Figure 2: Steam Resistometer Temperature Profile Figure 3: Hospital Sterilizer Temperature Profile

process indicators. At the specified hydrogen peroxide concentra-
tion, the process indicators should reach their endpoint after 6 min-
utes at 50°C or 10 minutes at 27°C. In the absence of hydrogen per-

See SELF-STUDY SERIES on page 40



40  June 2007  • HEALHEALHEALHEALHEALTHCARE PURCHASING NEWSTHCARE PURCHASING NEWSTHCARE PURCHASING NEWSTHCARE PURCHASING NEWSTHCARE PURCHASING NEWS  • www.hpnonline.com

Health Care
 Sponsored byPresented by

Detach exam, fold and return to:
Continuing Education Division
KSR Publishing, Inc.

Sarasota, FL 34231
PH: 941-927-9345 Fax: 941-927-9588

Request for Scoring
•  I have enclosed the scoring fee

of $10. (Please make checks payable
to KSR Publishing, Inc. We regret
that no refunds can be given.)

CONTINUING EDUCATION TEST • JUNE 2007

Please print or type.  Return this page only.

Name

Title

Hospital Name

Mailing Address

Apt/Suite

City, State, Zip

Daytime Phone

CONTINUING EDUCATION TEST • JUNE 2007

1. Indicator tape used to seal packs and
distinguish between processed and
unprocessed packs are an example of
Class 1 Process Indicators.
A. True
B. False

2. Only Class 5: Integrating Indicators are
designed to react to all critical variables
and have stated values (SVs) equivalent to
or exceeding the per formance
requirements for BIs.
A. True
B. False

3. The critical variables for the ethylene oxide
sterilization process are: time, temperature
and hydrogen peroxide concentration.
A. True
B. False

4. Manufacturers use a test vessel called a
resistometer to characterize chemical
indicator per formance.
A. True
B. False

5. Unlike a hospital steam sterilizer, a steam
resistometer has a very short (<10 second)
come-up time.
A. True
B. False

6. Class 5 integrating indicators in an
appropriate Process Challenge Device (PCD)
can be used to release loads that do not
contain implants.
A. True
B. False

7. Class 6 emulating indicators are cycle specific
i.e., are designed to react to all critical
variables for a specified sterilization cycle.
A. True
B. False

8. For implant loads, it is acceptable to release
the load based on the Class 5 integrating
indicator result rather than waiting for the
biological indicator result.
A. True
B. False

9. Per ANSI/AAMI ST79:2006, an internal
chemical indicator (Class 3, 4 or 5) should be
used inside each package or tray.
A. True
B. False

10. The use of Class 6 emulating indicators is
presently not covered in any AAMI health-
care  facilities user document.
A. True
B. False

Front of the class – An update on
chemical indicator classifications

Circle the one correct answer: oxide for test times of 45 minutes, or at the
appropriate gas concentration for test times
of 7 seconds at 50°C or 10 seconds at 27°C,
the process indicators should fail to reach
their endpoint.1

How do I know the class of the
product I’m using?
Either the chemical indicator packaging or
the technical information supplied with the
package should include a variety of infor-
mation including: the class of chemical in-
dicator; sterilization process; intended use
for which the indicator is designed; the criti-
cal variable(s) to which the indicator will
respond, and where applicable, their stated
values.1  You can expect to begin seeing this
information as manufacturers update prod-
uct packaging and package inserts to com-
ply with the standard. Your choice of chemi-
cal indicator class should be based on the
information you need about a particular
sterilization process.

Summary
There are now six classes of chemical indi-
cators. Only Class 5 integrating indicators
are designed to react to all critical variables
and have stated values (SVs) equivalent to
or exceeding the performance requirements
for BIs. Current AAMI user documents pro-
vide recommended practices for use of in-
dicators labeled as Class 1 through 5. Chemi-
cal indicator classifications enable the end
user to understand performance parameters
of various chemical indicators. Understand-
ing these classes will enable the user to se-
lect the appropriate chemical indicator for
the application and the sterilization process
being monitored. HPN

Susan Flynn, BESc. CSPDT is a Technical Ser-
vice Specialist with 3M Health Care’s Steriliza-
tion Assurance group in St. Paul, MN. She is
routinely involved in troubleshooting and ad-
dressing sterilization questions. Flynn’s role at
3M includes providing education for customers
and sales personnel on improving the perfor-
mance of the sterilization process and implement-
ing best practices. Flynn is a certified Central
Sterile Processing and Distribution Technician.
In addition she is a member of several AAMI
working group committees that are developing
recommended practices.
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