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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by a consensus among persons
engaged in its development at the time it was approved. Consensus does not necessarily mean there
was unanimous agreement among every person participating in the development process.

The National Electrical Manufacturers Association (NEMA) standards and guideline publications, of which
the document herein is one, are developed through a voluntary standards development process. This
process brings together volunteers and/or seeks out the views of persons who have an interest in the
topic covered by this publication. Although NEMA administers the process and establishes rules to
promote fairness in the development of consensus, it does not write the documents, nor does it
independently test, evaluate, or verify the accuracy or completeness of any information or the soundness
of any judgments contained in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use
of, application, or reliance on this document. NEMA disclaims and makes no guaranty or warranty,
express or implied, as to the accuracy or completeness of any information published herein, and
disclaims and makes no warranty that the information in this document will fulfill any particular purpose(s)
or need(s). NEMA does not undertake to guarantee the performance of any individual manufacturer’s or
seller’s products or services by virtue of this standard or guide.

In publishing and making this document available, NEMA is not undertaking to render professional or
other services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed
by any person or entity to someone else. Anyone using this document should rely on his or her own
independent judgment or, as appropriate, seek the advice of a competent professional in determining the
exercise of reasonable care in any given circumstance. Information and other standards on the topic
covered by this publication may be available from other sources, which the user may wish to consult for
additional views or information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health
purposes. Any certification or other statement of compliance with any health- or safety-related information
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker
of the statement.
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FOREWORD

The purpose of this guide is to provide information concerning the proper use of carbon monoxide (CO)
alarms and detectors. It covers the major technologies used for CO detection; the differences between
CO alarms and CO detectors; combination devices; and CO device reliability, effectiveness, and limited
life.

This guide was developed by NEMA'’s Signaling Protection and Communications Section (NEMA 3SB).
Some material herein was extracted from NFPA 720-2012, Standard for the Installation of Carbon
Monoxide (CO) Detection and Warning Equipment. NEMA extends its thanks to the National Fire
Protection Association (NFPA) for granting permission to extract this material.

About NEMA 3SB

The objective of NEMA 3SB is to serve as the primary source of technical, training, and educational
materials essential for the specification, application, and manufacture of reliable life safety products, as
well as their installation, performance, and inspection.

NEMA 3SB currently represents 21 manufacturers in support of the automatic fire detection and alarm
industry and the health care communications industry. Fire detection and alarm products include life
safety/fire alarm systems and devices that provide early warning of an impending or actual fire or
gaseous hazard. The products detect, notify, and initiate control functions in case of hazard to life or
property. For more information on life safety, go to www.lifesafetysolutionsonline.org.

About the National Electrical Manufacturers Association (NEMA)

Founded in 1926 and headquartered near Washington, D.C., NEMA represents 400-plus member
companies that manufacture products used in the generation, transmission and distribution, control, and
end use of electricity. These products are used in utility, industrial, commercial, institutional, and
residential applications. The association’s Medical Imaging & Technology Alliance (MITA) Division
represents manufacturers of cutting-edge medical diagnostic imaging equipment, including MRI, CT, x-
ray, and ultrasound products. Worldwide sales of NEMA-scope products exceed $140 billion. In addition
to its headquarters in Rosslyn, Virginia, NEMA has offices in Beijing and Mexico City.

Proposed revisions, comments, and suggestions for the improvement of this document are encouraged.
They should be sent to:

Senior Technical Director, Operations
National Electrical Manufacturers Association
1300 North 17th Street, Suite 900

Rosslyn, Virginia 22209

Www.nema.org

© 2013 National Electrical Manufacturers Association
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1 SCOPE AND PURPOSE

11 SCOPE

This guide covers carbon monoxide (CO)—detection devices, including single and multiple station CO
alarms and system-connected CO detectors and sensors connected to a control unit. CO-detection
devices used in ventilated spaces, such as enclosed parking garages, are not included but are addressed
by the Occupational Safety & Health Administration (OSHA) and the Environmental Protection Agency.

1.2 PURPOSE

The purpose of this document is to provide guidance on the proper application, installation, location,
performance, inspection, testing, and maintenance of CO-detection devices. It outlines basic principles
that should be considered in the application of early warning CO-detection devices. Operating
characteristics of devices and environmental factors that may aid, deter, or prevent their operation are
identified.

Fire protection engineers, mechanical and electrical engineers, fire service personnel, building code
officials, fire alarm designers, and installers will find the contents educational.

This document is based on industry expertise and many years of experience, and it is intended to be
used only as a technical guide. Applicable codes and standards as well as directives of the Authorities
Having Jurisdiction (AHJs) must be followed.

2 REFERENCED STANDARDS

21 INSTALLATION STANDARDS
From the National Fire Protection Association (NFPA):

NFPA 720-2012, Standard for the Installation of Carbon Monoxide (CO) Detection and Warning
Equipment: The standard covers the proper application, installation, and maintenance of CO-detection
devices. The 2012 edition of the standard is primarily concerned with life safety, not with protection of
property, public health, or worker safety. It covers the selection, design, application, installation, location,
performance, inspection, testing, and maintenance of CO-detection and warning equipment in buildings
and structures.

NFPA 72-2010, National Fire Alarm and Signaling Code: The standard covers the application,
installation, location, performance, inspection, testing, and maintenance of fire alarm systems,
supervising station alarm systems, public emergency alarm reporting systems, fire warning equipment,
and emergency communications systems (ECS), and their components.

2.2 PRODUCT STANDARDS

The following American National Standards Institute (ANSI)/Underwriters Laboratories (UL) standards
apply to CO alarms and detectors:

ANSI/UL 2034, Single and Multiple Station Carbon Monoxide Alarms, is the product standard that covers
self-contained, electrically operated single- and multiple-station CO alarms intended for protection in
ordinary indoor locations of dwelling units, including recreational vehicles, mobile homes, and recreational
boats with enclosed accommodation spaces and cockpit areas.

ANSI/UL 2075, Gas and Vapor Detectors and Sensors, is the product standard for CO detectors

connected to a control unit via conductors or low-power radio frequency (wireless) signal for operation as
part of a gas detection, emergency signaling, or CO-detection system.

© 2013 National Electrical Manufacturers Association
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3 GLOSSARY OF TERMS

Alarm
Carbon Monoxide Alarm: A single- or multiple-station CO alarm intended for the purpose of
detecting CO gas and alerting occupants by a distinct audible signal comprising an assembly that
incorporates a sensor, control components, and an alarm natification appliance in a single unit
operated from a power source either located in the unit or obtained at the point of installation.

Multiple Station (Carbon Monoxide) Alarm: A single station CO alarm capable of being
interconnected to one or more additional alarms so that the actuation of one causes the appropriate
alarm signal to operate in all interconnected alarms.

Single Station (Carbon Monoxide) Alarm: A detector comprising an assembly that incorporates a
sensor, control components, and an alarm natification appliance in one unit operated from a power
source either located in the unit or obtained at the point of installation.

Combination Carbon Monoxide Detection System: A CO-detection system in which components are
used, in whole or in part, in common with a non-CO signaling system, and in which components are not
used as part of a fire alarm system.

Carbon Monoxide Alarm Signal: A signal indicating a concentration of CO at or above the alarm
threshold that could pose a risk to the life safety of the occupants and that requires immediate action.

Carbon Monoxide Supervisory Signal: A signal indicating the need for action in connection with a pre-
alarm condition, or in connection with the supervision of protected premises CO safety functions or
equipment, or the maintenance features of related systems.

Carbon Monoxide Trouble Signal: A signal initiated by a system or device indicative of a fault in a
monitored circuit, system, or component.

Carbon Monoxide Detection System: A system or portion of a combination system that consists of a
control unit, components, and circuits arranged to monitor and annunciate the status of CO alarm
initiating devices and to initiate the appropriate response to those signals.

Carbon Monoxide Detector: A device having a sensor that responds to CO gas that is connected to an
alarm control unit.

Nationally Recognized Testing Laboratory (NRTL): A product testing laboratory that is U.S.
Occupational Safety & Health Administration (OSHA)—accredited to test and certify products to American
National Standards Institute (ANSI)/UL Standards. NRTLs test CO alarms, CO detectors, control units,
and other components to verify conformance with NFPA requirements and their own standards.
Equipment that complies with their tests is identified.

Temporal Code 3: Three short beeps (cycling 0.5 seconds on/0.5 seconds off) followed by 1.5 seconds
of silence. This signal is repeated until the alarm resets after dissipation of smoke or is manually silenced.

Temporal Code 4: Four short beeps (cycling 100 milliseconds on/100 milliseconds off) followed by 5
seconds of silence. After the initial 4 minutes of the alarm signal, the 5-second off period is changed to 60
seconds +10%. This signal is repeated until the alarm resets after dissipation of CO or the alarm signal is
manually silenced.

4 CO OVERVIEW

41 WHAT IS CO?

CO is an odorless, tasteless, highly toxic gas that results from the incomplete combustion of fossil fuels.
The CO molecule is made up of a carbon and an oxygen atom. CO has a density similar to air. Its

© 2013 National Electrical Manufacturers Association
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molecular weight is 28 grams per mole (g/mol), whereas the molecular weight of air is approximately 29
g/mol. A mole is 6.022x10723. CO typically rises from the point of production due to the heat of
combustion. As it cools to environmental temperatures, however, it circulates in the same manner as
ambient (environmental) air.

4.2 WHY IS CO A CONCERN?

CO is often referred to as “the silent killer’ because it is virtually impossible to detect without an electronic
sensing technology. This is particularly of concern to those who are not aware of the poisoning process
due to sleep or other conditions that render them oblivious to, or incapable of escaping, the process.
During 2001-03, an estimated 15,200 people with confirmed or possible non—fire-related CO exposure
were treated annually in hospital emergency departments. In addition, during 2001-02, an average of 480
persons died annually from non—fire-related CO poisoning. The majority (64.3%) of non-fatal CO
exposures were reported to occur in homes."

Through the normal processes of respiration and circulation, oxygen molecules enter the lungs and are
transported to cells throughout the body by attaching to hemoglobin in the blood. CO molecules, however,
attach to hemoglobin far more readily than oxygen. When CO is present in the environment, these
molecules interfere with the normal circulation of oxygen throughout the body by attaching to hemoglobin
that would normally transport oxygen (see Figure 1).

To Organs #
and Tissues

Oxygen (02)

\

Blood Vessel

Hemoglobin {Hb)

Carbon Monoxide (CO)

@
From #3 To Organs #
Lungs e and Tissues

Figure 1 CO in the Bloodstream

This can cause varying degrees of injury or sickness—and even death—depending on the duration and
level of exposure. CO poisoning can result from prolonged exposure to low levels of CO and/or shorter
exposures to higher concentrations.

Table 1 shows the relationship between CO volume, duration of exposure, and resulting symptoms to a
person within a given environment. CO exposure levels depend on many variables, such as health,
activity, age, and physical condition. The following table should be used as a general reference to CO
exposure.

! Centers for Disease Control and Prevention (CDC). CDC Report: Unintentional Non—Fire-Related CO
Exposures—United States, 2001-2003. MMWR 2005; 54(02): 36-39,
www.cdc.gov/mmwr/preview/mmwrhtml/mm5402a2.htm

© 2013 National Electrical Manufacturers Association
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Table 1 General Effects of CO Exposure over Time

Concentration Symptoms
(ppm CO)
50 No adverse effects with 8 hours of exposure
200 Mild headache after 2-3 hours of exposure
400 Headache and nausea after 1-2 hours of exposure
800 Headache, nausea, and dizziness after 45 minutes of
exposure; collapse and loss of consciousness after 2
hours of exposure
1,000 Loss of consciousness after 1 hour of exposure
1,600 Headache, nausea, and dizziness after 20 minutes of
exposure
3,200 Headache, nausea, and dizziness after 5-10 minutes of
exposure; collapse and loss of consciousness after 30
minutes of exposure
6,400 Headache and dizziness after 1-2 minutes of exposure;
loss of consciousness and danger of death after 10-15
minutes of exposure
12,800 (1.28% by Immediate physiological effects; unconsciousness and
volume) danger of death after 1-3 minutes of exposure

4.3 WHERE IS CO PRODUCED/FOUND?

CO is formed from the incomplete combustion of fossil fuels. Many common appliances, machinery, and
heating equipment, if not working or vented properly, can produce dangerous CO build-up in a given
environment.

According to recent studies, the primary sources for CO fatalities are:

a) Heating systems (HVAC: gas, oil-fired, central, and unitary equipment)

b) Power tools

c) Charcoal grills or other charcoal sources

d) Gas ranges or ovens

e) Camp stoves or lanterns

f)  Other or multiple appliances (gas-fired water heater, dryer, boiler)

g) Internal combustion engines (running vehicles, generators, other equipment, etc.)

h) “Fresh air” makeup intakes in conjunction with internal combustion engines

i) Fossil fuel-fired pre-heaters

i) Suppression and extinguishing operations, internal and external (as they seek to make combustion
less efficient until fire cessation)

4.4 WHY IS OUTDOOR FRESH AIR MAKEUP SO IMPORTANT?

Most modern buildings bring outdoor air into a building through a mechanical ventilation system for the
purpose of maintaining acceptable indoor air quality. CO and/or other gases could be brought into the
building if the outdoor fresh air makeup is located adjacent to a parking area where vehicles are routinely
staged while running, or if several roof top units are located too close to each other or adjacent to other
incomplete combustion exhaust stacks. The same holds true for CO produced from other outdoor
transient incomplete combustion sources.

© 2013 National Electrical Manufacturers Association
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4.5 IS IT POSSIBLE TO PROTECT AGAINST CO?

By applying technology through the use of properly designed, installed, supervised, tested,maintained,
and monitored automatic life safety CO alarms and detectors, it is possible to protect against CO.

4.6 MODEL BUILDING CODES

The International Code Council (ICC) is a membership association that develops the codes used in the
construction of residential and commercial buildings, including homes, hospitals, apartment buildings,
hotels, and dormitories. The codes become law when adopted by local and state governments. The
following I-codes require the installation of CO-detection devices:

a) The 2009 and 2012 editions of the International Residential Code (IRC): CO detection is required in
newly constructed detached one- and two-family dwellings and townhouses not more than 3 stories
within which fuel-fired appliances are installed and in dwelling units that have attached garages.

b) The 2012 edition of the International Building Code (IBC) and International Fire Code (IFC): CO
detection is required in Group-R and Group-I occupancies such as hotels, dormitories, apartment
buildings, hospitals, nursing homes, assisted living facilities containing a fuel-burning appliance, or a
building which has an attached garage.

5 HOW CO ALARMS AND DETECTORS OPERATE

CO-detection devices monitor the amount of CO in the air over a specific time period. Distinguished by
their sensing technologies, three basic types of CO sensors are used today: biomimetic, metal oxide
semiconductor, and electrochemical.

5.1 BIOMIMETIC CO SENSOR OPERATION

Biomimetic sensors are designed to mimic how the hemoglobin in blood reacts to the presence of CO.
The sensor monitors an infrared light source that is passed through a disc composed of synthetic
hemoglobin which darkens in the presence of CO. Thus, as CO in the atmosphere increases, the light is
obscured, triggering an alarm signal.

These sensors are inexpensive to produce and consume a small amount of energy to operate. However,
research has shown that this type of sensor is prone to cause more nuisance alarms, has a shorter
lifespan than do other types of CO sensors, and requires a long recovery time following an alarm.

Gel Plate
Photo-optic

receiver ‘ Light Source

CO Spot

Figure 2 Cutaway View of a Biomimetic Sensor

5.2 METAL OXIDE SEMICONDUCTOR (MOS) CO SENSOR OPERATION

MOS sensor technology utilizes a tin dioxide semiconductor, which is heated by an electrical current at
specific intervals. When the tin dioxide reaches its operating temperature, its resistance will change in the

© 2013 National Electrical Manufacturers Association



Page 6

presence of CO. Once the resistance changes, as a result of a specific amount of CO reaching the
sensor’s threshold, the alarm signal is triggered.

MOS sensors have a long lifespan and can respond quickly to CO. MOS sensors utilize an electrical
current to heat the semiconductor, which results in high current consumption. Also, MOS sensors have

been shown to be more susceptible to nuisance alarms in the presence of some common household
chemicals.

Typical MOS Sensor Assembly

m Filter
===

Cap

Sensing Oxide

Sensor Electrodes with Substrate

Heater Electrodes with Substrate

Leads

Base

Connecting Pins

Figure 3 Exploded View of a MOS Sensor
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5.3 ELECTROCHEMICAL (EC) CO SENSOR OPERATION

EC sensors use a platinum electrode and acid combination to promote a reaction between CO and the
oxygen in the air, which then produces an electrical current. When CO is present in the air, and the
current increases beyond a specific threshold, an alarm signal is activated by the circuit.

EC sensors have been in use in commercial and residential applications for many years. They have
proven to be reliable, have relatively low current consumption, and respond quickly to CO. However, they

may be susceptible to nuisance alarms in the presence of household cleaners that contain ammonia,
such as glass cleaners.

Filter

Electrode
Platinum/Acid

Electrode

Sponge

Figure 4 Cutaway View of an EC CO Sensor Cell

Table 2 Comparison of CO-Detection Technologies

. Typical
Sensor Technology Advantages Disadvantages Lifespan
High false alarm rate
Biomimetic Low cost Long recovery after 2-3 years

alarm
High current draw
Non-selective;
MOS Long lifespan sensitive to 7-10 years
chemicals and gases
other than CO
High sensitivity to
ammonia-based

Reliable

. Moderate cost . qleaner_s .
Electrochemical ; Life is humidity/ 4-6 years
Moderate life
temperature

Fast recovery dependent if outside

the ASHRAE limits
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54 LIMITED LIFE OF CO SENSORS
All CO-detection devices need to be replaced at the end of their gas sensors’ lives.

All NRTL-listed single- and multiple-station CO alarms have a limited-life CO sensor. The ANSI/UL 2034
standard requires that the CO alarm must indicate end-of-life of the sensor, based on the manufacturer’s
specified lifetime, with an end-of-life, audible signal that is different from the alarm signal. Typically the
end-of-life signal is triggered either by an internal timer or by a self-diagnostic test. The standard also
requires that the end-of-life information includes details on how long the CO sensor is expected to
function and whether the end-of-life is based on date of manufacture or date of initial installation.

All NRTL-listed system-connected CO detectors also utilize limited-life gas sensors. ANSI/UL 2075
requires every system-connected CO detector to provide a means to send the CO sensor’s end-of-life
signal to the control unit. To aid in ongoing maintenance and to ensure CO detectors are providing the
promised protection, it is highly recommended that the manufacturer’s published instructions and NFPA
720 be followed for recommended installation, inspection, testing, and maintenance of all CO detectors in
residential and commercial applications.

5.5 OPERATIONAL DIFFERENCES BETWEEN ALARMS AND DETECTORS

5.51 CO Alarm

A single station CO alarm is a detector composed of an assembly that incorporates a sensor, control
components, and an alarm notification appliance in one unit operated from a power source either located
in the unit or obtained at the point of installation.

A multiple station CO alarm is a single station CO alarm capable of being interconnected to one or more
additional alarms so that the actuation of one causes the appropriate alarm signal to operate in all
interconnected alarms.

When the CO alarm detects the presence of CO, the audible alarm signal follows Temporal Code 4 (see
Glossary).

Additionally, some manufacturers provide a voice warning in CO alarms (“WARNING: CARBON
MONOXIDE,” for instance) in addition to an audible alarm signal described above.

© 2013 National Electrical Manufacturers Association
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Figure 5 Typical CO Alarm

5.5.2 CO Detection

CO detectors may be connected to a dedicated CO-detection system or a combination system. Typically,
they are connected to a fire alarm control unit. The CO detectors obtain their operating power from the
control unit, which activates the notification appliances when CO is detected.

For system-connected CO detectors, NFPA 720 requires that the alarm, supervisory, and trouble signals
must be distinctively and descriptively annunciated. When the CO-detection system is combined with a
fire alarm system, the trouble signals from each system can use a common audible signal.

The visible and audible indication of supervisory signals and visible indication of their restoration to
normal is required to be indicated within 90 seconds of activation (and within 90 seconds of restoration to
normal) at the CO detector control unit, at the building command center for emergency voice/alarm
communication systems, and at the remote supervising station location. Additionally, the trouble signals
and their restoration to normal are required to be indicated within 200 seconds of activation (and within
200 seconds of restoration to normal) at these same locations.

When the CO-detection system detects the presence of CO, the audible alarm signal follows the
Temporal Code 4 pattern (see Glossary).

System-connected CO detectors are designed to be connected to a dedicated CO control unit or a fire

alarm control unit. The control unit monitors all initiating and natification circuits for integrity, and the
control unit has capabilities to transmit alarm signals to a remote monitoring location.
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Note: Check local jurisdiction regulations/codes for the off-site monitoring and emergency requirements

Figure 6 Typical System-Connected CO Detector

5.5.3

Alarm Thresholds for CO Alarms and Detectors

Both CO alarms and system-connected CO detectors must alarm according to ANSI/UL 2034. ANSI/UL
2034 defines the CO alarm points (CO concentration versus time) based on 10 % Carboxyhemoglobin

(COHD):

Table 3 CO Alarm Points per ANSI/UL 2034 (© 2011 UL, used with permission)

CO Concentration and Response Time

Concentration, ppm

Response Time, minutes

70 £5 60-240
150 +5 10-50
400 +10 4-15

False Alarm — CO Concentration Resistance Specifications

Concentration, ppm

Exposure Time (No Alarm)

30 £3

30 days

70 £5

60 minutes

5.6 COMBINATION SMOKE/CO ALARMS AND COMBINATION SMOKE/CO DETECTORS

5.6.1 Combination Smoke/CO Alarms

A combination smoke/CO alarm combines smoke- and CO-sensing elements in a single unit.

Among the benefits of the smoke/CO alarm are the reduced installation time and the improved

appearance of the single unit.

NFPA 720 requires that the audible alarm signal from a CO alarm shall produce signals that are
distinctive from other alarm signals such as smokef/fire alarm in the same area.
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If alarms of different types, such as CO, smoke, and/or heat are interconnected, NFPA 720 requires the
audible alarm signal of all interconnected devices to be appropriate for the phenomena being detected.

When the combination smoke/CO alarm detects the presence of CO, the alarm signal follows the
Temporal Code 4 pattern described earlier. When it detects smoke, the alarm signal follows the following
Temporal code 3 pattern: 3 beeps followed by a pause.

Some manufacturers furnish combination smoke/CO alarms with voice warnings for both CO and smoke
detection.

5.6.2 Combination Smoke/CO Detectors

Some system-connected detector manufacturers offer a combination smoke/CO detector that combines
fire and CO detection in a single device.

5.7 CO-DETECTION TECHNOLOGY RELIABILITY AND EFFECTIVENESS

UL conducted a five-year study, CO Alarm Field Study, to evaluate the effectiveness of CO alarms. The
study included 70 samples of CO alarms with the three CO-sensing technologies: Biomimetic, EC, and
MOS. The technical data from this study validates the reliability and effectiveness of CO-sensing
technology. The UL study concluded that:

a) CO alarms provide effective signaling protection when dangerous concentrations of CO are present,
and
b) CO alarms do not false alarm in the field.

The Consumer Product Safety Commission (CPSC) has published Carbon Monoxide Questions and
Answers (Document #466), which addresses the “frequently asked questions” about CO detection.
Regarding the reliability of CO alarms, the document states: “CO alarms always have been and still are
designed to alarm before potentially life-threatening levels of CO are reached. The safety standards for
CO alarms have been continually improved, and currently marketed CO alarms are not as susceptible to
nuisance alarms as earlier models.”

6 INSTALLATION AND PLACEMENT

When installing a CO detector or a CO alarm, do not install it in any environment that does not comply
with the manufacturer’s environmental specifications.

All CO-detection devices should be installed in accordance with the manufacturer’s published instructions
and in accordance with NFPA 720, which outlines the requirements for both commercial and residential
installations of CO-detection equipment.

When installing a combination alarm or detector, also follow the installation requirements in NFPA 72 and
the manufacturer’s published instructions.

CO detection shall be installed in accordance with the manufacturer’s published installation instructions in
conjunction with applicable codes and standards.

CO detector locations:

a) On the ceiling in the same room as permanently installed fuel-burning appliances

b) Centrally located on every habitable level and in every HVAC zone of the building

c) Outside each separate dwelling unit sleeping area in the immediate vicinity of the bedrooms
d) On every occupiable level of a dwelling unit, including basements

e) In other locations where required by applicable laws, codes, or standards
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CO alarm locations:

a) Outside each separate dwelling unit sleeping area in the immediate vicinity of the bedrooms
b) On every occupiable level of a dwelling unit, including basements
¢) In other locations where required by applicable laws, codes, or standards

6.1 PLACEMENT AND SPACING
The following provides general guidelines for CO detection placement and spacing:

CO alarms or detectors should be mounted on the wall, ceiling or other locations as specified in the
manufacturer’s published installation instructions. When wall mounting a CO alarm or CO detector, it
should be at least as high as a light switch and at least six inches from the ceiling. (CO gas typically rises
from the point of production and then mixes evenly throughout the air as it cools.) Furthermore, higher
placement protects the CO-detection device from potential damage by pets and tampering by small
children. When ceiling mounting a system-connected CO detector, the detector should be located at least
12 inches from any wall.

The selection and placement of CO-detection devices shall take into account both the performance
characteristics of the detector and the areas in which the detectors are to be installed in order to prevent
nuisance alarms or improper operation after installation.

Unless tested and listed for recessed mounting, CO-detection devices shall not be recessed into the
mounting surface.

To minimize nuisance alarms, the location of CO-detection devices shall be based on an evaluation of
potential ambient sources and flows of CO, moisture, temperature, dust, or fumes, and of electrical or
mechanical influences.

In new construction, CO-detection devices shall not be installed until after the construction cleanup of all
trades is complete and final.

Unless specifically designed and listed by an NRTL for the expected conditions, CO-detection devices
shall not be installed where any of the following ambient conditions exist:

a) Temperature below 0°C (32°F)
b) Temperature above 38°C (100°F)
c) Relative humidity outside the range of 10-95%

CO detectors shall be marked in accordance with their listing.

6.2 INTERCONNECTION OF CO ALARMS

NFPA 720 Section 9.6.4 requires CO alarms to be interconnected when two or more are installed in a
dwelling unit, suite of rooms, or similar area. The operation of any alarm causes all alarms within these
locations to sound. CO alarms installed in existing construction are exempted from the interconnection
requirement. When alarms of different types are interconnected, all interconnected alarms shall produce
the appropriate audible response for the phenomena being detected or remain silent. It is also important
to note that NFPA 720 Section 9.6.10 permits the interconnection of CO alarms to be by a non-
supervised wireless RF communication signal.

6.2.1 Sleeping Area Requirements

NFPA 720 Section 6.4.4 requires the audible alarm level of appliances installed in sleeping areas to be at
least 15 dB above the average ambient sound level, or 5 dB above the maximum sound level having a
duration of at least 60 seconds, or a sound level of at least 75 dBA, whichever is greater, measured at the
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pillow. If the alarm or detector installed outside the sleeping area is unable to produce the required sound
level measured at the pillow, with the door closed, a CO alarm, detector, or audible appliance shall be
installed in the sleeping room.

Several research studies, supported by Fire Protection Research Foundation (FPRF), have shown that a
low-frequency 520Hz alarm signal may be more effective awakening and alerting people with hearing loss
than the 3KHz tone used in most CO alarms and detectors. Many adults experience hearing loss at
higher frequencies as they get older. Previous editions of NFPA 720 did not specify any particular
frequency for audible alarm signals. The 2012 edition of NFPA 720 contains new low-frequency 520 Hz
alarm signal requirements and effectivity dates.

Section 9.4.2.2 of NFPA 720 requires single- and multiple-station CO alarms and household CO-
detection systems to produce the 520 Hz alarm signal in sleeping rooms intended for those with mild to
severe hearing loss only. Accommodations for those with hearing loss are required to be provided either
voluntarily or where required by governing laws codes or standards. Since hearing loss isn’t always
apparent, it is the responsibility of the individual to notify the appropriate personnel.

For those with profound hearing loss, visible and tactile notification appliances are required to be
provided.

NFPA 720 Section 6.4.4.3 requires audible appliances that produce signals for sleeping areas only, to
comply with the 520Hz low frequency alarm signal by January 1, 2015. Typical sleeping areas may
include guest rooms in hotels, dormitories, individual dwelling units of apartment buildings or patient
rooms in assisted living facilities.

6.3 PERFORMANCE-BASED DESIGN

Performance-based designs submitted to the AHJ for review and approval shall include documentation of
each performance objective and scenario, including calculations, modeling, and technical substantiation
to establish the designs’ life safety performance. The AHJ will determine if the performance objectives
have been met and will approve all modifications and variations in advance.

6.4 CO DETECTORS FOR CONTROL OF CO SPREAD
System designers shall consider the spread of CO through an occupancy via the HVAC system.

Interaction with smoke control systems, if such is provided, shall be coordinated.

7 INSPECTION, TESTING, AND MAINTENANCE

Single- and multiple-station CO alarms and CO detectors are required to operate within identical
sensitivity parameters, but the inspection, testing, and maintenance requirements differ significantly. This
is due to the additional system components that are utilized with CO detectors.

CO devices are designed to be as maintenance-free as possible. However, as discussed in Section 5, the
sensing cell has a limited lifespan. Therefore, all CO detectors and CO alarms listed to ANSI/UL 2075 or
ANSI/UL 2034 are required to provide an end-of-life signal to notify that replacement is necessary.

71 CO ALARMS

Single- and multiple-station CO alarms are required to be inspected and tested according to
manufacturer’s instructions at a minimum of every month.

7.2 HOUSEHOLD CO SYSTEMS

NFPA 720 Section 8.8.1 requires household CO-detection systems to be tested by a qualified service
technician at least every 3 years according to the methods in Table 8.4.2 (see Annex A) in accordance
with the manufacturer’s published instructions.
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7.3 CO-DETECTION SYSTEMS

NFPA 720 requires that a CO detector be visually inspected and functionally tested immediately after
installation and annually thereafter.

7.3.1 Notification

To prevent an unnecessary response and possible dispatch of emergency services, prior to any testing or
maintenance, notify the proper authorities that the CO-detection system is undergoing maintenance.

7.3.2 Visual Inspection
CO detectors shall be visually inspected at initial installation and semi-annually thereafter.

7.3.3 Reacceptance Testing

NFPA 72 and NFPA 720 require reacceptance testing to be performed when system devices or
accessories are added or deleted from the detection system. Reacceptance testing will also apply when
modifications to control equipment hardware or software are made.

7.3.4 Functional Testing

Functional testing requirements will apply to system detectors installed after January 1, 2012. At that
time, CO tests will be required at initial acceptance and then annually by introduction of CO into the
sensing chamber or element. An electronic check utilizing magnets or substituting analog values in lieu of
CO, will not comply with this requirement.

Refer to Annex A for additional information from NFPA 720.

7.3.5 Chinese Drywall

Some U.S. homes built between 2003 and 2009 were constructed using drywall imported from China.
Subsequently, the CPSC received more than 3,800 reports from residents in 42 states, the District of
Columbia, American Samoa, and Puerto Rico, claiming that health symptoms or the corrosion of certain
metal components in their homes were related to this drywall. Florida alone received 2,157 complaints;
Louisiana received an additional 707.

Consumers living in these homes reported problems, including:

a) a strong sulfur smell like rotten eggs,

b) health issues, such as irritated and itchy eyes and skin, difficulty breathing, a persistent cough, and
headaches, and

c) premature corrosion or deterioration of certain metal components in their homes, such as air
conditioner coils, and electrical distribution components such as receptacles, switches, and circuit
breakers.

On March 18, 2011, the Federal Interagency Task Force (the CPSC and the U.S. Department of Housing
and Urban Development) released guidance to comprehensively remediate those homes to address any
potential health and safety issues associated with the problem drywall. The remediation guidance focuses
primarily on the replacement of problem drywall and building components for which drywall-induced
corrosion might cause a health or safety problem.

Specifically the Remediation Guidance for homes with problem drywall calls for the replacement
of all possible problem drywall and fire safety alarm devices (including smoke alarms and CO
alarms).

For more information or to register for e-mail alerts, go to www.drywallresponse.gov.
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8 CO-DETECTION SYSTEMS

8.1 DESIGN CONSIDERATIONS

A key decision for system designers is whether to use single- and multiple-station CO alarms or a
systems approach that utilizes a control unit with system-connected CO detectors. While there are many
applications where single- and multiple-station CO alarms may meet code requirements, there are
applications where a systems-based approach may also be an option. For example, the stakeholders
may determine a systems approach is needed after conducting a risk analysis. Questions to ask when
determining if a systems-based approach is required might include:

a) Is supervised annunciation at an onsite, constantly attended location required?
b) Is offsite monitoring by a supervising station required?

If the answer to either of these questions is yes, then the application would likely require systems-based
CO detection.

8.2 DISTINCTIVE SIGNALS

NFPA 720 Section 7.2.1.2.1 requires the actuation of a CO detector or system to be distinctly indicated as
a CO alarm signal. Section 4.6.1 requires CO alarm signals, CO-detection system supervisory and trouble
signals to be distinctively and descriptively annunciated.

Section 4.9.6 requires CO detector trouble signals to be indicated visually and audibly at the control unit
and supervising station. Therefore, the CO detector must have an integral trouble relay or an NRTL-listed
intelligent, addressable communications interface that will send trouble conditions to the control unit, such
as a sensor failure or sensor end-of-life signal.

8.3 TYPES OF CO-DETECTION SYSTEMS

NFPA 720 permits a CO-detection system to operate as a stand-alone system or it can be combined with
either a fire alarm system or a security system. Specifically, Section 5.8.2.1 permits the CO system to be
a stand-alone system, while sections 5.8.2.1 and 5.8.4.1 permit CO-detection systems to share
components, equipment, circuitry, and installation wiring with non—CO-detection systems. However, there
are several very important factors to keep in mind when using a combination system. If a CO-detection
system is combined with a fire alarm or security control unit:

a) All component subsystems shall be capable of simultaneous, full-load operation without degradation
of the required overall system performance (Section 5.8.2.3)

b) The non—CO-detection system functions shall not interfere with the required operation of the CO-
detection system (Section 5.8.4.2)

c) CO alarm signals shall be distinctive, be clearly recognizable, and take priority over signals
associated with property protection (Section 5.8.4.5)

The priority requirements for fire alarm and mass notification systems, including combination fire alarm
systems that incorporate CO detection, are established in NFPA 72. When a CO-detection system is
combined with either a fire alarm system and or intrusion detection system, NFPA 720 Section 4.6.6
states that the trouble signals for each system shall be permitted to use a common audible system.

8.4 OCCUPANT NOTIFICATION

NFPA 720 does not require system notification appliances, including visible notification appliances, to be
installed throughout the building for occupant notification. Instead the standard intentionally gives latitude
to authorities having jurisdiction (AHJs), system designers, building owners, or governing codes. Where
CO signals are transmitted to a constantly attended onsite location or off-premises location, section
5.8.6.2.2 permits selective public mode occupant notification to be limited to the notification zone
encompassing the area where the CO signal originated. In this type of application, the integral sounder of
a system-connected CO detector will be sufficient for notifying building occupants.
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However, if CO notification appliances are required by the AHJ or governing codes, the standard has
specific requirements and does not preclude CO occupant naotification from being in line with fire alarm
zones in order to keep the system infrastructure simple and to avoid increasing costs:

a) If notification appliances are used for CO signaling, they shall not have the “FIRE” marking, or any fire
symbol in any form on the appliance visible to the public, and lights shall be clear, nominal white, or
another color as required by the emergency plan or AHJ (6.3.3.2)

b) Lights used for CO signaling shall be clear, nominal white, or another color as required by the
emergency plan or AHJ (Section 6.5.2.4)

8.5 SECONDARY POWER REQUIREMENTS

The secondary power supply requirements of a CO-detection system are considerably different than for
fire alarm systems and at first glance may appear to be excessive. NFPA 720 Section 4.5.6.2.3 requires
the CO-detection system to have sufficient secondary power to operate the system under quiescent load
for 24 hours, and at the end of that period be capable of operating all of the notification appliances for 12
hours if the system is not monitored by a supervising station. However, the exception to 4.5.6.2.3 permits
the 12-hour alarm requirement to be reduced to 5 minutes if the CO-detection system is monitored by a
supervising station. Also, if the system is being monitored by a supervising station, occupant notification
is not required throughout the building because Section 5.8.6.2.2 permits selective public mode occupant
notification.

Finally, if the CO-detection system is combined with a fire alarm system, Section 4.5.6.2.1 requires the
secondary power supply capacity requirements to comply with Section 4.5.6.2.3 and NFPA 72.
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ANNEX A

NFPA 720-2012
Reproduced with permission from NFPA 720-2012, Standard for the Installation of Carbon Monoxide
(CO) Detection and Warning Equipment, © 2011 National Fire Protection Association. This reprinted
material is not the complete and official position of the NFPA on the referenced subject, which is
represented only by the standard in its entirety.

8.3.1 Unless otherwise permitted by 8.3.2 visual inspections shall be performed in accordance with the
schedules in Table 8.3.1 or more often if required by the authority having jurisdiction.

8.3.2 Devices or equipment that is inaccessible for safety considerations (e.g., continuous process
operations, energized electrical equipment, radiation, and excessive height) shall be permitted to be
inspected during scheduled shutdowns if approved by the authority having jurisdiction.

8.4.1.1.1 All new systems shall be inspected and tested in accordance with the requirements of Chapter
8.

8.4.1.1.2 The authority having jurisdiction shall be notified prior to the initial acceptance test.

8.4.1.2.1.1 When an initiating device, notification appliance, or control relay is added, it shall be
functionally tested.

8.4.1.2.1.2 When an initiating device, naotification appliance, or control relay is deleted, another device,
appliance, or control relay on the circuit shall be operated.

8.4.1.2.1.3 When maodifications or repairs to control equipment hardware are made, the control equipment
shall be tested in accordance with Table 8.4.2, items 1(a) and 1(d).

8.4.1.2.1.4 When changes are made to site-specific software, the following shall apply:

() All functions known to be affected by the change, or identified by a means that indicates changes,
shall be 100 percent tested.

(2) In addition, 10 percent of initiating devices that are not directly affected by the change, up to a
maximum of 50 devices, also shall be tested and correct system operation shall be verified.

(3) A revised record of completion in accordance with 4.14.2.1 shall be prepared to reflect these changes.

8.4.1.2.2 Changes to all control units connected or controlled by the system executive software shall
require a 10 percent functional test of the system, including a test of at least one device on each input
and output circuit to verify critical system functions such as notification appliances, control functions, and
off-premises reporting.
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Table 8.3.1 Visual Inspection Frequencies

Initial/
Component Reacceptance  Monthly Quarterly Semi-Annually Annually

1. Control equipment: Carbon monoxide detection

systems monitored for carbon monoxide alarm,

supervisory, and trouble signals

(a) Fuses X — — e X

(b) Interfaced equipment X - - S X

(c) Lamps and LEDs X — — — X

(d) Primary (main) power supply X - - — X
2. Control equipment: Carbon monoxide detection

systems unmonitored for carbon monoxide alarm,

supervisory, and trouble signals

(a) Fuses X (weekly) —_ —_— — —_—

(b) Interfaced equipment X (weekly) —_ — —_ —_

(c) Lamps and LEDs X (weekly) — — — —

(d) Primary (main) power supply X (weekly) — — — —
3. Batteries

(a) Lead-acid X X — — —

(b) Nickel-cadmium X — — X -

(c¢) Primary (dry cell) X X — —_ —

(d) Sealed lead-acid X — — X —
4. Transient suppressors X — —_ X —_
5. Carbon monoxide detection control unit X (weekly) — —_ X —

Trouble signals
6. Fiber-optic cable connections X _ — —_ X
7. Emergency voice/alarm communications equipment X - — X -
8. Remote annunciators X — — ( —
9. Initiating devices

(a) Carbon monoxide detectors (excluding one- and X — — X -

two-family dwellings)

(b) Air sampling X —_ — X —

(c) Duct detectors X — — X —

(d) Electromechanical releasing devices X — — X —

(e) Supervisory signal devices X - X - —
10. Interface equipment X — —_ X —
11. Alarm notification appliances — supervised X — — X e~

Ll

12. Special procedures X — — X —_
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Device

Test Method

1. Control equipment
(a) Functions

(b) Fuses
(¢) Interfaced equipment

(d) Lamps and LEDs
(e) Primary (main) power
supply

Ata minimum, control equipment shall be tested to verify correct receipt of carbon monoxide
alarm, supervisory, and trouble signals (inputs), operation of notification circuits and
auxiliary functions (outputs), circuit supervision including detection of open circuits and
ground faults, and power supply supervision for detection of loss of ac power and
disconnection of secondary batteries.

The rating and supervision shall be verified.

Integrity of single or multiple circuits providing interface between two or more control units
shall be verified. Interfaced equipment connections shall be tested by operating or simulating
operation of the equipment being supervised. Signals required to be transmitted shall be
verified at the control unit.

Lamps and LEDs shall be illuminated.

All secondary (standby) power shall be disconnected and tested under maximum load,
including all alarm appliances requiring simultaneous operation. All secondary (standby)
power shall be reconnected at end of test. For redundant power supplies, each shall be tested
separately.

2. Engine-driven generator

If an engine-driven generator dedicated to the carbon monoxide detection system is used as a
required power source, operation of the generator shall be verified in accordance with
NFPA 110, Standard for Emergency and Standby Power Systems, by the building owner.

3. Secondary (standby) power
supply

All primary (main) power supplies shall be disconnected and the occurrence of required
trouble indication for loss of primary power shall be verified. The system’s standby and alarm
current demand shall be measured or verified and, using manufacturer’s data, the ability of
batteries to meet standby and alarm requirements shall be verified. Carbon monoxide
notification appliances shall be operated for a minimum of 5 minutes. Primary (main) power
supply shall be reconnected at end of test.

4. Uninterruptible power
supply (UPS)

If a UPS system dedicated to the carbon monoxide detection system is used as a required power
source, operation of the UPS system shall be verified by the building owner in accordance
with NFPA 111, Standard on Stoved Electrical Energy Emergency and Standby Power Systems.

5. Batteries — general tests

(a) Visual inspection

(b) Battery replacement

(c¢) Charger test

(d) Discharge test

(e) Load voltage test

Prior to conducting any battery testing, the person conducting the test shall ensure that all
system software stored in volatile memory is protected from loss.

Batteries shall be inspected for corrosion or leakage. Tightness of connections shall be checked
and ensured. If necessary, battery terminals or connections shall be cleaned and coated.
Electrolyte level in lead-acid batteries shall be visually inspected.

Batteries shall be replaced in accordance with the recommendations of the alarm equipment
manufacturer or when the recharged battery voltage or current falls below the
manufacturer’s recommendations.

Operation of battery charger shall be checked in accordance with charger test for the specific
type of battery.

With the battery charger disconnected, the batteries shall be load tested following the
manufacturer’s recommendations. The voltage level shall not fall below the levels specified.
Exception: An artificial load equal to the full carbon monoxide detection system load connected to the
battery shall be permitted to be used in conducting this test.

With the battery charger disconnected, the terminal voltage shall be measured while supplying
the maximum load required by its application.

The voltage level shall not fall below the levels specified for the specific type of battery. If the
voltage falls below the level specified, corrective action shall be taken and the batteries shall
be retested.

Exception: An artificial load equal to the full carbon monoxide detection system load connected to the battery
shall be permitted to be used in conducting this test.
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Table 8.4.3 Testing Frequencies

Initial/ Semi- Table 8.4.2
Component Reacceptance Monthly Quarterly Annually Annually Reference
1. Control equipment — building systems connected to 1
supervising station
(a) Functions X — — — X —
(b) Fuses X — — — X —
(¢) Interfaced equipment X — — — X —
(d) Lamps and LEDs X — — — X —
(e) Primary (main) power supply X — — — X —
(f) Transponders X — — — X —
2. Control equipment — building systems not connected 1
to a supervising station
(a) Functions X — X — — —
(b) Fuses X — X — - —
(¢) Interfaced equipment X — X — — —
(d) Lamps and LEDs X — X — — —
(e) Primary (main) power supply X — X — — —
(f) Transponders X = X = — =
3. Batteries — carbon monoxide detection systems
(a) Lead-acid type — — — — — 6a
(i) Charger test (Replace battery as needed.) X — — — X —
(ii) Discharge test (30 minutes) X — — X — —
(iii) Load voltage test X — —— X A —
(iv) Specific gravity X — — X — —
(b) Nickel-cadmium type — — — — — 6b
(i) Charger test (Replace battery as needed.) X — — — X —
(ii) Discharge test (30 minutes) X — — — X —
(iii) Load voltage test X — — X — —
(c) Sealed lead-acid type — — — — — 6c
(i) Charger test after manufacture (or more X — — — X —_
frequently as needed.)
(ii) Discharge test (30 minutes) X — — — X —
(iii) Load voltage test X — — X — —
4. Fiber-optic cable power X — — — X 11b
5. Control unit trouble signals X — — — X 8
6. Conductors — metallic X — — — — 10
7. Conductors — nonmetallic X — — — — 11
8. Remote annunciators X — — — X 9
9. Initiating devices X — — — — 12
(a) Duct detectors X — — — X —
(b) Electromechanical releasing device (Reserved)
(¢) Carbon monoxide detection system detectors —
functional test (see 8.4.4)
(d) Single- and multiple-station carbon monoxide — - — - — -
alarms (see 8.7.1)
(e) Supervisory signal devices (Reserved) — — — — — —
10. Interface equipment and carbon monoxide safety X — — — X 15,16
functions
11. Alarm notification appliances — — — — — 13
(a) Audible devices X — — — X —
(b) Audible textual notification appliances X — — — X —
(c¢) Visible devices X — — —_ X —
12. Special procedures X — — — X 17
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