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Preface

This preface, as well as all footnotes and annexes, is included for information purposes and is not part of
ANSI/ISA-92.00.01-2010.

This document has been prepared as part of the service of ISA towards a goal of uniformity in the field of
instrumentation. To be of real value, this document should not be static but should be subject fo periodic
review. Toward this end, the Society welcomes all comments and criticisms and asks that they be
addressed to the Secretary, Standards and Practices Board; ISA; 67 Alexander Drive; P. O. Box 12277,
Research Triangle Park, NC 27709; Telephone (919} 549-8411; Fax (919) 549-8288; £E-mall:
standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (S1) in particular, in the preparation of
instrumentation standards. The Department Is further aware of the benefits to LUSA users of ISA
standards of incorporating suitable references to the Sl (and the metric system) in their business and
professional dealings with other countries. Toward this end, this Department will endeavor to introduce
Sl-acceptable metric units in all new and revised standards, recommended practices, and technical
reports to the greatest extent possible. Standard for Use of the international System of Units (Si): The
Modern Metric Systern, published by the American Society for Testing & Materials as IEEE/ASTM S 10-
97, and future revisions, will be the reference guide for definitions, symbols, abbreviations, and
conversion factors.

itis the policy of ISA to encourage and welcome the participation of alf concerned individuals and
interests in the development of ISA standards, recommended practices, and technical reports.
Participation in the ISA standards-making process by an individual in no way constitutes endorsement by
the employer of that individual, of ISA, or of any of the standards, recommended practices, and technical
reporis that I1SA develops.

CAUTION — ISA DOES NOT TAKE ANY POSITION WITH RESPECT TO THE EXISTENCE OR
VALIDITY OF ANY PATENT RIGHTS ASSERTED IN CONNECTION WITH THIS DOCUMENT, AND
ISA DISCLAIMS LIABILITY FOR THE INFRINGEMENT OF ANY PATENT RESULTING FROM THE
USE OF THIS DOCUMENT. USERS ARE ADVISED THAT DETERMINATION OF THE VALIDITY OF
ANY PATENT RIGHTS, AND THE RISK OF INFRINGEMENT OF SUCH RIGHTS, IS ENTIRELY THEIR
OWN RESPONSIBILITY.

PURSUANT TO ISA’S PATENT POLICY, ONE OR MORE PATENT HOLDERS OR PATENT
APPLICANTS MAY HAVE DISCLOSED PATENTS THAT COULD BE INFRINGED BY USE OF THIS
PDOCUMENT AND EXECUTED A LETTER OF ASSURANCE COMMITTING TO THE GRANTING OF A
LICENSE ON A WORLDWIDE, NON-DISCRIMINATORY BASIS, WITH A FAIR AND REASONABLE
ROYALTY RATE AND FAIR AND REASONABLE TERMS AND CONDITIONS. FOR MORE
INFORMATION ON SUCH DISCLOSURES AND LETTERS OF ASSURANCE, CONTACT ISA OR
VISIT WWW.ISA.ORG/STANDARDSPATENTS.

OTHER PATENTS OR PATENT CLAIMS MAY EXIST FOR WHICH A DISCLOSURE OR LETTER OF
ASSURANCE HAS NOT BEEN RECEIVED. ISA IS NOT RESPONSIBLE FOR IDENTIFYING PATENTS
OR PATENT APPLICATIONS FOR WHICH A LICENSE MAY BE REQUIRED, FOR CONDUCTING
INQUIRIES INTO THE LEGAL VALIDITY OR SCOPE OF PATENTS, OR DETERMINING WHETHER
ANY LICENSING TERMS OR CONDITIONS PROVIDED iN CONNECTION WiITH SUBMISSION OF A
LETTER OF ASSURANCE, iF ANY, OR IN ANY LICENSING AGREEMENTS ARE REASONABLE OR
NON-DISCRIMINATORY.
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ISA REQUESTS THAT ANYONE REVIEWING THIS DOCUMENT WHO IS AWARE OF ANY PATENTS
THAT MAY IMPACT IMPLEMENTATION OF THE DOCUMENT NOTIFY THE ISA STANDARDS AND
PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE DOCUMENT CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS DOCUMENT MUST EXERCISE SOUND
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
- PRACTICES BEFORE IMPLEMENTING THIS DOCUMENT. '

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THiS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE

POTENTIAL ISSUES IN THIS VERSION.
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CAUTIGN—EXPOSURE TO TOXIC GASES MAY BE HAZARDOUS TO HEALTH AND LIFE,

1  Scope

1.1 This standard provides minimum requirements for the construction, performance, and testing of
portable, transportable, mobile, and stationary electrical apparatus whose purpose is for the detection,
measurement and notification of toxic gas in air that are used to enhance the safety of personnel in
commercial and industrial iocations.

NOTE 1 — Laboratory- or scientific-type analysis or process cantrol performance requirerents are not part of this standard.

a) Residential locations are outside the scope of this standard.

NOTE 2 — Performance requirements for detection of lammable {explosive) concentrations of toxic gas(es) are not the purpose of
this standard.

NOTE 3 — The user should be aware of environmental effects on both the apparatus and the toxic gas. The effects are not
intended to be evaluated by this standard.

Hereafter, the term "apparatus” will refer to “gas-detection apparatus.”

2 References

ANSIISA-12.13.01, Performance Requirements for Combustible Gas Detectors

ISA-RPE2.0.02, Installation, Operation, and Maintenance of Toxic Gas-Detection Instruments: Hydrogen
Sulfide (recommended practice for this standard), establishes user criterla for the installation, operation,

and maintenance of toxic gas-detaction instruments

ANSHISA-92.04.01, Performance Requirements for Instruments Used to Detect Oxygen-
Deficient/Oxygen-Enriched Atmospheres

National Institute for Occupational Safety and Health (NIOSH) Pocket Guide to Chemical Hazards, Title
29, Part 18910.1000, Occupational Safety and Health Standards

Threshotd Limit Values for Chemical Substances in the Work Environment Adopted by the American
Conference of Governmental Industrial Hygienists (ACGIH)

Documentation for immediately Dangerous {o Life or Health Concentrations (iDLMHs) (NIOSH Taft
Laboratories)

EN 50270, Electromagnetic Compatibility - Electrical Apparatus for the Detection and Measurement of
Combustible Gases, Toxic Gases or Oxygen

3 Definitions

For the purposes of this standard, the following definitions apply:

3.1 alarm:

an audible, visual, or physical signal that alerts the instrument user of a dangerous gas concentration or
instrument problem

3.1.1 false alarm:

any alarm that is triggered by a condition other than the one(s) that the alarm function is set for (ex: high
gas alarm caused by RF interference or gas alarm caused by temperature changes)
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3.2 alarm-only apparatus: .
apparatus having an atarm, but not having a meter or other indicating device.

3.3 alarm setpoint:
the selected gas concentration level(s) at which an alarm is activated.

3.4 ambient air:
air to which the sensing element is normally exposed.

3.5 bump test
application of test gas or other means of obtaining a response from the sensor to check its function. This
may include the generation of an alarm. This check is performed without adjustments of sensitivity.

MNOTE - This is also known as a “response check” or “functional check”,

3.6 calibration:
the procedure to adjust the apparatus for proper response (e.g., zero level, span, alarm, and range).

3.7 caltbration gas:
the known concentration(s) of gas used to set the apparatus span or alarm level(s).

3.8 clean air:
air that is free of any substance that will adversely affect the operation of or cause a response from the
apparaius.

3.9 consumables:
materials or components that are depleted or require perodic replacement through normat use of the
apparatus. '

3.10 control unit:

that portion of a gas detection apparatus that is not directly responsive to the gas, but which responds to
the electrical signal obtained from one or more detector heads. This unit is intended to provide meter
indication, alarm functions, output contacts and/or alarm signal outputs when utilized with a detector
head. .

3.11 detector head:
the gas responsive portion of a gas detection apparatus located in the area where sensing the presence
of gas is desired. it may be integral with or removed from its control unit.

NOTE -— The detector head may incorporate, In the same housing, circultry such as signal processing or amplifying components or
cireuits in addition to the gas sensing element (sensor).

3.12 diffusion:
a process by which the atmosphere being monitored is fransported by natural random molecular
movernent to and from the gas-sensing element.

3.13 field check with gas (response check):
application of test gas to the sensor to check the response signal or the generation of an alarm, without
adjustments of zero, sensitivity, or alarm level.

3.14 full-scale:
the maximum claimed operational level of the gas-detection apparatus.

3.15 gas-detection apparatus:

an assembly of electrical and mechanical components (either a single integrated unif or a system
comprised of two or more physically separate but interconnected component parts) which senses the
presence of @ gas and responds by providing an atarm, indication, or other cutput functions.
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3.16 gas-sensing element:
the particular subassembly or element in the gas-detection apparatus that, in the presence of a gas,
produces a change in its electrical, chemical, or physicai characteristics.

3.17 indication:
a discrete communication of a measured value or alarm condition.

3.18 IDLH (Immediately Dangerous to Life and Heaith):

the maximum concentration from which, in the event of respirator failure, one could escape within 30
minutes without a respirator and without experiencing any escape-impairing (e.g., severe eye irritation) or
irreversible health effects.

3.19 mobile apparatus:
& continuous-monitoring apparatus mounted on a vehicle, such as, but not limited to, a mining machine or
industrial truck.

3.20 nominal voltage:

the voltage given by manufacturers as the recommended operating voltage of their gas detection
equipment. If a range (versus a specific voltage) is given, the nominal voltage shall be considered as the
midpoint of the range, unless otherwise specified.

3.21 PEL {Permissible Exposure Limit);
time-weighted average (TWA) concentration that must not be exceeded during any 8-hour work shift of a
40-hour work week, as defined by the Occupational Safety and Health Administration (OSHA).

3.22 portable apparatus:

spot-reading or continuous duty apparatus that has been designed to be readily carrled from place to
place and to be used while it is being carried. A portable apparatus is battery powered and includes, but
is not limited to

a) a hand-held apparatus, typically less than 1 kg, suitable for single-handed operation;

b) personal monitors, similar in size and mass to the hand-held apparatus, that are continuously
operating (but not necessarily continucusly sensing) while they are attached to the user; and

¢) larger apparatué that can be operated by the user while it is suspended by hand, by a shoulder strap
or by a carrying harness; i may or may not have a hand directed probe.

3.23 REL (Recommended Exposure Limit):

exposure levels that are safe for various periods of employment, including but not limited to the exposure
levels at which no employee will suffer impaired health or functional capacities or diminished fife
expectancy as a result of that work experfence.

3.24 range:
the values of concentrations of toxic gas over which accuracy is ensured by calibration.

3.25 spot-reading apparatus:
apparatus intended to be used for short periods of time as required (typically 5 min or less).

3.26 sample-draw:
& method fo cause deliberate flow of the atmosphere being monitored to a gas-sensing element.

3.27 signal-processing detector head:
an apparatus intended to be incorporated with separate signat processing, data acquisition, central
monitoring, or other similar systems in which the apparatus provides a conditioned electronic signal or
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output indication to systems of the aforementioned type that typically process information from various
locations and sources including, but not fimited to, gas-detection apparatus.

3.28 span:
the algebraic difference between the upper and lower values of a range.

3.29 stabilization;

state when three successive readings of an apparatus, taken at intervals equal to the maximum t(20)
value defined In Annex A (ltem 5), indicates no changes greater than the accuracy value defined in Annex
A (lHem 2}.

3.30 stationary apparatus:
a gas-detection apparatus intended for permanent installation in a fixed Jocation.

3.31 {TLV-)STEL, (Threshold Limit Value-} Short-Term Exposure Limit:

a 15-minute Time-Weighted Average (TWA) exposure that should not be exceeded at any time during a
workday, even if the 8-hour TWA is within the Threshold Limit Value - Time-Weighted Average (TLV-
TWA).

3.32 test gas:
toxic gas diluted with clean air or inert gas to a known concentration within the test-gas tolerance stated in
Annex A, item 1,

3.33 transpoi"table apparatus:
apparatus not intended to be portable, but which can be moved readily from one ptace to another.

3.34 {TLV-)TWA, (Threshold Limit Value-} Time-Weighted Average:
the time-weighted average concentration for a normal 8-hour work day in a 40-hour work week, to which
nearly all workers may be repeatedly exposed, day after day, without adverse effect.

3.38 toxic gas:

toxic gases, for the purpose of this standard, are gases that may cause significant acute heafth effects at
low concentrations. Health effects may include severe skin or eye irritation, pulmonary edema,
neurotoxicity, or other potentially fatal conditions.

3.36 trouble signal:
information that alerts an apparatus user to abnormal conditions.

3.37 stand-alone gas detection apparatus:

a detector which provides a conditioned electronic signal or output indication to a system. The stand-
alone detector head is intended to be interfaced to unspecified separate contral unit, signal processing
data acquisition, centrat monitoring, or other similar systems in which the apparatus provides a
conditioned electronic signal or cutput indication {o systems.

3.38 stand-alone confrol unit:

fixed gas detection control units intended to provide meter indication, atarm functions, output contacts
and/or alarm signal outputs when utitized with stand-alone detector head.

4 General requirements
41 General

4.1.1 The gas detection apparatus shall be suitable for use in the intended location.
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NOTE -~ This means that other retevant requirements (e.g. hazardous {classified) locations, environmental ratings, combustible gas
detection, cross-sensitivity poisoning, efc.) must be addressed.

4.1.2 All toxic gas-detection apparatus shall meet the minimum construction and test requirements
contained within this standard. When verifying a manufacturer’s claimed superior performance or special
features of construction, the minimum requirements of the standard must be met and the manufacturer’s
claimed superior performance must be verified by test. The superior performance of ong criterion may
result in a reduced performance in other criteria. The additional tests should be agreed upon by the
manufacturer and test laboratory and identified and described in the test report.

EXAMPLES:

(1) When a manufacturer claims a sensor accuracy over a defined temperature range of — 50°C to
+40°C at +10ppm (assuming a measuring range of 0-100ppm), the sensor shall meet the
manufacturer's claim from - 50°C to - 10°C and meet the specified requirements of section 5.15
for the temperature range of — 10°C to +40°C.

(2) For detectors that consist of detection and alarm capabliities for simuftaneous detection of § or
more gases, the product shall state the following, "Reference instruction manual for a list of all
gases. The additional tests shall be agreed between the manufacturer and test laboratory.

4.1.3 Gas-detection apparatus, their components, and remote detector heads specifically intended for
use in the presence of corrosive vapors or gases shall be constructed of materials resistant (o, or
protected against, corrosion.

4.1.4 Apparatus of the sample-draw type shall include the necessary sample-pumping mechanisms.
4.2  Indicating devices (audible, visual and display)
4.2.1 An indication shall be provided to show that the apparatus is energized.

NOTE — For fixed apparatus the indication may be shown at the controt unit,

4.2.2 For alarm-only apparatus or apparatus where the resolution of the read-out device is inadequate to
demonstrate compliance with this standard, the manufacturer shall identify suftable points for connecting
indicating or recording devices for the purpose of testing the compliance of the apparatus with this
standard. The indication on the readout device shall not contradict the resuits obtained by additional
indicating or recording devices.

NOTE —- If the main mode of the apparatus is “alarm only”, but through 2 special or factory provided mode can display the gas
reading in sufficient resolution, the special or factory mode may be used to determine compliance with agreement between the
Testing Laboratory and Manufacturer.

4.2.3 Any under-range or over-range measurements shall be clearly indicated.

4.2.4 The audible and visual alarm settings for the apparatus shall not be ambiguous. If the apparatus
has more than one measuring range per given gas, the alarm level shall not be compromised.

4.2.5 Forinstruments with a display fo indicate gas concentrations, the Gas type, Concentration and unit
of measurement shall be indicated. It is permissible fo physically indicate the gas and unit of
measurement outside the actual display. Display must provide sufficient concentration resclution to meet
the requirements of the tests in this Standard. Nonlinear scales or indicators are permissible when their
function is prominently and clearly noted in the instruction manual,

4.2.6 When an indicating fight is the only means of indication and only one indicating light is provided for
signaling alarms, faults and other indications, it shall be colored red. if separate indicating lights are used
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or if a multi-colored indicating light is provided, the colors shall be used in the foliowing order of priority
((a) being highest priority):

a) alarm visual indicator(s) that are used to identify the presence of a gas concentration at or above the
alarm set point shall be RED in color;

b} equipment fault visual indicator(s) shall be YELLOW in color;
¢} "power-on" visual indicator(s) shall be GREEN in color,

4.2.7 In addition to the color requirements referenced in clauses 4.2.6 a), b} and ¢), the indicator lights
shall be adequately labeled to identify their function(s).

4.2.8 For portable apparatus, when an integral audible alarm is provided the output sound pressure level
must be > 90db @ 1ft. If an audible alarm is provided, but can be disabled, a visual indication must be
provided and a clear warning in the manual must be provided. For portable apparatus where an audible
alarm is not provided a visual indication of atarm condition must be provided.

4.3 Switches and outpuls

4.3.1 Devices (such as swifches) that disable alarm or trouble outputs or signals are acceptable if the
following criteria are met:

a) Alarm or frouble outputs or signals are automatically enabled when the device is returned to the
operating (normal) mode. :

b) A distinctive visual or audible indication, or both, and a distinctive output signal or indication are
provided with the device in the disable (bypass) mode.

¢} Local{i.e., at the apparatus) visual alarm indications are not disabled.

EXCEPTION:

indicators may be disabled when the apparatus is in calibration mode.

4.3.2 Apparatus of the sample-draw type shall incorporate a device to indicate either adequate or
inadequate flow. In portable apparatus, the flow-indicating device may be omitted provided that the

instruction manual contains detailed insfructions as required by clause 4.13.

4.3.3 When auxiliary outputs from the gas-detection apparatus are provided, their malfunction shall not
adversely affect apparatus alarm functions.

4.4  Alarm signal
441 Continuous-duty apparatus

if alarm devices, output contacts, or alarm slgnal outputs are provided as part of fixed or continuous duty
portable apparatus and are intended to operate when a potentially hazardous gas concentration is
detected, they shall be of a latching type requiring a deliberate manual action to reset within the gas
detection system. Where the outputs are connected o an integrated or auxiliary system the means of
latching and resetting may be incorporated into these systems. if two or more set or alarm positions are
provided, the lower may be nonlatching - based on user preference.,

NQTE — The integral or latching device may reside in software.
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4.42 Factory default alarm settings

All gas-detection apparatus and stand-aione contro! units with alarm functions that are factory set at
default values shall be identified by marking and/or a product document, and the factory default alarm
setting shall be at or below the ACGIH TLV, NIOSH REL, OSHA PEL or specified levet required by the
local authority where the product will be used.

4.4.3 Stand-alone apparatus

All stand-alone gas-detection apparatus and stand-alone control units shall include alarm or indication.
Signal processing heads, approvable under this standard, are designed as components of a data-
acquisition, central-monitoring, or similar system in which the alarm and malfunction are inherently part of
the system, and hence gas alarm functions are not separately required as part of the detecting head.

4.4.4 Poriable apparatus

All portable gas-detection apparatus shall be provided with a distinguishable trouble signal indicating low-
battery condition, and the nature and purpose of this indication shall be explained in the manual. This
trouble signal shall operate for a minimum of 10 minutes, during which time no false alarms are permitted
and the ability to accurately detect gas and generate alarm(s) shal not be compromised.

45  Fault signais
451 Fixed and transportable apparatus

Fixed and transportable apparatus shall provide a fault signal in the event of power failure to the
apparatus, short circuit in connection to any sensor, loss of continuity in one or more of the wires to any
sensor or sensing element, loss of electrical continuity of any gas-sensing system, or the manufacturers
specified down-scale indication not to exceed 10% of the measuring range.

NOTE - it is desirable to provide a frouble signal for a gas-sensing element failure.

452 Sample-draw gas-detection apparatus

Sample-draw gas-detection apparatus shall be provided with flow-proving devices that produce a trouble
signal in the form of a contact transfer or signal transfer in the event of flow outside the manufacturer's
stated flow-rate range.

4.6 Adustments

All gas-detection apparatus shall be provided with means for facilitating response check and adjustments
as required.

All adjustment devices shall be designed so as to discourage unauthorized or inadvertent interference
with the apparatus. Examples would include procedural, in the case of a keyboard apparatus, or
mechanical such as a cover requiring the use of a tool.

Fixed explosion-protected apparatus housed in explosion-protected enclosures shall be designed so that,
if any facilities for adjustment are necessary for routine recalibration and for resetting or like functions,
they shall be externally accessible or a non-intrusive method of adjustment provided. The means for
making adjustments shall not degrade the explosion protection of the apparatus.

The adjustments of the zero and signal amplification shafi be so designed that adjustment of one will not
affect the other when adjusted in accordance with the manufacturers instruction manual.
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47 Construction

(Gas-detection apparatus, their components, and remote detector heads must be constructed to be
resistant to, or protected against, electromagnetic interference. Testing shall be verified and documented
in accordance with EN 50270 by an ISO/EC 17025 accredited test laboratory.

4.8 Stand-alone gas detection apparatus for use with separate control units
481 General

Stand-alone gas detection apparatus for use with separate control units includes apparatus that provide a
conditioned electronic signal or output indication intended to be used with stand-alone control units,
separate signal processing, data acquisition, centrat monitoting or other similar systems which typically
process information from various locations and sources including, but not limited to, gas detection
instrumentation.

482 Transfer function specification

A specification shall be supplied with the apparatus that describes the relationship (transfer function) the
gas concentration (detected by the apparatus) has with the corresponding output signat or indication
{voltage, current, digital). Such specification shall be detailed to the extent that the accuracy of this
transfer function can be verified. As a minimum, the manufacturer shall provide data showing the
relationship between the output signal and the gas concentrations corresponding to 0, 5-10%, 20-30%,
40-60%, and 70-90% of the Full-scale gas concentration. Full-scale output shall also be as specified by
the manufacturer.

4.8.3  Provision for transfer function verification

Where necessary, equipment shall be provided by the manufacturer to interpret the output signal or
indication, which will enable the accuracy of the transfer function to be verified.

484 Tesls

Stand alone gas detection apparatus shall be tested fo the requirements of 5.5, 5.7 through 5.11, 5.13
through 5.19, and 5.21 using the parameters of the transfer function.

4.8  Stand-alone control units for use with stand-alone gas detection apparatus

4981 General

Stand-alone control units for use with stand-alone gas detection apparatus include those apparatus o be
used with stand-alone gas detection apparatus to complete a "performance evaluated” toxic gas detection
systemn at the maximum configuration. The stand-alone control unit shall be tested with a representative
stand-alone or simulated gas detection apparatus.

4982 Tesis

The control units shall be tested to the requirements of 5.5, 5.7 through 5.9, 5.13 through 5.15, and 5.21
using the parameters of the trarisfer function pertinent fo the specific type of gas detector.



-1 - ANSI/ISA-92.00.01-2010

4.10 Communication options

For apparatus having serial or parallel communications options used during normai gas detection
operation, tests in 5.8, 5.9 and 5.13 shall be performed with all communication ports connected. The
maximum transaction rate, cabling characteristics and activity level specified by the apparatus's
manufacturer shall be emploved.

4.11  Gas detection apparatus as part of systems

For gas detection apparatus which are part of systems, tests in 5.8, 5.9, 5.13 and 5.21 shall be performed
with the maximum system communications fransaction rate and activity level. This shall correspond to the
largest and most complex system configuration permitted by the manufacturer.

4.12 Labeling and marking

4.12.1 General

The apparatus shall be marked or documented with reference to “ANSIASA-92.00.01" and the manual
must include reference to the gas(es) which performance has been verified.

All equipment and protective systems shall be marked legibly and indelibly with the following minimum
requirements:

a) name or trademark and address of the manufacturer (minimum of city and country);

b) certification marking;

¢} designation of model or ’gype;

d) the month and year of manufacture {e.g. date code, serial number or equivalent means);
e) the specific marking describing the type of explosion protection (if any).

f) the marking "CAUTION — READ AND UNDERSTAND INSTRUCTION MANUAL BEFORE
OPERATING.” or equivalent, .

4.12.2 Marking notations

The markings required by this standard shall appear in a clearly legible, visible, and permanent manner
on each gas-detection apparatus in the following manner, as applicable:

a} For portable apparatus, the required markings shalf appear both on the outside surface of the
apparatus and also on any removable carrying case if the case obscures the markings required.

b) For stationary apparatus, the required markings shall appear in a location where they will be visible
after installation.

¢) For apparatus that comprise a control unit and a remote detector head, the required markings shall
appear, as a minimum, on the controi unit only. If routine recalibration can be accomplished entirely
by adjustments at the remaote detector location(s), this marking shall appear both on the control unit
and on the remote detector head.

d) For modular control units comprised of one or more control modules in a common enclosure or
mounting assembly, the required markings need not be repeated on each module but may appear as
a single marking on the commeon portion of the assembly.
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e} For apparatus that lack sufficient space for required markings or for apparatus having
interchangeable gas-sensing elements, the required markings shall be provided on permanent labels
or tags that are attached to the apparatus by the manufacturer.

4.12.3 Special features

Where the design or special features of the apparatus require additional markings or changes in marking

requirements, the additions or revisions are allowed, but the safety and instructional intent of 4.13 must

be met.

4.12.4 Temperature range

The manufacturer's stated temperature range over which the apparatus will perform within specifications

shall appear in a clearly legible, visible, and permanent manner on each apparatus. If multiple or

interchangeable gas-sensing elements are provided in a common housing, the most restrictive
temperature range shall be used. If the apparatus has interchangeable gas sensor types, the main
portion of the apparatus can indicate the full temperature range, if the interchangeable sensors indicate
the individual sensor operating temperature range.

4.13 Instruction manual

Each apparatus shall be provided with an instruction manual that includes the following information:

a) complete instructions, drawings and diagrams for safe and proper operation, installation and servicing
of the apparatus;

b) operating instructions and adjustment procedures;

¢) recommendations for initial checking and calibration of the apparatus on a routine basis, including
instructions for the use of the field calibration kit, if provided;

NOTE — Users are referred to ANSIHISA-92.00.02.
d} relationship between any outputs and toxic gas concenirations; and

e} a list of operating adjustments and insfructions for setling these adjustments (e.q., alarm setpoint,
zero, and span adjustments); i

fy a list of available options;
g) details of operational limitations, including, where applicable, the following:

1) Gases for which the apparatus is suitable and the relative sensitivities of the apparatus to these
gases

2} Information that describes the sensitivities to other gases to which the apparatus is responsive
3} Temperature limits

4) Humidity ranges

5) Supply voltage limits

6) Relevant characteristics and construction details of required inferconnecting cables

7) Battery data
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8) Pressure limits
8} Sample flow rate

10) Warm-up time

11} Stabilization time

details of storage life and limitations for apparatus, replacement parts, and accessories, including,
where applicable, the following:

1) Temperatlure

2} Humidity

3) Time

4) Pressure

the bases used for converting test and calibration gas concentrations from PPM to % volume fraction;
a list of desensitizing, contaminating, or interfering substances or water-vapor concentrations known
to the apparatus manufacturer, which may adversely affect proper operation of the apparatus

(Waming as to effects of oxygen-enriched or oxygen-deficient atmospheres must be included.);

NOTE — Recognizing that it is difficult to compile & complete fist of afl possible desensitizing or contaminating gases or other
substances, it is recommended that the manual also include either the generic deseription of the sensing element or a
description of its properties so that the user is cautioned to either evaluate the probable effect of contaminants that are net
included in the list or contact the apparatus manufacturer.

information on the adverse effects of poisons and interfering gases or substances and oxygen-

- enriched or deficient atmospheres on the proper performance (and, in the case of oxygen-enriched

g)
r

atmospheres, on electrical safety) of the apparatus;

for aspirated apparatus, indication of the minimum and maximum flow rates and pressure; also,
tubing specifications, sample-draw lag times, and materials suitable for transportation lines for proper
operation;

for aspirated apparatus, instructions for ensuring that the sample lines are intact and that proper flow
is established;

for aspirated apparatus, adequate data/information to advise the user of inaccuracies caused by
absorption/adsorption of toxic gas by sample lines and contaminants;

statements of the nature and significance of all alarms and fault signals, the duration of such alarms
and signals (if time-limited or non-latching) and any provisions that may be made for silencing or
resetting such alarms and signals, as applicable;

detalils of any method for determination of the possible sources of a malfunction and any corrective
procedures (i.e. trouble-shooting procedures);

a statement that alarm devices, outputs, or contacts are of the non-latching types, where appiicabie;'

a recommendation for external alarm latching when non-tatching alarms are provided.
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s) a listing of consumable and replacement components and the expected lifelusage rate and
recommendations for storage of each item;

tY for battery-operated apparatus, installation, recharging and maintenance instructions for the batteries;
u} arecommended replacement parts list;

v} where optional accessories (e.g. collecting cones, weather-protecting devices) are supplied, the
manufacturer shall list them and state their effects on the apparatus characteristics {e.g. including
response time, accuracy and repeatability) and provide means for identification of these (e.g. part
numbers inciuded in manual);

w) details of certification and marking and any special conditions of service;

x} the storage life and recommended storage conditions for replacement parts and accessories, where
critical;

y) for stand alone control units and stand aione detector head the following note or equivalent shall
appear within the manual "CAUTION: THE STAND ALONE DETECTOR HEAD HAS A RESPONSE
TIME OF (AS TESTED) SECONDS. THE STAND-ALONE DETECTOR HEAD SHALL BE
CONNECTED TO A STAND-ALONE CONTROL UNIT WITH A RESPONSE TIME OF LESS THAN
OR EQUAL TO (REQUIREMENT-AS TESTED) SECONDS.”

z} where the special nature of the apparatus (such as non-linear responses} requires additional

instructions or special information that are alternative to, or in addition {o, the requirements of 4.12
and 4.13 a) to y), the instructions or infermation shall be provided.

5 Test methods

5.1  Introduction

The tests described in 5.5 through 5.21 are in addition to the requirements specified in Clause 4.
5.2 General requirements for test

5.2.1 Sampies and sequehce of tests

For the purpose of type testing, the tests shall be carried out on one apparatus., Another apparatus may
be used for the long term stability {est (see 5.19).

The unpowered storage (5.5), drop test (5.6), and vibration (5.7) tests must be conducted prior to all
remaining tests. The test sequence on all remaining tests shall be carried out to a schedule agreed upon
between the manufacturer and the test laboratory.

Whaere an ingress protection level is ciaimed for the gas deteclor head and/or gas detection apparatus,
the ingress protection acceptance criteria must be applied in addifion to a subsequent ‘bump test' gas
application with the acceptance criteria in accordance with Annex A, ltem 2 {accuracy/repeatability). if it
is necessary to apply the manufacturer's maintenance recommendation in order to comply with the
accuracy acceptance criteria, the manual must clearly state that after exposure to the ingress the
apparatus must undergo a maintenance application.

5.2.2 False alarms

Unwarranted (false} alarms shall be considered failure of the tests.
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5.2.3 Test-gas concentration

The tolerances of the test-gas concentrations shali be included in the uncertainty of the apparatus
indications.

NOTE 1 — Some toxic gas mixtures are not stable and will deteriorate over time. Therefore, it is necessary for the testing
iaboratory to use an independent analytical method to verify the gas coricentration at the sensor location,

NOTE 2 .- Some toxic gas mixtures have a longer surface residence time (commonly known as a sticky gas). This characteristic
should be taken into consideration by the test laboratory during the test program.

5.3  Preparation of the apparatus
5.3.1  Interconnections and adjustments

The apparatus selected for testing shall be prepared as if for actual service, including all necessary
interconnections and initial adjustments, in accordance with the manufacturer's instruction manual,

In all cases, optional parts shall be either attached or removed according to which condition will give the
most unfavourable result (at the discretion of the testing laboratory) for the test being conducted.

Conditioning of the test setup is permitted prior to each test, and the conditioning shall be consistently
applied and documented throughout all tests.

5.3.2 Remote detector heads

For apparatus having remote detector heads, all tests shall be performed with resistance(s) connected in
the detector circuits to simulate the maximum line resistance specified by the apparatus manufacturer
{except where the minimum line resistance offers a more stringent test in the judgment of the testing
laboratory).

5.3.3 Signal processing detector heads

For signal processing detector heads, adequate means for interpreting the output signal shall be
provided.

54  Conditions for test and test area

541 Voltage

Except as otherwise indicated herein, all tests shall be performed at the nominal system voltage and
frequency marked on the equipment (or specified in the instruction manual), or with fresh or fully charged
batteries as applicable.

542 Ambient temperature

The ambient air and test gas shall be held at a temperature constant to +2 K per hour within the range of
18 °C to 30 °C, throughout the duration of each test, unless otherwise specified for the particular test.

54.3 Ambient almospheric pressure

Except as otherwise indicated herein, tests shall be performed at any atmospheric pressurs in the range
of 86 kPa {o 108 kPa.
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54.4  Ambient humidity

The ambient air and test gas shall be held at a relative humidity (RH), controlted to within £20 % RH, over
the range 20 % to 80 % throughout each test unless otherwise specified for the particular test,

5.4.5 Airvelocity

Except as otherwise indicated herein, tests are to be performed in relatively still air (velocity not more than
1.0 meter per second [m/s] [3.3 fest per second (f/s)]) other than those currents that may be induced by
convection due to the natural heating of the equipment under test or caused by air-moving devices that
are part of the equipment under test.

5.4.6 Diffusion device

For purposes of the tests in 5.8 through 5.21, where reference is made to exposing the detector head to
specified gas mixtures or to other specified conditions, all normally attached diffusion devices or
protective mechanical parts shall remain attached. .

5.4.7 Remote detector head

For apparatus intended to be used with more than one remote detector head, only one detector head
shall be exposed when tests caill for the exposure of the remote detector head to a specified test gas or
other specified set of condifions. Dummy electrical loads {e.g.. fixed resistors) may be substituted for
additional detector heads, but if additicnal detector heads are used, all other detector heads shall be
exposed to clean air and normal conditions as described in 5.4.2 through 5.4.4.

5.4.8 Adjustments

The apparatus shalt be prepared and mounted as nearly as possible as for typical service, in accordance
with the instruction manual including all necessary interconnections, initial adjustments, and initial
calibrations. Adjustments, as specified within the manufacturer calibration procedure, may be made,
where appropriate, at the beginning of each test.

The apparatus under test may be adjusted or recalibrated prior to the start of each of the tests described *
frt 5.6 through 5.21. However, no further adjustments or recalibration shall be carried out for the duration
of that test, except where specificailly permitted by the particular test procedure.

54.9 Stabilization

Unless otherwise indicated herein, the apparatus shall be allowed to stabilize under each different test
condition before measurements are taken.

54,10 Accuracy

For the tests described in the following paragraphs of Clause 5, the tolerance specified in Annex A,
item 2, shall apply.

5.411 Selectable range apparatus .

For selectable range apparatus using different sensory hardware, the tests of 5.5 through 5.21 shall be
performed at each of the designated ranges. For selectable range apparatus using the same sensory
hardware, one range shall be subjected to the tests of 5.5 through 5.21 with subsequent ranges subjected
to the tests of 5.8, 5.8, 5.11, and 5.13 at each designated range.
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5.4.12 Auxiliary interface
During performance testing, alf auxiliary interfaces shall be in normal operating condition.
55 Unpowered storage

To evaluate apparatus for typical fransportation environmental ranges, all parts of the gas-detection
apparatus shall be exposed sequentially to the following conditions:

a} -20°C or at the manufacturer's claimed minimum if less than -20°C, for at least 24 hours;

b} ambient temperature and humidity for at least 24 hours;

€) +40°C or at the manufacturer’s claimed maximum if greater than +40°C, for at least 24 hours; and
d) ambient temperature and humidity for at least 24 hours.

The above temperatures may be varied only after an agreement has been reached betwsen the
manufacturer and testing laboratory. Where temperatures other than those listed above are used, they
shall be listed in the certification documents.

5.6 Drop fest (portable and transportable only)
Multi-range apparatus need to be tested only on one range.

While in the operating mode, the apparatus {less any removable case, unless otherwise specified by the
manufacturer) shall be released from a height of 1.0 m (3.3 f£.) above a concrete surface and allowed to
free-fall.

The test shall be performed three separate times, each time released with a different surface, edge, or
comner of the apparatus facing down at the time of release.

The apparatus shall be considered to have failed this test if there is a loss of function (e.g. alarm, pump
function, controls, display, change of state) after the test.

NOTE — Failures resulting from this test may net become apparent untit future tests are conducted.
57 \Vibration

57.1 Testequipment

The vibration test machine shall be capable of producing a vibration of variable frequency and adjustable
constant excursion (or adjustable constant acceleration peak) with the apparatus under test mounted in
place, as required by the test procedure.

5.7.2 Procedure

While in the operating mode in clean air, all apparatus shall be mounted on the vibration test machine and
vibrated successively in each of three mutually perpendicular directions, respectively parallel to the edges
of the apparatus, The apparatus shall be mounted on the vibration test machine in the same manner and
position as intended for service using any resilient mounts, carriers, or holding devices that are provided
as a standard part of the apparatus. The apparatus shall be vibrated over a frequency range of 10 Hz to
30 Hz at a total excurgion of 1.0 mm (0.04 in.}, and 30 Hz to 100 Hz at a 2 g peak acceleration for a
period of one hour in each of three mutually perpendicutar dlrectnons The rate of change of frequency
shall not exceed 10 Hertz per minute {(Hz/minute).
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Before, and at the conclusion of the test, the apparatus shait be exposed to clean air followed by the test
gas.

5.7.3 Acceptance criteria

The apparatus shall not give any false alarms; there shall be no loose components or damage to the
enclosure that could cause a shock hazard. The apparatus shall be considered to fail this test ifit is
inoperative after the test. The output shall not vary by more than the tolerance specified in Annex A, ltem
2.

NOTE — Failures resulting from this fest may not become apparent uniil future tests are conducted.

5.8 Iinitial calibration and set-up
5.8.1 . Procedure

The apparatus shall be calibrated for testing in accordance with this standard by using the manufacturer's
recommended calibration equipment and specified calibration procedures. Unless otherwise specified by
the manufacturer, at least one calibration gas shall be a minimum of 50 percent of the selected range
over which the apparatus is to be calibrated not to exceed the IDLH level for that gas.

582 Accepiance criteria

The indication obtained while using the manufacturer's recommended calibration equipment shail match
the indication using the intended gas application method for test purposes within the accuracy limits
specified in Annex A.

59 Accuracy
5.8.1 Apparatus with meter or output signal

For apparatus having meters or output signals, the detector head shall be exposed to clean air and
mixtures of test gas in clean air by the intended method of gas monitoring or an alternate gas
presentation method verified by the fester, Compositions of the mixtures shalt be 5 to 10 percent, 20 to
30 percent, 40 o 60 percent, and 70 to 90 percent of the detector's Full-scale gas concentration. In each
case, the concentration indicated by the meter or output signal shall not vary from the known test-gas
concentration by more than the tolerance specified in Annex A, ltem 2. For apparatus having selectable
measuring ranges, the apparatus shall be tested on all ranges.

5982 Apparatus with alarm

For apparatus with alarm or alarm-only apparatus, all alarm setpoints shall be tested, with the lowest
alarm setpoint of multiple alarm setpoint units tested first.

a) Alarm(s) shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2.

b} Alarm(s) shall NOT be activated by a test-gas concentration iower than the alarm setpoint minus the
tolerance specified in Annex A, Hem 2.

c) The time of exposure to each test-gas concentration shall not be less than 5 minutes or greater than
10 minutes.
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5.8.3 Sample-draw apparatus

For sample-draw apparatus, the accuracy test shall be conducted at both the minimum and the maximum
sample flow rates given by the manufacturer. Unacceptable performance at elther flow rate shall
constifute failure of the test.

5.10 Fault signais

When the apparatus has undergone each condition separately as specified in 4.5, the apparatus shall
indicate a fault signal without a false alarm indication.

5.11 Repeatability

5.11.1 For apparatus having meters or output signals, the detector head shalf be exposed to clean air
and mixtures of test gas in clean air by the intended method of gas monitoring or an alternate gas
presentation method verified by the tester. Compositions of the mixture shall be 70 to 90 percent of
range. The test gas shall be applied three separate times for a duration of 2 times the maximum ({80}
value in Annex A, litem 5. The apparatus shall be exposed to clean air for a duration of 2 times the
maximum {(10) value in Annex A, ltem 6 after each test gas application. In each case, the concentration
indicated by the meter or output signal shall not vary from the average indication by more than the
tolerance specified in Annex A, ltem 2. For apparatus having selectable ranges, the apparatus shall be
iested on all ranges.

5.11.2 For alarm-only apparatus, the highest alarm sefpoint shali be tested. The test gas shall be applied
three times to the apparatus, allowing a maximum of the Recovery Time specified in Annex A, ltem 6, for
that gas plus 60 seconds between exposures.

a) Alarm(s) shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ftem 2,

b} Alarm(s) shall NOT be activated by a test-gas concentration lower than the alarm setpoint minus the
tolerance specified in Annex A, ltem 2.

¢) The time of exposure to each gas concentration shall neither be less than 5 minutes nor greater than
10 minutes.

5.11.3 For sample-draw apparatus, the repsatability test described above shall be conducted at both the
minimum and the maximum sample flow rates given by the manufacturer. Unacceptable performance at
either flow rate shall constitute failure of the test.

5.12 Consumables

5.12.1 Batteries

Apparatus powered by integral batteries shall be capable of continuous operations at a temperaiure of -
10°C (14°F) for a period of at least 8 hours, including 18 minutes of maximum load (i.e., continuous

afarm, lights, etc.) without replacement or recharge of batteries.

NOTE ~- For Multi-Gas portable apparatus employing a combustible sensor, the battery run time requirement shall meet those
reguirements stated in ISA 12.13.01.

5.12.2 Consurﬁabies other than batteries

Apparatus requiring consumables shali be capable of operating a minimum of 8 hours without
replacement or replenishment of such consumables.
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5.13 Step-change response and recovery

5.13.1 For apparatus having meters or output signals, after initially being in clean air, the detector head,
at a minimum using the worst case accessory configuration, shall be exposed suddenly to a test gas at
atmospheric pressure having a concentration corresponding to 95 to 100 percent of range. From the
instant of exposure to this gas mixture, the apparatus shall provide an indication within the criteria
specified in Annex A, ltem 3 through liem 5.

NOTE — For apparatus having muitiplexed or scanned channels, the step-change response test must be conducted while scanning
all channels. )

5.13.1.1 When stabilization has occurred, the test gas shall be removed and the detector head exposed
to clean air, From the instant of exposure to clean air, the apparatus shall respond to provide an

indication as specified in Annex A, ltem 8.

5.13.1.2 For sample-draw apparatus, the transportation lines should be as short as practical.

NOTE — The Step-Change Response and Recovery Test evaluates response time of the apparatus only; it does not consider
transport time through sample lines.

5.13.1.3 For sample-draw apparatus, the manufacturer's stated response times for maximum sample-line
length and size and lag times shali be verified.

5.13.2 For alarm-only apparatus, after initiaily being in clean air, the detector head shall then be suddenty
exposed to gas concentrations of 500 percent of the values of the alarm setpoint concentrations. All
alarms shall be tested, and ail shall respond within the Ty time specified in Annex A, item 3.

5.13.2.1 Afier two minutes, the test gas shall be removed and the detector head exposed to clean air, Ali
atarms shall clear or be resettable within the Tgy (recovery) time specified in Annex A, lfem 6.

5.14 Supply vollage variation

5.14.1 For gas-detection apparatus intended for operation on ac power supply systems, with the
detector head exposed to either clean air or test gas as noted, the supply voltage shall first be decreased
to 85 percent of nominat voltage and then increased to 110 percent of nominal voltage, Adjustable alarms
shall be set to operate at 50 percent of selected gas concentration range or maximum setpoint, whichever
is less. As a result of this test, there shalt be no apparatus maifunction or false actuation of the alarm(s).
The voltage variation must occur within 100msec.

NOTE - The method of causing these step changes in voltage shall simulate the effect of a heavy load being added fo or removed
from the source of supply; that is, there shall be no actual interruption of the voltage supply during the voltage transition.

5.14.1.1 For apparatus having meters or other outputs, with the detector head exposed to a
concentration of 50% * 5% of full scale, the variation in the meter or other output from the initial reading at
nominal voltage shall not vary from the known test-gas concentration by more than the tolerance

specified in Annex A, ltem 2.

5.14.1.2 For apparatus with alarms, all alarm setpoints shall be tested, with the lowest alarm setpoint of
multiple alarm setpoint units tested first.

a) Alarm(s) shail be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2.

b} Alarm(s) shall NOT be activated by a test-gas concentration lower than the alarm setpoint by the
tolerance specified in Annex A, ltem 2.

¢} Alarmys) shall NOT be activated when the detector head is exposed {o clean air.
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d) The time of exposure to each test-gas concentration shall neither be less than 5 minutes nor greater
than 10 minutes,

5.14.2 For apparatus intended for operation on dc power-supply systems, with the detector head
exposed to either clean air or test gas as noted, the supply voltage shall first be decreased to 87.5
percent of nominal voitage and then increased to 122.5 percent of nominal voltage. Adjustable alarms
shall be set to operate at the lowest value of OSHA PEL, NIOSH REL, ACGIM TLV or 110% of STEL. As
a resuit of this test, there shall be no apparatus malfunction or false activation of the alarm(s). The
voiltage variation must ocour within 100msec.

NOTE - The method of causing these step changes in voltage shali simulate the effect of a heavy icad being added to or removed
from the source of supply; that is, there shall be no actual interruption of the voltage supply during the voltage transition.

5.14.2.1 For apparatus having meters or other outputs, with the detector head exposed to a
concentration of 50% * 5% of full scale, the variation in the meter or other output from the initial reading at
naminal voltage shall not vary from the known test-gas concentration by more than the tolerance
specified in Annex A, ltem 2.

5.14.2.2 Far alarm-only apparatus, all alarm setpoints shall be tested, with the lowest alarm setpoint of
muttiple-alarm setpoint units tested first,

a) Alarm(s) shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2.

b) Afarm(s} shall NOT be activated by a test-gas concentration lower than ihe atarm sefpoint minus the
tolerance specified in Annex A, ltem 2.

¢} Alarm(s) shall NOT be activated when the detector head is exposed to clean air.

d) The time of exposure to each test-gas concentration shall neither be less than 5 minutes nor greater
than 10 minutes.

5.14.3 For apparatus containing integral batteries, the voltage variation shall correspond to the maximum
terminal voltage of fresh or fully charged batteries and the voltage at which the low-battery voltage alarm
activates. This lower voltage must be within 5 percent of the minimum operating voltage given by the
manufacturer. Apparatus having provision for adjustment to compensate for battery voltage decline may
be so adjusted. During this test, the detector head shall be exposed to clean air or the test gas as noted.
Adjustable alarms shall be set to operate at 110% of STEL or the lowest value of OSHA PEL, NIOSH
REL, or ACGIH TLV. As a result of this test, there shall be no apparatus malfunction or false actuation of
the alarm{s}).

5.14.3.1 For apparatus having meters or other outputs, with the detector head exposed to a test-gas
concentration of 50% + 5% of full scale, the variation in the meter or other output from the initial reading at
maximum battery voltage shall not vary by more than the tolerance specified in Annex A, item 2.

5.14.3.2 For alarm-only apparatus, all alarm setpoints shall be tested, with the lowest alarm setpoint of
muttiple alarm setpoint units tested first.

a) Alarm(s) shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2.

b} Alarm(s) shali NOT be activated by a test-gas concentration fower than the atarm setpoint minus the
tolerance specified in Annex A, ltem 2.

cy Alarm(s) shall NOT be activated when the detector head is exposed to clean air.
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d} The time of exposure to each gas concentration shall neither be less than 5 minutes nor greater than
10 minutes.

5.14.4 Gas-detection apparatus intended for operation from an external power source shall be subjected
to five momentary power interruptions, ranging from approximately 0.1 seconds o 5 seconds, with the
detector head exposed to both clean air and a test gas concentration exceeding the lowest alarm setting.
Following each interruption, the apparatus shall be allowed sufficient time {not to exceed 180 seconds) to
return to normal operating conditions. There shall be no apparatus malfunction when the primary power
is interrupted (applied or removed), with the detector exposed to both clean air and test gas, the output
shall not vary by more than the tolerance specified in Annex A, ltem 2.

5.14.5 QOutput inhibit circuits activated upon power application are permitted, provided the status of the
inhibit is visually indicated.

515 Temperaturf—,1 variation

This test shall be performed in a temperature chamber having the capability of holding the sensor or
apparatus at the specified temperature within £2°C. All gas-detection apparatus shall first be calibrated in
accordance with 4.8, with all parts of the apparatus at ambient temperature. The temperature of the test
chamber shall be adjusted in the sequence as specified below for 2 hours after internal chamber thermal
stability or if the internal temperature of the apparatus can be measured and reported then the duration
can be reduced {o 1 hour after apparatus’ internal thermal stability. When the apparatus (or the portion
under test) has reached the temperature as specified below for the required duration, then the apparatus
shall be exposed to the test gas, which shall be at the same temperature as the internal temperature of
the test chamber. The dew point of the air or the test gas shall be below the temperature of the fest
chamber and kept constant during the test.

a)} -10°C or at the manufacturer’s claimed minimum if less than -10°C
b} ambient temperature
C) +40°C or at the manufacturer's claimed maximum if greater than +40°C

5.15.1 For apparatus with meters or other output signals and having the detector head integral with or
directly attached to the control unit, the entire apparatus shall be placed in the test chamber. At the two
temperature extremes, the meter or output indication shall not vary from the initial stabilized ambient
temperature meter or output indication by more than the tolerance specified in Annex A, item 2.

5.15.2 For apparatus with meters or other output signals and a separate {non-integral) detector head, the
control unit shall be placed in the test chamber at both temperature extremes while the detector head
remainsg at ambient temperature. Subsequently, the detector head shall be placed in a test chamber at
poth temperature extremes while the controt unit remains at ambient temperature.

5.15.3 For alarm-only apparatus, all alarm setpoints shall be tested at the two temperature extremes,
with the lowest alarm setpoint of multiple alarm setpoint units tested first.

a) Alarms shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified In Annex A, item 2.

b} Alarms shall NOT be activated by a test-gas concentratlon lower than the alarm seipoint minus the
tolerance specified in Annex A, ltem 2.

¢} The time of exposure to each gas concentration shalt neither be less than 5 minutes nor greater than
10 minutes.
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5.16 Humidity variation

The apparatus shall be exposed for 2 h to clean air having a relative humidity of 50% and record the
results. The apparatus shall be calibrated with the standard test gas at the relative humidity of 50% and
record the results. Next, the gas sensing element shall be exposed for 2 h to clean air having a relative
humidity of 20%. The detector head shall then be exposed to the calibration gas mixture having a relative
humidity of 20% and record the results. Next, the gas sensing element shall be exposed for 2 h to clean
air having a relative humidity of 80%. The detector head shafl then be exposed to the calibration gas
mixture having a relative humidity of 890% and record the results.

At the two humidity extremes the indication shall not vary from the 50% RH indication by more than
Annex A, item 2.

For apparatus incorporating alarms only, the alarm setpoints shalt be tested, with the lowest alarm
setpoint of multiple alarm setpoint units tested first.

a) Alarms shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2.

b) Alarms shall NOT be activated by a test-gas concentration lower than the alarm setpoint minus the
tolerance specified in Annex A, ltem 2.

¢) The time of exposure to each gas concentration shall neither be less than 5 minutes nor greater than
10 minutes.

NOTE — Relative humidity values are to be accurate within £5 relative humidity percentage points.

5.17 Position sensitivity

5.17.1 For partable apparatus having meters or other outputs, with the detector head exposed to a test-
gas concentration of 50% + 5% of full scale, the variation in the meter or other oufput from the initjal
reading shall not vary from the known test-gas concentration by more than the tolerance specified in
Annex A, Item 2, when the orientation of the apparatus is varied in three orthogonal planes.

5.17.2 For portable alarm-only apparatus, all alarm setpoints shall be tested when the orientation of the
apparatus is varied in three orthogonal planes, with the lowest alarm setpoint of multiple alarm setpoint
units tested first.

a) Alarms shall be activated by a test-gas concentration exceeding the atarm setpoint by the tolerance
specified in Annex A, Hem 2.

b) Alarms shall NOT be activated by a test-gas concentration lower than the alarm setpoint minus the
tolerance specified in Annex A, ltem 2.

c) The time of exposure to each gas concentration shall neither be less than 5 minutes nor greater than
10 minutes.

5.18 Air velocity variation

5.18.1 The apparatus shall be calibrated with the detector head exposed to a still mixture of calibration
gas. Then it shall be exposed to a flowing test gas that impinges on the detector head with a velocity of
5+ 0.5 mfs (16.5 £ 1.7 T/s). During this test, the direction of the air velocity or the orientation of the
detector head shall be varied in each of the following three orientations:

a) Bensing element ariented directly toward direction of flow.
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b) Sensing element oriented away from the direction of flow.

¢) Sensing element oriented at right angles to the direction of flow.

NGTE — Directions of flow which are not fikely to occur in practice, due to the design of the apparatus, or which are expressiy
prohibited within the manufacturer's instruction manual may not be tested.

5.18.1.1 For apparatus having meters or other cutput signals, the mster or other output signal (during
axposure to the mixture in motion) shall not vary from that observed during exposure to the still-gas
mixture by more than the {olerance specified in Annex A, ftem 2.

5.18.1.2 For alarm-only apparatus, all alarm setpoints shall be tested, with the lowest alarm setpoint of
multiple atarm setpoint units tested first.

a) Alarms shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2, :

b) Alarms shall NOT be activated by a test-gas.concentration lower than the alarm setpoint minus the
tolerance specified in Annex A, ltem 2.

¢) The time of exposure to each gas conceniration shall neither be less than 5 minutes nor greater than
10 minutes.

5.19 Long-term stability

The apparatus shall be exposed to the clean air or test-gas mixture as noted continuously {except when
batteries are being exchanged or when adjustments are being made). For battery-operated apparatus, a
suitable dc power supply or fresh batteries may be used for the test of 5,19, but the actual batteries
specified for the apparatus shall be used for the first 8 hours. Portable apparatus shall be ON for 8 hours
minimum and OFF for 16 hours maximum. Calibration shall be performed as recommended by the
manufacturer. For multi-range apparatus, the test of 5.19 needs {o be performed only on the highest
range unless otherwise specified.

NOTE — When the manufacturer states a required calibration cycle or bump-iest cycle less than 5 weeks, a cafibration or bump-test
is allowed afier the 3-week ambient exposure and prior to the 2-week low conceniration exposure (afier Clause 5.19.1.2). The
calibration or burnp-test can not be applied during the 2-week low concentration exposure.,

5.19.1 For apparatus incorporating meters or output signals, calibrate or adjust the apparatus on a test-
gas concentration of 50% * 5% of full scale, and keep the power ON for the duration of this test.

5.19.1.1 Subject the detector head to clean air at ambient temperature and humidity for a period of
21 days.

5.19.1.2 Apply the test gas of a concentration used in 5.19.1 to the detector head. The indicated
concentration shall not deviate from the initial reading observed in 5.19.1 by more than the tolerance
specified in Annex A, ltem 2. The reading shall be taken after stabilization, and the response {ime shall
meet the requirements specified in Annex A, tem 3 through item 5.

5.19.1.3 Subject the detector head o a continuous toxic gas concentration equivalent to 3% + 1% of the
current NIOSH IDLH value for a period of 14 days. For apparatus that are limited by operation at
continuous low fevel gas concentration exposure, the time duration may be reduced under one of the
following conditions:

a) For an apparatus that requires verification or calibration prior to each use, the duration may be
reduced to a minimum of 24 hours or to the manufacturer's claimed duration, whichever is greater
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b} For an apparatus that provides a fault signal upon sensing element failure, the duration may be
reduced to the manufacturer’s claimed duration and the fault signal shall be verified

¢) For an apparatus that requires sensor replacement less than 14 days, the duration may be reduced
to the manufacturer's claimed duration.

NOTE 1 — A precise concentration is unnecessary. This test Is provided only fo test the apparatus after exposure to a low-
background level of toxic gas.

5.18.1.4 Remove the test gas for 5 minutes and repeat 5.19.1.2.

5.18.1.5 Subject the detector head to clean air at ambient temperature and humidity for a period of
7 days.

5.19.1.6 Apply the fest gas of a concentration used in 5.19.1 to the detector head. The indicated
concentration shall not deviate from the reading observed at 5.19.1.2 by more than the tolerance
specified in Annex A, ltem 2. The reading shall be taken after stabilization.

5.19.1.7 Calibrate the apparatus as per 5.8.

5.19.1.8 Apply a test-gas concentration between 8 and 12 percent of the current NIOSH IDLH value for

8 hours. The indicated concentration shall not deviate from the aciual applied concentration by more than
the tolerance specified in Annex A, ltem 2. The reading shall be taken after stabilization,

5.19.1.9 Calibrate the apparatus as per 5.8,

5.18.1.10 Repeat the accuracy test as per 5.9.

5.19.2 For alarm-only apparatus, calibrate the apparatus per 5.8 and then proceed. Subject the sample
infet to clean air at ambient temperature and humidity for a period of 21 days.

5.19.2.1 Subject the sample to the fallowing:

a) Altalarm setpoints shall be tested, with the lowest alarm setpoint of multiple alarm setpoint units
tested first.

b) Alarms shall be activated by a test-gas concentration exceeding the alarm setpoint by the tolerance
specified in Annex A, ltem 2.

¢} Alarms shall NOT be activated by a test-gas concentration lower than the alarm setpoint minus the
{olerance specified in Annex A, ltem 2.

d) The time of exposure to each gas concentration shall neither be less than 5 minutes nor greater than
10 minutes.

5.19.2.2 Subject the detector head to a continuous toxic gas concentration equivalent to 10 percent of
the TLV-TWA for a period of 14 days. For apparatus that are limited by operation at continuous low level
gas concentration exposure, the time duration may be reduced under one of the following conditions:

a} For an apparatus that requires verification or calibration prior to each use, the duration may he
reduced to a minimum of 1 day or to the manufacturer's claimed duration, whichever is greater

b) For an apparatus that provides a fault signal upon sénsing element failure, the duration may be
reduced to the manufacturer's claimed duration
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¢} For an apparatus that requires sensor replacement less than 14 days, the duration may be reduced

to the manufacturer's claimed duration.

NOTE — A precise concentration is unnecessary. This test is provided only to test the apparatus afier exposure o a low-
background level of toxic gas.

5.19.2.3 Remove the test gas for 5 minutes and repeat the tests of 5.12.2.1.
5.19.2.4 Subject the sample inlet to clean air at ambient temperature and humidity for a pericd of 7 days,
5.19.2.5 Repeat the fests of 5.19.2.1.

5.19.2.6 Calibrate the apparatus per 5.8, and ensure that one alarm setpoint is set to 10% of the current
NIOSH IDLH value of the applicable gas.

5.19.2.7

a) Apply a test-gas concentration lower than the alarm setpoint by the tolerance specified in Annex A,
item 2, for 8 hours. The alarms shalt NOT be activated during this time.

b) Apply a test-gas concentration exceeding the alarm setpoint by the tolerance specified in Annex A,
item 2, for 8 hours. The alarms shalt be activated and shall hot be resettable during this time.

5.19.2.8 Calibrate the apparatus per 5.8.

5.19.2.9 Repeat the tests 0of 5.19.2.1.

5.20 Ballery and low-battery vollage alarm

5.20.1 This section is applicable only to apparatus powered by integral batteries (excluding batteries
used only for memory retention). This test is intended to verify that portable apparatus will operate for
specified time periods without exchanging or recharging batteries.

5.20.2 Battery-powered portable continuous duty apparatus

5.20.2.1 With fresh batieries installed at the beginning of the test, the apparatus shall be operated in
clean air for a total period of

a) 8 h, if fitted with a user-operable on/off switch, or apparatus employing {ep!aceable batteries.
b) 10 h, if not so fitted, or

c) any longer time as specified by the manufacturer.

NQTE -— For disposable apparatus, a method of depleting the battery is to be agreed upon between the Test Laboratory and the
manufacturer.

5.20.2.2 Atthe end of the specified period, the apparatus is exposed to the standard test gas in
accordance with the requirements of 5.9.

5.20.2.3 The apparatus shall then continue 1o operate until an indication that the low battery condition
has been reached. The apparatus shall continue to operate for an additional 10 min.
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5.20.3 Battery-powered portable spot-reading apparatus

The apparatus shall be exposed to the test requirements of 5.13 and then operated until an indication that
the low-battery condition has been reached. The apparatus shall be operated for an additional 10 minutes
and then exposed to the test requirements of 5.13.

5.21 Exposure to high-concentration gas

5.21.1 The detector head of apparatus shall be subjected to a step change in gas concentration from
clean air to the “high concentration” specified in Annex A, ltem 7. Sample-draw apparatus shall be
subjected to this test using the shortest practical sample tubing and operated within the flow-rate range
recommended by the manufacturer. The apparatus shall produce an alarm output within 10 seconds of
exposure to the gas. Exposure and the alarm condition shall continue for 5 minutes.

5.21.1.1 Following removal of the test gas, the detector head shall be exposed to clean air.

6.21.1.2 Apparatus Incorporating meters or output signals shall produce an output of less than 10% of
the current NIOSH IDLH value within the recovery time of 10 minutes.

5.21.1.3 Alarm-only apparatus, with alarm setpoint(s) adjusted to 10% of the current NIOSH IDLH value,
shaill not indicate an alarm condition or shall be able to be reset within the recovery time of 10 minutes.

5.21.1.4 For all apparatus except alarm-only units, 60 to 75 minutes after the removal of the test gas and
exposure to clean air, the apparatus will be exposed to a test-gas concentration of 50% + 5% of full scale.
The indicated concentration shall not deviate by more than the tolerance specified in Annex A, item 2,
from the most recent reading for that same gas observed before exposure 1o the "high concentration.”
The reading shall be taken after stabilization. The apparatus must meet the requirements of 5.9.1.

5.21.1.5 For alarm-only apparatus, 60 to 75 minutes after the removal of the test gas and exposure to
clean air, the apparatus shall be tested in accordance with the requirements of 5.9.2.
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