QHW Designation: F 1462 — 93

Specification for

Oxygen Analyzers *

This standard is issued under the fixed designation F 1462; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Subcommittee F29.03.08 met in Boston in January of 1989 and August of 1990 and agreed to
consider ISO 7767 as a possible replacement for the existing oxygen analyzer standard, ANSI Z-79.10.
ISO 7767 is one of a series of standards developed for specific medical electrical equipment (a
“particular standard”) based on IEC 601-1 (the “general standard”). The text that follows has been
taken from ISO 7767 and modified editorially. ISO 7767 references the first edition of IEC-601-1,
published in 1977, and this specification references the second edition, published late in 1988.

Sections 1-3 of this specification are in keeping with Bm and Style for ASTM Standards-
manual. Section 4 is a compilation of all the clauses in IEC 601-1:1988 with an indication as to
whether the clause applies, does not apply, or applies with an amendment or addition.

Section 5 lists in numerical order all of the clauses in IEC 601-1:1988 that have amendments or
additions in this specification. Additional requirements specific to oxygen analyzers begin with Clause
60.

Annex Al provides a rationale for specific requirements.

1. Scope 2. Referenced Documents
1.1 The scope given in Clause 1 of IEC 601-1 1988 applies 2.1 The following standards contain provisions that,
except that 1.1 shall be replaced by the following: through reference in the test, constitute provisions of this

1.2 This specification covers safety requirements for oxygespecification. At the time of publication, the editions indicated
analyzers, as defined in 3.11 (in this specification 3.1.11yvere valid. All standards are subject to revision, and parties to
intended for use in determining the oxygen level in breathingagreements based on this draft specification are encouraged to
gas mixtures administered to patients. Both sampling anéhvestigate the possibility of applying the most recent editions

non-sampling oxygen analyzers are covered. of the standards listed below:
1.3 The field of application includes, but is not limited to: 2.2 ASTM Standards:
1.3.1 Anesthetic machines and breathing systems, F 1463 Specifications for Alarm Signals in Medical Equip-
1.3.2 Ventilators, ment Used in Anesthesia and Respiratory €are
1.3.3 Baby incubators, and F 1054 Standard Specification for Conical Setttgs
1.3.4 Oxygen concentrators (domiciliary or clinical). 2.3 IEC Standard:

1.4 Oxygen analyzers intended for use in laboratory re- IEC 601-1:1988 Medical Electrical Equipment—Part
search applications are outside the scope of this specification. 1—General Requirements for Saféty
1.5 The values stated in Sl units are to be regarded as the2.4 ANSI Standard:
standard. ANSI Z79.10 Requirements for Oxygen Analyzers for
1.6 This standard does not purport to address all of the Monitoring Patient Breathing Mixturés
safety concerns, if any, associated with its use. It is the 2.5 ISO Standards:
responsibility of the user of this standard to establish appro- SO 7767 Oxygen Analyzers for Monitoring Patient Breath-
priate safety and health practices and determine the applica-  ing Mixtures—Safety Requiremerits
bility of regulatory limitations prior to use. ISO 8158 Evaluation of the Performance Characteristics of
Gas Analyzers

2 Annual Book of ASTM Standardgol 13.01.
1 This specification is under the jurisdiction of ASTM Committee F29 on  *Available from International Electrochemical Commission, 3 rue de Varembé,
Anesthetic and Respiratory Equipment and is the direct responsibility of Subcom1211 Geneva 20, Switzerland.
mittee F29.11 on Gas Monitors. 4 Available from American National Standards Institute, 25 W. 43rd St., 4th
Current edition approved April 15, 1993. Published July 1993. Floor, NY, NY 10036.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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2.6 Military Standard: 3.1.15 percent (V/V) oxygen (or other gases)he level of
MIL-STD-810C Environmental Test Methods for Engineer- oxygen (or other gas) in a mixture, expressed as a percentage
ing Guideline$ volume fraction.
_ 3.1.16 response time-the time required for the oxygen
3. Terminology analyzer to achieve a 90 % response to a step change in oxygen

3.1 Definitions—For the purposes of this specification, the level.
definitions given in Clause 2 of IEC 601-1: 1988 apply together 3.1.17 sensing area-the part of the oxygen analyzer that is
with the following additional definitions: in direct contact with the gas mixture of which the oxygen level

3.1.1 alarm—a warning signal that is activated when the is to be measured.
oxygen reading reaches or exceeds the alarm limit. 3.1.17.1Discussior—An example of such a part is the

3.1.2 alarm set-point—the setting of the adjustment control membrane surface of an oxygen-sensing electrode.
or display value that indicates the oxygen level at or beyond 3.1.18 shelf life—the period during which the oxygen ana-
which the alarm is intended to be activated (the indicated alartyzer or any of its components are stored in its original
limit). container according the the accompanying documents.

3.1.3 alarm system-those parts of the oxygen analyzer that 3.1.19 useful life—the period of time during which the
establish the alarm set-point(s); activate an alarm when thperformance of an oxygen analyzer or any of its components
oxygen level is less than or equal to the low alarm set-point, omeets the requirements of this specification, when used and
is equal to or greater than the high alarm set-point. maintained according to the accompanying documents.

3.1.4 delay time—the time from a step function change in
oxygen concentration or partial pressure at the sampling site o
the achievement of 10 % of final oxygen value in the oxygen
analyzer.

3.1.5 display—a device that visually indicates quantitative
or qualitative information. 3 Scope and objeet

. X X . . inology and definitions

3.1.6 expected useful lifethe period during which the 3. General requirements
performance of an oxygen analyzer or any of its components is# General requirements for tests
expected to meet the requirements of this specification, wherﬁ: Classification

. . . . Identification, marking, and document
used and maintained according to the accompanying docu<. power input

ments.
. P . . : Section Two—Environmental Conditions
317 h|gh priority alarm—al comb|_nat|on of audible and 8. Basic safety requirements X
visual signals indicating that immediate operator response iSs. Removable protective means X
required. 10. Environmental conditions X

. . . 11. Not used

3.1.8 interference with measurement accuraeyhe differ- 5 \\GLE FAULT CONDITION—Not used

ence between the oxygen reading in the presence of an

interfering gas mixture and the oxygen reading in a corre—13 . | b

. - . . . : . . General

sponding mixture in Whlqh the interfering gas or vapor fraction; Requirements related to classification X

has been replaced by nitrogen. 15. Limitation of voltage and/or current X
X

3.1.9 low priority alarm—a visual signal, or a combination 16. Enclosures and PROTECTIVE COVERS

Relationship of This Specification to the General
Standard

Section One—General
(A) (NA) (AM/R)

X X X X X X X

Section Three—Protection Against Electric Shock Hazards

. . . PN . . Separation X
_of audlt_)le and visual signals indicating that operator awarene%_ Protective earthing, functional earthing, and %
IS requwed. potential equalization
3.1.10 medium priority alarre—a combination of audible 19 Continuous LEAKAGE CURRENTS and X
. . . . . .PATIENT AUXILIARY CURRENTS
and visual signals indicating that prompt operator response i8, piejectic strength X
required.
3_1.11 Oxygen analyze_r_a dev|ce that measures and |nd|' Section Four—Protection Against Mechanical Hazards
. . 21. Mechanical strength X
cates the oxygen level in a gaseous mixture. 22. Moving parts X
3.1.12 oxygen levelthe concentration of oxygen in a 23. Surfaces, comers, and edges X
gaseous mlxture 24, Stability and transportability X
. . . . . 25. Expelled parts X
3.1.12.1 Discussior—This may be expressed in any suitable 55" Not used
unit such as percent by volume or partial pressure in kPa (0z7. Pneumatic and hydraulic power X
mm Hg). 28. Suspended masses X
. . . 29. X-radiation X
3.1.13 oxygen reading-the measured oxygen level as indi- 3, Alpha, beta, gamma, neutron radiation and X
cated by the oxygen analyzer. other particle radiation
P i 31. Microwave radiation X
.3'1'14 partial press'urg—the pressure that each gas in a gas; Light radiation (including visual radiation and X
mixture could exert if it alone occupied the volume of the |asers)
mixture at the same temperature. 33. Infra-red radiation X
34. Ultra-violet radiation X
35. Acoustical energy (including ultra-sonics) X
36. Electromagnetic compatibility X

5 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
Robbins Ave., Philadelphia, PA 19111-5094. Attn: NPODS.
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Section Six—Protection Against Hazards of Ignition of Flammable
Anesthetic Mixtures

—

) (NA) (AM/R)
38. Marking ACCOMPANYING DOCUMENTS
39. Common requirements for “AP” and “APG”
EQUIPMENT

40. Requirements and tests for Category AP
equipment, and components thereof

41. Requirements and tests for Category APG X
equipment, parts and components thereof

42. Excessive temperatures

43. Fire prevention

44. Overflow, spillage, leakage, humidity, ingress

of liquids, cleaning, sterilization, and disinfection

45. Pressure vessels and parts subject to X
PRESSURE

46. Human errors—Not used

47. Electrostatic charges—Not used

NOTE: WG 13 of IEC 62A is currently preparing

a draft standard for electrostatic discharges for

medical equipment.

48. Materials in APPLIED PARTS in contact with

the body of the PATIENT—Not used

49. Interruption of the power supply X

A
37. Locations and basic requirements X
X
X

x

X X X

Section Eight—Accuracy of Operating Data and Protection Against
Hazardous Output
50. Accuracy of operating data—Not used
51. Protection against incorrect output X

Section Nine—Abnormal Operation and Fault Conditions; Environmental
Tests
52. Abnormal operation and fault conditions X
53. Environmental tests X

Section Ten—Constructional Requirements

54. General X

55. Enclosures and covers—Not used

56. Components and general assembly X

57. MAIN PARTS, components, and layout X

58. Protective earthing—terminals and X
connections

59. Construction and layout X

Additional Clauses
60. Interfering gas and vapor effects other than
water vapor
61. Cyclic pressure
62. Gas leakage and sampling loss
63. Replacement of oxygen sensor
64. Alarms
65. Connectors
66. Measurement accuracy
A = applies, NA = Not Applicable, AM/R = applies with an amendment, addition,
or revision to the requirements in the General Standard.
“Not used” means that material in this (these) sections of IEC 601-1:1977 has
been deleted from the 1988 edition, but the section number is reserved for
future use.

x

X X X X X X

5. Clauses Containing Amendments, Additions, or
Replacements to the Text in IEC 601-1:1988, and
Additional Clauses 60-67

specification shall be used as the reference methods.

In 3.6 (i) add the following: additional single fault conditions
include short and open circuits of the sensor and associated
circuitry that cause sparks to occur, or increase the energy of
sparks, or increase temperatures.

In 4.5, add the following:

At 20°C if the tests are to be carried out at any nominal
temperatures within the operating temperature range of the
oxygen analyzer,

Unless otherwise specified in individual test methods, with
dry test gas mixtures that have a relative humidity below 2 %,
and

At ambient atmospheric pressure.

Note 2—Room air is considered to be 20.9 % oxygen.

Note 3—Care should be taken to ensure that room air used for testing
is not contaminated, for example, from exhaust ducts, etc., and has a
relative humidity below 95 %.

6. Classification

Note 4—Oxygen analyzers used in the home, for example, to monitor
oxygen concentrators, should be designated as Class Il equipment due to
the fact that the protective earthing in many homes may be inadequate or
nonexistent.

7. ldentification, Marking, and Documents

The requirements given in Clause 6 of IEC 601-1 1988 apply
except for the following additions and modifications:

a) In 6.1, replace Item (d) by the following:

If the size of the oxygen analyzer does not permit the
complete marking as specified throughout this clause, at least
the following shall be marked on the oxygen analyzer: the
name of the manufacturer; a serial number or lot or batch
identifying number; and symbol Number 14 in Table D.I. of
IEC 601-1 1988.

b) In 6.1, add the following to Item (f):

Oxygen analyzers shall be marked with a serial number or
other lot or batch-identifying number.

¢) In 6.1, add the following to Item (q):

Oxygen analyzers shall be marked with the words “Not for
use in breathing systems”, if applicable (see Clause 62.1).

d) In 6.1, add additional items as follows:

(zz) The following shall either be marked on the body of the
oxygen analyzer or be permanently attached to the oxygen
analyzer:

Abridged operating instructions which shall include an
indication of the period of time necessary, following a change
in oxygen level, for the oxygen level to stabilize.

Note 1—The clause numbers used reference the specific section in the Note 5—Markings related to controls should be visible or legible, or

general standard.

both, to an operator having a visual acuity (corrected if necessary) of at

4. General Requirements and General Requirements folé@st” one” when the operatcs I m infront of the oxygen analyzer at an

Tests:

Clauses 3 and 4 of the general standard apply together wit

the following additions:

illuminance of 215 Ix. Markings should be clearly identified with their
%ssociated displays or visual indicators.

a) Marking on the outside of the oxygen analyzer shall

Test methods other than those specified in this specificatio@dditionally include the following:

but of equal or greater accuracy may be used to verify b) For oxygen analyzers notintended for use with inhalation
compliance with the requirements of this specification. How-anesthetic agents, the phrase “Note for use with inhalation
ever, in the event of a dispute, the methods specified in thianesthetic agents”, if applicable (see Clause 60.1).
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c) A statement that the operator should see the accompany-h) Time from switching on to obtaining specific operating
ing documents for the effect of moisture on accuracy, ifperformance.

applicable. 4. Details of any effect on stated function due to the
6.1.5.3 Symbol number 14 in Table D.l. of the generalfollowing:
standard. a) Humidity or condensation including, for example, any

6.1.5.4 The words “Will not withstand mechanical shock”, adverse effects if an adaptor is provided to improve the
if applicable (see Clause 21.1), and symbol Number 14 ifunction of the sensor in the presence of condensation or
Table D.I. particulate water (see Clause 44.5),
6.1.5.5 The alarm set-point of the oxygen level, if the b) Interfering gases or vapours (see Clause 60),
oxygen analyzer is provided with a non-adjustable oxygen c) Mechanical shock (see Clauses 21.1 and 21.2),
level alarm. d) Cyclic pressure (see Clause 61),
6.1.6 In 6.3, add the following: e) Barometric pressure or pressure at the site of use of the
6.1.6.1 Oxygen Level Displays—Oxygen level displaysoxygen analyzer,

shall be marked with the appropriate units of measurement. f) Fluctuations in line or battery voltages, and
g) Aging of the oxygen sensor or of the oxygen analyzer

Note 6—Displays should not be obscured by the hand normallyitself (see Clause 63)

adjusting the control(s) associated with the display.
6.1.7 In 6.7, replace Item (a) by the following: ’\!OTE 8—If the oxygen level is displayed in unlts_of oxygen concen-

. . . tration, the accompanying documents should contain an explanation that
If visual indicators are used on the oxygen analyzer, with thee,ings in concentration units are correct only under the pressure at

exception of alphanumeric displays, their coloring shall con-which the oxygen analyzer is calibrated.

form to the following requirements: 5. The expected useful life of the oxygen sensors, if they are

6.1.7.1 Red, W'th_ a fla_sh|_ng frequency of 1.4 to 2.8 HZ,intended to be replaced during the useful lifetime of the oxygen
shall be used as a h.|gh pnonty alarm. analyzer. The useful life shall be stated as the number of hours,

6.1.7.2 Yellovy, W'th a flashmg frquer_\cy 0f 0.4 10 0.8 Hz, days, or months of continuous use in dry, 100 % (V/V) oxygen
shall be used to indicate a medium priority alarm. at 23°C during which the oxygen analyzer meets the require-

6.1.7.3 Yellow, with a constant signal, shall be used ©Oyont5 given in 60.3, 60.5, 60.6 and 60.8 of this specification

indicate a low priority alarm. o ésee Clause 63).
6.1.7.4 Green shall be used to indicate that the oxyge
analyzer is ready for use or in normal operation. Note 9—Other operating conditions may also be used as a basis for
useful life.

6.1.7.5 Blue shall be used only as an advisory indicator.

. . . N 10—The shelf life of hould be stated.
6.1.8 The function of all lights and displays shall be ore © snett e of OXygEn Sensors SNOuTd be state

Note 11—The expected useful life of other expendable components of

marked. . . the oxygen analyzer, for example batteries, should be stated under
6.1.9 Compliance shall be checked by functional test andpecified conditions of use.
Inspection. 6. An illustration of the features of the oxygen analyzer

Note 7—Visual indicators and their associated markings should bdndicating the location of all operating controls, adjustments
visible or legible, or both, to an operator having visual acuity (correctedand system components (for example, the battery compart-
if necessary) of at least “one” when the operator is lagtdten infront of ment) necessary for correct operation and on site servicing by
the oxygen analyzer at an illuminance of 215 lux. the user.

g) In 6.8.2, add the following to Item (a): The instructions 7. Instructions for operation of the oxygen analyzer, includ-
for use shall additionally include the following information:  ing the following: -

1) A description of the purpose and intended use of the @) Pre-use checking and calibration,
oxygen analyzer. b) Routine inspection and testing, and

2) Adescription of the principles of operation of the oxygen ¢) Recommended methods for cleaning and disinfection or
analyzer, including the relationship between gas concentratiofterilization.

and its partial pressure and the effects of humidity. 8. A description of an in-service test using room air as the
3) A detailed specification, including the following: calibration gas. o o o _
a) The oxygen level measurement range and the accuracy of 9. lllustrated service information, including: instructions for
measurement (see Clauses 66.1, 66.2 and 66.3), preventive maintenance and service calibration, and those
b) The stability of measurement accuracy (see Clauses 662Fjustments that are necessary to maintain the oxygen analyzer
and 66.5) in correct operating conditions, as well as a description of those
c) The response time (see Clauses 66.6 and 66.7) adjustments and replacements that can be performed by the
d) The oxygen level alarm range and its accuracy (se@PErator.

Clauses 64.3, 64.4 and 64.5), 10. A description of the correct installation of the oxygen

alyzer and the connection of the oxygen sensor or sampling
tubing. The maximum permissible distance of separation
rpetween the oxygen analyzer and the sensing area shall be
stated.

e) The operating and non-operating temperature ranges (s
Clause 10),

f) For sampling-type oxygen analyzers, the gas diversio
rate (see Clause 62.3),

g) Power requirements, and Note 12—If the oxygen analyzer requires a sensor cable or sampling
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tubing for connection from the oxygen analyzer to the sensing area, thand 66.6 over a sample gas and ambient temperature range of
cable or tubing should be of sufficient length to reduce the likelihood of its1 5 tg 40°C.

being elongated beyond its elastic limit and being stressed at the Compliance shall be checked by the test given in 10.2.1.1
connection points. In the event that the sensor cable becomes discon- 155"y 1 Tast Method: T
nected, this should be indicated by an alarm. o . ' L
_ Y 10.2.1.1. Principle—Determination of the accuracy of the
11. Unless it can be demonstrated that the oxygen analyzgfyygen reading and the response time after equilibrating the

is not suscgptible .to eIec.tromagnetic interference, a warningxygen analyzer at the extremes of the specified operating
statement in the instructions for use to the effect that th‘?emperature range.

function of the oxygen analyzer may be adversely affected by 14 2.1 1.2 Procedure:

the operation of such equipment as high frequency apparatus, pjace the oxygen analyzer in an atmosphere of room air at 40
short-wave, microwave or magnetic resonance imaging €quipx 1°¢ having a relative humidity of less than 95 % until it has

ment in the vicinity. reached equilibrium.
12. If the lowest temperature that the oxygen analyzer can

withstand during transport is higher than — 40°C or if the Note 14—EqL_JiIibri_um_ can be verified by a suitable means, such as
highest temperature the oxygen analyzer can withstand durirR2¢ing a thermistor inside the oxygen analyzer.

transport is lower than 70°C, or both, the recommended Carry out the test for measurement accuracy as described in
temperature shall be stated in the accompanying documen®.2 and the test for response time as described in 66.7 except
and the transport package shall be printed with a notic¢hat both the oxygen analyzer and the test gases are to be
indicating the restrictions on temperature during transport. maintained at 40 2°C during both tests.

SECTION TWO—ENVIRONMENTAL CONDITIONS Repeat the procedure at the test temperature of 15C.

) . 10.2.1.1.3Expression of ResulExpress the results as de-
10. Environmental Conditiors-Replace 10.1 and 10.2.1 ¢.ined in 50.4 and 50.9 at both test temperatures.
with the following:

i _ 17. Separatior—The requirements given in Clause 17 of
10.1 Nonoperating Temperature Range: _IEC 601-1:1988 apply together with the following additional
The oxygen analyzer shall meet the requirements given g,

66.1 and 66.6, after it has been subjected to the extremes of theh) Deterioration of parts due to anesthetic agents and

specified non-operating temperature range as detailed in trbexygen should be taken into account.

accompanying documents. o 18. Earthing and Potential EqualizatierSee also Clauses
Compliance shall be checked by the test given in 10.1.1 19 514 39.3.
10.1.1 Test Method: 19. Continuous Leakage Currents and Patient Auxiliary
10.1.1.1 PrincipleDetermination of the accuracy of the oXy- ¢\rrents—The requirements given in Clause 19 of IEC 601-

gen reading and the response time at normal operating t€M-19gg apply except in Item 19.1e), add the following: The
perature after the oxygen analyzer, as packaged for ranspofjatient |eakage current shall be measured at the following
has been subjected to the extremes of the specified NOWositions:

operating temperature range. For non-sampling (continuous monitoring) oxygen analyz-

1?.1.1.ﬁProcedure _ers, at the oxygen sensor, and
Place the oxygen analyzer, as packaged for transport, in an gqr sampling (intermittent) oxygen analyzers, at the junction

atmosphere of room air having a relative humidity of less thany¢ e sampling tubing and the body of the oxygen analyzer.
95 %, at the lower of the following temperatures until it has

reached equilibrium: a) 7& 1°C; or, b) the highest tempera- SECTION FOUR—PROTECTION AGAINST
ture recommended during transport, as marked on the transport MECHANICAL HAZARDS
package.

21. Mechanical Strength-The requirements given in
Note 13—Equilibrium can be verified by a suitable means, such asClause 21 of IEC 601-1:1988 are replaced by the following:

placing a thermistor inside the oxygen analyzer. 21.1 Free-Standing Oxygen AnalyzerSuch oxygen ana-
Maintain the oxygen analyzer at this temperature for 4 Hyzers (that is, those not manufactured as an integral, insepa-
after equilibrium is attained. rable component of a larger system) and all separable compo-

Return the packaged oxygen analyzer to room temperatureents, such as oxygen sensors shall either:
unpack it and install it so that it is ready for use, as described a) Meet the requirements given in 66.1 and 66.6 and, if
in the accompanying documents. applicable, 6.3, 60.12, and 64.3; electrically live parts shall not

Carry out the test for measurement accuracy as described be accessible, compliance being checked by the test given in
66.2 and the test for response time as described in 66.7.  21.2; or

Repeat the procedure equilibrating the packaged oxygen b) Be marked with the warning to the effect that it does not
analyzer at the higher of the following temperatures: a) <40 meet this requirement (see section 6.1), with a similar warning
1°C; or b) the lowest temperature recommended during transppearing in the accompanying documents.

port, as marked on the transport package. 21.2 Test Method:
10.1.1.3 Expression of ResultsExpress the results as  21.2.1 Principle—Determination of the accuracy of the
described in 66.2 and 66.7 at both test temperatures. oxygen reading, the response time and, if applicable, the alarm
10.2.1 Operating Temperature Range: accuracy after the oxygen analyzer and all separable compo-

Oxygen analyzers shall meet the requirements given in 66.@ents have been subjected to a mechanical shock.
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21.2.2 Procedure-Attach the unpackaged items to be tested 36. Electromagnetic Compatibilit-The requirements
rigidly to a shock machine table. Apply three shocks in bothgiven in Clause 36 of the general standard apply.

directions along three mutually perpendicular axes of each test
item (a total of 18 shocks to each item), taking care to ensureECTION 6—PROTECTION AGAINST HAZARDS OF

the following: EXPLOSION IN MEDICALLY USED ROOMS

8.2.2.1 That the shape of the shock pulse is in accordance 9.1 Locations and Basic Requirement§he requirements
with Fig. 1, given in Clause 37 of IEC 601-1:1988 apply.

That the oscillogram of the shock pulse includes a time 9.2 Common Requirements for Category AP and Category
approximately 33 ms (3 D) long, APG Equipment-The requirements given in Clause 39 of IEC

That the acceleration amplitude (A) of the ideal half-sine601-1:1988 apply.

. % . . . i
pulse is 300 mA(30 X gravity) and its duration (D) is 11 ms, PROTECTION AGAINST EXCESSIVE

; : ; ECTION 7—
That the measured acceleration pulse is contained betweer§
the broken line boundaries shown in Fig. 1, TEMPERATURES, FIRE, AND OTHER HAZARDS,

That the measured velocity change (that may be obtained by SUCH AS HUMAN ERRORS

integration of the acceleration pulse) is within the limifs: 42. Excessive TemperaturesThe requirements given in
0.1 Vi, where the velocity change associated with the ideafClause 42 of IEC 601-1:1988 apply except as follows: Replace
pulse is: 42.3 with the following:
42.3 Applied parts with intentionally come in contact with
AXD 300 0.011 . ;
Vi=2X——— =2X—Zgme— =21m/s (1) the patient and that are not intended to supply heat to the

i , ] , gatient shall not have surface temperatures exceeding 41°C.
That the integration to determine velocity change extends 43 Fire Prevention—The requirements given in Clause 43
from 4.4 ms (0.4 D) before the pulse to 1.1 ms (0.1 D) after theys | 601-1:1988 apply together with the following additional

pulse. requirements:
Inspect the oxygen analyzer to check that the appearance and43_l In order to eliminate the risk of fires caused by

condition of the oxygen analyzer, including the enclosure angyjactrical components that may be a source of ignition in

warning or display indications or markings, have not been,yyqen or nitrous oxide enriched atmospheres (or mixtures of

damaged or have not deteriorated in such a way as t0 preveghseg containing anesthetic agents referred to in Clause 37), at

normgl operation of the oxygen ana!yzer and that no electriaast one of the following requirements shall be met:

cally live parts have become accessible. a) Electrical components shall be separated from compart-
Reattach any separable components to the oxygen analyzgfonts in which accumulations of such gases can occur by a

and carry out the test for measurement accuracy as descr'bedbﬁrrier complying with the requirements given in 43.2.

Clause 66.2 and the test for response time as described Ny compartments containing electrical components shall be
Clause 66.7 and, if the oxygen analyzer is fitted with an oxygen,qniijated according to the requirements given in 43.5.

level alarm, a test for oxygen level alarm limit as described in c) Electrical components that in normal use and single fault

Clause 64.4. , condition can be source of ignition shall comply with the
21.2.3 Expression of ResultsExpress the results as de- requirements given in 43.7.

scribed in relevant subclauses of Clause 66 and report any 43 Any barrier required under the provisions of 43.1 (a)

damage or accessibility of electrically live parts. shall be sealed at all joints and at any holes for cables, shafts,

35. Acoustical Energy (Including UltrasoniesjThe re- o oiher purposes. Compliance shall be checked by the follow-
quirements given in Clause 35 of IEC 601-1:1988 apply,ing methods, as appropriate:

together with the following additional requirement: Inspection

Unless the analyzer is an integral inseparable component of g, 'compliance test for enclosures with restricted breathing
a larger system, the relevant standards of the equipment Sh%'ilven in 40.5 of IEC 601-1:1988. and

apply. If under normal use conditions a pressure difference exists
— between the spaces separated by the barrier, the test method
timirs \ 154 given in 43.4.
VN 4 43.3 The ventilation required in 43.1 (b) shall be such that
Sine wave \\{/ f 0SA L yvhen tested by the method describgd_ in 43.2, _the oxygen level
down 0.5 A / \ Hransiatad in the enclosed compartment containing electrical components
< el shall not exceed 4 % above the ambient oxygen level; if this
< g Save requirement is met by forced ventilation, an alarm shall be
3 provided to warn of failure of the ventilation.
° _ % Ref line serp 43.4 Oxygen levels in enclosed compartments shall be
—— \ | — tested as follows:
< - \ __'3;} 43.4.1 Principle—Measurement of the oxygen level in the
=) < 3o 0 J— ' enclosed compartment is measured after the oxygen analyzer is
o ' operated for 18 h under single fault conditions.
FIG. 1 Half-Sine Shock Pulse Configuration and Its Tolerance 43.4.2 Procedure—Place the oxygen analyzer in a room in
Limits which the air exchange is between three and ten room volumes
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per hour. Set the oxygen flow through the oxygen analyzer so Compliance shall be checked by the test given in 44.5.2.
that it equals the maximum flows of oxygen and nitrous oxide 44.5.2 Test Method:

under normal conditions. Switch off the mains supply and 44.5.2.1Principle—Determination of the accuracy of the
measure the oxygen level in the enclosed compartment; operat&ygen reading over a 2-h period of exposure of the oxygen
the oxygen analyzer under single fault conditions with the leassensor to a high relative humidity (non-condensing) after
favorable control setting selected and with the mains voltagealibration in dry air.

deviating by=10 %, if applicable. After 18 h, switch off the = 44.5.2.2 Test GasesBry room or compressed air as the
supply mains and measure the oxygen level in the enclosechlibration gas mixture and humidified room or compressed air
compartment. having a relative humidity between 95 and 100 % (non-

43.4.3 Expression of ResulsRecord the oxygen levels condensing) shall be used as the test gas mixture.
measured at the beginning and the end of the 18 h period.  44.5.2.3 Procedure:

43.5 Electrical circuits that can produce sparks or generate Hold the ambient temperature of the oxygen analyzer
increased surface temperatures and that can be a source asinstant to within=1°C of a nominal value within the
ignition shall be so designed that no ignition occurs. At leaspperating rate of the oxygen analyzer (see 10.2.1). Hold the
the following requirements shall be satisfied in normal conditemperature and calibration of the test gas mixtures delivered
tion and single fault condition: to the sensing area constantZaf°C. Deliver the calibration

The product of the R.M.S. value of the no load voltage andand test gas mixtures to the sensing area at ambient barometric
the R.M.S. value of the short circuit current shall not exceed 1@ressure. Set up the oxygen analyzer for the measurement of
VA. humidified gases as described in the accompanying documents

The surface temperature of components shall not excee(or example, by attachment of an adaptor or orientation of the
300°C. Short- and open-circuiting of resistors, capacitors, an@xygen sensor). Maintain the oxygen analyzer and oxygen
inductances complying with the requirements given in Clausgensor in the same position throughout the test.

14 of IEC 65:1985 are not considered to be single fault Ensure that the oxygen sensor is at a temperature of 35
conditions. 2°C and that the oxygen analyzer is at ambient temperature.

Compliance shall be checked by the test given in 43.6.  Calibrate the oxygen analyzer according to the accompanying
43.6 Measure or calculate the voltages and currents idocuments using the calibration gas mixture. Do not recalibrate

steady state condition and measure the surface temperaturesi¢ 0xygen analyzer during the test period. Expose the sensing
normal condition and single fault condition. area to the test gas mixture for a continuous period of 2 h. For
43.5 Electrical circuits that can produce sparks or generate @ntinuous monitoring oxygen analyzers, record the oxygen
high surface temperature and can be a source of ignition shaifading at least once every 15 min. For intermittent sampling
be so designed that in normal use and single fault condition, n@Xygen analyzers, sample the test gas mixture at least once
ignition occurs; under these conditions, the product of theevery 15 min and record the oxygen reading. In either case,
effective open circuit voltage and effective short circuit currentrécord the temperature to an accuracy 00.2°C and the

shall not exceed 10 VA in each circuit. barometric pressure to an accuracy-00.2 % of the reading
43.6 The surface temperature of components that ma§Very time an oxygen reading is recorded.

constitute a source of ignition shall not exceed 300°C. 44.5.2.4 Expression of Results: _ .
44. Overflow, Spillage, Leakage, Humidity, Ingress of fthe oxygenreadings are not already in partial pressure use,

Liquids, Cleaning, Sterilization, and Disinfection: convert each oxygen reading to partial pressBréor example
The requirements given in Clause 44 of IEC 601-1:198gn kilopascals using the equation:

apply except (a) replace 44.3 by the following: P = (R/100 X B )

443 Spillage—Oxygen analyzers shall be so constructed
that spillage does not wet parts which, if wetted, may cause é&’
safety hazard. B

44.3.1 Compliance shall be checked by the test given in
44.3.2 water vapor at the temperature and barometric pressure of each

44.3.2 Position the oxygen analyzer as in normal use. Po%ading using the following equation:

200 mL of water steadily on an arbitrarily chosen point on the ' '
top surface of the oxygen analyzer. After this the oxygen

analyzer shall comply with the requirements of this specifica- A=
tion; (b) replace 44.5 by the following:

44.5 Humidity and Condensation Effects: where:

44.5.1 Humidity Effects-When operated in accordance with A = the corrected oxygen reading in percent (V/V) oxy-
the instructions for use, oxygen analyzers shall maintebrf/o gen,

(V/V) measurement accuracy when used with air or compa-B the barometric pressure, for example in kilopascals,
rable gas mixtures having any relative humidity between 0 %V, the vapor pressure of water, for example, in kilopas-

here

= the oxygen reading in percent (V/V) oxygen, and

= the barometric pressure, for example, in kilopascals.
Correct each oxygen reading for the dilution effect of 100 %

X P
X 100 3)

and 100 %. cals at temperaturg
. . . t = the temperature of the humidified test gas in degrees
Note 15—These requirements may be met with the addition of an Celsius. and

adaptor if required.
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P = the oxygen partia| pressure, for examp|e in ki|0pas- Calibration controls shall include means to prevent an
cals. inadvertent change from the intended position (for example, by

Table 1 lists the vapor pressure of water at selected temper&ecessing the control or by providing a locking mechanism).
tures. Note 16—All other controls should also include means to prevent
44.5.3 Condensation EffectsOxygen analyzers intended inadvertent changes from the intended positions and should have clearly
for use in a breathing system shall meet the followingdistinguishable positions.
requirements, either:
a) Oxygen analyzers shall maintain the oxygen measure-  SECTION 9—FAULT CONDITIONS CAUSING
ment accuracy specified in 66.1 and 66.3 and the response timé®VERHEATING OR MECHANICAL DAMAGE, OR
specified in 66.6. If the manufacturer recommends or supplies BOTH; ENVIRONMENTAL TESTS
an attachment for use when measuring gases of high humidity, 56. Components and General Assembljhe requirements
these requirements shall be met with the attachment in placgiven in Clause 56 of IEC 601-1:1988 apply except as follows:
b) Compliance shall be checked by the test given in 44.5.4, In 56.8, add the following:
or High priority signals provided with the oxygen analyzer for
If the oxygen analyzer does not meet these requirements, raonitoring oxygen levels shall be both visual and auditory.
cautionary notice shall be included in the accompanying Medium priority signals provided with the oxygen analyzer
documents. shall be visual.
44.5.4 Test Method: . . o .

L L. Note 17—Visual and auditory indicators may be accompanied by a
44.5.4.1Pr!nC|pIe43eterm|nat|on Qf the accuracy of _the display. Medium priority signalg may be acco?/npanied bypan audit)éry
oxygen reading and the response time over a 2-h period Qfgnal.
exposure of the oxygen sensor to a relative humidity of 100 % . . )
(condensing) after calibration in dry air. In 56.10, add an additional item as follows:

44.5.4.2 Test Gasesbry room or compressed air as the g\)/a'\éllzve;fgtn;; (;]%r:]t_r%l:f/c;rblgon;rr?lsm':)r:/aetmzonr:ssjsthfr das o
calibration gas mixture and humidified room or compressed aijrI P part, P ’

having a relative humidity of 100 % (condensing) shall be use h%gg;t’ o;sllfl)g\lfv\l\gzitfglilIalrnecfaexaesn(: tth ?rocrznttr:?sl Ignﬁtiglr.]ent
as the test gas mixture. y9 p q :

44.5.4.3 Procedure—€arry out the procedure described in  Note 18—The separation between control knobs, switches, toggles,
44.5.2 ensuring that the test gas is delivered to the sensing ar_giawheels, or push buttons should conform to the recommendations given
in a fully saturated condensing state and that condensate fornfsPOD Handbook 743A. _ _ N
at the sensing area. In addition, measure the response time P?\glom 19—Controls and their associated markings should be visible or

- . ;i ible, or both, to an operator having visual acuity (corrected if
the method described in 50.9 after recording each oxygeﬂecessary) of at least “one” when the operator is located &t leasin

reading. front of the oxygen analyzer at an illuminance of 215 lux. Markings
44.5.4.4 Expression of Resultsexpress the results as de- should be clearly identified with their associated controls.

scribed in 44.5.2.4.
47. Electrostatic Charges-This clause of the general stan- SECTION 11—ADDITIONAL REQUIREMENTS

dard applies. 60. Interfering Gas and Vapor Effects:
60.1 Oxygen analyzers shall either:
SECTION 8—ACCURACY OF OPERATING DATA a) Have not more than 5 % (V/V) oxygen interference with

AND PROTECTION AGAINST INCORRECT OUTPUT measurement accuracy in the presence of any of the gases or

51. Protection Against Hazardous OutpufThe require- Vapors at the levels listed in Table 2; or
ments given in Clause 51 of IEC 601-1:1988 apply together b) If the body of the oxygen analyzer is marked “Not for use
with the following additional requirements: with inhalation agents” or equivalent, the oxygen analyzer
51.5 Function and Position of Controls: shall not have more than 5 % (V/V) oxygen interference with
Check or test controls for battery condition or signal measurement accuracy in the presence of helium or carbon
operation and signal override shall automatically return frongioxide at the levels listed in Table 2. If the oxygen interference
the check, test or override position, unless these functions afg greater than 1 % (V/V) this shall be stated in the accompa-
carried out automatically when switching to the operatingnying documents.
mode. Compliance shall be checked by the test given in 60.2.
The positions of measurement and test controls shall be 60.2 Compliance shall be tested as follows:
clearly distinguishable.

TABLE 2 Inhalation Anesthetics and Other Interfering Gases and

TABLE 1 Vapor Pressure Over Water Vapors
0 0 P - 5
Temperature, °C Pressure, kPa Pressure, mmHg Gas or Vapor (In 30 % Oxygen, 70 % Nitrous Oxide) Level Volume %
- —
33 4.90 37.7 Nitrous Oxide 80
Carbon Dioxide 5
34 5.19 39.9 e 5
35 5.48 422 Eaﬂo ane’ :
36 5.79 14.6 | nﬂurra:eA s
37 6.12 471 soflurane

A Inhalation anesthetic agent.
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60.2.1 PrincipleDetermination of the accuracy of the oxy- flow necessary to maintain this pressure. This leakage flow
gen reading in the presence of interfering gases and vaposhall be as specified in Clause 62.1.
given in Table 2. 62.3 The rate at which a sampling oxygen analyzer with-
60.2.2 Test Gases-bry pre-mixtures of 30 % oxygen and draws gas from a breathing system (the gas diversion rate) shall
70 % nitrous oxide and the interfering gas or vapor at the levehot exceed 1.15 times the value stated in the accompanying
given in Table 2, the oxygen levels being known to within  documents.

5% (V/IV), shall be used. - _ Compliance shall be checked by the tests given in 62.4.
60.2.3 Procedure—€arry out the test described in 66.2 with 2.4 The rate of gas withdrawal shall be tested as follows:
the following modification: 62.4.1 Principle—Measurement of the rate at which a sam-

Expose the sensing area to the test gas for a continuOugling (intermittent) oxygen analyzer withdraws gas from a
period of 2 h, ensuring that both the oxygen analyzer and thgjmulated breathing system.

oxygen sensor are maintained in the same condition during the g3 4 > Test Gas-Pressurized air at room temperature shall
whole period. Repeat the procedure for each applicable mix5e |,sed.

ture given in Tab!e 2. f | h di 62.4.3 Apparatus—A pressure gage having an accuracy
60.2.4 Expression of ResultsSerrect the oxygen readings \itin +0.3 kPa, and a flowmeter having an accuracy to within

for changes in barometric pressure, if the errors due to this. 10 % of the rate at which the oxygen analyzer withdraws gas
effect equal or exceed 0.1 % (V/V) oxygen, and report the ¢, the hreathing system as stated in the accompanying
corrected readings. documents shall be used.

gi.féclic Pressurle: hall eith t th . 62.4.4 Procedure-Assemble the apparatus as described in

T é(g%en zngg/éefrs”s all ertner meet N rﬁqu'rer.?.eméZ.Z.Z but using the flow meter specified in 62.4.3. Adjust the
given in bo.1 an -0 Tollowing exposure 1o cyclic positive pressurized air source to 3 kPa and monitor the flowmeter
pressure of 10 kPa (100 cm,@) and negative pressure of 1.5 reading for 1 min
kPa (15 cm '?O) in the br_eathlng system, or b? marked_w_lth 62.5 A means shall be provided to collect the gas from the
the warning “Not for use in breathing systems” and a similar

. . ; oxygen analyzer.

warning shall appear in accompanying documents.

Compliance shall be checked by the test given in 61.2. 63. Replacement of Oxygen Sensor . .
61.2 Accuracy shall be tested as follows: 63.1 The accuracy of the oxygen reading and stability of

61.2.1 Principle—Determination of the accuracy of the measurement accuracy in response time shall meet the require-

oxygen reading and the response time after exposure of tHQemS given in 66.1, 66'3’.6'4’ and 66.6, respectively, overa

sensing area to cyclic pressure. period of t!me, as described by the manufacturer in the
61.2.2 Procedure—Expose the sensing area to a cyclic accompanying documents. . .

pressure waveform such that a positive pressure with respect to Compliance shall be checked by the test given in 63.2.

ambient of 10+ 1 kPa (100+ 10 cm H,0) and a negative ~ ©63.2 The accuracy shall be tested as follows:

pressure with respect to ambient of 1:50.2 kPa (15+ 2 cm 63.2.1 Principle—Determination of the accuracy of the

H,0) are each maintained, in turn, for not lessrit?as each. Oxygen reading, the stability of measurement accuracy and the

Cycle the pressures at a rate of 0.1670.017 Hz (10= 1  response time over a period of time.

cycle/minute) for 10 min. 63.2.2 Test gas-A dry gas mixture containing oxygen at a
Carry out the test for measurement accuracy as described I@vel greater than 98 % (V/V) shall be used.
50.4 and the test for response time as described in 50.9. 63.2.3 Procedure:

61.2.3 Expression of ResultsExpress the results as de- Hold the ambient temperature of the oxygen analyzer and the
scribed in 66.2 and 66.7. temperature of the test gas mixture delivered to the sensing
62. Gas Leakage and Sampling Loss: area constant to within- 1°C of a nominal value within the

62.1 The rate of leakage of a non-sampling oxygen analyzepperating temperature range specified in the accompanying
shall not be greater than 20 mL/min. documents.

Note 20—This requirement ensures that when fitted to a breathing Note 21—The test gas mixture need not be at ambient temperature.

system its rate of leakage at a continuous pressure of 3 kPa (30,0n H . . . .
does not increase by more than 20 mL/min. Deliver the test gas to the sensing area at ambient barometric

. ] ) pressure. Verify that the requirements given in 66.1, 66.3, 66.4,
Compliance shall be checked by the test given in 62.2. Thgq 66.6 have been met.
accuracy shall be tested as follows: _ 13.5.3.3 Expose the sensing area to the test gas for at least
62.2.1 Apparatus-A pressure gage having an accuracygq days.
within + 0.3 kPa and a flowmeter having an accuracy within
2 mL/min shall be used. Note 22—The ambient and test gas temperatures may vary over the
62.2.2 Procedure—Assemble the oxygen ana|yzer so thatfulllopere}ting t.emperature range specified in accompanying documents
the oxygen sensor is installed in a dimensionally suitable porf™"d this period.
of a test apparatus containing an inlet fitting to which a test gas At the end of the period, carry out the test for measurement
and air flow meter are attached. Connect the pressure gage aocuracy as described in 66.2, stability of measurement accu-
a third port of the test apparatus. Slowly open the flowmeter toacy as described in 66.5, and response time as described in
raise the pressure in the test apparatus to 3 kPa. Determine t66.7.
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63.2.4 Expression of ResultsExpress the results as de- alarm limit is provided, it shall not be adjustable below an
scribed in 66.2, 66.5, and 66.7, before and after the exposurdarm set-point point value of 15% (V/V) oxygen. If a
period. non-adjustable low alarm limit is provided, the alarm set-point

64. Alarms: value shall not be below 15 % (V/V) oxygen. There shall be a

64.1 Manual High Priority Signal Override+4 a manual visual indication to the user when a low alarm limit is adjusted
control is provided to override the low oxygen level alarm, itto an alarm set-point value below 21 % (V/V) oxygen.
shall onl.y override the auditory high priority signal anq Sh"?‘” Note 24—This requirement may be met by methods such as red
automatically Ca_mcel after not more than 120 s following ItSmarkings on the low alarm limit control in the range below 21 % (V/V)
most recent activation. oxygen, or a caution signal that is activated when the low alarm limit

64.2.1 Auditory Signal Frequency: control is set below 21 % (V/V) oxygen, or markings on the oxygen

Sound Quality-The fundamental frequency of auditory analyzer itself.
signals should lie between 150 and 1000 Hz, that shall be based65. Connections:
on standard musical pitches, that is, the A440 systeh®b. If an oxygen sensor is intended to be connected to the
There shall be at least four frequency components ranging frorareathing system through a T-piece, the breathing system
300 to 4000 Hz. These frequency components shall be relategbnnection ports of the T-piece shall be 15- or 22-mm conical
so that they form a distinct sound. These alarms should beonnectors, or both, in accordance with ISO 5356-1:1987 or
non-startling. Rise times should exceed 15 mg. ISO 5356-2:1987.

64.2.2 Sound Intensity-Alarms that have an adjustable If the oxygen sensor is mounted directly into the T-piece, the
volume shall not be totally silenced by the adjustment, andxygen sensor connection port of the T-piece shall not be
shall have a minimum setting of 45 dB(A) or greater and ainterchangeable with the breathing system connection ports of
maximum setting of 85 dB(A) or less (peak output at 1 m) fromthe T-piece.
the source in an anechoic chamber. Alarms with fixed intensity The sampling gas and outlet ports of a sampling oxygen
shall be between 70 and 85 dB(A) peak output at 1 m. Ifanalyzer shall not be interchangeable with the breathing system
operator adjustment is provided, the control and its associatezbnnection port or with the oxygen sensor connection port.
indicator shall be marked to indicate an increase or decrease in66. Measurement Accuracy:
volume. 66.1 Oxygen readings shall be within3 % (V/V) oxygen

64.3 Oxygen Level Alarms#-an oxygen level alarm of the actual oxygen level.
system is provided, is shall me_et the fO"OWIn_g requirements: Note 25—This tolerance includes errors from all sources associated

a) The alarm shall be both visual and auditory. with the oxygen analyzer, such as its electrical circuits, calibration

b) The alarm limit shall lie within=2 % (V/V) oxygen of  method, display resolution, and oxygen sensor, excluding the effects of
the alarm set-point in the range of 15 % (V/V) to 60 % (V/V) interfering gases as listed in Table 2.

oxygen and withint5 % (V/V) oxygen of the alarm set-point  Compliance shall be checked by the method given in 66.2.

elsewhere throughout the range. o 66.2 Determination of Measurement Accuracy:
Compliance shall be checked by the test given in 64.4. 66.2.1 Principle—Determination of the accuracy of the
64.4 Test Method for Oxygen Level Alarm Limit oxygen reading at a number of oxygen levels across the full

64.4.1 Principle—Determination of the alarm limit values range of the oxygen analyzer.
and the alarm set-point values at a number of oxygen readings 66.2.2 Test gases-At least the following four mixtures of
across the range of the alarm system. oxygen and nitrogen shall be used: 15, 21, 40, and 60 % (V/V)
64.4.2 Procedure: oxygen. Ensure that the gas mixtures are dry, are pre-mixed,
Hold the ambient temperature of the oxygen analyzeand that the oxygen level is known to withih0.5 % (V/V)
constant to within*1°C of a nominal value within the oxygen.
operating temperature range specified in the accompanying 66.2.3 Procedure:
documents. Generate at least four stable oxygen readings thatOperate the oxygen analyzer as described in the accompa-
span the range of the alarm system in approximately equalying documents. Hold the ambient temperature of the oxygen
steps, by varying the oxygen level delivered to the sensor, or bginalyzer and the temperature of the test gas mixture delivered
electrically stimulating the oxygen sensor, or by adjusting theo the oxygen sensor constant to withinl°C of a nominal
calibration control. value within the operating range specified for the oxygen
For each oxygen reading, adjust the alarm limit control scanalyzer.
that the al.arm IS deac.tlvate.d' Slowly adjust the alarm “.mlt Note 26—The test gas mixtures need not be at ambient temperature.
control until the alarm is activated. For each oxygen reading, . . .
record the alarm limit value, that is, the indicated oxygen Calibrate the oxygen analyzer as described in the accompa-

reading, and the corresponding alarm set-point value, that i€Ying documents. Deliver one of the test gas mixtures to the
the most precise set-point indication at the point of firstSENsing area at ambient barometric pressure. Ensure that the

activation of the alarm. oxygen analyzer is in equiliprium with. the test gas mixture and
that the oxygen analyzer is at ambient temperature. After a
Note 23—An alarm may be of a type that is activated at an oxygenperiod of at least three times the response time in the
reading above (high alarm) or below (low alarm) the alarm limit. An accompanying documents, record the oxygen reading indicated
oxygen analyzer may have either or both types of alarm. by the oxygen analyzer. Repeat the procedure with the other
64.5 Low Alarm Limit RequirementsH-an adjustable low gas mixtures.

10
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66.2.4 Expression of ResultsGerrect the oxygen readings  66.6 Test Method:
for changes in barometric pressure, if the errors due to this 66.6.1 Principle—Measurement of the time taken for the
effect equal or exceed0.1 % (V/V) oxygen, and report the oxygen analyzer to respond to changes in oxygen level at the
corrected readings. sensing area.

66.3 Digital Readings— an oxygen analyzer displays the  66.6.2 Test GasesFwo mixtures of oxygen and nitrogen
oxygen reading digitally, there shall be: a) at least two digitsthat contain levels of oxygen equal to 95 to 100 % of the full
and b) a means for indicating that the oxygen reading is abovecale oxygen reading and between 20 and 25 % of the full scale
the specified range of the display. oxygen reading indicated on the oxygen analyzer shall be used.

Note 27—This requirement may be met, for example, by a two-digit  Nore 30—If a reading of 21 % (V/V) oxygen lies within the required

display that flashes or by a three-digit display that reads greater thafhnge, room air or compressed air may be used as the test gas mixture.
100 % (V/V) oxygen when the reading exceeds 100 % (V/V) oxygen, for

instance, during calibration. 66.6.3 Procedure:
66.4 Stability of Measurement Accuracy: Hold the ambient temperature of the oxygen analyzer and the

Oxygen analyzers shall maintain the measurement accurad§mperature of the test gas mixtures delivered to the sensing
specified in 66.1, 66.2, and 66.3 for a period of at least 8 Kiréa constant to within=1°C of a nominal value within the

continuous use. operating temperature range specified in the accompanying
Compliance shall be checked by the test given in 66.5. documents.
66.5 Test Method: Note 31—The test gas mixture need not be at ambient temperature.

66.5.1 Principle—Determination of the accuracy of the ) , )
oxygen reading in the central part of the oxygen measurement Calibrate the oxygen analyzer at its full scale reading as
range of the oxygen analyzer during an eight-hour period aftef€Scribed in the accompanying documents. _
calibration. Deliver the test gas mixture to the sensing area at ambient

66.5.2 Test Gas-A dry pre-mixture of oxygen and nitrogen bar(_)me_tric pressure. Ensure th_at the oxygen sensor is in
containing oxygen at a level between 20 and 80 % of the fulduilibrium with the test gas mixture and that the oxygen
scale oxygen reading indicated on the oxygen analyzer shall fhalyzer is at ambient temperature.
used, the oxygen level being known to withir0.5 % (V/V) Expose the sensing area to a test gas mixture with an oxygen
oxygen. level equivalent to 95 to 100 % of the full-scale oxygen

_ _ o ) reading. After a period of at least three times the response time

Nore 28—If a reading of 21 % (V/V) oxygen lies within the required o giataq in the accompanying documents, record the oxygen
range, room air or compressed air may be used as the test gas mlxturer.e&lding indicated by the oxygen analyz&,)( Expose the

66.5.3 Procedure: sensing area to a test gas mixture with an oxygen level

Operate the oxygen analyzer as described in the accompaquivalent to 20 to 25 % of the full-scale oxygen reading. After
nying documents. Hold the ambient temperature of the oxygen period of at least three times the response time as stated in the
analyzer and the temperature of the test gas mixture deliveregtcompanying documents, record the oxygen reading indicated
to the sensing area constant to withid°C of a nominal value by the oxygen analyzerR(). With the oxygen analyzer
within the operating temperature range as specified in thgneasuringR,, re-expose the sensing area to the 95 to 100 %
accompanying documents. full-scale oxygen reading test gas mixture. Measure the inter-

Note 29—The test gas mixture need not be at ambient temperature.val' to the nearest second, from the time at which the oxygen

reading is at 10 % of the change above the initial readiRyy (

Calibrate the oxygen analyzer as described in the accompgs the time at which the oxygen reading is 90 % of the change
nying documents. Deliver the test gas mixture to the sensingy,, e the initial oxygen reading, that is, when the oxygen
area at ambient barometric pressure. Ensure that the 0XY9¢8ading R) is:

sensor is in equilibrium with the test gas mixture and that the

oxygen analyzer is at ambient temperature. Expose the sensing R, =R, + (0.9X [R; — R, (4)
area to the test gas for a continuous period of 8 h, ensuring that
the oxygen analyzer is maintained in the same position during Ry =R, + (0.1X[Ry — R,]). (5)

the whole period. For continuous monitoring oxygen analyzers, Finally, with the oxygen analyzer measurify, re-expose
record the oxygen reading at least once every 15 min. Fofhe sensing area to the 20 to 25 % full-scale oxygen reading
intermittent sampling oxygen analyzers, sample the test gagst gas mixture. Measure the interval, to the nearest second,
mixture at least once every 15 min and record the oxygefirom the time at which the oxygen reading is 10 % of the
reading. change above the initial readindgj to the time at which the

66.5.4 Expression of ResultsGerrect the oxygen readings oxygen reading is 90 % of the change below the initial oxygen
for changes in barometric pressure, if the errors due to thigeading, that is, when the oxygen readimy)(is:

effect equal or exceed0.1 % (V/V) oxygen, and report the
corrected readings.

66.5 Response TimeFhe response time shall not be greater
than 1.15 times the value stated in the accompanying docu- Rs =R, + (0.1X [R; — R)]). 7
ments. 66.6.4 Expression of ResultsReport the times taken to

Compliance shall be checked by the test given in 66.6. reach theR, and R; readings.

Rs =Ry + (0.9X[R — Ry]) (6)

11
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Note 32—See also the requirements of Clauses 10.1, 21, 44.5.1, 61, Note 33—The stated response time is the slowest that occurs when any
and 63.1. one of the above referenced conditions is varied over its full range.

ANNEXES
(Mandatory Information)
Al. RATIONALE
INTRODUCTION

This annex provides a concise rationale for the important requirements of this specification and is
intended for those who are familiar with the subject of this specification but who have not participated
in its development. An understanding of the reasons for the main requirements is considered to be
essential for its proper application. Furthermore, as clinical practice and technology change it is
believed that a rationale for the present requirements will facilitate any revision of the specification
necessitated by those developments. The clauses in this annex have been so numbered to correspond
to the clauses in this specification to which they refer. The numbering is, therefore, not consecutive.

This annex presents the rationale on which the requirements, and, where necessary, the test methods
are based. To the extent possible, it summarizes the discussions that were carried on by the participants
in the meetings of the subcommittee that developed this specification.

Note Al.1—Annexes A to M given in IEC 601-1:1988 together with ~ A1.2.3 (X1.3.8) Oxygen Analyze+Devices that do not
Annex Al and Annex A2 in this specification apply. “measure and indicate” are not intended to be covered by this
ALl (X1.1) Scope specmca.tlon. For instance, a de\(lpe that has no function other

than to signal an alarm at a specific oxygen level would not be

Al.1.1 There exists a great variety of devices for theconsidered to be an oxygen analyzer for use in direct patient
measurement of oxygen level. The scope excludes dev'c‘?ﬁonitoring applications

used in laboratory research applications. Devices used in these . . . .
y pp Al1.2.3.1 The term “in a gaseous mixture” implies that

applications are often experimental or intended primarily for, ™ that t ; liquid oh £
non-medical uses. Imposition of the requirements of this draffjev'CeS at measure or monitor oxygen in a liquid phase (for

standard on devices used for research might unduly limi£*@mple, blood gas analyzers or indwelling catheters) are not
development of beneficial new techniques or devices. covered by this draft specification.

Al1.1.2 Itis expected that some devices that are not intended A1.2.4 (X1.3.9)Oxygen Levet-The term “oxygen level”
for clinical applications may eventually become used in thewas deliberately chosen and defined to allow oxygen readings
clinical environment. They would then be subject to thein any accepted units, such as partial pressure or percent by
provisions of this draft standard if, for instance, the manufacvolume. Oxygen level refers to the actual concentration of
turer suggested (for example, through advertising) applicationgXygen in a gas mixture.

that fall within th f thi ification.
atta € Scope o S specilicatio Note Al.2—Most oxygen analyzers operate according to the partial

Al.2 (X1.3) Definitions pressure of oxygen present. Since, in medical applications, the gases

oo measured are mixed by known volumes, it is normal practice to graduate
Al.2.1 (X1.3.1)Alarm—The distinction between the terms anaiyzer scales in percent oxygen.

“alarm,” “alarm system,” and “alarm set-point” are important )
because they tend to be used imprecisely and somewhat”A1-2-5 (X1.3.10) Oxygen Reading-The term “oxygen
interchangeably. Alarm is used in this specification only tof€@ding” refers to the measured concentration of oxygen in the
refer to the high priority signal that occurs when the oxygend@s mixture. The oxygen reading will, in general, be different
reading exceeds the alarm set-point. The alarm set-point valfgom the oxygen level. The magnitude of this difference will be
is the oxygen reading at which the alarm limit control or the sum of the_error (that is, the accuracy) of the analyzer and
display indicates the alarm will activate. The alarm systenin€ error (again, the accuracy) of the reference method by
comprises all of the preceding elements. The alarm set-poit¥hich the gas mixture oxygen level was analyzed (for ex-
definition implies that the alarm set-point value need not bedmple, gas chromatography).
continuously displayed, but is capable of being readily dis- Al1.2.6 (X1.3.14)Sensing Area-The term “sensing area” is
played. not intended to be a synonym for “oxygen sensor”. It is, rather,
Al.2.2 (X1.3.6) Display—The term “display” is used to intended to define that location in the gaseous environment
denote any device that visually conveys information to thebeing measured at which oxygen molecules are considered to
operator. The term “visual indicator” is used to denote onlypass into the oxygen analyzer system. The actual oxygen
those displays which present an indication of a condition, suckensor may be remote, as in the case of a sampling type
as on (lamp illuminated) or off (lamp not illuminated). analyzer.
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Al.3 (X1.6.1) Identification, Marking, and Documents specification is that if a monochromatic display is used,

A1.3.1 Analyzer Markings—(a) and (b) It is essential that separate colored indicators are to be used to alert the operator
users be able to identify the manufacturer, catalogue numbdp Warning or caution conditions. A single indicator of each
and serial number of any medical device in order that probf€auired color may be used, however, with the display provid-
lems, questions or complaints regarding the device can b9 the information on the nature of the problem.

communicated expeditiously. The absence of such information A1-3.7 (X1.6.8.2) (fl0)Accompanying Documentst has
can, under some circumstances, render the instrument usele8§€n noted by some users that some oxygen analyzers have

A1.3.2 (d) Instructions—Since it is common for oxygen cables or sample tubing that are of insufficient length to be
analyzers to be operated in areas where the personnel usifig'€!y @nd conveniently mounted on apparatus, such as an
these change frequently, it is likely that full instructions will anesthetic machine. It is difiicult to specify universal lengths
not be given in the use of an individual manufacturer's unit. for all analyzers, since the required lengths may vary depend-

Al1.3.2.1 Thus, it was generally agreed that some instruci"9 on the apphc_atlon.. This requirement asks only that manu-
tions and precautions needed to be placed on the analyz cturers recognize this problem and adequately inform users

itself, in addition to the detailed information contained in the©' & procedure for correct use.

accompanying documents. The requirement for instructions iEIAl'?"S (fll)_ Eleq:)r_(l)_magnetic_d dlntergerene_e
intended to specify, in general, the minimal level of informa- = ectromagnetic susceptibility is considered to be an impor-

tion that an unfamiliar user would need to operate the analyzélam' z“t phfﬁcult tthOIt\)’e’ rr|1(ed|cal dgwce pr?fbledm. E}ectrosur—f
correctly and safely. It is recognized that there are limitationdJ€"Y devices are the best-known primary offenders in terms o

to the amount of information that can be placed on the analyzeqlectromggnetic emissi(_)ns._ For these reasons, itwas decided to
without creating clutter or confusion. Thus, for this require-COMPromise on a warning in the accompanying documents to

ment, as well as throughout this entire clause, manufacturer‘:éducate the device user. e
A1.3.8.1 There are no generally accepted specifications for

are required to warn only of the more serious potential hazards

on the analyzer itself, referring the user to the accompanyinﬁ}'n'mum Ieyels of electromagnetic |.nterference to Wh'(.:h
documents for details and cautions. edical devices should not be susceptible. When a recognized

A1.3.3 (X1.6.3) Marking of Controls and Instruments standard exists, this will be taken into account in the revision

; ; ; .. of this specification.
Since oxygen level may be stated in a number of different unit
of measure, such as % (V/V) oxygen, kPa or mmHg, it is A1.3.8.2 (f) (12) An oxygen analyzer may be exposed to

necessary that the oxygen display be marked with the appr emperatures in the range of ._40 t0 +70°C during transport.
priate units of measure, he gxtremes are thosg that might reasonably bg e>§pected tp be
13,4 (1.6.7) Ifvisul indicators are use on the cxygen™°L 1 USNSPOTL Y i land, o sea. Tne tieciue of (e
analyzer, with the exception of alphanumeric displays, the";ft%r exposure to these temperature gxtremes durin t?ans ort
color shall conform to the following requirements: P b g port.

. ) A1.3.8.3 ltis recognized that some types of oxygen sensor
shgl}.gle‘lﬁls e%)azes’hvi\g;wh sr;‘(l)a:;glr;?aiﬁquency of14t028 HZ'probably cannot withstand extremely low temperatures and

h ) that their response time or expected useful life, or both, are

Al3.4.2 (2) YeIIow_, W_'th a flashlng frequ_en_cy 0f0.410 0.8 likely to be adversely affected. To account for this and to allow
Hz, shall be used to |nd|_cate a medlum_ priority alarm. such oxygen sensors to be used because of their other desirable
_ AL.3.4.3 (3) Yellow, with a constant signal, shall be used t0ohefits 'a narrower non-operating temperature range is per-

indicate a low priority alarm. o mitted, provided that a notice to that effect is printed on the
Al1.3.4.4 (4) Green shall be used to indicate that the 0Xygefiansport package and the actual range is disclosed in the

analyzer is ready for use or in normal operation. accompanying documents. It is left to the manufacturer's

A1.3.4.5 (5) Blue shall be used only as an advisory indicagjscretion to determine the details of such precautionary
tor. Green indicators are reserved for indications of satisfactorystryctions.

function. Green is not intended to be used as a power-on
indicator, unless the analyzer is ready for use and operatingl1.4 (X1.10) Environmental Temperature Limitations

within tolerance without any warm-up delay. For example, itis A1.4.1 Operating temperature range-temperatures as high
not acceptable to have a green power-on indicator that illumias 40°C are often encountered in incubators. Temperatures as
nates Simultaneously W|th aye”OW Warm-up delay indicator. |n|0W as 15°C may be encountered during transport.
a case such as this, the green indicator illuminates only after
the yellow indicator extinguishes. Al.5 (X1.19) Continuous Leakage Currents and Patient
A1.3.5 Blue indicators may not be used for any of the Auxiliary Currents
applications reserved for red, flashing red, yellow or green, in A1.5.1 It is essential that the leakage current is limited
order to avoid confusion. Blue may only indicate information pecause the analyzer may come into contact with pacemaker
that has no connotation of good, marginal or poor performancgads or other conduction paths to the patient.
of the analyzer or the monitored function(s). _
A1.3.6 There are no color restrictions on displays, such a&1.6 (X1.21) Mechanical Strength
dot matrix displays or cathode ray tubes. Displays are generally A1.6.1 Both line and battery powered oxygen analyzers, if
monochromatic and are usually used to convey detailed inforeasily portable or rack-mounted, will be subjected to frequent
mation. The implication of the requirements of this draft shock in the course of normal use. This requirement and test
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method is adapted from US MIL-STD-810C (Method 516.2).by mechanisms other than interference that would not be
The intent of this requirement is not to require that severaletected by the test described in 44.5.2. This effect is not
shocks or drops (for example, from tabletops to floor) beexamined separately in this draft specification; rather, it is
withstood. Rather it is an attempt to set a baseline, minimunassumed that such an effect would also be encountered under
suggested standard for the moderate shocks or drops frequensigturation conditions and is thus covered by the test described
encountered in portable or rack-mounted medical equipment. Ih 44.5.4.
appears that no data exist on average or extreme shockAl.8.1.4 (4) The formation of condensate in breathing
conditions in medical environments. However, it is generallymixtures can have significant effects on oxygen measurement
agreed that medical equipment is typically subjected to abusasystems. It is probably the most serious humidity effect and is
A300 m/s, 11 ms, half-sine wave shock pulse has an energyrequently encountered in clinical practice. This problem is
content of 0.23 g/s, which is about equivalent to the 30 cm freehecked by the test described in 44.5.4. This test requires, as
fall of an object. A shock pulse time of 11 ms is reasonable foidoes the test described in 44.5.2, that temperature equilibrium
a fall to a typical hospital surface such as wood or tile. Inbe attained to separate humidity effects from those of transient
summary, the test requires portable analyzers to have enougemperature effects.
strength to withstand roughly the equivalent of a 30-cm free , .
fall to a table. A1.9 (X1.51.5) Function and Position of Controls
) ] ] A1.9.1 An operator unaware that checking of test controls
A1.7 (X1.37.1) Protection Against Hazards of Explosion  can cause a control to be permanently left in one position can
in Medically Used Rooms lead to the mistaken assumption that oxygen levels are being
Al1.7.1 Since the worldwide use of flammable anesthetics isneasured when, in fact, they are not. An example would be a
becoming rare, an analyzer that has a restricted use is considattery check that indicated good battery condition when the
ered acceptable. display indicates 20 to 22 % (V/V) oxygen. Distinguishable
A1.7.2 Two levels of safety for explosion hazards are setcontrol positions are necessary to determine what is being
The first, less stringent, level is for the analyzer body andlisplayed on multi-function displays.
oxygen sensor in a flammable environment not in direct A1.9.2 Inadvertent changes in the calibration control posi-
communication with a patient (ambient atmosphere in artion will result in the display of erroneous measurements.
operating room). If there are no sparks possible, only thermal A1.9.3 Controls should operate according to stereotyped
energy could ignite a flammable gas mixture and thus thexpectations to discourage inappropriate control settings.
temperature maximum has been specified. If there could be .
sparks, the maximum level of energy in the electrical circuit isA1-10 (X1.56.8) Indicators
additionally specified. This level is based on the ignition A1.10.1 Operator attention is required when a condition
energy of the most flammable mixtures of diethyl ether and airoccurs that results in the activation of a high, medium, or low
Al1.7.3 The second, more stringent, level is for oxygenpriority signal. In the case of a high priority signal, immediate
sensors that are placed in a breathing system in direct commattention is required. The requirement for an auditory signal
nication with breathing gas mixtures and the patient airway. Irensures that the operator will be made aware of a serious
this case, the supply voltage is restricted and, if sparks arproblem immediately, even if he or she is not looking at the
possible, the maximum level of electrical circuit energy isanalyzer. Since medium priority signals indicate conditions

specified, in addition. that do not require immediate action, an auditory component is
Al1.7.4 This level is based on the ignition energy level of thenot required. In either case, the visual indicator is intended
most flammable mixture of diethyl ether and oxygen. primarily to identify which piece of equipment requires atten-
o ) tion. The specific nature of the problem which resulted in the

A1.8 (X1.44.5) Humidity and Condensation Effects signal being activated can be identified by the use of multiple

Al1.8.1 Analyzers are routinely used in humid environmentsvisual indicators or by a display such as a dot matrix display,
or in environments where condensate could form on the cathode ray tube, or a liquid crystal display.
oxygen sensor. It is essential that users are informed of an .
adverse effects of such conditions. There are four potentidhl-11 (X1.60) Interfering Gas and Vapor Effects
effects to be considered: A1.11.1 One of the principal applications of oxygen analyz-
Al1.8.1.1 (1) The addition of water vapor to a dry gasersisin anesthesia. Itis essential that operators are informed of
mixture under isothermal, isobaric conditions changes thany additional errors in the oxygen reading that may be
partial pressure of gases in that mixture. This physical principléntroduced as a result of cross-sensitivity of the oxygen sensor
is not construed as an adverse effect of humidity and, thereforép any of the gases or vapors likely to be encountered during
needs no precautionary warning. Clause 6 requires that thenesthesia. An interference greater thar? % (V/V) oxygen
physical principle be explained in the accompanying docuis not permitted since, even though stated in the accompanying
ments. documents, it could produce an unsafe condition in the hands
A1.8.1.2 (2) Water vapor may interfere with the measure-of the user unaware of this type of interference. An interference
ment of oxygen, as may other gases or vapors listed in Table df less than+1 % (V/V) oxygen is considered insignificant
For water vapor, this effect is covered by the test described.and, therefore, the value need not be stated.
A1.8.1.3 (3) The accuracy, stability, or response time of the A1.11.2 The use of oxygen for the balance of the mixture
analyzer may be affected under less than saturation conditioradlows the test to identify interference errors that may only
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occur in the presence of oxygen. allowing for variations between individual sensors. A tolerance

A1.11.3 The operator should be aware that in some analyaf plus or minus one day is included to allow the test to begin
ers the combination of low battery and interfering gases oand conclude when personnel are available.
vapors can be especially misleading.

A1.15 (X1.64) Alarms
Al1.12 Cyclic Pressure Auditory signals with very low or very high fundamental

This requirement does not deal with the “problem” of frequencies may be difficult for some operators to hear. At such
oxygen level changes due to breathing circuit pressure changé®quencies, it can be more difficult to locate the position in the
based on the fundamental physical principle of operation ofoom from which the signal is emanating. Also, more sound
oxygen analyzers—that is, that they measure the partial pregnergy is required at low or high frequencies to achieve the
sure of oxygen which is a function of ambient pressuresame perceived sound intensity, since human hearing is less
Instead, this requirement deals with permanent mechanicaknsitive in those ranges.
changes to oxygen sensors due to imposed cyclical pressureFrequencies between 150 and 1000 Hz provide a reasonable
changes. combination of perceived loudness and directionality.

Al1.12.1 The pressure extremes of +10 and -1.5 kPa are Warning signals are more effective in attracting the attention
considered clinically relevant pressures that are occasionallyf the user when they are cyclic rather than continuous. A
attained. relatively slow cycle rate is recommended, in order to convey

) a sense of urgency without startling the people in the room.
A1.13 (X1.62) Gas Leakage and Sampling Loss

Sensors mounted in T-pieces have contributed to leakage f1-16 (X1.64.1) Manual High Priority Signal Override
breathing systems due to both poor seals at the sensor andContinuous signals may be used for the auditory component
incorrect 22 mm connectors on the T-piece. As the breathingf high priority signals, yet they can be a significant distraction
system normally contains a number of various components, dluring the time that the operator is attempting to correct such
is essential that the maximum leakage rate from the oxygea condition. Thus, a temporary silencing mechanism is desir-
analyzer be as low as possible. Otherwise, it will be impossibl@ble. In the case of a low oxygen level alarm, a prolonged
to achieve an acceptably low maximum leakage rate for theleactivation of the auditory components of the high priority
breathing system. signal is allowed. It was considered that 120 s was the

When sampling analyzers withdraw gas from the breathingnaximum time that would be required to correct any condition
system, it may have a significant effect on the gas volumehat results in the activation of a low oxygen level alarm.
delivered to the patient. The requirement to provide informa- This requirement implies that all high priority signals may
tion on the sampling gas flow provides the use with thehave their auditory component overridden but only low oxygen
information necessary to assess its significance for variougvel alarms are required to cancel automatically.
clinical situations. In closed circuit systems, high gas with-
drawal flows are not acceptable with regard to patient safetptl-17 (X1.64.3, X1.64.4, X1.64.5) Oxygen Level Alarms
and pollution effects. Alarm systems, although a desirable feature, should be

Since oxygen analyzer manufacturers usually do not manwsptional. Not all applications require alarms. The operator
facture the fittings with which their T-pieces must mate, testingnakes the final decision on whether an alarm system is

is performed with standard 22 mm fittings. required. An auditory warning signal is required, since the
exceeding of an oxygen level alarm limit requires immediate
Al.14 (X1.63) Replacement of Oxygen Sensor attention by the user. A visual indicator is required, since there

While it is recognized that the expected life may varymay be many instruments in the same room with similar
considerably as a function of test conditions, it is important thasounding auditory warning signals. The visual indicator serves
the operator is given some indication of the expected life of theo identify which device is to be attended to. The requirements
analyzer’'s expendable components. Manufacturers are réer alarm accuracy are based primarily on the minimum
quired to express expected life by the same conventions so thaecessary for patient safety, although technical and financial
the user has a consistent set of information on which to baseonstraints are also a consideration. An alarm accuracy of
clinical and financial decisions. +2 % (V/IV) oxygen should be sufficient in the lower range of

The conditions for determining expected useful life wereclinical applications where the concern is the accidental
chosen somewhat arbitrarily to represent routine environmenigelivery of an hypoxic breathing mixture. The additive error of
in which oxygen analyzers will be operated in anesthesia and3 % (V/V) oxygen reading accuracy and2 % (V/V)
respiratory therapy applications. The conditions will yield aoxygen alarm accuracy implies that a combined errat 6%
conservative estimate of expected useful life, since they are @/V) oxygen could occur in the worst case. It is believed that
combination of that which tends to be a “worse case” environsuch an error could be tolerated for warning by the alarm of an
ment for all sensing techniques employed at the time that thisnsafe condition. The individual and combined errors are
draft specification was developed. believed to be achieved by reasonable means within the

In the test method, oxygen analyzer function is evaluated dimitations of existing technology and the financial constraints
85 % of expected useful life rather than at 100 % of expectedf the marketplace. Alesser degree of accuracy can be tolerated
useful life. This allows the stated useful life to be at or closerover the balance of the alarm range, since the combined error
to the nominal value rather than at the worst case valuepf =8 % (V/V) oxygen is within the range of any established,

15



@y F 1462

clinically significant effects on the patient (see 64.3). 100 % (V/V) oxygen. One of the two other points could be
A1.15.3 Alow alarm limit that can be adjusted or is pre-setroom air. The fourth point could then be a pre-mixed calibra-
to a set-point value below 15 % (V/V) oxygen is consideredtion standard of£0.5 % (V/V) oxygen accuracy and contain-
unsafe. It is important to recognize that due to the cumulativéng between 40 and 80 % (V/V) oxygen. High purity mixtures
nature of the permissible measurement and alarm accuracf 0 and 100 % (V/V) oxygen are easily and inexpensively
errors, an analyzer with a low alarm limit that is adjusted to aobtainable, as is dry room air. Pre-mixed gas standards of better
set-point value of 15 % (V/V) oxygen may begin to alarm at anthan =0.5 % (V/V) oxygen accuracy are not so readily
oxygen level as low as 10 % (V/V) oxygen (with a correspond-available. Thus, this accuracy value was chosen.
ing alarm limit of 13 % (V/V) oxygen) or at an oxygen level as

. . . . 7> Norte Al.3—For further information, A A2.
high as 20 % (V/V) oxygen (with a corresponding alarm limit o or iurher information, see Annex

of 17 % (V/V) oxygen). The requirement for digital displays was included to avoid
unsafe situations such as display that indicates 99 % (V/V)
A1.16 (X1.66) Measurement Accuracy oxygen when the actual electrical signal to the display is well

over 100 % (V/V) oxygen. Such a display with a maximum
X1.16.1 (X1.66.1, X1.66.2, X1.66.3)Measurement reading of 99 would hide an otherwise clear device error or

Accuracy—The accuracy of the oxygen reading is of major Out-of-calibration state. Solutions to this problem include:
importance due to the critical applications of oxygen analyzers. (&) A three-digit display and -
In this specification, accuracy takes into account all errors in _(b) An indicator for oxygen levels above the specified range
the measurement system introduced between the sensing afdahe display.
and the displayed oxygen reading as perceived by the operator. -
This includes sampling system errors, oxygen sensor errors, A1.17 (A1.66.4, X1.66.5) Stability of Measurement Ac-
electrical circuit errors, calibration errors and play errors,curacy
among others. _ _
The maximum error allowance of3 % (V/V) oxygen It |s.reasonabk.a that users should expect th.at an analyzer will
satisfies the criteria of effective function for all three primary N0t drift beyond its stated accuracy for a period of at least 8 h
areas of medical use: anesthesia, pediatrics and respirato®ftér it has been calibrated according to the accompanying
therapy. For anesthesia, the requirement is particularly critcadocuments. It is felt reasonable to require that the analyzer's
because a patient being maintained on an indicated 21 % (v/\§@libration be confirmed at the change of each eight-hour
oxygen reading would, in most cases, suffer no ill effects if the¥Vorking shift when in continuous use. o
oxygen level were between 18 and 24 % (213 %) (V/V) Al17.2 Th|s_ requirement implies that the stability wﬂl_bg
oxygen. Below an oxygen level of 18 % (V/V) oxygen, within the _specmed limits at any constant temperature within
primary organ function could begin to be compromised. Thehe operating temperature range.
maximum error allowance of3 % (V/V) oxygen is consid- ]
ered by pediatric anesthesiologists to be the maximum accept-A1.18 (X1.66.6, X1.66.7) Response Time
able error in the normal range of their applications between 40 ) - ] )
and 60% (V/V) oxygen. The requirements of respiratory Operators (especially those unfamiliar with the characteris-
therapy are also satisfied. For diagnostic measurements whefgs Of a specific analyzer) should be given some indication of
90 to 100 % (V/V) oxygen is delivered (the most rigid need),the period of time required for a reading to reach steady state
an error of=3 % (V/V) oxygen is the maximum permissible. after a change in oxygen level has been introduced. It is felt
Therefore, a maximum error allowanceb8 % (V/V) oxygen that_ the 90 % response time represents a reasqnaple approxi-
has been chosen for the entire range of 0 to 100 % (V/vynationto steady state conditions and would thus indicate to the

oxygen. operator how long he or she should wait in order to ensure that
(b) Place the sensing area in 100 % (V/V) oxygen, calibration errors are less likely to occur. In the test method, the
(c) Adjust the calibration control so that the oxygen readingMeasured response time is allowed to be as much as 1.15 times

is 100 % (V/V) oxygen, slower than the value stated by the manufacturer. This allows
Place the sensing area in room air and verify that the oxygef€ Stated response time to be at or closer to the nominal value

reading is 21= 3 % (V/V) oxygen. rather than at the worst case value, allowing for variations

linearities and zero offsets would not be detected. response time can be a function of the direction of the change
The four points specified in the test method (66.2.2) havé’ 0Xygen leveP
been chosen to allow a reasonably simple procedure for

CheCking accuracy. For instance, an. oxygen analyzer with a ¢ DOD Handbook 743 AAnthropometry of U.S. Military Personnel (Metric)
span of 0 to 100 % (V/V) oxygen might be tested at O andrebruary 13, 1991.
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A2. INFORMATIVE

A2.1 For documents containing further information see
ISO 8158, DOD Handbook 7484and MIL-STD-810.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).
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