ANSI/ASHRAE Standard 62.1-2013

(Supersedes ANSI/ASHRAE Standard 62.1-2010)
Includes ANSI/ASHRAE addenda listed in Appendix }

Ventilation
for Acceptable
Indoor Air Quality

See Appendix ] for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, and the American
National Standards Institute.

This standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards Com-
mittee has established a documented program for regular publication of addenda or revisions, including procedures for timely,
documented, consensus action on requests for change to any part of the standard. The change submittal form, instructions, and
deadlines may be obtained in electronic form from the ASHRAE website (www.ashrae.org) or in paper form from the Manager of
Standards. The latest edition of an ASHRAE Standard may be purchased from the ASHRAE Web site (www.ashrae.org) or from
ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305. E-mail: orders@ashrae.org. Fax: 404-321-5478.
Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For reprint permission, go to
www.ashrae.org/permissions.

© 2013 ASHRAE ISSN 1041-2336

e‘ N“e\'ican Natio"al Sb
3\

§© z
N3 %,.&

www.ansi.org



ASHRAE Standing Standard Project Committee 62.1
Cognizant TC: 4.3, Ventilation Requirements and Infiltration
SPLS Liaison 2009-2011: Robert G. Baker
SPLS Liaison 2011-2013: Steven J. Emmerich
ASHRAE Staff Liaison: Mark Weber

Roger L. Hedrick, Chair

Wayne R. Thomann, Vice-Chair 2012-2013

Francis J. Fisher, Jr.
Kevin B. Gallen

John K. McFarland, Vice-Chair 2009-2012 Gregg Gress

Leon E. Alevantis

Hugo Aguilar

Michael G. Apte

Gary L. Berlin

Hoy R. Bohanon, Jr.
Gregory Brunner

Mark P. Buttner
Gustavo Gusmao Chaves
Eric Chen

James K. Chisholm
Waller S. Clements
Leonard A. Damiano
Abdel Kader H. Darwich

Diane I. Green
Hamid Habibi
Donald C. Herrmann
Nathan Lewis Ho
Tianzhen Hong
Eli P. Howard, IlI
Roger L. Howard
Wayne M. Lawton
Bashar Madani
Stephany |. Mason
James Patrick McClendon
Molly E. McGuire
Darren B Meyers
Christopher O. Muller

Jianlei Niu

Laura Gardner Petrillo
Lisa J. Rogers
Duane P. Rothstein
Chandra Sekhar
Charles J. Seyffer
Harris M. Sheinman
Jeffrey K. Smith
Kirk K. Stache

W. Brad M. Stanley
Christine Q. Sun
Wayne R. Thomann
Pawel Wargocki
Josiah Wiley

Scott D. Williams
Terri L. Wytko

William F. Walter, Chair
Richard L. Hall, Vice-Chair
Karim Amrane

Joseph R. Anderson
James Dale Aswegan
Charles S. Barnaby
Steven F. Bruning

John A. Clark

Waller S. Clements

ASHRAE STANDARDS COMMITTEE 2013-2014

David R. Conover
John F. Dunlap
James W. Earley, Jr.
Steven J. Emmerich
Julie M. Ferguson
Krishnan Gowri
Cecily M. Grzywacz
Rita M. Harrold

Malcolm D. Knight

Rick A. Larson

Mark P. Modera

Cyrus H. Nasseri

Janice C. Peterson

Heather L. Platt

Douglas T. Reindl

Julia A. Keen, BOD ExO
Thomas E. Werkema, Jr., CO

Adam W. Hinge
Debra H. Kennoy

Stephanie C. Reiniche, Manager of Standards

SPECIAL NOTE

This American National Standard (ANS) is a national voluntary consensus standard developed under the auspices of ASHRAE. Consensus is defined by the American National
Standards Institute (ANSI), of which ASHRAE is a member and which has approved this standard as an ANS, as “substantial agreement reached by directly and materially affected interest
categories. This signifies the concurrence of more than a simple majority, but not necessarily unanimity. Consensus requires that all views and objections be considered, and that an effort
be made toward their resolution.” Compliance with this standard is voluntary until and unless a legal jurisdiction makes compliance mandatory through legislation.

ASHRAE obtains consensus through participation of its national and international members, associated societies, and public review.

ASHRAE Standards are prepared by a Project Committee appointed specifically for the purpose of writing the Standard. The Project Committee Chair and Vice-Chair must be
members of ASHRAE; while other committee members may or may not be ASHRAE members, all must be technically qualified in the subject area of the Standard. Every effort is made to
balance the concerned interests on all Project Committees.

The Manager of Standards of ASHRAE should be contacted for:

a. interpretation of the contents of this Standard,

b. participation in the next review of the Standard,

c. offering constructive criticism for improving the Standard, or
d. permission to reprint portions of the Standard.

DISCLAIMER

ASHRAE uses its best efforts to promulgate Standards and Guidelines for the benefit of the public in light of available information and accepted industry practices. However, ASHRAE

does not guarantee, certify, or assure the safety or performance of any products, components, or systems tested, installed, or operated in accordance with ASHRAE’s Standards or Guidelines
or that any tests conducted under its Standards or Guidelines will be nonhazardous or free from risk.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS
ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of testing for rating purposes, by suggesting safe practices in
designing and installing equipment, by providing proper definitions of this equipment, and by providing other information that may serve to guide the industry. The creation of ASHRAE
Standards and Guidelines is determined by the need for them, and conformance to them is completely voluntary.
In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either stated or implied, that the product has been approved by
ASHRAE.




CONTENTS

ANSI/ASHRAE Standard 62.1-2013,
Ventilation for Acceptable Indoor Air Quality

o N O 0o b~ O DN =

1S B S ToY (=T =T g T TP PP
Normative Appendix A: Multiple-Zone SYSIEMS ........uuiiiiiiie e

Informative Appendix B: Summary of Selected Air Quality GUIdelines ..........ccceeeoieiiieiiieeie e

Informative Appendix C: Rationale for Minimum Physiological Requirements for Respiration Air

Based on CO, CoNCENTration ...........cccuiiiiiiiiiiiii i

Informative Appendix D: Acceptable Mass Balance Equations for Use with the IAQ Procedure..........

Informative Appendix E: Information on Selected National Standards and Guidelines for

PM10, PM 2.5, QN0 OZONE ....uiiieiieieeeeeeeeeeee ettt e e e e e e e e e e e e e e e e e e e e e eeeeeeaeaearasanannnas
Informative Appendix F: Separation of Exhaust Outlets and Outdoor Air Intakes.........c.ocoeevieeriieeene
Informative Appendix G: Application and ComMPlaNCEe ..........cceiiiiiiriiiiiiii e
Informative Appendix H: DOCUMENTALION .........eviiiiiiiiieee e
Informative Appendix I: National Ambient Air Quality Standards ...........c.ccceiiieeiiiie i

Informative Appendix J: Addenda Description INformation ............ccccoveiiiiiiiiiiiene e

L@ 1) (o [0 o) g YT g @ 18 =1 1 PRSPPSO
Systems and EQUIPMIENT .......oiiiiii ettt et e e st e e e s e e e eaee e e enee e e embeeeenree e enneeeennes
L oTe=To (1] (=1 U
Construction and System STAr-Up.......oouei e
Operations and MaiNTENANCE ........couii it e e e e e e e e st e e e e e nreeeeeeenrees

NOTE

Approved addenda, errata, or interpretations for this standard can be downloaded free of charge from the ASHRAE

Web site at www.ashrae.org/technology.

© 2013 ASHRAE
1791 Tullie Circle NE - Atlanta, GA 30329 - www.ashrae.org - All rights reserved.

ASHRAE is a registered trademark of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc.

ANSI is a registered trademark of the American National Standards Institute.



(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSIL.)

FOREWORD

ANSI/ASHRAE Standard 62.1-2013 is the latest edition
of Standard 62.1. The 2013 edition combines Standard 62.1-
2010 and the ten approved and published addenda to the
2010 edition, thereby providing an easy-to-use, consolidated
standard. Specific information on the contents of each adden-
dum and approval dates for each addendum are included in
Informative Appendix J.

First published in 1973 as Standard 62, Standard 62.1 is
now updated on a regular basis using ASHRAE's continuous
maintenance procedures. According to these procedures,
Standard 62.1 is continuously revised by addenda that are
publicly reviewed, approved by ASHRAE and ANSI, and pub-
lished in a supplement approximately 18 months after each
new edition of the standard, or in a new, complete edition of
the standard, published every three years.

Standard 62.1 has undergone some key changes over the
years, reflecting the ever-expanding body of knowledge, expe-
rience, and research related to ventilation and air quality.
While the purpose of the standard has remained consistent—
to specify minimum ventilation rates and other measures
intended to provide indoor air quality that is acceptable to
human occupants and that minimizes adverse health effects—
the means of achieving this goal have evolved. In its first edi-
tion, the standard adopted a prescriptive approach to ventila-
tion by specifying both minimum and recommended outdoor
airflow rates to obtain acceptable indoor air quality for a
variety of indoor spaces. In its 1981 edition, the standard
reduced minimum outdoor airflow rates and introduced an
alternative performance-based approach, the Indoor Air
Quality Procedure (IAQP), which allowed for the calculation
of the amount of outdoor air necessary to maintain the levels
of indoor air contaminants below recommended limits. Today
the standard includes three procedures for ventilation design,
the IAQ Procedure, the Ventilation Rate Procedure (VRP),
and the Natural Ventilation Procedure.

In its 1989 edition, and in response to a growing number
of buildings with apparent indoor air quality problems, the
standard increased minimum outdoor airflow rates signifi-
cantly and introduced a requirement for finding outdoor air
intake flow requirements for multiple-zone, recirculating sys-
tems.

The 1999 and 2001 editions made several minor changes
and clarifications that did not impact the minimum required
outdoor airflow rates. In its 2004 edition—the last time the
standard was revised in its entirety—the standard modified
the IAQ Procedure to improve enforceability, but more signifi-
cantly, it modified the Ventilation Rate Procedure, changing
both the minimum outdoor airflow rates and the procedures
for calculating both zone-level and system-level outdoor air-

flow rates. The 2007 and 2010 editions of the standard pro-
vided some significant updates, but the changes primarily
focused on usability and clarity.

The 2013 edition revises and improves the standard in
several ways. A number of changes remove inconsistencies
and improve clarity. Significant changes include the following:

o Table 6.2.2.2, “Zone Air Distribution Effectiveness,” is
modified to increase the effectiveness of underfloor air
distribution systems that meet certain conditions.

»  The requirements for the quality of water used in humidi-
fication systems is modified and clarified.

*  Building level pressurization requirements were clarified,
and a definition of “exfiltration” was added.

* A performance alternative to the prescriptive exhaust
rates is added. This approach differs from the IAQP in
that monitoring of the concentrations of contaminants of
concern is required and provides the basis for control of
exhaust flow rates.

o Some changes are made to the ventilation rates and
space types in Table 6.2.2.1. These add refrigerated
warehouses and, for sports-related spaces, change the
ventilation rate to include a per-occupant component
that allows the use of demand-controlled ventilation in
these spaces.

o The filter requirement on air entering wetted cooling
coils has been modified to change the MERV rating from
6 to 8. This change reduces potential for particulate
deposition on the coils that could lead to biological or
other contamination.

»  Toilet exhaust air that is cleaned to Class 1 may be recir-
culated.

For more specific information on these changes and on
other revisions made to the standard by other addenda, refer
to Informative Appendix J. Users of the standard are encour-
aged to use the continuous maintenance procedure to suggest
changes for further improvements.

A form for submitting change proposals is included in the
back of the standard. The project committee for Standard 62.1
will take formal action on all change proposals received.

1. PURPOSE

1.1 The purpose of this standard is to specify minimum ven-
tilation rates and other measures intended to provide indoor
air quality that is acceptable to human occupants and that
minimizes adverse health effects.

1.2 This standard is intended for regulatory application to
new buildings, additions to existing buildings, and those
changes to existing buildings that are identified in the body of
the standard.

1.3 This standard is intended to be used to guide the
improvement of indoor air quality in existing buildings.

2. SCOPE

2.1 This standard applies to all spaces intended for human
occupancy except those within single-family houses, multi-
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family structures of three stories or fewer above grade, vehi-
cles, and aircraft.

2.2 This standard defines requirements for ventilation and
air-cleaning-system design, installation, commissioning, and
operation and maintenance.

2.3 Additional requirements for laboratory, industrial, health
care, and other spaces may be dictated by workplace and
other standards, as well as by the processes occurring within
the space.

2.4 Although the standard may be applied to both new and
existing buildings, the provisions of this standard are not
intended to be applied retroactively when the standard is used
as a mandatory regulation or code.

2.5 This standard does not prescribe specific ventilation rate
requirements for spaces that contain smoking or that do not
meet the requirements in the standard for separation from
spaces that contain smoking.

2.6 Ventilation requirements of this standard are based on
chemical, physical, and biological contaminants that can
affect air quality.

2.7 Consideration or control of thermal comfort is not
included.

2.8 This standard contains requirements, in addition to venti-
lation, related to certain sources, including outdoor air, con-
struction processes, moisture, and biological growth.

2.9 Acceptable indoor air quality may not be achieved in all
buildings meeting the requirements of this standard for one or
more of the following reasons:

a. Because of the diversity of sources and contaminants in
indoor air

b. Because of the many other factors that may affect occu-
pant perception and acceptance of indoor air quality, such
as air temperature, humidity, noise, lighting, and psycho-
logical stress

c. Because of the range of susceptibility in the population

Because outdoor air brought into the building may be
unacceptable or may not be adequately cleaned

3. DEFINITIONS (SEE FIGURE 3.1)

acceptable indoor air quality: air in which there are no
known contaminants at harmful concentrations as determined
by cognizant authorities and with which a substantial major-
ity (80% or more) of the people exposed do not express dis-
satisfaction.

air-cleaning system: a device or combination of devices
applied to reduce the concentration of airborne contaminants
such as microorganisms, dusts, fumes, respirable particles,
other particulate matter, gases, and/or vapors in air.

air conditioning: the process of treating air to meet the
requirements of a conditioned space by controlling its tem-
perature, humidity, cleanliness, and distribution.

air, ambient: the air surrounding a building; the source of
outdoor air brought into a building.
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air, exhaust: air removed from a space and discharged to out-
side the building by means of mechanical or natural ventila-
tion systems.

air, indoor: the air in an enclosed occupiable space.

air, makeup: any combination of outdoor and transfer air
intended to replace exhaust air and exfiltration.

air, outdoor: ambient air that enters a building through a ven-
tilation system, through intentional openings for natural ven-
tilation, or by infiltration.

air, primary: air supplied to the ventilation zone prior to mix-
ing with any locally recirculated air.

air, recirculated: air removed from a space and reused as sup-
ply air.

air, return: air removed from a space to be recirculated or
exhausted.

air, supply: air delivered by mechanical or natural ventilation
to a space and composed of any combination of outdoor air,
recirculated air, or transfer air.

air, transfer: air moved from one indoor space to another.

air, ventilation: that portion of supply air that is outdoor air
plus any recirculated air that has been treated for the purpose
of maintaining acceptable indoor air quality.

breathing zone: the region within an occupied space between
planes 3 and 72 in. (75 and 1800 mm) above the floor and
more than 2 ft (600 mm) from the walls or fixed air-condi-
tioning equipment.

cognizant authority: an agency or organization that has the
expertise and jurisdiction to establish and regulate concentra-
tion limits for airborne contaminants, or an agency or organi-
zation that is recognized as authoritative and has the scope
and expertise to establish guidelines, limit values, or concen-
trations levels for airborne contaminants.

concentration: the quantity of one constituent dispersed in a
defined amount of another.

conditioned space: that part of a building that is heated or
cooled, or both, for the comfort of occupants.

contaminant: an unwanted airborne constituent that may
reduce acceptability of the air.

demand-controlled ventilation (DCV): any means by which
the breathing zone outdoor airflow (V},) can be varied to the
occupied space or spaces based on the actual or estimated
number of occupants and/or ventilation requirements of the
occupied zone.

energy recovery ventilation system: a device or combination
of devices applied to provide the outdoor air for ventilation in
which energy is transferred between the intake and exhaust
airstreams.

environmental tobacco smoke (ETS): the “aged” and diluted
combination of both side-stream smoke (smoke from the lit
end of a cigarette or other tobacco product) and exhaled main-
stream smoke (smoke that is exhaled by a smoker). ETS is
commonly referred to as secondhand smoke.
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Figure 3.1 Ventilation system.

ETS-free area: an area where no smoking occurs and that is
separated from ETS areas according to the requirements of
this standard.

Note: A no-smoking area is not necessarily an ETS-free area.

ETS area: spaces where smoking is permitted, as well as
those not separated from spaces where smoking is permitted
in accord with the requirements of Section 5 in this standard.

exfiltration: uncontrolled outward air leakage from condi-
tioned spaces through unintentional openings in ceilings,
floors, and walls to unconditioned spaces or the outdoors
caused by pressure differences across these openings due to
wind, inside-outside temperature differences (stack effect),
and imbalances between outdoor and exhaust airflow rates.

industrial space: an indoor environment where the primary
activity is production or manufacturing processes. The pro-
cesses in these spaces may generate contaminants with char-
acteristics and in quantities dictating that principles of worker
safety and industrial hygiene be used to define contaminant
control strategies, including ventilation. Also, the primary
occupants of these spaces consist of the individuals involved
in these processes.

infiltration: uncontrolled inward air leakage to conditioned
spaces through unintentional openings in ceilings, floors, and
walls from unconditioned spaces or the outdoors caused by
the same pressure differences that induce exfiltration.

mechanical ventilation: ventilation provided by mechani-
cally powered equipment, such as motor-driven fans and
blowers, but not by devices such as wind-driven turbine venti-
lators and mechanically operated windows.

microorganism: a microscopic organism, especially a bacte-
rium, fungus, or protozoan.

natural ventilation: ventilation provided by thermal, wind, or
diffusion effects through doors, windows, or other intentional
openings in the building.

net occupiable area: the floor area of an occupiable space
defined by the inside surfaces of its walls but excluding
shafts, column enclosures, and other permanently enclosed,
inaccessible, and unoccupiable areas. Obstructions in the
space, such as furnishings, display or storage racks, and other
obstructions, whether temporary or permanent, are consid-
ered to be part of the net occupiable area.

occupiable space: an enclosed space intended for human
activities, excluding those spaces that are intended primarily
for other purposes, such as storage rooms and equipment
rooms, and that are only occupied occasionally and for short
periods of time.

odor: a quality of gases, liquids, or particles that stimulates
the olfactory organ.

readily accessible: capable of being reached quickly for oper-
ation without requiring those for whom ready access is
required to climb over or remove obstacles or to resort to por-
table ladders, chairs, or other climbing aids.

ventilation: the process of supplying air to or removing air
from a space for the purpose of controlling air contaminant
levels, humidity, or temperature within the space.

volume, space: the total volume of an occupiable space
enclosed by the building envelope, plus that of any spaces
permanently open to the occupiable space, such as a ceiling
attic used as a ceiling return plenum.

ventilation zone: any indoor area that requires ventilation and
consists of one or more occupiable spaces with similar occu-
pancy category (see Table 6.2.2.1), occupant density, zone air
distribution effectiveness (see Section 6.2.2.2), and zone pri-
mary airflow (see Section 6.2.5.1) per unit area.

Note: A ventilation zone is not necessarily an independent
thermal control zone; however, spaces that can be combined
for load calculation purposes can often be combined into a
single zone for ventilation calculations purposes.

ANSI/ASHRAE Standard 62.1-2013



4. OUTDOOR AIR QUALITY

Outdoor air quality shall be investigated in accordance
with Sections 4.1 and 4.2 prior to completion of ventilation
system design. The results of this investigation shall be docu-
mented in accordance with Section 4.3.

4.1 Regional Air Quality. The status of compliance with
national ambient air quality standards shall be determined for
the geographic area of the building site.

4.1.1 In the United States, compliance status shall be either
in “attainment” or “nonattainment” with the National Ambi-
ent Air Quality Standards (NAAQS).1 In the United States,
areas with no EPA compliance status designation shall be
considered “attainment” areas.

Note: The NAAQS are shown in Table I-1 of Informative
Appendix I.

4.2 Local Air Quality. An observational survey of the build-
ing site and its immediate surroundings shall be conducted
during hours the building is expected to be normally occupied
to identify local contaminants from surrounding facilities that
may be of concern if allowed to enter the building.

4.3 Documentation. Documentation of the outdoor air quality
investigation shall be reviewed with building owners or their
representative and shall include the following as a minimum:

a. Regional air quality compliance status

Note: Regional outdoor air quality compliance status for
the United States is available from the U.S. Environmental
Protection Agency located at www.epa.gov.

b. Local survey information

1. Date of observations

2. Time of observations

3. Site description

4. Description of facilities on site and on adjoining prop-

erties
5. Observation of odors or irritants
6. Observation of visible plumes or visible air contami-

nants

7. Description of sources of vehicle exhaust on site and
on adjoining properties

8. Identification of potential contaminant sources on the
site and from adjoining properties

c. Conclusions regarding the acceptability of outdoor air
quality based on consideration of information from inves-
tigation

5. SYSTEMS AND EQUIPMENT

5.1 Ventilation Air Distribution. Ventilating systems shall
be designed in accordance with the requirements of the fol-
lowing subsections.

5.1.1 Designing for Air Balancing. The ventilation air dis-
tribution system shall be provided with means to adjust the
system to achieve at least the minimum ventilation airflow as
required by Section 6 under any load condition.

5.1.2 Plenum Systems. When the ceiling or floor plenum
is used both to recirculate return air and to distribute ventila-
tion air to ceiling-mounted or floor-mounted terminal units,
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the system shall be engineered such that each space is pro-
vided with its required minimum ventilation airflow.

Note: Systems with direct connection of ventilation air
ducts to terminal units, for example, comply with this require-
ment.

5.1.3 Documentation. The design documents shall specify
minimum requirements for air balance testing or reference
applicable national standards for measuring and balancing
airflow. The design documentation shall state assumptions
that were made in the design with respect to ventilation rates
and air distribution.

5.2 Exhaust Duct Location. Exhaust ducts that convey
potentially harmful contaminants shall be negatively pressur-
ized relative to spaces through which they pass, so that
exhaust air cannot leak into occupied spaces; supply, return,
or outdoor air ducts; or plenums.

Exception: Exhaust ducts that are sealed in accordance with
SMACNA Seal Class A.2

5.3 Ventilation System Controls. Mechanical ventilation sys-
tems shall include controls in accordance with the following
subsections.

5.3.1 All systems shall be provided with manual or auto-
matic controls to maintain no less than the outdoor air intake
flow (V,,) required by Section 6 under all load conditions or
dynamic reset conditions.

5.3.2 Systems with fans supplying variable primary air
(Vs), including single-zone VAV and multiple-zone recircu-
lating VAV systems, shall be provided with one or more of the
following:

a. Outdoor air intake, return air dampers, or a combination
of the two that modulate(s) to maintain no less than the
outdoor air intake flow (V)

b. Outdoor air injection fans that modulate to maintain no
less than the outdoor air intake flow (V)

¢. Other means of ensuring compliance with Section 5.3.1

5.4 Airstream Surfaces. All airstream surfaces in equipment
and ducts in the heating, ventilating, and air-conditioning sys-
tem shall be designed and constructed in accordance with the
requirements of the following subsections.

5.4.1 Resistance to Mold Growth. Material surfaces shall
be determined to be resistant to mold growth in accordance
with a standardized test method, such as the “Mold Growth
and Humidity Test” in UL 181 2 ASTM C 1338,% or compara-
ble test methods.

Exception: Sheet metal surfaces and metal fasteners

Note: Even with this resistance, any airstream surface that
is continuously wetted is still subject to microbial growth.

5.4.2 Resistance to Erosion. Airstream surface materials
shall be evaluated in accordance with the “Erosion Test” in
UL 1813 and shall not break away, crack, peel, flake off, or
show evidence of delamination or continued erosion under
test conditions.

Exception: Sheet metal surfaces and metal fasteners



TABLE 5.5.1 Air Intake Minimum Separation Distance

Object Minimum Distance, ft (m)
Class 2 air exhaust/relief outlet (Note 1) 10 (3)
Class 3 air exhaust/relief outlet (Note 1) 15 (5)
Class 4 air exhaust/relief outlet (Note 2) 30 (10)
Plumbing vents terminating less than 3 ft (1 m) above the level of the outdoor air intake 10 (3)
Plumbing vents terminating at least 3 ft (1 m) above the level of the outdoor air intake 3(D)
Vents, chimneys, and flues from combustion appliances and equipment (Note 3) 15 (5)
Garage entry, automobile loading area, or drive-in queue (Note 4) 15 (5)
Truck loading area or dock, bus parking/idling area (Note 4) 25(7.5)
Driveway, street, or parking place (Note 4) 5(1.5)
Thoroughfare with high traffic volume 25(7.5)
Roof, landscaped grade, or other surface directly below intake (Notes 5 and 6) 1(0.30)
Garbage storage/pick-up area, dumpsters 15 (5)
Cooling tower intake or basin 15 (5)
Cooling tower exhaust 25(7.5)

Note 1: This requirement applies to the distance from the outdoor air intakes for one ventilation system to the exhaust/relief outlets for any other ventilation system.
Note 2: Minimum distance listed does not apply to laboratory fume hood exhaust air outlets. Separation criteria for fume hood exhaust shall be in compliance with NFPA 45 and ANSI/
AIHA 79.5.° Information on separation criteria for industrial environments can be found in the ACGIH Industrial Ventilation Manual 7and in ASHRAE Handbook—HVAC Appli-

cations.’

Note 3: Shorter separation distances shall be permitted when determined in accordance with (a) ANSI Z223.1/NFPA 549 for fuel gas burning appliances and equipment, (b) NFPA
3119 for il burning appliances and equipment, or (c) NFPA 211 ! for other combustion appliances and equipment.

Note 4: Distance measured to closest place that vehicle exhaust is likely to be located

Note 5: Shorter separation distance shall be permitted where outdoor surfaces are sloped more than 45 degrees from horizontal or that are less than 1 in. (30 mm) wide.
Note 6: Where snow accumulation is expected, the surface of the snow at the expected average snow depth constitutes the “other surface directly below intake.”

5.5 Outdoor Air Intakes. Ventilation system outdoor intakes
shall be designed in accordance with the following subsec-
tions.

5.5.1 Location. Outdoor air intakes (including openings that
are required as part of a natural ventilation system) shall be
located such that the shortest distance from the intake to any
specific potential outdoor contaminant source shall be equal to
or greater than the separation distance listed in Table 5.5.1.

Exception: Other minimum separation distances shall be
permitted, provided it can be shown analytically that an
equivalent or lesser rate of introduction of contami-
nants from outdoor sources will be attained.

Note: Informative Appendix F presents an analytical
method for determining the minimum separation distances
based on dilution of outdoor contaminants.

5.5.2 Rain Entrainment. Outdoor air intakes that are part
of the mechanical ventilation system shall be designed to
manage rain entrainment in accordance with any one of the
following:

a. Limit water penetration through the intake to 0.07 oz/ft>h
(2L.5 g/mz-h) of inlet area when tested using the rain test
apparatus described in Section 58 of UL 1995.12

b. Select louvers that limit water penetration to a maximum
of 0.01 oz/ft* (3 g/mz) of louver free area at the maximum
intake velocity. This water penetration rate shall be deter-

mined for a minimum 15-minute test duration when sub-
jected to a water flow rate of 0.25 gal/min (16 mL/s) as
described under the Water Penetration Test in AMCA
500-L'3 or equivalent. Manage the water that penetrates
the louver by providing a drainage area and/or moisture
removal devices.

c. Select louvers that restrict wind-driven rain penetration to
less than 2.36 oz/ft>h (721 g/m>h) when subjected to a
simulated rainfall of 3 in. (75 mm) per hour and a 29 mph
(13 m/s) wind velocity at the design outdoor air intake rate
with the air velocity calculated based on the louver face
area.

Note: This performance corresponds to Class A (99%
effectiveness) when rated according to AMCA 511'% and
tested per AMCA 500-L.13

d. Use rain hoods sized for no more than 500 fpm (2.5 m/s)
face velocity with a downward-facing intake such that all
intake air passes upward through a horizontal plane that
intersects the solid surfaces of the hood before entering
the system.

e. Manage the water that penetrates the intake opening by
providing a drainage area and/or moisture removal devices.

5.5.3 Rain Intrusion. Air-handling and distribution equip-
ment mounted outdoors shall be designed to prevent rain
intrusion into the airstream when tested at design airflow and
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with no airflow, using the rain test apparatus described in Sec-
tion 58 of UL 1995.1?

5.5.4 Snow Entrainment. Where climate dictates, outdoor
air intakes that are part of the mechanical ventilation system
shall be designed to manage water from snow, which is blown
or drawn into the system, as follows:

a. Suitable access doors to permit cleaning of wetted sur-
faces shall be provided.

b. Outdoor air ductwork or plenums shall pitch to drains
designed in accordance with the requirements of Section
5.10.

5.5.5 Bird Screens. Outdoor air intakes shall include a
screening device designed to prevent penetration by a 0.5 in.
(13 mm) diameter probe. The screening device material shall
be corrosion resistant. The screening device shall be located,
or other measures shall be taken, to prevent bird nesting
within the outdoor air intake.

Note: Any horizontal surface may be subject to bird nesting.

5.6 Local Capture of Contaminants. The discharge from
noncombustion equipment that captures the contaminants
generated by the equipment shall be ducted directly to the
outdoors.

Exception: Equipment specifically designed for discharge
indoors in accordance with the manufacturer’s recom-
mendations

5.7 Combustion Air. Fuel-burning appliances, both vented
and unvented, shall be provided with sufficient air for com-
bustion and adequate removal of combustion products in
accordance with manufacturer instructions. Products of com-
bustion from vented appliances shall be vented directly out-
doors.

5.8 Particulate Matter Removal. Particulate matter filters
or air cleaners having a minimum efficiency reporting value
(MERV) of not less than 8 when rated in accordance with
ANSI/ASHRAE Standard 52.2'° shall be provided upstream
of all cooling coils or other devices with wetted surfaces
through which air is supplied to an occupiable space.

5.9 Dehumidification Systems. Mechanical air-conditioning
systems with dehumidification capability shall be designed to
comply with the following subsections.

5.9.1 Relative Humidity. Occupied-space relative humid-
ity shall be limited to 65% or less when system performance
is analyzed with outdoor air at the dehumidification design
condition (that is, design dew-point and mean coincident dry-
bulb temperatures) and with the space interior loads (both
sensible and latent) at cooling design values and space solar
loads at zero.

Note: System configuration and/or climatic conditions may
adequately limit space relative humidity at these conditions
without additional humidity-control devices. The specified
conditions challenge the system dehumidification perfor-
mance with high outdoor latent load and low space sensible
heat ratio.

Exception: Spaces where process or occupancy require-
ments dictate higher humidity conditions, such as
kitchens, hot-tub rooms that contain heated standing
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water, refrigerated or frozen storage rooms and ice
rinks, and/or spaces designed and constructed to man-
age moisture, such as shower rooms, pools, and spas

5.9.2 Exfiltration. For a building, the ventilation system(s)
shall be designed to ensure that the minimum outdoor air
intake equals or exceeds the maximum exhaust airflow.

Exceptions:

1. Where excess exhaust is required by process consid-
erations and approved by the authority having juris-
diction, such as in certain industrial facilities

2. When outdoor air dry-bulb temperature is below the
indoor space dew-point design temperature

Note: Although individual zones within a building may be
neutral or negative with respect to outdoors or to other zones,
net positive mechanical intake airflow for the building as a
whole reduces infiltration of untreated outdoor air.

5.10 Drain Pans. Drain pans, including their outlets and
seals, shall be designed and constructed in accordance with
this section.

5.10.1 Drain Pan Slope. Pans intended to collect and drain
liquid water shall be sloped at least 0.125 in./ft (10 mm/m)
from the horizontal toward the drain outlet or shall be other-
wise designed to ensure that water drains freely from the pan
whether the fan is on or off.

5.10.2 Drain Outlet. The drain pan outlet shall be located
at the lowest point(s) of the drain pan and shall be of suffi-
cient diameter to preclude drain pan overflow under any nor-
mally expected operating condition.

5.10.3 Drain Seal. For configurations that result in nega-
tive static pressure at the drain pan relative to the drain outlet
(such as a draw-through unit), the drain line shall include a P-
trap or other sealing device designed to maintain a seal
against ingestion of ambient air while allowing complete
drainage of the drain pan under any normally expected oper-
ating condition, whether the fan is on or off.

5.10.4 Pan Size. The drain pan shall be located under the
water-producing device. Drain pan width shall be sufficient to
collect water droplets across the entire width of the water-pro-
ducing device or assembly. For horizontal airflow configura-
tions, the drain pan length shall begin at the leading face or
edge of the water-producing device or assembly and extend
downstream from the leaving face or edge to a distance of
either

a. one half of the installed vertical dimension of the water-
producing device or assembly or

b. as necessary to limit water droplet carryover beyond the
drain pan to 0.0044 oz/ ft*> (1.5 mL/m?) of face area per
hour under peak sensible and peak dew-point design con-
ditions, considering both latent load and coil face velocity.

5.11 Finned-Tube Coils and Heat Exchangers

5.11.1 Drain Pans. A drain pan in accordance with Section
5.10 shall be provided beneath all dehumidifying cooling coil
assemblies and all condensate-producing heat exchangers.

5.11.2 Finned-Tube Coil Selection for Cleaning. Individ-
ual finned-tube coils or multiple finned-tube coils in series
without intervening access space(s) of at least 18 in. (457 mm)



shall be selected to result in no more than 0.75 in. wc (187 Pa)
combined dry-coil pressure drop at 500 fpm (2.54 m/s) face
velocity.

Exception: When access for cleaning of both upstream and
downstream coil surfaces is provided as well as clear
and complete instructions for access and cleaning of
both upstream and downstream coil surfaces are pro-
vided

5.12 Humidifiers and Water-Spray Systems. Steam and
direct-evaporative humidifiers, air washers, direct-evaporative
coolers, and other water-spray systems shall be designed in
accordance with this section.

5.12.1 Water Quality. Water purity shall meet or exceed
potable water standards at the point where it enters the venti-
lation system, space, or water-vapor generator. Water vapor
generated shall contain no chemical additives other than those
chemicals in a potable water system.

Exceptions:

1. Water-spray systems that utilize chemical additives
that meet NSF/ANSI Standard 60, Drinking Water
Treatment Chemicals—Health E]fects22

2. Boiler water additives that meet the requirements of
21 CFR 173.310, Secondary Direct Food Additives
Permitted In Food For Human Consumption,23 and
include automated dosing devices

5.12.2 Obstructions. Air cleaners or ductwork obstruc-
tions, such as turning vanes, volume dampers, and duct off-
sets greater than 15 degrees, that are installed downstream of
humidifiers or water spray systems shall be located a distance
equal to or greater than the absorption distance recommended
by the humidifier or water spray system manufacturer.

Exception: Equipment such as eliminators, coils, or evapo-
rative media shall be permitted to be located within the
absorption distance recommended by the manufacturer,
provided a drain pan complying with the requirements
of Section 5.10 is used to capture and remove any water
that may drop out of the airstream due to impingement
on these obstructions.

5.13 Access for Inspection, Cleaning, and Maintenance

5.13.1 Equipment Clearance. Ventilation equipment shall
be installed with sufficient working space for inspection and
routine maintenance (e.g., filter replacement and fan belt
adjustment and replacement).

5.13.2 Ventilation Equipment Access. Access doors, pan-
els, or other means shall be provided and sized to allow con-
venient and unobstructed access sufficient to inspect,
maintain, and calibrate all ventilation system components for
which routine inspection, maintenance, or calibration is nec-
essary. Ventilation system components comprise, for exam-
ple, air-handling units, fan-coil units, water-source heat
pumps, other terminal units, controllers, and sensors.

5.13.3 Air Distribution System. Access doors, panels, or
other means shall be provided in ventilation equipment, duct-
work, and plenums, located and sized to allow convenient and
unobstructed access for inspection, cleaning, and routine
maintenance of the following:

a. Outdoor air intake areaways or plenums

Mixed-air plenums

c. Upstream surface of each heating, cooling, and heat-
recovery coil or coil assembly having a total of four rows
or fewer

d. Both upstream and downstream surface of each heating,

cooling, and heat-recovery coil having a total of more than

four rows and air washers, evaporative coolers, heat

wheels, and other heat exchangers

Air cleaners

Drain pans and drain seals

Fans

Humidifiers

om0

5.14 Building Envelope and Interior Surfaces. The build-
ing envelope and interior surfaces within the building enve-
lope shall be designed in accordance with the following
subsections.

5.14.1 Building Envelope. The building envelope, includ-
ing roofs, walls, fenestration systems, and foundations, shall
comply with the following:

a. A weather barrier or other means shall be provided to pre-
vent liquid-water penetration into the envelope.

Exception: When the envelope is engineered to allow
incidental water penetration to occur without result-
ing in damage to the envelope construction.

b. An appropriately placed vapor retarder or other means
shall be provided to limit water vapor diffusion to prevent
condensation on cold surfaces within the envelope.

Exception: When the envelope is engineered to manage
incidental condensation without resulting in damage
to the envelope construction.

c. Exterior joints, seams, or penetrations in the building
envelope that are pathways for air leakage shall be
caulked, gasketed, weather-stripped, provided with a con-
tinuous air barrier, or otherwise sealed to limit infiltration
through the envelope to reduce uncontrolled entry of out-
door air moisture and pollutants.

Note: In localities where soils contain high concentrations
of radon or other soil gas contaminants, the authority having
jurisdiction may impose additional measures, such as subslab
depressurization.

5.14.2 Condensation on Interior Surfaces. Pipes, ducts,
and other surfaces within the building whose surface tempera-
tures are expected to fall below the surrounding dew-point
temperature shall be insulated. The insulation system thermal
resistance and material characteristics shall be sufficient to
prevent condensation from forming on the exposed surface
and within the insulating material.

Exceptions:
1. Where condensate will wet only surfaces that can be
managed to prevent or control mold growth

2. Where local practice has demonstrated that conden-
sation does not result in mold growth

5.15 Buildings with Attached Parking Garages. In order to
limit the entry of vehicular exhaust into occupiable spaces,
buildings with attached parking garages shall be designed to
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TABLE 5.16.1 Airstreams

Description Air Class
Diazo printing equipment discharge 4
Commercial kitchen grease hoods 4
Commercial kitchen hoods other than grease 3
Laboratory hoods 4
Residential kitchen vented hoods 3
Hydraulic elevator machine room 2

a. maintain the garage pressure at or below the pressure of
the adjacent occupiable spaces,

b. use a vestibule to provide an airlock between the garage
and the adjacent occupiable spaces, or

c. otherwise limit migration of air from the attached parking
garage into the adjacent occupiable spaces of the building
in a manner acceptable to the authority having jurisdiction.

5.16 Air Classification and Recirculation. Air shall be
classified, and its recirculation shall be limited in accordance
with the following subsections.

5.16.1 Classification. Air (return, transfer, or exhaust air)
leaving each space or location shall be designated at an
expected air-quality classification not less than that shown in
Tables 5.16.1, 6.2.2.1, or 6.5, or as approved by the authority
having jurisdiction. Air leaving spaces or locations that are
not listed in Table 5.16.1, 6.2.2.1, or 6.5 shall be designated
with the same classification as air from the most similar space
or location listed in terms of occupant activities and building
construction.

Exception: Air from spaces where ETS is present (Classi-
fication of air from spaces where ETS is present is not
addressed. Spaces that are expected to include ETS do
not have a classification listed in Table 6.2.2.1.)

Note: Classifications in Tables 5.16.1, 6.2.2.1, and 6.5
are based on relative contaminant concentration using the fol-
lowing subjective criteria:

e Class 1: Air with low contaminant concentration, low
sensory-irritation intensity, and inoffensive odor

e Class 2: Air with moderate contaminant concentration,
mild sensory-irritation intensity, or mildly offensive
odors (Class 2 air also includes air that is not necessarily
harmful or objectionable but that is inappropriate for
transfer or recirculation to spaces used for different pur-
poses.)

* Class 3: Air with significant contaminant concentration,
significant sensory-irritation intensity, or offensive odor

* Class 4: Air with highly objectionable fumes or gases or
with potentially dangerous particles, bioaerosols, or
gases, at concentrations high enough to be considered
harmful

5.16.2 Redesignation
5.16.2.1 Air Cleaning. If air leaving a space or location
passes through an air-cleaning system, redesignation of the
cleaned air to a cleaner classification shall be permitted, using
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the subjective criteria noted above, with the approval of the
authority having jurisdiction.

5.16.2.2 Transfer. A mixture of air that has been trans-
ferred through or returned from spaces or locations with dif-
ferent air classes shall be redesignated with the highest
classification among the air classes mixed.

Note: For example, mixed return air to a common system
serving both a Class 1 space and a Class 2 space is designated
as Class 2 air.

5.16.2.3 Ancillary Spaces. Redesignation of Class 1 air
to Class 2 air shall be permitted for Class 1 “spaces that are
ancillary to Class 2 spaces.”

Note: For example, an office within a restaurant may be
designated as a space ancillary to a Class 2 space, thus
enabling the office to receive Class 2 air.

5.16.3 Recirculation Limitations. When the Ventilation
Rate Procedure of Section 6 is used to determine ventilation
airflow values, recirculation of air shall be limited in accor-
dance with the requirements of this section.

5.16.3.1 Class 1 Air. Recirculation or transfer of Class 1
air to any space shall be permitted.

5.16.3.2 Class 2 Air

5.16.3.2.1 Recirculation of Class 2 air within the space
of origin shall be permitted.

5.16.3.2.2 Recirculation or transfer of Class 2 air to
other Class 2 or Class 3 spaces shall be permitted, provided
the other spaces are used for the same or similar purpose or
task and involve the same or similar pollutant sources as the
Class 2 space.

5.16.3.2.3 Transfer of Class 2 air to toilet rooms shall
be permitted.

5.16.3.2.4 Recirculation or transfer of Class 2 air to
Class 4 spaces shall be permitted.

5.16.3.2.5 Class 2 air shall not be recirculated or trans-
ferred to Class 1 spaces.

Exception: When using any energy recovery device,
recirculation from leakage, carryover, or transfer
from the exhaust side of the energy recovery device
is permitted. Recirculated Class 2 air shall not
exceed 10% of the outdoor air intake flow.

5.16.3.3 Class 3 Air

5.16.3.3.1 Recirculation of Class 3 air within the space
of origin shall be permitted.

5.16.3.3.2 Class 3 air shall not be recirculated or trans-
ferred to any other space.

Exception: When using any energy recovery device,
recirculation from leakage, carryover, or transfer
from the exhaust side of the energy recovery device
is permitted. Recirculated Class 3 air shall not
exceed 5% of the outdoor air intake flow.

5.16.3.4 Class 4 Air. Class 4 air shall not be recirculated

or transferred to any space nor recirculated within the space
of origin.

5.16.4 Documentation. Design documentation shall indi-

cate the justification for classification of air from any occu-



pancy category, airstream, or location not listed in Table
5.16.1,6.2.2.1, or 6.5.

5.17 Requirements for Buildings Containing ETS Areas
and ETS-Free Areas. The requirements of this section must
be met when a building contains both ETS areas and ETS-free
areas. Such buildings shall be constructed and operated in
accordance with Sections 5.17.1 through 5.17.8. This section
does not purport to achieve acceptable indoor air quality in
ETS areas.

5.17.1 Classification. All spaces shall be classified as
either ETS-free areas or ETS areas.

5.17.2 Pressurization. ETS-free areas shall be at a positive
pressure with respect to any adjacent or connected ETS areas.

Note: Examples of methods for demonstrating relative
pressure include engineering analysis, pressure differential
measurement, and airflow measurement.

Exceptions:

1. Dwelling units, including hotel and motel guest-
rooms, and adjacent properties under different own-
ership with separation walls that are structurally
independent and that contain no openings. This
exception shall apply only when
a. the separation walls are constructed as smoke

barriers in accordance with the requirements of
applicable standards;

b. the separation walls include an air barrier consist-
ing of a continuous membrane or surface treat-
ment in the separation wall that has documented
resistance to air leakage; continuity of the barrier
shall be maintained at openings for pipes, ducts,
and other conduits and at points where the barrier
meets the outside walls and other barriers; and

c. interior corridors common to ETS and ETS-free
areas are mechanically supplied with outdoor air
at the rate of 0.1 cfim/ft> 0.5 L/s~m2).

2. Adjacent spaces otherwise required to be held at
negative pressure and posted with signs due to the
presence of hazardous or flammable materials or
vapors

5.17.3 Separation. Solid walls, floors, ceilings, and doors
equipped with automatic closing mechanisms shall separate
ETS areas from ETS-free areas.

Exception: Openings without doors are permitted in the
separation where engineered systems are designed to
provide airflow from ETS-free areas into ETS areas,
notwithstanding eddies that may occur in the immedi-
ate vicinity of the boundary between the ETS and ETS-
free areas and reverse flow that may occur due to short-
term conditions such as wind gusts.

Note: Examples of methods for demonstrating air motion
are engineering analysis and the use of a directional airflow
indicator at representative locations in the opening, such as on
1 ft (0.3 m) centers or at locations required for duct traverses
in standard testing and balancing procedures, such as those
described in ASHRAE Standard 111.16

5.17.4 Transfer Air. When air is transferred from ETS-free
areas to ETS areas, the transfer airflow rate shall be main-

tained regardless of whether operable doors or windows
between ETS-free and ETS areas are opened or closed.
Acceptable means of doing so include fixed openings in
doors, walls, or floors, transfer grilles, transfer ducts, or
unducted air plenums with air pressure differentials in com-
pliance with Section 5.17.2.

5.17.5 Recirculation. Air-handling and natural ventilation
systems shall not recirculate or transfer air from an ETS area
to an ETS-free area.

5.17.6 Exhaust Systems. Exhaust or relief air from an ETS
area shall be discharged such that none of the air is recircu-
lated back into any ETS-free area.

5.17.7 Signage. A sign shall be posted outside each
entrance to each ETS area. The sign shall state, as a mini-
mum, “This Area May Contain Environmental Tobacco
Smoke” in letters at least 1 in. (25 mm) high or otherwise in
compliance with accessibility guidelines.

Note: Based on the definition of ETS area, such a sign may
be posted outside a larger ETS area that includes the area
where smoking is permitted.

Exception: Instead of the specified sign, equivalent notifi-
cation means acceptable to the authority having juris-
diction may be used.

5.17.8 Reclassification. An area that was previously an
ETS area, but now meets the requirements of an ETS-free
area, may be classified as such after intentional or allowed
smoke exposure has stopped and odor and irritation from
residual ETS contaminants are not apparent.

6. PROCEDURES

6.1 General. The Ventilation Rate Procedure, the IAQ Proce-
dure, and/or the Natural Ventilation Procedure shall be used
to meet the requirements of this section. In addition, the
requirements for exhaust ventilation in Section 6.5 shall be
met regardless of the method used to determine minimum
outdoor airflow rates.

Note: Although the intake airflow determined using each of
these approaches may differ significantly because of assump-
tions about the design, any of these approaches is a valid basis
for design.

6.1.1 Ventilation Rate Procedure. The prescriptive design
procedure presented in Section 6.2, in which outdoor air
intake rates are determined based on space type/application,
occupancy level, and floor area, shall be permitted to be used
for any zone or system.

Note: The Ventilation Rate Procedure minimum rates are
based on contaminant sources and source strengths that are
typical for the listed occupancy categories.

6.1.2 TAQ Procedure. This performance-based design pro-
cedure (presented in Section 6.3), in which the building out-
door air intake rates and other system design parameters are
based on an analysis of contaminant sources, contaminant
concentration limits, and level of perceived indoor air accept-
ability, shall be permitted to be used for any zone or system.

6.1.3 Natural Ventilation Procedure. The prescriptive
design procedure presented in Section 6.4, in which outdoor
air is provided through openings to the outdoors, shall be per-
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mitted to be used for any zone or portion of a zone in con-
junction with mechanical ventilation systems as required in
Section 6.4.

6.2 Ventilation Rate Procedure. The outdoor air intake flow
(V,) for a ventilation system shall be determined in accor-
dance with Sections 6.2.1 through 6.2.7.

Note: Additional explanation of terms used below is con-
tained in Normative Appendix A, along with a ventilation
system schematic (Figure A-1).

6.2.1 Outdoor Air Treatment. If outdoor air is judged to
be unacceptable in accordance with Section 4.1, each ventila-
tion system that provides outdoor air through a supply fan
shall comply with the following subsections.

Exception: Systems supplying air for enclosed parking
garages, warechouses, storage rooms, janitor’s closets,
trash rooms, recycling areas, shipping/receiving/distri-
bution areas

Note: Occupied spaces ventilated with outdoor air that is
judged to be unacceptable are subject to reduced air quality
when outdoor air is not cleaned prior to introduction to the
occupied spaces.

6.2.1.1 Particulate Matter Smaller than 10 Microme-
ters (PM10). When the building is located in an area where
the national standard or guideline for PM10! is exceeded, par-
ticle filters or air-cleaning devices shall be provided to clean
the outdoor air at any location prior to its introduction to
occupied spaces. Particulate matter filters or air cleaners shall
have a minimum efficiency reporting value (MERV) of 6 or
highelr5 when rated in accordance with ASHRAE Standard
52.2.

Note: See Appendix E for resources regarding selected
PM10 national standards and guidelines.

6.2.1.2 Particulate Matter Smaller than 2.5 Microme-
ters (PM2.5). When the building is located in an area where
the national standard or guideline for PM2.5! is exceeded,
particle filters or air cleaning devices shall be provided to
clean the outdoor air at any location prior to its introduction
to occupied spaces. Particulate matter filters or air cleaners
shall have a minimum efficiency reporting value (MERV) of
11 or higher when rated in accordance with ASHRAE Stan-
dard 52.2.13

Note: See Appendix E for resources regarding selected
PM2.5 national standards and guidelines.

6.2.1.3 Ozone. Air-cleaning devices for ozone shall be
provided when the most recent three-year average annual
fourth-highest daily maximum eight-hour average ozone con-
centration exceeds 0.107 ppm (209 ug/m3).

Note: See Appendix E for a list of United States locations
exceeding the most recent three-year average annual fourth-
highest daily maximum eight-hour average ozone concentra-
tion of 0.107 ppm (209 pg/m>).

Such air-cleaning devices shall have a minimum volumet-
ric ozone removal efficiency of 40% when installed, operated,
and maintained in accordance with manufacturer recommen-
dations and shall be approved by the authority having jurisdic-
tion. Such devices shall be operated whenever outdoor ozone
levels are expected to exceed 0.107 ppm (209 ug/m3).

ANSI/ASHRAE Standard 62.1-2013

Exceptions: Air cleaning for ozone is not required when

1. the minimum system design outdoor air intake
flow results in 1.5 ach or less,

2. controls are provided that sense outdoor ozone
level and reduce intake airflow to result in 1.5 ach
or less while complying with the outdoor airflow
requirements of Section 6, or

3. outdoor air is brought into the building and heated
by direct-fired, makeup air units.

6.2.1.4 Other Outdoor Contaminants. When the build-
ing is located in an area where the national standard for one or
more contaminants not specifically addressed in Section 6.2.1
is exceeded, any design assumptions and/or calculations
related to the impact on indoor air quality shall be included in
the design documents.

6.2.2 Zone Calculations. Ventilation zone parameters
shall be determined in accordance with Sections 6.2.2.1
through 6.2.2.3 for each ventilation zone served by the venti-
lation system.

6.2.2.1 Breathing Zone Outdoor Airflow. The outdoor
airflow required in the breathing zone of the occupiable space
or spaces in a ventilation zone, i.c., the breathing zone out-
door airflow (V},), shall be no less than the value determined
in accordance with Equation 6.2.21.

V=R, x P.+ R, X A, (6.2.2.1)
where
A, = zone floor area, the net occupiable floor area of the
ventilation zone, ft> (mz)
P, = zonepopulation, the number of people in the ventilation
zone during typical usage
R, = outdoor airflow rate required per person as determined

from Table 6.2.2.1
Note: These values are based on adapted occupants.
R =

” outdoor airflow rate required per unit area as

determined from Table 6.2.2.1

Note: Equation 6.2.2.1 accounts for people-related
sources and area-related sources independently in the deter-
mination of the outdoor air rate required at the breathing
zone. The use of Equation 6.2.2.1 in the context of this stan-
dard does not necessarily imply that simple addition of out-
door airflow rates for different sources can be applied to any
other aspect of indoor air quality.

6.2.2.1.1 Design Zone Population. Design zone popu-
lation (P,) shall equal the largest (peak) number of people
expected to occupy the ventilation zone during typical usage.

Exceptions:

1. If the number of people expected to occupy the
ventilation zone fluctuates, zone population
equal to the average number of people shall be
permitted, provided such average is determined
in accordance with Section 6.2.6.2.

2. If the largest or average number of people
expected to occupy the ventilation zone cannot
be established for a specific design, an estimated
value for zone population shall be permitted, pro-
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TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate AirRRate Occupant Density (?ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
person_person ST Lism? wantim e LR
Correctional Facilities
Cell 5 2.5 0.12 0.6 25 10 4.9 2
Dayroom 5 2.5 0.06 0.3 30 7 3.5 1
Guard stations 5 2.5 0.06 0.3 15 9 4.5 1
Booking/waiting 7.5 3.8 0.06 0.3 50 9 4.4 2
Educational Facilities
Daycare (through age 4) 10 5 0.18 0.9 25 17 8.6 2
Daycare sickroom 10 5 0.18 0.9 25 17 8.6 3
Classrooms (ages 5-8) 10 5 0.12 0.6 25 15 7.4 1
Classrooms (age 9 plus) 10 5 0.12 0.6 35 13 6.7 1
Lecture classroom 7.5 3.8 0.06 0.3 65 8 43 1
Lecture hall (fixed seats) 7.5 3.8 0.06 0.3 150 8 4.0 1
Art classroom 10 5 0.18 0.9 20 19 9.5 2
Science laboratories 10 5 0.18 0.9 25 17 8.6 2
ggi)vrzrtsoirtiygscouege 10 5 0.18 09 25 17 8.6 2
Wood/metal shop 10 5 0.18 0.9 20 19 9.5 2
Computer lab 10 5 0.12 0.6 25 15 7.4 1
Media center 10 5 0.12 0.6 A 25 15 7.4 1
Music/theater/dance 10 5 0.06 0.3 35 12 5.9 1
Multiuse assembly 7.5 3.8 0.06 0.3 100 8 4.1 1
Food and Beverage Service
Restaurant dining rooms 7.5 3.8 0.18 0.9 70 10 5.1 2
Cafeteria/fast-food dining 7.5 3.8 0.18 0.9 100 9 4.7 2
Bars, cocktail lounges 7.5 3.8 0.18 0.9 100 9 4.7 2
Kitchen (cooking) 7.5 3.8 0.12 0.6 20 14 7.0 2
General
Break rooms 5 2.5 0.06 0.3 25 7 3.5 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.

2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 lbda/ft3 (1.2 kgda/m3), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an
air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.

Default combined outdoor air rate (per person): This rate is based on the default occupant density.

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant
density, activities, and building construction shall be used.

n

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.

B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator
area”).

D Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.

F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

12 ANSI/ASHRAE Standard 62.1-2013



TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate Air Rate Occupant Density (;ombined Outdoor Air
Category P (see Note 4) Air Rate (see Note 5) Class
porson_persen_ O0® Lisw? wintm? paon Lspern
Coffee stations 5 2.5 0.06 0.3 20 8 4 1
Conference/meeting 5 2.5 0.06 0.3 50 6 3.1 1
Corridors — — 0.06 0.3 — 1
g;"l‘i‘é’i?g;eosrt;‘i‘sge rooms 5 2.5 0.12 06 2 65 32.5 2
Hotels, Motels, Resorts, Dormitories
Bedroom/living room 5 2.5 0.06 0.3 10 11 5.5 1
Barracks sleeping areas 5 2.5 0.06 0.3 20 8 4.0 1
Laundry rooms, central 5 2.5 0.12 0.6 10 17 8.5 2
ﬁ\i‘:ﬁ?%flﬁ:s within 5 25 012 06 10 17 8.5 1
Lobbies/prefunction 7.5 3.8 0.06 0.3 30 10 4.8 1
Multipurpose assembly 5 2.5 0.06 0.3 120 6 2.8 1
Office Buildings
Breakrooms 5 2.5 0.12 0.6 50 7 35 1
Main entry lobbies 5 2.5 0.06 0.3 10 11 5.5 1
g)‘;c(‘l"rpyii’:t’:rgsge rooms 5 2.5 006 03 2 35 17.5 1
Office space 5 2.5 0.06 0.3 5 17 8.5 1
Reception areas 5 2.5 0.06 0.3 30 7 3.5 1
Telephone/data entry 5 2.5 0.06 0.3 60 6 3.0 1
Miscellaneous Spaces
Bank vaults/safe deposit 5 2.5 0.06 0.3 5 17 8.5 2
Banks or bank lobbies 7.5 3.8 0.06 0.3 15 12 6.0 1
Computer (not printing) 5 2.5 0.06 0.3 4 20 10.0 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.
2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.
3 Air density: Volumetric airflow rates are based on an air density of 0.075 lbda/ft3 (1.2 kgda/m3), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an

air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.
Default combined outdoor air rate (per person): This rate is based on the default occupant density.

wn

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant
density, activities, and building construction shall be used.

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.
B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator

area”).

Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

D
E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.
F

Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.
G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

ANSI/ASHRAE Standard 62.1-2013
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TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Occupancy AirRRate AirRRate Occupant Density (?ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
f;jjjjr(f;gf;)f“germd 10 5 0 0 E 0 0 0 2
General manufacturing
(ai’zf;‘;giz;ngsjggusmal 10 5.0 018 09 7 36 18 3
chemicals)
Pharmacy (prep. area) 5 2.5 0.18 0.9 10 23 11.5 2
Photo studios 5 2.5 0.12 0.6 10 17 8.5 1
Shipping/receiving 10 5 0.12 0.6 B 2 70 35 2
:S"Srglfiypa"kmg’ light 7.5 3.8 0.12 06 7 25 12,5 2
Telephone closets — — 0.00 0.0 — 1
Transportation waiting 7.5 3.8 0.06 0.3 100 8 4.1 1
Warehouses 10 5 0.06 0.3 B — 2
Public Assembly Spaces
Auditorium seating area 5 2.5 0.06 0.3 150 5 2.7 1
ij:}fi;fre“gious 5 2.5 006 03 120 6 2.8 1
Courtrooms 5 2.5 0.06 0.3 70 6 2.9 1
Legislative chambers 5 2.5 0.06 0.3 50 6 3.1 1
Libraries 5 25 0.12 0.6 10 17 8.5 1
Lobbies 5 25 0.06 0.3 150 5 2.7 1
Museums (children’s) 7.5 3.8 0.12 0.6 40 11 53 1
Museums/galleries 7.5 3.8 0.06 0.3 40 9 4.6 1
Residential
Dwelling unit 5 2.5 0.06 0.3 FG F 1
Common corridors — — 0.06 0.3 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.
2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.
3 Air density: Volumetric airflow rates are based on an air density of 0.075 Ibg,/ft’ (1.2 kgg,/m>), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an

air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.
Default combined outdoor air rate (per person): This rate is based on the default occupant density.

wn

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant

density, activities, and building construction shall be used.

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1
A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.
B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would

be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator

area”).
D Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.

F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.
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TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values

Occupancy AirRRate AirRRate Occupant Density (;ombined Outdoor Air
Category P a Notes (see Note 4) Air Rate (see Note 5) Class
person_person ST Lism? wmt poan Hspersn

Retail

Sales (except as below) 7.5 3.8 0.12 0.6 15 16 7.8 2
Mall common areas 7.5 3.8 0.06 0.3 40 9 4.6 1
Barbershop 7.5 3.8 0.06 0.3 25 10 5.0 2
Beauty and nail salons 20 10 0.12 0.6 25 25 12.4 2
Pet shops (animal areas) 7.5 3.8 0.18 0.9 10 26 12.8 2
Supermarket 7.5 3.8 0.06 0.3 8 15 7.6 1
Coin-operated laundries 7.5 3.8 0.12 0.6 20 14 7.0 2
Sports and Entertainment

g?a“y‘;rpez;ts arend 20 10 0.18 09 E 7 45 23 2
Spectator areas 7.5 3.8 0.06 0.3 150 8 4.0 1
Swimming (pool & deck) — — 0.48 2.4 C — 2
Disco/dance floors 20 10 0.06 0.3 100 21 10.3 2
Health club/aerobics room 20 10 0.06 0.3 40 22 10.8 2
Health club/weight rooms 20 10 0.06 0.3 10 26 13.0 2
Bowling alley (seating) 10 5 0.12 0.6 40 13 6.5 1
Gambling casinos 7.5 3.8 0.18 0.9 120 9 4.6 1
Game arcades 7.5 3.8 0.18 0.9 20 17 8.3 1
Stages, studios 10 5 0.06 0.3 D 70 11 54 1

GENERAL NOTES FOR TABLE 6.2.2.1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met.

2 Environmental Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requirements for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on an air density of 0.075 lbda/ft3 (1.2 kgda/m3), which corresponds to dry air at a barometric pressure of 1 atm (101.3 kPa) and an
air temperature of 70°F (21°C). Rates may be adjusted for actual density but such adjustment is not required for compliance with this standard.

4 Default occupant density: The default occupant density shall be used when actual occupant density is not known.

Default combined outdoor air rate (per person): This rate is based on the default occupant density.

6 Unlisted occupancies: If the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of occupant
density, activities, and building construction shall be used.

W

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, use values shown for Public Assembly Spaces—Libraries.

B Rate may not be sufficient when stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. Additional ventilation or dehumidification may be required to remove moisture. “Deck area” refers to the area surrounding the pool that would
be expected to be wetted during normal pool use, i.e., when the pool is occupied. Deck area that is not expected to be wetted shall be designated as a space type (for example, “spectator
area”).

D Rate does not include special exhaust for stage effects, e.g., dry ice vapors, smoke.

E When combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation and/or source control shall be provided.

F Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

G Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

vided such value is the product of the net occupi- 6.2.2.3 Zone Outdoor Airflow. The zone outdoor air-
able area of the ventilation zone and the default  flow (V,,), i.e., the outdoor airflow rate that must be provided
occupant density listed in Table 6.2.2.1. to the ventilation zone by the supply air distribution system,

6.2.2.2 Zone Air Distribution Effectiveness. The zone shall be determined in accordance with Equation 6.2.2.3.

air distribution effectiveness (£,) shall be no greater than the Vo = Vi E, (6.2.2.3)

default value determined using Table 6.2.2.2. 6.2.3 Single-Zone Systems. For ventilation systems

Note: For some configurations, the default value depends ~ wherein one or more air handlers supply a mixture of out-
upon space and supply air temperature. door air and recirculated air to only one ventilation zone, the
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TABLE 6.2.2.2 Zone Air Distribution Effectiveness

TABLE 6.2.5.2 System Ventilation Efficiency

Air Distribution Configuration E, Max (Zp) E,

Ceiling supply of cool air 1.0 <0.15 1.0

Ceiling supply of warm air and floor return 1.0 <0.25 0.9

Ceiling supply of warm air 15°F (8°C) or more above

space temperature and ceiling return 08 <0.35 0.8

Ceiling supply of warm air less than 15°F (8°C) above <0.45 0.7

space temperature and ceiling return provided that the <055 06

150 fpm (0.8 m/s) supply air jet reaches to within4.5ft 1o - '

(1.4 m) of floor level >0.55 Use Appendix A

Note: For lower velocity supply air, £, = 0.8.

Floor supply of cool air and ceiling return, provided
that the vertical throw is greater than 50 fpm (0.25m/s) 1.0
at a height of 4.5 ft (1.4 m) or more above the floor

Floor supply of cool air and ceiling return, provided
low-velocity displacement ventilation achieves
unidirectional flow and thermal stratification, or

underfloor air distribution systems where the vertical 1.2
throw is less than or equal to 50 fpm (0.25 m/s) at a

height of 4.5 ft (1.4 m) above the floor

Floor supply of warm air and floor return 1.0
Floor supply of warm air and ceiling return 0.7
Makeup supply drawn in on the opposite side of the 0.8
room from the exhaust and/or return ’
Makeup supply drawn in near to the exhaust and/or 0.5

return location

1. “Cool air” is air cooler than space temperature.

2. “Warm air” is air warmer than space temperature.

3. “Ceiling supply” includes any point above the breathing zone.

4. “Floor supply” includes any point below the breathing zone.

5. Asanalternative to using the above values, E, may be regarded as equal to air-change
effectiveness determined in accordance with ASHRAE Standard 129'7 for all air
distribution configurations except unidirectional flow.

outdoor air intake flow (V) shall be determined in accor-
dance with Equation 6.2.3.

Vot = Voz (6'23)
6.2.4 100% Outdoor Air Systems. For ventilation systems
wherein one or more air handlers supply only outdoor air to
one or more ventilation zones, the outdoor air intake flow (V)

shall be determined in accordance with Equation 6.2.4.
v,

ot — Zall zones

V

oz

(6.2.4)

6.2.5 Multiple-Zone Recirculating Systems. For ventila-
tion systems wherein one or more air handlers supply a mix-
ture of outdoor air and recirculated air to more than one
ventilation zone, the outdoor air intake flow (V,,) shall be
determined in accordance with Sections 6.2.5.1 through
6.2.5.4.

6.2.5.1 Primary Outdoor Air Fraction. Primary out-
door air fraction (Z,,) shall be determined for ventilation
zones in accordance with Equation 6.2.5.1.

2=V lV,: (6.2.5.1)

1. “Max (Z,,)" refers to the largest value of Z,, calculated using Equation 6.2.5.1,
among all the ventilation zones served by the system.

2. For values of Max (Z),,) between 0.15 and 0.55, the corresponding value of £, may
be determined by interpolating the values in the table.

3. The values of E,, in this table are based on a 0.15 average outdoor air fraction for the
system (i.e., the ratio of the uncorrected outdoor air intake [V,,] to the total zone
primary airflow for all the zones served by the air handler). For systems with higher
values of the average outdoor air fraction, this table may result in unrealistically low
values of E,, and the use of Normative Appendix A may yield more practical results.

where V), is the zone primary airflow, i.e., the primary airflow
rate to the ventilation zone from the air handler, including

outdoor air and recirculated air.

Notes:
1. For VAV-system design purposes, V), is the lowest
zone primary airflow value expected at the design
condition analyzed.

2. In some cases, it is acceptable to determine these
parameters for only selected zones as outlined in

Normative Appendix A.

6.2.5.2 System Ventilation Efficiency. The system venti-
lation efficiency (£,) shall be determined in accordance with
Table 6.2.5.2 or Normative Appendix A.

6.2.5.3 Uncorrected Outdoor Air Intake. The uncor-
rected outdoor air intake (V,,) flow shall be determined in
accordance with Equation 6.2.5.3.

Vou=DXyy zones(Rp x Pz) 2 zones(Ra x Az) (6.2.5.3)

6.2.5.3.1 Occupant Diversity. The occupant diversity
ratio (D) shall be determined in accordance with Equation
6.2.5.3.1 to account for variations in population within the
ventilation zones served by the system.

D=PF/Z P, (6.2.5.3.1)

all zones

where the system population (P,) is the total population in the
area served by the system.

Exception: Alternative methods to account for occu-
pant diversity shall be permitted, provided the
resulting V,,, value is no less than that determined
using Equation 6.2.5.3.

Note: The uncorrected outdoor air intake (V,,) is
adjusted for occupant diversity, but it is not corrected for sys-
tem ventilation efficiency.

6.2.5.3.2 Design System Population. Design system
population (P;) shall equal the largest (peak) number of people
expected to occupy all ventilation zones served by the ventila-
tion system during typical usage.
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Note: Design system population is always equal to or
less than the sum of design zone population for all zones in
the area served by the system, since all zones may or may not
be simultaneously occupied at design population.

6.2.5.4 Outdoor Air Intake. The design outdoor air
intake flow (V,,) shall be determined in accordance with

Equation 6.2.5.4.
Vo=V,

ou’

IE, (6.2.5.4)

6.2.6 Design for Varying Operating Conditions

6.2.6.1 Variable Load Conditions. Ventilation systems
shall be designed to be capable of providing no less than the
minimum ventilation rates required in the breathing zone
whenever the zones served by the system are occupied,
including all full- and part-load conditions.

Note: The minimum outdoor air intake flow may be less
than the design value at part-load conditions.

6.2.6.2 Short-Term Conditions. If it is known that peak
occupancy will be of short duration and/or ventilation will be
varied or interrupted for a short period of time, the design
may be based on the average conditions over a time period (7)
determined by Equation 6.2.6.2-1 using I-P units (Equation
6.2.6.2-2 using SI units).

T=3v/V,, (I-P) (6.2.6.2-1)
T=50v/V, (SD (6.2.6.2-2)
where
T = averaging time period, min
v = the volume of the ventilation zone for which averaging
is being applied, 3 (m3)
Vi, =  the breathing zone outdoor airflow calculated using

Equation 6.2.2.1 and the design value of the zone
population (P,), cfim (L/s)

Acceptable design adjustments based on this optional
provision include the following:

a. Zones with fluctuating occupancy: The zone population
(P,) may be averaged over time (7).

b. Zones with intermittent interruption of supply air: The
average outdoor airflow supplied to the breathing zone
over time (7) shall be no less than the breathing zone out-
door airflow (V) calculated using Equation 6.2.2.1.

c. Systems with intermittent closure of the outdoor air intake:
The average outdoor air intake over time (7) shall be no
less than the minimum outdoor air intake (V) calculated
using Equation 6.2.3, 6.2.4, or 6.2.5.4 as appropriate.

6.2.7 Dynamic Reset. The system may be designed to reset
the outdoor air intake flow (V,,) and/or space or ventilation
zone airflow (V,,) as operating conditions change.

6.2.7.1 Demand Control Ventilation (DCV). DCV shall
be permitted as an optional means of dynamic reset.
Exception: CO,-based DCV shall not be applied in
zones with indoor sources of CO, other than occu-
pants or with CO, removal mechanisms, such as gas-
eous air cleaners.

ANSI/ASHRAE Standard 62.1-2013

6.2.7.1.1 The breathing zone outdoor airflow (V7,) shall
be reset in response to current occupancy and shall be no less
than the building component (R, X 4,) of the DCV zone.

Note: Examples of reset methods or devices include
population counters, carbon dioxide (CO,) sensors, timers,
occupancy schedules, or occupancy sensors.

6.2.7.1.2 The ventilation system shall be controlled
such that at steady-state it provides each zone with no less
than the breathing zone outdoor airflow (/) for the current
zone population.

6.2.7.1.3 The current total outdoor air intake flow with
respect to the coincident total exhaust airflow for the building
shall comply with Section 5.9.2.

6.2.7.1.4 Documentation. A written description of the
equipment, methods, control sequences, set points, and the
intended operational functions shall be provided. A table shall
be provided that shows the minimum and maximum outdoor
intake airflow for each system.

6.2.7.2 Ventilation Efficiency. Variations in the effi-
ciency with which outdoor air is distributed to the occupants
under different ventilation system airflows and temperatures
shall be permitted as an optional basis of dynamic reset.

6.2.7.3 Outdoor Air Fraction. A higher fraction of out-
door air in the air supply due to intake of additional outdoor
air for free cooling or exhaust air makeup shall be permitted
as an optional basis of dynamic reset.

6.3 Indoor Air Quality (IAQ) Procedure. Breathing zone
outdoor airflow (V},) and/or system outdoor air intake flow
(V,,) shall be determined in accordance with Sections 6.3.1
through 6.3.5.

6.3.1 Contaminant Sources. Contaminants or mixtures of
concern, for purposes of the design, shall be identified. For
each contaminant or mixture of concern, indoor sources (occu-
pants and materials) and outdoor sources shall be identified,
and the emission rate for each contaminant of concern from
each source shall be determined.

Note: Informative Appendix B provides information for
some potential contaminants of concern.

6.3.2 Contaminant Concentration. For each contaminant
of concern, a concentration limit and its corresponding expo-
sure period and an appropriate reference to a cognizant
authority shall be specified.

Note: Informative Appendix B includes concentration
guidelines for some potential contaminants of concern.

6.3.3 Perceived Indoor Air Quality. The design level of
indoor air acceptability shall be specified in terms of the
percentage of building occupants and/or visitors expressing
satisfaction with perceived TAQ.

6.3.4 Design Approach. Zone and system outdoor airflow
rates shall be the larger of those determined in accordance
with Section 6.3.4.1 and either Section 6.3.4.2 or 6.3.4.3,
based on emission rates, concentration limits, and other rele-
vant design parameters (e.g., air cleaning efficiencies and
supply airflow rates).

6.3.4.1 Mass Balance Analysis. Using a steady-state or
dynamic mass-balance analysis, determine the minimum out-
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door airflow rates required to achieve the concentration limits
specified in Section 6.3.2 for each contaminant or mixture of
concern within each zone served by the system.

Notes:

1. Informative Appendix D includes steady-state
mass-balance equations that describe the impact of
air cleaning on outdoor air and recirculation rates
for ventilation systems serving a single zone.

2. In the completed building, measurement of the con-
centration of contaminants or contaminant mixtures
of concern may be useful as a means of checking
the accuracy of the design mass-balance analysis,
but such measurement is not required for compli-
ance.

6.3.4.2 Subjective Evaluation. Using a subjective occu-
pant evaluation conducted in the completed building, deter-
mine the minimum outdoor airflow rates required to achieve
the level of acceptability specified in Section 6.3.3 within
each zone served by the system.

Notes:

1. Informative Appendix B presents one approach to
subjective occupant evaluation.

2. Level of acceptability often increases in response
to increased outdoor airflow rates, increased level
of indoor and/or outdoor air cleaning, or decreased
indoor and/or outdoor contaminant emission rate.

6.3.4.3 Similar Zone. The minimum outdoor airflow
rates shall be no less than those found in accordance with
Section 6.3.4.2 for a substantially similar zone (i.e., in a zone
with identical contaminants of concern, concentration limits,
air cleaning efficiency, and specified level of acceptability;
and with similar contaminant sources and emission rates).

6.3.5 Combined TAQ Procedure and Ventilation Rate
Procedure. The IAQ procedure in conjunction with the Ven-
tilation Rate Procedure may be applied to a zone or system. In
this case, the Ventilation Rate Procedure shall be used to
determine the required zone minimum outdoor airflow, and
the IAQ Procedure shall be used to determine the additional
outdoor air or air cleaning necessary to achieve the concentra-
tion limits of the contaminants of concern.

Note: The improvement of indoor air quality through the
use of air cleaning or provision of additional outdoor air in
conjunction with minimum ventilation rates may be quanti-
fied using the IAQ procedure.

6.3.6 Documentation. When the IAQ Procedure is used,
the following information shall be included in the design doc-
umentation: the contaminants of concern considered in the
design process, the sources and emission rates of the contam-
inants of concern, the concentration limits and exposure peri-
ods and the references for these limits, and the analytical
approach used to determine ventilation rates and air cleaning
requirements. The contaminant monitoring and occupant and/
or visitor evaluation plans shall also be included in the docu-
mentation.

6.4 Natural Ventilation Procedure. Natural ventilation sys-
tems shall be designed in accordance with this section and

shall include mechanical ventilation systems designed in
accordance with Section 6.2 and/or Section 6.3.

Exceptions:

1. An engineered natural ventilation system, when
approved by the authority having jurisdiction, need not
meet the requirements of Section 6.4.
2. The mechanical ventilation systems are not required
when
a. natural ventilation openings that comply with the
requirements of Section 6.4 are permanently open
or have controls that prevent the openings from
being closed during periods of expected occupancy
or

b. the zone is not served by heating or cooling equip-
ment.

6.4.1 Floor Area to Be Ventilated. Spaces, or portions of
spaces, to be naturally ventilated must be located within a dis-
tance based on the ceiling height, as determined by Sections
6.4.1.1, 6.4.1.2, or 6.4.1.3, from operable wall openings that
meet the requirements of Section 6.4.2. For spaces with ceil-
ings which are not parallel to the floor, the ceiling height shall
be determined in accordance with Section 6.4.1.4.

6.4.1.1 Single Side Opening. For spaces with operable
openings on one side of the space, the maximum distance
from the operable openings is 2H, where H is the ceiling
height.

6.4.1.2 Double Side Opening. For spaces with operable
openings on two opposite sides of the space, the maximum
distance from the operable openings is 5H, where H is the
ceiling height.

6.4.1.3 Corner Openings. For spaces with operable
openings on two adjacent sides of a space (i.e. two sides of a
corner), the maximum distance from the operable openings is
5H along a line drawn between the two openings that are far-
thest apart. Floor area outside that line must comply with Sec-
tion 6.4.1.1.

6.4.1.4 Ceiling Height. The ceiling height, H, to be used
in Sections 6.4.1.1 through 6.4.1.3 shall be the minimum ceil-
ing height in the space.

Exception: For ceilings that are increasing in height as
distance from the openings is increased, the ceiling
height shall be determined as the average height of
the ceiling within 6 m (20 ft.) from the operable
openings.

6.4.2 Location and Size of Openings. Spaces, or portions
of spaces, to be naturally ventilated shall be permanently
open to operable wall openings directly to the outdoors, the
openable area of which is a minimum of 4% of the net occu-
piable floor area. Where openings are covered with louvers or
otherwise obstructed, openable area shall be based on the net
free unobstructed area through the opening. Where interior
rooms, or portions of rooms, without direct openings to the
outdoors are ventilated through adjoining rooms, the opening
between rooms shall be permanently unobstructed and have a
free area of not less than 8% of the area of the interior room
nor less than 25 ft? 2.3 mz).
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TABLE 6.5 Minimum Exhaust Rates

Occupancy Category Exhaus.t Rate, Exhauzst Rate, Notes Exhau.st Rate, Exhal;st Rate, Air
cfm/unit cfm/ft L/s-unit L/s'm Class
Arenas — 0.50 B — — 1
Art classrooms — 0.70 — 35 2
Auto repair rooms — 1.50 A — 7.5 2
Barber shops — 0.50 — 2.5 2
Beauty and nail salons — 0.60 — 3.0 2
Cells with toilet — 1.00 — 5.0 2
Copy, printing rooms — 0.50 — 2.5 2
Darkrooms — 1.00 — 5.0 2
Educational science laboratories — 1.00 — 5.0 2
Janitor closets, trash rooms, recycling — 1.00 — 5.0 3
Kitchenettes — 0.30 — 1.5 2
Kitchens—commercial — 0.70 — 35 2
Locker/dressing rooms — 0.25 — 1.25 2
Locker rooms — 0.50 — 2.5 2
Paint spray booths — — — — 4
Parking garages — 0.75 C — 3.7 2
Pet shops (animal areas) — 0.90 — 4.5 2
Refrigerating machinery rooms — — F — — 3
Residential kitchens 50/100 — G 25/50 — 2
Soiled laundry storage rooms — 1.00 F — 5.0 3
Storage rooms, chemical — 1.50 F — 7.5 4
Toilets—private 25/50 — E,H 12.5/25 — 2
Toilets—public 50/70 — D,H 25/35 — 2
Woodwork shop/classrooms — 0.50 — 2.5 2

NOTES:

A Stands where engines are run shall have exhaust systems that directly connect to the engine exhaust and prevent escape of fumes.

B When combustion equipment is intended to be used on the playing surface additional dilution ventilation and/or source control shall be provided.

C Exhaust not required if two or more sides comprise walls that are at least 50% open to the outside.

D Rate is per water closet and/or urinal. Provide the higher rate where periods of heavy use are expected to occur, e.g., toilets in theatres, schools, and sports facilities. The lower rate

may be used otherwise.

m

the higher rate.
See other applicable standards for exhaust rate.

e}

Rate is for a toilet room intended to be occupied by one person at a time. For continuous system operation during normal hours of use, the lower rate may be used. Otherwise use

G For continuous system operation, the lower rate may be used. Otherwise use the higher rate.
H Exhaust air that has been cleaned to meet Class 1 criteria from Section 5.16.1 shall be permitted to be recirculated.

6.4.3 Control and Accessibility. The means to open
required operable openings shall be readily accessible to
building occupants whenever the space is occupied. Controls
shall be designed to properly coordinate operation of the nat-
ural and mechanical ventilation systems.

6.5 Exhaust Ventilation. The Prescriptive Compliance Path
or the Performance Compliance Path shall be used to meet the
requirements of this section. Exhaust makeup air may be any
combination of outdoor air, recirculated air, and transfer air.
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6.5.1 Prescriptive Compliance Path. The design exhaust
airflow shall be determined in accordance with the require-
ments in Table 6.5.

6.5.2 Performance Compliance Path. The exhaust airflow
shall be determined in accordance with the following subsec-
tions.

6.5.2.1 Contaminant Sources. Contaminants or mix-
tures of concern for purposes of the design shall be identified.
For each contaminant or mixture of concern, indoor sources
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(occupants, materials, activities, and processes) and outdoor
sources shall be identified, and the emission rate for each con-
taminant of concern from each source shall be determined.

Note: Informative Appendix B provides information for
some potential contaminants of concern.

6.5.2.2 Contaminant Concentration. For each contami-
nant of concern, a concentration limit and its corresponding
exposure period and an appropriate reference to a cognizant
authority shall be specified.

Note: Informative Appendix B includes concentration
guidelines for some potential contaminants of concern.

6.5.2.3 Monitoring and control systems shall be provided
to automatically detect contaminant levels of concern and
modulate exhaust airflow such that contaminant levels are
maintained at no greater than the specified contaminant con-
centration limits.

6.6 Design Documentation Procedures. Design criteria and
assumptions shall be documented and should be made avail-
able for operation of the system within a reasonable time after
installation. See Sections 4.3, 5.1.3, 5.16.4, 6.2.7.1.4, and
6.3.6 regarding assumptions that should be detailed in the
documentation.

7. CONSTRUCTION AND SYSTEM START-UP

7.1 Construction Phase

7.1.1 Application. The requirements of this section apply
to ventilation systems and the spaces they serve in new build-
ings and additions to or alterations in existing buildings.

7.1.2 Filters. Systems designed with particle filters shall
not be operated without filters in place.

7.1.3 Protection of Materials. When recommended by the
manufacturer, building materials shall be protected from rain
and other sources of moisture by appropriate in-transit and
on-site procedures. Porous materials with visible microbial
growth shall not be installed. Nonporous materials with visi-
ble microbial growth shall be decontaminated.

7.1.4 Protection of Occupied Areas

7.1.4.1 Application. The requirements of Section 7.1.4
apply when construction requires a building permit and
entails sanding, cutting, grinding, or other activities that gen-
erate significant amounts of airborne particles or procedures
that generate significant amounts of gaseous contaminants.

7.1.4.2 Protective Measures. Measures shall be
employed to reduce the migration of construction-generated
contaminants to occupied areas. Examples of acceptable mea-
sures include, but are not limited to, sealing the construction
area using temporary walls or plastic sheathing, exhausting
the construction area, and/or pressurizing contiguous occu-
pied areas.

7.1.5 Air Duct System Construction. Air duct systems
shall be constructed in accordance with the following stan-
dards, as applicable:

a. The following sections of SMACNA’s HVAC Duct Con-
struction Standards—Metal and Flexible:'3
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» Section S1.9 of Section 1.3.1, “Duct Construction and
Installation Standards”

+ Section 7.4, “Installation Standards for Rectangular
Ducts Using Flexible Liner”

e Section 3.5, “Duct Installation Standards”

+ Section 3.6, “Specification for Joining and Attaching
Flexible Duct”

 Section 3.7, “Specification for Supporting Flexible Duct”

e Sections S6.1, S6.3, S6.4, and S6.5 of Section 9.1, “Cas-
ing and Plenum Construction Standards”

b. All sections of SMACNA'’s Fibrous Glass Duct Construc-
tion Standards"®

c. NFPA 90A,% Standard for the Installation of Air-Condi-
tioning and Ventilating Systems, and NFPA 90B,2! Stan-
dard for the Installation of Warm Air Heating and Air-
Conditioning Systems

7.2 System Start-Up

7.2.1 Application. The requirements of this section apply
to the following ventilation systems:

a. Newly installed air-handling systems

b. Existing air-handling systems undergoing supply air or
outdoor airflow reduction (Only the requirements of Sec-
tion 7.2.2 shall apply to these altered systems.)

c. Existing air-handling distribution systems undergoing
alterations affecting more than 25% of the floor area
served by the systems (Only the requirements of
Section 7.2.2 shall apply to these altered systems.)

7.2.2 Air Balancing. Ventilation systems shall be balanced
in accordance with ASHRAE Standard 111'® or another
applicable national standard for measuring and balancing air-
flow so as to verify conformance with the total outdoor air-
flow requirements of this standard.

7.2.3 Testing of Drain Pans. To minimize conditions of
water stagnation that may result in microbial growth, drain
pans shall be field tested under normal operating conditions to
ensure proper drainage.

Exception: Field testing of drain pans is not required if
units with factory-installed drain pans have been certi-
fied (attested in writing) by the manufacturer for proper
drainage when installed as recommended.

7.2.4 Ventilation System Start-Up. Ventilation air distri-
bution systems shall be clean of dirt and debris.

7.2.5 Outdoor Air Dampers. Prior to occupancy, each
ventilation system shall be tested to ensure that outdoor air
dampers operate properly in accordance with the system
design.

7.2.6 Documentation. The following ventilation system
documentation shall be provided to the building owner or his/
her designee, retained within the building, and made available
to the building operating personnel:

a. An operating and maintenance manual describing basic
data relating to the operation and maintenance of ventila-
tion systems and equipment as installed
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b. HVAC controls information consisting of diagrams, sche-
matics, control sequence narratives, and maintenance and/
or calibration information

c. An air balance report documenting the work performed
for Section 7.2.2

d. Construction drawings of record, control drawings, and
final design drawings

e. Design criteria and assumptions

8. OPERATIONS AND MAINTENANCE

8.1 General

8.1.1 Application. The requirements of this section apply
to buildings and their ventilation systems and their compo-
nents constructed or renovated after the adoption date of this
section.

8.1.2 Building Alterations or Change-of-Use. Ventilation
system design, operation, and maintenance shall be reevalu-
ated when changes in building use or occupancy category,
significant building alterations, significant changes in occu-
pant density, or other changes inconsistent with system design
assumptions are made.

8.2 Operations and Maintenance Manual. An operations
and maintenance (O&M) manual, either written or electronic,
shall be developed and maintained on site or in a centrally
accessible location for the working life of the applicable ven-
tilation system equipment or components. This manual shall
be updated as necessary. The manual shall include the O&M
procedures, ventilation system operating schedules and any
changes made thereto, final design drawings, maintenance
schedules and any changes made thereto, and the mainte-
nance requirements and frequencies detailed in Section 8.4.

8.3 Ventilation System Operation. Mechanical and natural
ventilation systems shall be operated in a manner consistent
with the O&M manual. Systems shall be operated such that
spaces are ventilated in accordance with Section 6 when they
are expected to be occupied.

8.4 Ventilation System Maintenance

8.4.1 Ventilation System Components. The building ven-
tilation system components shall be maintained in accordance
with the O&M manual or as required by this section and sum-
marized in Table 8.4.1.

8.4.1.1 Filters and Air-Cleaning Devices. All filters and
air-cleaning devices shall be replaced or maintained as speci-
fied by the O&M manual.

8.4.1.2 Outdoor Air Dampers. At a minimum of once
every three months or as specified in the O&M manual, the
outdoor air dampers and actuators shall be visually inspected
or remotely monitored to verify that they are functioning in
accordance with the O&M manual.

8.4.1.3 Humidifiers. Humidifiers shall be cleaned and
maintained to limit fouling and microbial growth. Any auto-
matic chemical-dosing equipment shall be calibrated and
maintained in accordance with the O&M manual to maintain
additive concentrations to comply with Section 5.12.1. These
systems shall be inspected at a minimum of once every three
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months of operation and/or treated in accordance with the
O&M manual.

8.4.1.4 Dehumidification Coils. All dehumidifying cool-
ing coils shall be visually inspected for cleanliness and micro-
bial growth regularly when it is likely that dehumidification
occurs, but no less than once per year or as specified in the
O&M manual, and shall be cleaned when fouling or microbial
growth is observed.

8.4.1.5 Drain Pans. Drain pans shall be visually
inspected for cleanliness and microbial growth at a minimum
of once per year during the cooling season, or as specified in
the O&M manual, and shall be cleaned if needed. Areas adja-
cent to drain pans that were subjected to wetting shall be
investigated, cleaned if necessary, and the cause of unin-
tended wetting rectified.

8.4.1.6 Outdoor Air Intake Louvers. Outdoor air intake
louvers, bird screens, mist eliminators, and adjacent areas
shall be visually inspected for cleanliness and integrity at a
minimum of once every six months, or as specified in the
O&M manual, and cleaned as needed. When visible debris or
visible biological material is observed, it shall be removed.
Physical damage to louvers, screens, or mist eliminators shall
be repaired if such damage impairs their function in prevent-
ing contaminant entry.

8.4.1.7 Sensors. Sensors whose primary function is
dynamic minimum outdoor air control, such as flow stations
at an air handler and those used for demand control ventila-
tion, shall have their accuracy verified as specified in the
O&M manual. This activity shall occur at a minimum of once
every six months or periodically in accordance with the O&M
manual. A sensor failing to meet the accuracy specified in the
O&M manual shall be recalibrated or replaced.

8.4.1.8 Outdoor Airflow Verification. The total quantity
of outdoor air to air handlers, except for units under 2000 cfm
(1000 L/s) of supply air, shall be measured in minimum out-
door air mode once every five years. If measured minimum
airflow rates are less than the design minimum rate (£10%
balancing tolerance) documented in the O&M manual, they
shall be adjusted or modified to bring them to the minimum
design rate or evaluated to determine if the measured rates are
in compliance with this standard.

8.4.1.9 Cooling Towers. Cooling tower water systems
shall be treated to limit the growth of microbiological con-
taminants including legionella sp. in accordance with the
O&M manual or the water treatment program.

8.4.1.10 Equipment/Component Accessibility. The
space provided for routine maintenance and inspection
around ventilation equipment shall be kept clear.

8.4.1.11 Floor Drains. Floor drains located in air ple-
nums or rooms that serve as plenums shall be maintained to
prevent transport of contaminants from the floor drain to the
plenum.

8.4.2 Microbial Contamination. Visible microbial con-
tamination shall be investigated and rectified.
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TABLE 8.4.1 Minimum Maintenance Activity and Frequency

Activity

Item Minimum Frequency?

Code 1 y

Filters and air-cleaning devices A According to the O&M manual

Outdoor air dampers and actuators B In accordance with the O&M manual or every three months

Humidifiers C In accordance with the O&M manual or every three months of use

Dehumidification coils D As specified in the O&M manual or regularly, when it is likely that
dehumidification occurs, but no less than once per year

Drain pans and other adjacent surfaces D As specified in the O&M manual or once per year during cooling season

subject to wetting

Outdoor air intake louvers, bird screens, E As specified in the O&M manual or every six months

mist eliminators, and adjacent areas

Sensors used for dynamic F Periodically, in accordance with O&M manual, or every six months

minimum outdoor air control

Air-handling systems except for units G As specified in the O&M manual or once every five years

under 2000 cfm (1000 L/s)

Cooling towers H In accordance with O&M manual or treatment system provider

Floor drains located in plenums or I Periodically according to O&M manual

rooms that serve as air plenums

Equipment/component accessibility J

Visible microbial contamination

Water intrusion or accumulation K

ACTIVITY CODE:

A Maintain according to O&M manual.

B Visually inspect or remotely monitor for proper function.

C Clean and maintain to limit fouling and microbial growth.

D Visually inspect for cleanliness and microbial growth and clean when fouling is observed.

E Visually inspect for cleanliness and integrity and clean when necessary.

F Verify accuracy and recalibrate or replace as necessary.

G Measure minimum quantity of outdoor air. If measured minimum airflow rates are less than 90% of the minimum outdoor air rate in the O&M manual, they shall be adjusted or

modified to bring them above 90% or shall be evaluated to determine if the measured rates are in conformance with this standard.

H Treat to limit the growth of microbiological contaminants.
I Maintain to prevent transport of contaminants from the floor drain to the plenum.
J

Keep clear the space provided for routine maintenance and inspection around ventilation equipment.

K Investigate and rectify.

a. Minimum frequencies may be increased or decreased if indicated in the O&M manual.

8.4.3 Water Intrusion. Water intrusion or accumulation in
ventilation system components such as ducts, plenums, and
air handlers shall be investigated and rectified.
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(This is a normative appendix and is part of the standard.)

NORMATIVE APPENDIX A
MULTIPLE-ZONE SYSTEMS

This appendix presents an alternative procedure for cal-
culating the system ventilation efficiency (£,) that must be
used when Table 6.2.5.2 values are not used. In this alterna-
tive procedure, E,, is equal to the lowest calculated value of
the zone ventilation efficiency (£,,) (see Equation A1.2.2-6
below). Figure A-1 contains a ventilation system schematic
depicting most of the quantities used in this appendix.

A1. SYSTEM VENTILATION EFFICIENCY

For any multiple-zone recirculating system, the system
ventilation efficiency (£,) shall be calculated in accordance
with Sections Al.1 through A1.3.

Al.1 Average Outdoor Air Fraction. The average outdoor
air fraction (X{) for the ventilation system shall be determined
in accordance with Equation A1.1.

X, = VoV, (ALL)

where the uncorrected outdoor air intake (V,,) is found in
accordance with Section 6.2.5.3, and the system primary air-
flow (V) is found at the condition analyzed.

Exhaust Air Relief Air
4 A

Recirculated Air

Note: For VAV-system design purposes, V), is the highest
expected system primary airflow at the design condition ana-
lyzed. System primary airflow at design is usually less than
the sum of design zone primary airflow values, since primary
airflow seldom peaks simultaneously in all VAV zones.

A1.2 Zone Ventilation Efficiency. The zone ventilation effi-
ciency (E,,), i.e., the efficiency with which a system distrib-
utes outdoor air from the intake to an individual breathing
zone, shall be determined in accordance with Section A1.2.1
orAl.2.2.

Al.2.1 Single-Supply Systems. For single-supply systems,
wherein all of the air supplied to each ventilation zone is a
mixture of outdoor air and system-level recirculated air, zone
ventilation efficiency (£,,) shall be determined in accordance
with Equation Al1.2.1. Examples of single-supply systems
include constant-volume reheat, single-duct VAV, single-fan
dual-duct, and multizone systems.

E.=1+X,-2, (A1.2.1)
where the average outdoor air fraction for the system (X)) is
determined in accordance with Equation Al.1 and the pri-
mary outdoor air fraction for the zone (Z,,) 1s determined in
accordance with Section 6.2.5.1.

Outdoor Air Intake, V,,

‘L El( 1 'E‘u) Vd:

LALA
LA LA

Fully Mixed Fraction of
Secondary Recirculation
(Where Applicable)

LA A

TYTTA

° A

Y V.=EV,
(1-E,)V,, Primary Air
p) dz
y > )
Secondary Recirculation VC{—’ .
/ (Where Applicable) Discharge Air
A
Zone v
(-E)V, |
Secondary
Recirculation ? ¢ \
Directly from Zone Breathing — EVy
(Where Applicable) Zone Ve =R,P. + RA
bz z Z
(I-E)1-E)V,. ]1

FIGURE A-1 Ventilation system schematic.
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A1.2.2 Secondary Recirculation Systems. For secondary-
recirculation systems wherein all or part of the supply air to
each ventilation zone is recirculated air (which has not been
directly mixed with outdoor air) from other zones, zone venti-
lation efficiency (E,,) shall be determined in accordance with
Equation A1.2.2-1. Examples of secondary-recirculation sys-
tems include dual-fan dual-duct and fan-powered mixing-box
systems, and systems that include transfer fans for conference
rooms.

EVZ:(Fa+AX;'XFb_ZpZ><EPXF;)/Fa (A122-1)

where system air fractions F,, F, and F,. are determined in
accordance with Equation A1.2.2-2, A1.2.2-3, and A1.2.2-4,
respectively.

F,=E,+(I-E,)xE, (A1.2.2-2)
Fy=E, (A1.2.2-3)
Fe=1-(1-E)x(I-E)*(l—E,) (A1.2.2-4)

where the zone primary air fraction (£,) is determined in
accordance with Equation A1.2.2-5, zone secondary recircu-
lation fraction (£,) is determined by the designer based on
system configuration, and zone air distribution effectiveness

(E,) 1s determined in accordance with Section 6.2.2.2.

Note: For plenum return systems with secondary recircula-
tion (e.g., fan-powered VAV with plenum return), E,. is usu-
ally less than 1.0, although values may range from 0.1 to 1.2,
depending upon the location of the ventilation zone relative to
other zones and the air handler. For ducted return systems
with secondary recirculation (e.g., fan-powered VAV with
ducted return), E, is typically 0.0, while for those with sys-
tem-level recirculation (e.g, dual-fan dual-duct systems with
ducted return), E,. is typically 1.0. For other system types, E,
is typically 0.75.

E,=V./V, (A1.2.2-5)

where V;, is zone discharge airflow.
Note: For single-zone and single-supply systems, £, is 1.0.

A1.3 System Ventilation Efficiency. The system ventilation
efficiency shall equal the lowest zone ventilation efficiency
among all ventilation zones served by the air handler in accor-
dance with Equation A1.3.

E, = minimum (E,,) (A1.3)

A2. ALTERNATIVE CALCULATIONS

Mass or flow balance equations for multiple-zone sys-
tems may be used to determine system ventilation efficiency
and other design parameters, provided that they result in out-
door air intake airflow (J;) that is within 5% of the airflow
value obtained using the system ventilation efficiency (£)
calculated using Equation A1.3, or they more accurately rep-
resent a particular system configuration.

A3. DESIGN PROCESS

The system ventilation efficiency and, therefore, the out-
door air intake flow for the system (V,,) determined as part of
the design process are based on the design and minimum
expected supply air flows to individual ventilation zones as
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well as the design outdoor air requirements to the zones. For
VAV system design purposes, zone ventilation efficiency
(E,,) for each ventilation zone shall be found using the mini-
mum expected zone primary airflow (V) and using the high-
est expected system primary airflow (V) at the design
condition analyzed.

Note: Increasing the zone supply air flow values during the
design process, particularly to the critical zones requiring the
highest fraction of outdoor air, reduces the system outdoor air
intake flow requirement determined in the calculation.

A3.1 Selecting Zones for Calculation. Zone ventilation effi-
ciency (E,,) shall be calculated for all ventilation zones.

Exception: Since system ventilation efficiency (£,) is deter-
mined by the minimum value of the zone ventilation effi-
ciency (E,;) in accordance with Equation Al.3,
calculation of £, is not required for any ventilation zone
that has an E,, value that is equal to or larger than that of
the ventilation zone for which a calculation has been
made.

Note: The value of E,, for a ventilation zone will be equal to
or larger than that for another ventilation zone if all of the fol-
lowing are true relative to the other ventilation zone:

a. Floor area per occupant (4,/P,) is no lower

b. Minimum zone discharge airflow rate per unit area
(V4/4,) is no lower

Primary air fraction (E),) is no lower
Zone air distribution effectiveness (£,) is no lower
Area outdoor air rate (R,,) is no higher

™o Ao

People outdoor air rate (R,) is no higher

Example: In office buildings, it is generally only necessary
to calculate E,, for one typical interior ventilation zone,
since the parameters listed above are generally equal for
all interior spaces. If overhead supply air is used to heat
the perimeter, it is generally also necessary to calculate
E,, for the perimeter zone with the lowest expected pri-
mary or discharge airflow rate per unit area. No other cal-
culations for E,, are typically necessary, even if the
building has 1000 ventilation zones, provided the ventila-
tion for any conference rooms or nonoffice occupancy
zones are separately calculated.

A4. SYMBOLS

A zone floor area: the net occupiable floor area of the

ventilation zone, ft“ (m®).

D occupant diversity: the ratio of the system population to
the sum of the zone populations.

E primary air fraction: the fraction of primary air in the
discharge air to the ventilation zone

- secondary recirculation fraction: in systems with
secondary recirculation of return air, the fraction of
secondary recirculated air to the zone that is
representative of average system return air rather than
air directly recirculated from the zone.
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system ventilation efficiency: the efficiency with which
the system distributes air from the outdoor air intake to
the breathing zone in the ventilation-critical zone,
which requires the largest fraction of outdoor air in the
primary air stream.

E,, may be determined in accordance with Section
6.2.5.2 or Section Al.

zone ventilation efficiency: the efficiency with which
the system distributes air from the outdoor air intake to
the breathing zone in any particular ventilation zone.

zone air distribution effectiveness: a measure of the
effectiveness of supply air distribution to the breathing
zone.

E_ is determined in accordance with Section 6.2.2.2.

supply air fraction: the fraction of supply air to the
ventilation zone that includes sources of air from
outside the zone.

mixed-air fraction: the fraction of supply air to the
ventilation zone from fully mixed primary air.

outdoor air fraction: the fraction of outdoor air to the
ventilation zone that includes sources of air from
outside the zone.

system population: the simultaneous number of
occupants in the area served by the ventilation system.

P

zone population: see Section 6.2.2.1.

area outdoor air rate: see Section 6.2.2.1.

people outdoor air rate: see Section 6.2.2.1.
breathing zone outdoor airflow: see Section 6.2.2.1.

zone discharge airflow: the expected discharge
(supply) airflow to the zone that includes primary
airflow and secondary recirculated airflow, cfm (L/s).

outdoor air intake flow: see Sections 6.2.3, 6.2.4, and
6.2.54.

uncorrected outdoor air intake: see Section 6.2.5.3.
zone outdoor airflow: see Section 6.2.2.3.

system primary airflow: the total primary airflow
supplied to all zones served by the system from the air-
handling unit at which the outdoor air intake is located.

zone primary airflow: see Section 6.2.5.1.

average outdoor air fraction: at the primary air handler,
the fraction of outdoor air intake flow in the system
primary airflow.

primary outdoor air fraction: the outdoor air fraction
required in the primary air supplied to the ventilation
zone prior to the introduction of any secondary
recirculation air.
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(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSL)

INFORMATIVE APPENDIX B
SUMMARY OF SELECTED
AIR QUALITY GUIDELINES

If particular contaminants are of concern, or if the [AQ
Procedure is to be used, acceptable indoor concentrations and
exposures are needed for the particular contaminants. When
using this procedure, these concentration and exposure values
need to be documented and justified by reference to a cogni-
zant authority as defined in the standard. Such guidelines or
other limiting values can also be useful for diagnostic pur-
poses. At present, no single organization develops acceptable
concentrations or exposures for all indoor air contaminants,
nor are values available for all contaminants of potential con-
cern. A number of organizations offer guideline values for
selected indoor air contaminants. These values have been
developed primarily for ambient air, occupational settings,
and, in some cases, for residential settings. They should be
applied with an understanding of their basis and applicability
to the indoor environment of concern. If an acceptable con-
centration or exposure has not been published for a contami-
nant of concern, a value may be derived through review of the
toxicological and epidemiological evidence using appropriate
consultation. However, the evidence with respect to health
effects is likely to be insufficient for many contaminants. At
present, there is no quantitative definition of acceptable TAQ
that can necessarily be met by measuring one or more con-
taminants.

Table B-1 presents selected standards and guidelines
used in Canada, Germany, Europe, and the United States for
acceptable concentrations of substances in ambient air, indoor
air, and industrial workplace environments. These values are
issued by cognizant authorities and have not been developed
or endorsed by ASHRAE. The table is presented only as
background information when using the IAQ Procedure. Spe-
cialized expertise should be sought before selecting a value
for use in estimating outdoor airflow rates using the [AQ Pro-
cedure or for building design or diagnostics purposes. Meet-
ing one, some, or all of the listed values does not ensure that
acceptable IAQ (as defined in this standard) will be achieved.

Tables B-2 and B-3 list concentration values of interest
for selected contaminants as general guidance for building
design, diagnostics, and ventilation system design using the
IAQ Procedure. The values in the table are based on cogni-
zant authorities and studies reported in peer-reviewed scien-
tific publications; ASHRAE does not recommend their
adoption as regulatory values, standards, or guidelines. The
tables are presented as further background when using the
TAQ Procedure. Consultation should be sought before select-
ing a particular value for use in calculating ventilation using
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the IAQ Procedure. Meeting one, some, or all of the listed
values does not ensure that acceptable IAQ will be achieved.

Selection of a specific target concentration and exposure
is best made by a team with wide experience in toxicology,
industrial hygiene, and exposure assessment. As they review
the specific concentrations listed in Tables B-1, B-2, and B-3,
or others taken from other sources, designers should be mind-
ful of the following:

+  Standards and guidelines are developed for different pur-
poses and should be interpreted with reference to the set-
ting and purpose for which they were developed
compared to that to which they are being applied.

* Not all standards and guideline values recognize the
presence of susceptible groups or address typical popula-
tions found in occupancies listed in this standard.

*  Most standards and guidelines do not consider interac-
tions between and among various contaminants of con-
cern.

*  The assumptions and conditions set forth by the standard
or guideline may not be met in the space or for the occu-
pants being considered (such as an 8-hour day, 40-hour
work week).

When many chemicals are present in the air, as they
almost always are in indoor air, then some way of addressing
potential additive effects is warranted. The ACGIH guidance
on the subject instructs that when two or more substances act-
ing on the “...same organ system are present, their combined
effect, rather than that of either individually, should be given
primary consideration.” B-1 Information on affected organs is
readily available on the websites of the cited references for
ACGIH, OEHHA, and ATSDR. If no contradictory informa-
tion is available, the effects of the different substances
“should be considered as additive.” A formula is given
wherein the ratios of the concentrations of each substance
with the same health-related endpoint to the threshold-limit
value for each substance are added. If the sum of all these
ratios exceeds unity, then it is considered that the concentra-
tion value has been exceeded.

c, C

e e

Ty T, T,
where
G airborne concentration of the substance
T; = threshold-limit value of that substance

B1. GUIDELINE VALUES FOR
INDUSTRIAL ENVIRONMENTS

ACGIH threshold limit values, or TLVs®, have been
applied to industrial workplace air contaminants. B! (Reference
B-2 is the German counterpart.) The ACGIH TLVs® represent
maximum the acceptable eight-hour, time-weighted average
(TWA); 15-minute short-term exposure limit (STEL); and
instantaneous (ceiling) case limits. It is a source of concentra-
tion limits for many chemical substances and physical agents
for industrial use. In light of the constantly changing state of
knowledge, the document is updated annually. It cautions the
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user, “The values listed in this book are intended for use in the
practice of industrial hygiene as guidelines or recommenda-
tions to assist in the control of potential health hazards and for
no other use.”

Caution must be used in directly extending the ACGIH
TLVs® or other workplace guidelines to spaces covered by
this standard and to population groups other than workers.
Industrial health practice attempts to limit worker exposure to
injurious substances at levels that do not interfere with the
industrial work process and do not risk the workers’ health
and safety. There is not an intention to eliminate all effects,
such as unpleasant smells or mild irritation. Further, the
health criteria are not uniformly derived for all contaminants.
Irritation, narcosis, and nuisance or other forms of stress are
not uniformly considered as the basis for the concentration
limits. This is because different organizations use different
end points and different contaminants have more or less infor-
mation available on diverse end points of interest. The target
population is also different from the occupants found in the
spaces covered by this standard. Healthy industrial workers
tend to change jobs or occupations if an exposure becomes
intolerable. In contrast, workers in commercial environments
such as offices often do not expect elevated concentrations of
potentially harmful substances in their work environments.
Also, monitoring programs are unlikely to be in place, as may
be the case with industrial workplaces. In addition, the gen-
eral population may have less choice about where they spend
most of their time and includes those who may be more sensi-
tive, such as children, asthmatics, allergic individuals, the
sick, and the elderly.

B2. GUIDELINES FOR SUBSTANCES IN
OUTDOOR AIR

Guidelines have been developed for outdoor air for a
number of chemicals and metals, as shown in many of the ref-
erences. These values, including some for metals, may be
appropriate for some indoor environments, but they should be
applied only after appropriate consultation. These guidelines
also provide guidance concerning the quality of outdoor air if
there is suspicion that outdoor air may be contaminated with
specific substances or if there is a known source of contami-
nation nearby.B'3

B3. REGULATION OF OCCUPATIONAL EXPOSURE
TO AIRBORNE CONTAMINANTS

Regulations of occupational exposure to workplace haz-
ards are based on the results of accumulated experience with
worker health and toxicological research and carefully evalu-
ated by groups of experts. Effects are examined in relation to
exposure to the injurious substance. Exposure is defined as
the mathematical product of the concentration of the contami-
nant and the time during which a person is exposed to this
concentration. Since concentration may vary with time, expo-
sure is typically calculated across the appropriate averaging
time, expressed as a TWA concentration, STEL, or ceiling
limit. Regulations of the U.S. Occupational Safety and Health
Administration (OSHA) are TWAs in most cases.
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Industrial exposures are regulated on the basis of a 40-
hour workweek with 8- to 10-hour days. During the remain-
der of the time, exposure is anticipated to be substantially
lower for the contaminants of concern. Application of indus-
trial exposure limits would not necessarily be appropriate for
other indoor settings, occupancies, and exposure scenarios.
However, for certain contaminants that lack exposure limits
for a specific nonindustrial target population, substantial
downward adjustments to occupational limits have sometimes
been used.

B4. SUBSTANCES LACKING GUIDELINES
AND STANDARDS

For indoor contaminants for which an acceptable concen-
tration and exposure value has not been established by a cog-
nizant authority, one approach has been to assume that some
fraction of TLV® is applicable and would not lead to adverse
health effects or complaints in general populations. This
approach should not be used without first assessing its suit-
ability for the contaminant of concern. In any event, if appro-
priate standards or guidelines do not exist, expertise must be
sought or research needs to be conducted to determine con-
taminant concentrations and exposures that are acceptable.

B5. SUBJECTIVE EVALUATION

Indoor air often contains complex mixtures of contami-
nants of concern, such as environmental tobacco smoke,B-30-B-31
infectious and allergenic biological aerosols,?3? and emissions
of chemicals from commercial and consumer products. Precise
quantitative treatment of these contaminants can be difficult or
impossible in most cases. Chemical composition alone may not
always be adequate to reliably predict the reaction of building
occupants exposed to most common mixtures of substances
found in indoor air. There are many toxicological endpoints
used in assessing the effects from exposure to air contaminants.

Irritation of mucosal tissue, such as that found in the
human nose, eyes, and the upper airways, is one of the end-
points often used in assessing short-term exposure to air con-
taminants. These irritation responses can occur after the
“irritant receptor” is exposed to nonreactive compounds, to
reactive compounds with a different pattern of dose-response
relationships, and through allergic and other immunologic
effects for which dose-response relationships have not been
well defined. Susceptible populations, i.e., individuals with
atopy (“allergies”) may report irritation at lower levels of
exposures than individuals without allergies. Other suscepti-
ble populations, such as the elderly and the young, may differ
from healthy adults in their response to irritating and odorous
substances.

To some degree, adequacy of control may rest upon subjec-
tive evaluation. Panels of observers have been used to perform
subjective evaluation of IAQ in buildings. Many contaminants
have odors or are irritants that may be detected by human
occupants or visitors to a space. Generally, the air can be con-
sidered acceptably free of annoying contaminants if 80% of a
panel consisting of a group of untrained subjects exposed to
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known concentrations of contaminants under representative
controlled conditions of use and occupancy deems the air not
to be objectionable.

When performing a subjective evaluation, an observer
should enter the space in the manner of a normal visitor and
should render a judgment of acceptability within 15 seconds.
Each observer should make the evaluation independently of
other observers and without influence from a panel leader.

Users of subjective evaluation methods are cautioned that
they only test odor and sensory responses. Some harmful con-
taminants will not be detected by such tests. Carbon monox-
ide and radon are two examples of odorless contaminants that
pose significant health risks. To evaluate the acceptability of
adapted persons (occupants), an observer should spend at
least six minutes in the space before rendering a judgment of
acceptability.B'29

Guide for Using TABLE B-1

The substances listed in Table B-1 are common air contaminants in industrial and nonindustrial environments. The values
summarized in this table are from various sources with diverse procedures and criteria for establishing the values. Some are for
industrial environments (OSHA, MAK, NIOSH, ACGIH), some are for outdoor environments (NAAQS), and others are general
(WHO) or indoor residential environment-related (Canadian) values. The following explanations are intended to assist the reader
by providing a brief description of the criteria each agency used in adopting its guideline values.

* NAAQS: Outdoor air standards developed by the U.S. EPA under the Clean Air Act. By law, the values listed in these reg-
ulations must be reviewed every five years. These concentrations are selected to protect not only the general population
but also the most sensitive individuals.

* OSHA: Enforceable maximum exposures for industrial environments developed by OSHA (U.S. Department of Labor)
through a formal rule-making process. Once an exposure limit has been set, levels can be changed only through reopening
the rule-making process. These permissible exposure limits (PELs) are not selected to protect the most sensitive individu-
als.

* MAK: Recommended maximum exposures for industrial environments developed by the Deutsche Forschungs Gemein-
schaft, a German institution similar to the U.S. National Institutes of Health and NIOSH. Levels are set on a regular basis,
with annual reviews and periodic republication of criteria levels. These levels are enforceable in Germany and are not
selected to protect the most sensitive individuals.

+ Canadian: Recommended maximum exposures for residences developed in 1987 and reaffirmed in 1995 by a committee
of provincial members convened by the federal government to establish consensus guideline-type levels. A revised version
is being considered. These are not intended to be enforced.

* WHO/Europe: Environmental (nonindustrial) guidelines developed in 1987 and updated in 1999 by the WHO Office for
Europe (Denmark). Intended for application both to indoor and outdoor exposure.

» NIOSH: Recommended maximum exposure guidelines for industrial environments are developed by NIOSH (Centers for
Disease Control) and published in a series of criteria documents. NIOSH criteria documents contain both a review of the
literature and a recommended exposure limit (REL) guideline. These are not enforceable, are not reviewed regularly, and
are not selected to protect the most sensitive individuals. In some cases, they are set at levels above those deemed protec-
tive of health because commonly available industrial hygiene practice does not reliably detect the substances at lower lev-
els. (Note that methods used in nonindustrial settings are often more sensitive than NIOSH methods for industrial hygiene
measurements. )

* ACGIH: Recommended maximum exposures for industrial environments developed by ACGIH’s Threshold Limit Values
(TLVs®) Committee. The committee reviews the scientific literature and recommends exposure guidelines. The assump-
tions are for usual industrial working conditions, 40-hour weeks, and single exposures. Surveillance practices for both
exposures and biological responses are often in place in the work environments where these levels are used. These levels
are not selected to protect the most sensitive individuals. About half of the TLVs® are intended to protect against irritation.
Published studies have shown that many of the TLVs® intended to protect against irritation actually represent levels where
some or all of the study subjects did report irritation, B33 B-34

The table is not inclusive of all contaminants in indoor air, and achieving the listed indoor concentrations for all of the
listed substances does not ensure odor acceptability, avoidance of sensory irritation, or all adverse health effects for all occu-
pants. In addition to indoor contaminant levels, the acceptability of indoor air also involves thermal conditions, indoor moisture
levels as they impact microbial growth, and other indoor environmental factors. ASHRAE is not selecting or recommending
default concentrations.

Users of this table should recognize that unlisted noxious contaminants can also cause unacceptable IAQ with regard to
comfort (sensory irritation), odors, and health. When such contaminants are known or might reasonably be expected to be pres-
ent, selection of an acceptable concentration and exposure may require reference to other guidelines or a review and evaluation
of relevant toxicological and epidemiological literature.

ANSI/ASHRAE Standard 62.1-2013 29



"100UED [ESBUOUIS puk opAyopeurioy o3 samsodxos jeuonednoso ySiy A[oAne[o1 usom)aq UoeIdO0SSE UL Jo
SUOIIBAIISQO [20130[0TWAPIdd OS[B dI. AISY ], "Sased Pa3oadxa pue paAIdsqo JO SI9quINU [[BuS dY) Aq paiodud) ST UOISN[OU0d Ay} y3noyj[e ‘1odued [eaguireydoseu pue apAyspeurio} 03 2Insodxa uaamiaq diysuonelal [esneo € 3sa33ns sarpnys [esrdojornuopidy -
L661 ‘91 AInf “09L8€ - TS9EYATY
(smot] om) 0} [enba 10 uey) $sI[) SPEOPIOM JYSI] 10 ‘D)eIopoul ‘AALIY 10J @NIL
oM ySI[ 10J o ATL
S10M d)BIOPOW 10J o ATL
Jlom KAeay 1oy @NIL
PAOYSIQBISI SON[BA WNWIXEW OU ‘UdFouIdIe)
PIpPa99Xd 9q 0} JOAIN
Lp-g BIUIOJI[ED Ul Plos s1onpoid poom aysodwios 10y syuawoimbar paseq-raquuieyd oy1oads sey s1on
-po1d poop 931sodwo)) WOy SUOISSIW IPAYOP[EULIO dONPIY 0 DINSEIA] [0TIUO)) IIXO0], UIOQITY,, PA[INUL ‘07 [ £6§ UOIB[NZOY PILOE SOOINOSY IV BILIOJI[E)) ‘UONIPPE U] *(SpIepuelS A19Jes pue Uononnsuo)) owoH parmoejnue]N ANH ‘08¢ Hed YdD
$7) "wdd 4 03 sowoy painoejnUEW Ul 9PAYIP[EULIOJ JO UOTJEIIUSIUOD SUIOGITE ) JIWI| 03 papudjul preoqafoned pue poomA[d woiy suorssiwo apAyspewrioy Suruieduods suonensor pajdope juowdooadg ueqin pue Sursnoy jo juswredoq 'S N oYL -
1294 10d 90UO URY) 210U PIPIIOXD 9q O} JON
“oul[apINg V4 "S'M U 10§ Z-§ A[qEL 9§
'$1091J9 [I[BAY JSIOAPE JUBIIUSIS 9SNLI 0) UMOUY So[o1Ied IOYI0 IO ‘SUdZ0UIdIed UMOUY “BII[IS QUI[[BISAIO ‘PRI ‘SO)SIQSE JO SUNOWE JUBDIIUSIS UIBIUOI 0) UMOUY 10U ‘(DONJ) PIYISSE[O 9SIMIAY)O J0U sI[oned dduesmN -
"9[qe[eYUI PAIOPISUOD ST WMl () Uey) ssI[ o[qeaidsar pa1opIsuod st wir ()¢ uey) ssoT *(SIGIOWIOIDIUT) SUOIOTW UT JSJOWRIP OTWRUAPOISL URIPIW SSBW = VNN
*SUONIPU0D 11eaY Sunsixo-a1d yim spenpiarpur ‘uonemndodqns oAnISUSS Jsowr Ay 309301d 03 308 are (ysu 3soyS1y je suonendod 10pISUOD 0} parmbax oIe YOIYM ‘SpIepue)s A)fenb ITe JUsIqUIE oY) ‘SPIOM IOYI0 UT) SUOBIUIOUOD JOMO] 9SOY ],
‘10mo0] A[[enuejsqns are amsodxo ‘fernsnpur 03 pasoddo se ‘fernsnpuruou 10§ 9[qeIdodoe paIdpISUOD SUOTENUIIUOD Y |, "SUOIIBIUIOUOD IPIXOUOW Uoqred jo Ajiqesrjdde oy 10p1suod pinoys s1opeal ‘o[qe) sy} ur sanjea jo asn oy Surpiegar ojduiexs suo sy o
-91qIssod Se onur se PaoNpaI oq PInoys S[AA] Joopur ‘Tenujod sIy) Jo asneooq
‘suone[ndod uewmny ur STUIFOUIOIRD ST IPAYIP[LULIOJ TRy} OUIPIAD FUIOUIAUOD d[I] 9p1A0id 9jep 03 pajonpuood sarpnys [esrdojorwapido ayy ySnoyyy ‘widd | 03 payrwn] sapAyap[e [e10], $199JJd druagourores [enudjod sj1 jo asneosdq widd g st [9A9] 30818, *q
‘smoy 1y31a s1 awr Jurderoae oy ‘payyroads st own ou 1A “(WI)-3uo] = T ‘SuI[190 = D) {IeAA = £ {SINOY = ] {SAYNUIW = UTW) SINOY JYSI2 UBY) 19)8AIS 10 UL SSI[ JO sauwn} FurSeroae 0y 10 SuI[19d B JAYIS 0} J9JaI [ | s1xoBIq Ul SIdqUINN ‘B

— o B 2 S &

T 0« &)

cw/Sw g1 ,S9[o1e( [B10],
[urwr 1] wdd ¢ [urwr g 1] wdd ¢ [ 1] wdd 100 wdd 610°0 wdd slu yz] wdd $1°0
wdd ¢ wdd ¢ [4 ¢] wdd 8400 [urw ¢] wdd g¢ wdd g0 wdd ¢ [1£ 1] wdd €070 opIXOIp My[Ng
[1£ 1] cw/bg 008 uopey
pAVININ Wil 9>
[0] qw/Bur o Su/su olu 2] (w8 oG 1 oSo[onIeq
[1] (w/3w o300 olu ¥l (/3 g¢ pAVININ Wil 67>
[O] (w/Sw ¢ [y 1] qw/Bw g | wi p> 10§ wi/Sw | Jw/Su g ol 1A T]ewyM g1 oSPnIRg
Ludd zo
wwdd 10
(udd 8070 [u 81 (gwy3ri oz1) wdd 80°0
ywdd 00 [O] wdd 170 wdd $90°0 [y 1]wddzro [ wdd 170 slu]wddzro au0zQ
[urw 1] wdd ¢ [2£ 1] wdd 2070 [y 1] wdd gz [urw ¢] wdd
wdd ¢ [urw g 1] wdd | [y rJwdd 179 wdd 00 wdd ¢ [O] wdd g [1£ 1] wdd 5070 apIxorp uogonIN
[urur o] cw/Bu |
mE\wE S0°0 ME\wE 05S0°0 [1£ 1] mE\wi S0 Qnsodxd oZIuIur cw/gw 170 mE\wE 500 [syyuow ¢] mE\wi S'1 pea
[urw g1] wdd 170 glunu q [Tl wdd g0°0 judd 1 [urwr 1] wdd g
[D] wdd ¢0 wdd 9100 0¢] (wdd 180°0) ¢w/3w 1°0 [1] wdd 19 wdd €0 wdd g7°0 PPAYap[EwIO]
[y 8] wdd op
[y 1] wdd ¢z
[0] wdd o [urw o¢] wdd og [y 1] wdd ¢z [urw o¢] wdd g9 5[y 1] wdd g¢
wdd ¢z wdd ¢¢ [un ¢1] wdd g [yglwdd 11 wdd ¢ wdd (g sgwdd ¢ ,ApIXououwt uogIe)
[urw 1] wdd gpo'0¢  [urw g1] wdd 000‘0¢ [y 1] wdd pooo1
wdd 000 wdd 000s [1] wdd gos¢ wdd 000 wdd 000 9pIXOIp U0gIe)
(1-4 J9) HIDOV (€1-4 1Y) HSOIN (11-4 Joy) 2doang/OHM (8-9 ‘Joy) uerpeue) (T-4 W JIVIN (s-9 J¥) VHSO (-4 39U VdA/SOVVN

S[OAJT AIUIIYIY PUE SIUIIPIND) PIIIOJUIUON

S[9AYT A10)e[NS3Y J10/pue J[qeIdIoJU

(‘pedojensp sem 11 yoiym Aq suesw sy} pue perdope sem } yoiym Joy 8sodind 8y} JUNODOE OJUl BYE} PINOYS 8|ge} SIY} Ul enfeA Aue Jo Jesn ay])

£SIUSWIUOIIAUT JOOPU| O] JUBUILISd SauljapIiny pue suone|nbay jo uosuedwo) |-g 319VL

ANSI/ASHRAE Standard 62.1-2013

30



ma\wE = 0SH'PT/€ 8T x WT1om renosjowr x wdd
mE\mE = Sp'pz/MS1om renodjowr x widd
mE\wi = G20 0/YS1om Tenosjowr x wdd
/8w = OGS4 pgAYTIoMm Jenosjowr x wdd
:SMO[[OF SB SAN[BA dWIN[OA J1un 13d SSBW 0} PILIDAUOD dq ULd dWN[oA Aq wdd ur suonenuaduo)) ‘dwn[oA jrun 1od ssew
ur 10 dwnjoA £q (wdd) worru 1od syred ur passoidxa udyo ore sases 10 siodep -amssaxd (Bdy S$Z€101) SH U 2662 PUB (D65T7) dolL JO SUOIIIPUOD PIEPUR)S 0} PALIAAUOD A[[RIUAS 218 SOOUB)SQNS JO SUONBIIUIIUOD AUIOQIIR JOOPUT JO SJUSWRINSBIA
:ownjoa jrun 1od ssew pue vorf[rw 1od speg
L1-gS10198] UoIsIdAU0D)
'$153) WIR}-3UO] UI PAPIIVX ST AN[LA Y} JI PSPUSWILLIOIAI ST UONBIHIW SI9YM [SA3] UONOR UB Inq an[ea A101R[n3a1 B 10U SI SIY T, ‘UONENUIdU0D 1ooput T/10d { Jo anjea suraping e paegnwod sey vdd SN YL ,

-4 SQWIOH 9[1OJA 10J uoneoy193ds JuowaIndold VINGA qdd 91

. S|EWIUR [RIUAWLINAXS Ul 20Uap1A2 JU2101ffins PUR SUBWNY Ul 20UIPIAD JUDIDIJNS
JO s1seq oy} U0 ‘(] dno.n)) suvwny 0} 21ua30uU12402 S1 apAYappuLiof,, Yey) papNouod (DYV]) 190Ue)) U0 YoIeasdy 1o

. @v .om Koua3y [euoneuIdiu] ay) ‘00 Ul 1eoued [eagukieydoseu pue Sun| pue 2Insodxs OpAYIP[EULIO] UM} UOIRIOOSSE
0c 614 ue pajodal 9ARY SAIPNIS UBWINY UONBZIISUIS PUB ‘BUIYISE JO UONRAIIEXD ‘swojdwAs A101e1idsal ‘uonerin
JBOIY) PUB ‘OSOU ‘049 UI J|NSAI UBD SUBWINY UT OPAYIP[BUWLIOJ 0} 2InS0dXd UONB[RYUI OIUOID PUB N0y —S)O YI[edH
. ; sSurysIuIng pue dInruIn
ocl (VHHAO ‘Vda-[eD) osequiep oynuoros (4 8) (w3l 6) qdd ¢, m%%e% %ooa.wo.mmem__ op EQ%M%%
JULIND UO Paseq Pado[aAap (STHY) S[OAT 2InsodXy 90UAIJY JIOULOUOU INOY-§ PUL NIy U mE\m1 GS) qdd gy
B ‘(pIeOg S90IN0SYY Iy BIUIOJI[R))) AjoruaSourdied [enudjod s, opAyopreuriof (yg) qdd
or-d jsurede 109301d 10U SO0 “S[BNPIAIPUI SAIISUSS UI S}O9]JO JULILLII PIOAER 0} JUI[OPINS POdIXa-0)-19AU B SB PAYSI[qRISH ug)aqddic
[w] 9z ‘6-9 (tre 0€)
[o] 11-1 (OHM) 2ansodxo pnurw-(¢ ‘ojdoad 9ATISUIS JO UOLBILLIT UO paseq (wdd 180°0)
gwy/suw 10
‘soFessed Suryjeaiq 1o s3unj padewep oAy oym
91doad pue swajqoid A1018[N2119 10 ey ARy oym d]doad 03 snoprezey Ajreinonted 9q Aew 9pIXouoOw UOGIR)) “I0M [
0} UaZAXO0 Paau SANSSI) PUE S[[A {SANSST) pue S[[99 Apoq 0} UdSAx0 Suriq 03 poo[q JO AN[Iqe SAONPAI—SIAYS YI[BIH SoSeIeS w:wwmo ©0)
[w] 6-g (-are10do sayo1yaA 21oyMm s9oeds 1030 10 soFered Juryied ur UIGOUOD JO JUBUIWUEBIUOD (1) wdd soouendde LONSNAWOd Do :ME d o Eoﬁwo
[o] y-a AJuo 2y} 9q 03 A[I[un ST QD :9I0N) 939 [10 [e0D ‘e [eInjeu ‘QuIjoses Jo JuruIng—sooInog us 6 1 Hsnq mwn:wf d %w. v.co T _NE
*S[OA9] MO[ I8 AOBINOJE PAJIWI| SARY SIUSWUNISUI SULINSELOU OPIXOUOW LONSIAWOD DAIUOA wS._mo HED
u0qIed AUBJA "UOBSNSIAUL JOYLINJ JLIOW ABUI SUOIRIUIIUOD JOOPINO FUIPIIIXI SUONBIUIIUOD JOOPUI paurelsng nsnq oy e
‘sinoy] Jy31o 10J a1nsodxd oFeI1oAe ‘Asedsip A19)1e A18u0109 )M Suosidad uo $309JJ9 uo paseq
3s919)u] Jo
SIIUIIYIY SHUWWO)) suonEnUII0) $30IN0S  JUBUIWEIUOD)

(‘pedojenap sem 11 yoiym Ag suesw sy} pue pajdope sem )i yoiym oy esodind sy} JUunoooe ojul 8xe} pinoys aige) SIy} Ul anjea Aue Jo Jasn ay] :8loN) |'€'2 319Vl
('[w] spoylew swWaINSEaW puk [2] 1s8J81Ul JO SUOIIBIIUBIUOD 8y} S]] [w] pue [0] Ag pamo||0} ale ey} Slaquinu SaousJaey :810N)
SJUBUIWEUOYD P3JI39S 10} }SA491U] JO UoljesuUadU0) 2g-9 319VL

(*oIMIBI9II[ SIY} JO QWIOS SAZLIBWWINS 7-g 9[qeL) "oIneIolI] [edr3ojoruopids pue [eo130[00
-IX0) JUBAD[AI JO UOIIBN[BAD PUB MOIAI B IO SOUI[OPING IOYJ0 0} 90ULIJa1 a1mbar Aewr aisodxe pue uonenuoouod 9[qe1doooe ue Jo uonoas[ds Guesaid oq 03 pa3oadxd 9q A[qeuosear JYSI J0 UMouy oIe
SJUBUIWEIUOD YONS USYA Y3I[BIY PUE ‘SIOPO ‘(UOTJBILLII AIOSUS) 110JW0d 0} pIedar yim OV] 9[qeirdoodeun osned os[e Ued SJUBUIWEIUOI SNOTXOU PAJSI[uN Jet)) 9ZIuS0od1 P[noys 9[qe} Iy} JO sI10s)
‘s100pul dwn J1ay3 Jo Aofew jeaid oy puads ojdoad asneoaq Aouednoaoo unmp Ajsnon
-UNUO09 S[AAJ] AUI[OPING JU) 199U 0} 3q P[NOYs [80F A} ‘USISOP 10, "UWN[OD  SIUIWLIOD,, AU} UI PIISI] 2IB S[OAI] AUIOPINSG I} J0J SIseq Y} 2Je Jey) spordd 21nsodxa pue S109139 10JWO0I IO YI[edH
"SUOIBIIUOOUOD J[NBJOp SUIPUIUIIO
-001 10 Su10912s J0ou SI Y YHSV "SI0J98J [BJUSWIUOIIAUL JOOPUI IO PUe ‘Yimoi3 [e1qoIor joedwl A3y Se S[AS] 9INISIOW JOOPUI ‘SUOIIIPUOD [BULIY) SIAJOAUL OS[E IIe J0opul Jo A)1jiqeidadsse auy) ‘s[o
-AQ[ JUBUIWEIUOD JOOPUI 0} UOKHIPPE U] "Siuednodo [[ 10 S}O94J2 Y[y ISIQAPE [[B WO IO UONLILLI AI0SUIS WOI) WOPIQIJ 2INSUD JOU S0P S29uL)sSqns pjsi| oy} JO [[ 10 SUONBIIUIOUOD J0OpUl J051e)
oy} SuIAdIYOR PUE Ik JOOPUI UI SJUBUIWUEIUOD [[B JO QAISN[OUI JOU SI 9[qe} ], "AJUO 20ULIJAI J0J P23SI| 216 1B JOOPUI PUB JOOPINO JO $1I9JJS 1OJWOD PUE YI[E3Y YIM PIUIIOUOD SUONRZIUESIO [eUOnEU
-I9)ul 10 [euoneu snolrea £q pasodoad 10 198 U93q dARY By} SUOBNUIIUOD J3518) 9Y ], "SIUSWUOIIAUD [BLISNPUTUOU Ul UISJUOD JO SJUBUIWERIUOD IR UOWWIOD dIB Z-¢g S[qR], Ul PIISI] sadue)sqns Y[,

¢-9 319v.1 Buisn 104 apinn

31

ANSI/ASHRAE Standard 62.1-2013



ma\wE = 0SHPT/€ 8T x WT1om renosjowr x wdd

mE\mE = Gp'pz/MS1om remnodjowr x wdd

mﬁ\mi = S0 0/YS1om Tenosjowr x wdd

/8w = OGS pZAYTIoM Jenosjowr x wdd
SMO[[0] SB SaNJeA dWNJOA J1un 1od SSeu 0) PalIdAU0d 9q ued dwnjoa £q wdd ur suonenuaduo)) "ownjoA jun 1od ssewr
ur 10 dwnjoa Aq (wdd) worru 1od syred ur passaidxa udyo ore sased 10 siodep -amssaxd (Bd¥ SZ€101) SH U 2662 PUB (D65T7) dolL JO SUOIIIPUOD PIEPUR)S 0} PALIAAUOD A[[RIOUAS 218 SOOUB)SQNS JO SUONBIIUIIUOD AUIOQIIR JOOPUT JO SJUSWRINSBIA
:ownjoa jrun 1od ssew pue vorf[rw 1od speg

$.10)0€,] UOISIIAU0D)

'$159) ULI0)-FUO] UT PAPIIXD ST AN[RA 3} J1 POPUSWIWIOIAIT ST UOHEI W IAYM [9A] UOTIOR UB Inq dn[BA AI0Je[NSaI B JOU ST SIY], "UOTEIUOU0D Joopul T/1Dd § JO anjeA duroping e uoﬁw—%&wa seq Vdd SN YL ,
soZeres Juryred
UE ‘}SNEYXd [9SAIP Ik J00PINo YN
[ gw/an 61 w:ommco%ﬂwom dmcon “mo_W:mo mo_o_ﬁmnw
‘unyooo ‘syonpoid uonsnquio))
*0) ‘sorIqey ‘sonse[d ‘s1oqqni oNAYIUAS puB [eINjEU SIFBUIRP SUOZO ‘SIOOPINO puk sioopu[—oJewep Ajradoid
*ANIQISIA PONPal osned ued Sows (931 pue syue[d aewep uLd dUOZO ‘S1I00pINO)—SIIJQ [BIUSWUOIIAUY
-onssy Sunj Jo SuiSe dn paads AeJ\ "SUOIOJUI JOYIO PUL SP[OI
0) 9OUB)SISAI PAINPAT ‘DS0U AJJNIS ‘SIAD PIBILLI “Buyise ‘uonounj Junj paonpal ‘swajqoid Juryieaiq—siodfge yieoq 11 1000
81-9 *SIQUBI[O IIB IOYJ0 dWos pue ‘s1o1edioad o1e)sonas)d ‘s1oje1ouasd ouozo ‘sopurid (qdd g) SIO1EIo0S u%ON
[w] 9-g 10se] ‘s1o1dooojoyd woig ‘s1ooput XON pue ‘SOOA ‘siuenyjod Jo uonoeal [EOTWAYD WOIJ ‘SI00PINO—SIIIN0S n_w - 0s " 0 (¢0) auozp
[¢]1 11 ‘9-g ‘Sows jo jusuodwos [ediourid oY) ST 9UOZO [9AJ[-PUNOID) g!/om 001 SOUIYDEW S9LGO
. soouerjdde oneisonos g
9oeds J00pUI YY) UI SJURUIWERIUOD Y10 Y3im Sunoear Aq pue A[3o21ip
Ayirenb Ire 100pul Jo UONEPLISIP A 03 AINQLIUOI ABW ISAIAIUI JO UONBIUIIUOD 3} MO[Iq S[9AJ] I Judsald auozQ
(V@) 2ansodxa snonunuod {(OHM)
amsodxa Moy-1y31a ‘(ANANOE [BULIOU) SONBIUY)ISE 10 SINPE FUOWE SUOIBQId0EXd WOIdWAS Ul 95BaI0Ul 04,67 U0 Paseq
[w] SIONSIA 10 *0)2 ‘SONI[IOR] 9)SBMOIq ‘9TBMOS
(10p0) 51-9 suednaoo Jo “Surssaoord voom. ‘Furyoo)
) "POPULLILIOIAI ST [01)U0D 201n0s ‘o]doad uey) J9YI0 SIOINOS 10 "SIJLI UONEB[IIUIA PUR S[9AS] COD) JOOPUL JO UOISSNOSIP d1ow : :
od)6-d b ddy 008 *(SIUON[JJo0Iq SNOIOPO) SIOPO Juednod0 I0J 0Je301INS € SB PAsn g UBD UOHBIIUIIUOD & 10 94,08 03 Ayiqeldasoe (prow e yons sainos $19PO
5] 0€ ‘67 B.10J O XIpuaddy 99§ *(Siuanjjaolq P POy J Y p q hen 0D %08 Mvw.%m_mwa ) [eSuny Surpnjour) s0IM0S JOA
vz T4 —— syuednooQ
) 'SOA0]S sed i
Ird Pue sa91A9p Jurjeay-ooeds se yons soouerjdde uonsnquiod jo asn Fuump somsodxd Y31y juasa1d 01 93eI9AR INOY-{7 ¢Wen oLy
*012 ‘SJUAWINUOW ‘SANJB)S ‘STUIP[ING UO Pasn AUOIS ABME JBd UBD S[0SO0IdE pIoy—oadewep Auradoid
*KJTIQISIA 90NPAI UBD S[OSOIOR PIOY S B] sageresd Sunyeg
pue soox 93eWEp UBD YOIYM ‘(S[0SOIR PIOR) UTel PIoE JO Juauoduiod € ST 9PIXOIp UdS0NIN-—SIOJS [BIUSTUUOIAUT Ie1oopmQ
‘(wsAs Aojendsar) s3un| pue soFessed Juryyealq Jo sassauf[r ‘OFewep Fun[—s1o3fFo Yieoq saouerjdde uonsnquios pajudAun) (“oN) oﬂxoa
*SIOOPUI $92IN0s Juepoduw a1e S991AP Funjeay-ooeds pue -1ojem pue soouerjdde USs0NIN
Sunjooo pue s100pINo CON JO 901n0S Juetodwr ue oIe sIe)) "030 TI0 Teod ‘sed [einjeu ‘ourjoses Jo SuruIng—s0InN0g uonsNquIod PAUIA Suryed]
81-d
[w] 6-g “Ie2A U0 10j 21nsodxa oFeIdAe ‘s)09JJo A101eI1dsar 9s19Ape Jsurede uonodjoid Surpraoid uo paseqg cw/3 001
Ll 4
“OJI[P[IM WLIRY UBD PRI T—SI09)J9 [BIUSUUOIAUT
‘swo[qoid YTy I9Y)0 puL JANSITIP SASNED PRI "S[EWIUE UT JOOURD ISNED
81-d  S[BOIWAYD SUIUIBIUOI-PLI] QWOS "SI [B102dS J© 28 UDIP[IYD (OFBWEP WISAS SNOAIDU IDYJO PUE UTRIQ—S)IYJ I[BOH 112 100pIN
[w] $-g 'soL10)eq 9381018 cw/3n ¢y “en m:ao (qd) peo1
[¢] -9 PE9] JO 2INJoBINUBW ‘(SILISUIJAI [BIOW) SI0)AWS ‘(sIed ‘sosnoy) jured ‘(3no paseyd Furoq) ourjoses popeo[—so0Inog 1Sp ued
‘(1804 T 10J mE\wi 1-S°0
:OHA\) SYyuOW 9311 10J 21nsodxa o5eI1aA. ‘UIP[IYo Jo Suruonouny [89130[0y0AsdoINdU UO S}09JJO 9SIOAPE UO pasegq
Jsa13)uU] Jo
SIUAIYIY sjudWo)) SuonENUII0S $32IN0S  JUBUIWEIUO))

(-padojanap sem J1 yoiym Ag suesw sy} pue pajdope sem §l ydiym Joy 8sodind sy} Junodoe ojul 8.} pinoys a|ge} Siy} ul anjea Aue jo Jasn ay] :810N) |'€¢ 319Vl
(‘[w] spoyisw juswainseaw pue [2] 1s8I81Ul JO SUOIBIIUSDUOD BU} Is!| [w] pue [0] Ag pamoj|0} aJe Jey} Siaquinu saduslajey :910N)
(panunuo)) syueuiweluo) Pajodlas 10} }SaIdIU| JO UoljeljuUadU0) 2-9 319VL

ANSI/ASHRAE Standard 62.1-2013

32



mt\wE = 0SHPT/€ 8T x WYTrom 1enosjowr x wdd
mE\wE = Gp'p7/MSIoM Te[nodjowr x wdd
mE\wi = SpHc0'0/YS1om Jenosjowr x wdd
/8w = S HAUSIOM Te[ndsjowr x wdd
:SMOJ[OJ SB SON[BA SWIN[OA JIUN 13d SSBW 0] PALISAUOD 9q UBd dwnjoA Aq wdd ur suonenuaduoy) -awnjoA jun 1od sseur

ur 10 dwnjoa Aq (wdd) uorjru 1od spred ur passardxo uoyyo ore sases 10 siodep omssaid (edy Sz 101) SH U 26'67 PUB (D0ST) dolL JO SUOHIPUOD PIEPUER)S 0} PALIDAUOD A[[BIOUSS OIE SI0UL)SqNS JO SUOIBIUIOUOD JUIOGIIE JOOPUI JO SJUUAINSLIIA

:ownjoA jrun 1od ssew pue uorfrw 1od spreq
$10)98,] UOISIIAUO))

'$150) ULIOY-SUO[ UT POPISIXA ST AN[BA J[} JI POPUSULIOII ST UOIBSIIIW 2IAYM [IAJ] UOIIOR UB nq dnJeA A10je[nJal € Jou SI SIY [ "uonenuaduod Jooput /10d 4 Jo anjea surjopms e @Eam_%&w& sey Vdd SN oYL
oo rﬁ I suonels Suronjoy (spunoduio
6¢ 8¢ 9¢ (s d Sees 5 Pajoa[as
O . . punodwiod pajod[es Jo sogeres Sunyred
ST11-9 spunodwos Auewr Joj 939[dwoour o1e ejep [BIIS0[01X0) PUR ‘POPNUIPI 9q UL spunoduiod 1] © 107 ¢~ IBL 955) e 100010, Jos1] & 10J
[w] 118 10N ‘1oyS1y opmiudew JO SIOPIO [BIIASS SUONBNUIU0D 03 dn spjoysaiy) 10po mo] A19A Suiaey spunodurod wie oy ed wgs m—.mEMo SIRLIIEU SoURUD W_M 0 €-g 919eL 99S)
121 ‘64 10j 10 spunodwod 91x0) A19A dwos 10y (qdd) uoryiq 1od 11ed | UBY) SSI] WOIJ OFURI UIGIUOI JO SUOBIUIOUO)) en W: WL UoEo W o HE do mﬁhmwo_z (SDOA)
[o] v+ “2Inpad01d OV] 2y1 Jo uonesrdde oy} ur u1dOUOd JO SJUBUIWEIUOD oG ABw spunoduwiod d1uesIo o[1JB[OA [eNpIAIPU] [BPIAIPU | onp 19 D spunodwo))
e s : : : : B 10J POUIIINP 9q ISNIA] sSurystuIng R
mwmmwmmmm_ PuE S[eLIdJRW SUIP[INg MON o.EEoW
‘pax1ojaid ST UI9dU0d
JO SDOA oU19ads 10} SUONBNUIIUOD J0518) FUINAS "PIPUSUILIOII JOU ST SOHOA L 10J SUOIBNUIUO0I 19318) SUIpeg
‘S)Nsal JuswdINSeawW HOA Sunudsaid J0J POYIOW SIY) SN 910y PIPN[OUT SOOUAIJAI Y} JO owog Judsaid sHOOA oAt o Ire Jo0pnQ (s )
L€ ‘SE ‘8T 1B JO [8103 9 Judsaidar jou saop anfea patodar oy ey 3101dxs oxew 03 1opIo Ul DOAWNS Y} SB SHOA PAINSBIW [[B oULES SUOTENTSS cow_ S[BLIOJBW JOUBUIUIRIA S ::W%:\w%
-7 ‘PI-d  JO [e103 9y partodal 9ABY SI0JETNSIAUT JWOS ‘0I0JIIAY ], *ISAINUI JO 9q Aew ey} spunoduwiod d1uesIo [[e saInseaw asn ¥ :.M ow:m g sjonpoid ojqewnsuo)) P o:ﬁwwgu
[w] g-g  ur Apuosmd poyow [3UIs Ou ‘QIoULIdYIIN,] d[qeLeA A[YS1y a1e spunodwod d1ueSIo 0) Sasuodsal UOIIe)LLI PUe JI0po DOAL omﬂwﬂ sSurysiuing STIEION TE oO
‘uon)Ippe UJ "s}09JJo HO0JWO9 IO Y.y J91pald 0) pasn 9q UED SJUSWAINSBIW JOA L 1By} 99UIPIAS JUSIOLINSUIT SI 1Y ], ro01d pue s[er1dyew SuIp[rng MaN THEICA TF0L
*100[qns oy} U0 FULUIY} JUIIAI S}IOJ[JAI
1B} UONIULIOP O1j10ads © SUIeIu0o / 7-¢g 99uaI1ojoy ‘1sed oy ur pakorduwo usaq aaey DOA L JO SUOHIULIP JO AJOLIBA Y
*030 ‘SjUAWINUOW ‘sanje)s ‘sSUIP[INg Ul pasn ouo)s ABME JBd UBD S[0S0IoE proy—odewep Ayradord
*K)[IQISIA 90NPAI OS[E UL S|OSOIOE
) PIOY "SaYE[ PUE S9a1) dFeUIEp ULD YOIYM ‘(S[OSOIdE PIOR) UTel PIoe Jo juouoduwiod € ST {OS—S)0a)Jo [BIUSUIUOIIAUY @0s)
81-d ‘s3uny 03 oFewep Jusueunrad asned Aew ‘swd[qold Juryreaiq—s1092 yiedH Ire 100pINQO os
[w] v-g . . ‘ w31 08 : aprxolqg
[o] - (sterouwr ‘roded) (ou9s019Y]) S191eaY 90BdS PAIUAAUN I,
[ $9s59001d [eLnSNpUI {S918)S PAIIU() UI)SLD Oy} WOoIJ [B0d INJ[ns-y31y A[[e1oads? ‘[10 pue [0d JO FUILING—adIN0g YIS
‘(INd ymm J1 mE\wi 0S :OHAM) Teak auo 10} aInsodxo oFeroae
‘ewuy)se Jo uoneqiaoexd Juiprose pue uoneindod [e1ouad ayy ur Aypiqiow K1ojeardsar jsuree Sunodjoid uo paseg
[w] 01-0 "1B9A QU0 10J 2Insodxd oFeIoAe I1o0ued Junj uo pase 1Hd se3 10 (uy) uope
[wo] - 3 ] uo paseq 21104y 11og ) uopey
) "IMIIUINg pue SAY)O[O
8i-d Surpnjour ‘A310doid 19Y30 pue SoINIONIS JO[OISIP PUB AJIP UBD ISNP PUB ‘Ojows 900s ‘soysy—oFewep Ajodord
“A)[IQISTA SOONPAI JBY) 9ZBY JO OINOS UTRW I} AIB S9IB[NOIRJ—SIO9Ld [BJUSUIUOIAUY 11 3100p1N0
‘yyeap AJ1e9 ‘sniyouoiq ‘oSewep Sunj ‘UON)BILLIT JeOIY) pUL omoc‘.ﬁoo.to qIesH e —— mE.HSoEoHoQ OlNd)
speol pasedun cwy/3n og : O
¢ ¢ ‘ ‘ ‘ ¢ ajowrsg sa[onIed
‘(sproy go Suruing ‘Suimord) axmnouSe ‘syued [eLysnpul ‘S[ony I9YI0 pue [ASAIP ‘poom Jo SUILING—SIIN0S g
)snp,, Jo uonisodop a[qeidooseun
T‘ﬁ”_ g « » et
o] - 0] Ped] ABW [9A9] QUI[APING {IOMO] A[[BULIOU 2IB SUOLIRIIUIIUOD JOOPU] "SUSSOUIIIBD OU TBIA U0 10 2Insodxs oFeioae
rd ‘eunyise Jo uoneqraoexd surproae pue uonerndod [erouad oyy ur Aypiqiowr A1oyendsar jsurede Sunosjold uo paseqg
3s919)u] Jo
SIUIYIY SHUWWO)) SuonENUIIU0S $32IN0S  JUBHIWEIUOD)

(-padojanap sem J1 yoiym Ag suesw sy} pue pajdope sem } ydiym Joy 8sodind sy} Junodoe ojul 8.} pinoys a|ge} Siy} ul anjea Aue jo Jasn ay] :810N) |'€¢ 319Vl
(‘[w] spoyisw juswainseaw pue [2] 1s8I81Ul JO SUOIIBIIUSDUOD B} Is!| [w] pue [0] Ag pamoj|o} aJe Jey} Siaquinu saduslajey :910N)
(panunuo)) syueuiweluo) Pajodlas 10} }SaIdIU| JO UoljeljuUaduU0) 2-9 319VL

33

ANSI/ASHRAE Standard 62.1-2013



*OpAyop[eULIO} U0 20uLpINg [BUONIPPE 10J 7-¢ PUe -¢ SI[qEL, OS[e 95 '
soqyold [89150]091X0) Y Ul PaYy10ads sk ar0ul 10 SABP G9¢ 10 [BOIUAYD € 0) dInsodxq *
so[yoxd [80130]001X0} oY) UI PAY10ads Sk ‘SAep $9¢—G [ JO UOTRIND © 10J [BOTWAYD € 0} 2Insodxy *
saqiyoid [eo1307091X0) oY) UI Poly10ads sk ‘ssI[ 10 SABp 4] JO UONBIND © 10J [BIIWAYD € 0) aInsodxy
ansodxo 9e1oAe [enuue o) ST pasn oW Insodxs Ay :owmaJI| & 03 dn 10J s9Insodxs SNONUNUOO SSAIPPE 0} paudisa -
pajeadar oq Aewr yorym pue sioy g st own Juiderose ainsodxq *
oy | st owr Surderdae amsodxyg -
qdd 0y mE\wi WO1J SI0JOB] UOISIOAUO))
K1089189 Snosue[[osTw = ST {DH oneydife pajeuddofey = o[l {DH onewoe
PAIRULIONYO = OIV[D) {DH ONeWoIe = woly {OH duadid) = d1o] {QH 91]0A0 = [0£D) (DH Uy = oYY {DH QUEY[E = BY[V :PIOE JI[AX0qILd = PIOY {S10)S3 JOYI0 PUE SAIBJOE = NSH OPAYIP[E = PV :2U0JaY = 103 19Y10 [094]S = A[D) ‘1oy10 = i {[Oyod[e = Iy

L 0O T 0w o

<

0T 0S 001 00€ 0S1 S0T°0 oeH €-99-L9 WLI0J0I0[YD)
0001 LIT0 0IV[D L-06-801 oUeZULqOIO[Y)
0€¢ 0€ oy 0061 651°0 o[eH $-€2-9§ SpLIO[YdELIR) UOGIE)
00€ 008 0029 12€°0 ST 0-S1-SL opyusIp uoqIe)
. . (10130 [AINQ-1-[AYIIN)
00L 00L 000T 0008 LLTO LR | 770-€91 1003 [Kipow jAng-1
00T 000€ 0009 L0T'0 A1 T9L-111 [oueyafxomng-g
000°€1 6£€°0 5| €-€6-8L ououeing-g
0T 4540) 21\ 0-66-901 auaipeing-¢‘1
. cqe (oprwoiq [AYIN)
S 0S 0$ 8ST°0 oleH 6-€8-¥L SueRwOmoIg
€ 9 6 09 00€1 €1€°0 wory TErIL auezuag
001 S 09%°0 ST I-€1-L01 o[LIUOA10Y
7’0 € S€°0 Lo ST 9€%°0 PV 8-20-L01 uro[010y
orl 00€ 0Ly 550 pIvV 0-L0-SL apAyap[eeoy
(qdd) (qdd) (qdd) (w/3n) (w/3m) (w/3n) 4add o)
eIy g9JeIpIuULIdIU] Py Soeay) p1u-8 ,2IMdYy Qu /S _su..”_ﬂw.“__w Eamﬁw punoduo)
:10)J%8] UOIS.I2AUO, :
op-g TN HASLV o¢-g 1A VHHAO VO pwd Hot 9

spunodwo) ajuebiQ 3)11e|0\ PaIO3|SS 10} }S9I)U| JO SUOIIEUADU0D -9 J19VL

"0AOQE PAqLIOSIP SONLIOYINE JULZIUS00 9} WO O[qR[IBAR 9q ABW SAUI[OPINS YOIym JO QUIOS
10J ‘spunodwod 910w [BIOAJS AJIIUSPI ABUI ()()()Z QOUIS BOLISWIY [JION UI SOOUIPISAI SUIISIX PUB M3U Ul pue SSUIP[INgG 991}J0 Ul POJONPUOD SAOAINS POMOIAAI-10ad ‘paysijqng "SHI]
A1o0ye[n301 pUR ‘SpIepue)s ‘Soul[opIng uoneIuasuod [[e (q) pue SJUSWUOIIAUS JOOPUI [BLIISNPUIUOU Ul PUnoj syeorwayo dqissod [[e (&) juesaidor o3 10dind jou soop o[qey oy L,

"UMOYS BIE SUOISIOAUOD UoNEnuddu0d qdd o) (wi/3ii 10 s10108] “(YASLY) ANSISOY 2SLASI(T Ut s0ULISqNg
o1X0], 10J Aouady ayi Aq padojoasp sernsodxe UOTIE[BYUI OTUOIYD PUE SIBIPOWIUI ‘9)noe 10J Sourjopms o1e seoueisqns snopiezey Joj (STYIN) S[AT sty Tewnury (VHHAO)
JUQWISSOSSY pIezeH UieoH JO 001y eruiojie) £q pado[oadp sornsodxe UOIR[EUUI OIUOIYO PUB INOY-§ ‘9nde I0oj souropms ore (STHY) S[eAT 2Insodxy oouaIofoy

"€-g S[qeL, UT pAISI] a1k senLoyne Jueziugod Aq padojeasp usaq aey uonendod [erousd oy 10§ sourfapms amsodxa Yorygm 10§ SHOA 9SOU ATUQ ¢y crecp
-gzp-g 00070661 Por1ad o) SULIND LILIDUIY YLION UT SOOUOPISAI FUNSIXD PUE MAU UT pue STUIP[ING IO UT pajonpuod SLIAINS pamaraal-1oad ‘paysiqnd ur paprodor arom ajqe)
oy} ur pepnjout SHOA YL ‘PIEPUEIS SIY} JO 2Inpaooid Ayfend) Iy Joopu] oy} Jaim A[dwos 03 9sooyd oym SISUSISIp 10 [BIOOUSq 9q ABW ey} uoneuriojur sopraoid ¢-g o[qer,

€-g a|qeL Buisn 1o} apIiny

ANSI/ASHRAE Standard 62.1-2013

34



soqjoad [29150]091X0) 9y} Ul PaYy10ads Sk ‘a0l 10 SABP GO¢ 10 [EOIUAYD € 0} dInsodxq *
so[yoxd [20130]001X0) oY) UI PAYI0ads Sk ‘SAep $9¢—G [ JO UOTRIND © 10J [BOTWAYD € 0} 2Insodxy

saqiyoid [eo1507091X0) o) UI Poly10ads sk ‘SSI[ 10 SABp 4] JO UOIBIND © 10J [BIIWAYD € 0} aInsodxy *

ansodxo 9e1oAr [enuue a1 ST pasn oA dInsodxd Y :owmaJ| & 0} dn 10§ soIsodxo snonuMUOo SSAIPpe 0} PauSisoq
pajeadar oq Aew yorym pue sinoy g st ow SurSerose ainsodxq *
1oy | st own Suideroae amsodxyg -

qdd 0y mE\wi WOJJ SI10)9BJ UOISIOAUO))

*OpAyop[euIoy U0 9dUBpINS [eUOHIPPE 0 Z-g PUB [-g SO[QB], OS[e 90§

K101 Snosue[[aosT = ST {DH oneydife pajeusSofey = ofel {DH onewoIe
PAJRULIONYD = OIV[D ‘DH dnewole = wory OH duadio) = d1o] (DH 911940 = [94D) {DH duay[e = NV {DH SUE[e = BY[Y PIOk JI[AX0qIe = PIOY {S19)S3 JOYIO PUL SI)BIOI. = 1)ST OPAYIP[E = P[V QU0)Y =Y {1019 [094]3 = A[D) {10110 = Iy [OYOd[. =Y ~

L O T U« oshg

0S 009 000T 00L 000°CT 0€T°0 wory L-0T-0€€1 SIoWOST QUAIAY
0€¢ 00S 000°081 16£°0 oleH #-10-SL apLIofyo [AuIp
. o (ouayAy00I0YoLI])
001 000T 009 981°0 o[eH 9-10-6L SUIIB0IOGOLL].
. . e (uwrogoIoryd [AYIdIN)
00L 0002 0001 00089 €81°0 o[eH 9-66-1L SUEGISOIOTORL [T
08 0001 00€ 000°LE $97°0 wory €-88-801 auenjog,
(ouarAype0I0[yoIo
oy 00T s¢ 00002 Ly1°0 oleH v-81-LT1 ‘QURJAT12010[YOBIAL)
Quayla0I0[ydoena],
00T 0002 006 000°1Z S€T0 wory S-TH-001 aua1ig
. . . . . (suo100V)
000°€T 000°€T 000°9C 1270 )| 1-49-L9 suouedoig-z
000L 00z€ LOY'0 oY 0-€9-L9 (jourdodosy)
[ouedoid-¢
00T 008 09Z°0 oV T-56-801 [ouayq
L0 6 161°0 wory €-02-16 ouoreyydeN
009 000L 870 21\ €-bS-011 QUEXOH-U
8 0€¢ oy 6 6 99 S18°0 PIvV 0-00-0S PPAyoprewIog
88L 00% 76€°0 A1 1-12-L01 [094]3 dua[Ag
00€ 00L 000°01 000C 0€CT0 wory 7147001 auozuaqAyiyg
0001 0001 000T 000€ 000€ 8LT0 RLe| I-16-€C1 QUEXOI(-H*[
. . o (apriofyo duaAyIaA)
00€ 00€ 009 00t 0001 887°0 oleH T-60-SL SUEUISWOIOTDICT
. on- (sproryaIp SUAAT)
009 LYT0 oleH 2-90-L01 SURROIOMUOIA-Z° ]
01 00T 000C 008 991°0 01D L-9%-901 QUOZUSQOIONYII(T-H'
(qdd) (qdd) (qdd) (w/3ni) (wy/3ni) (w/3ni) 4add 0)
yrroayd gojeIpIULIdIU] IV Jruoay) pu-8 ;MY Qo S - M”_M«.”w .SQM.“M punodwor)
:10)J%,] UOIS.I2AUO, *
op-g I YASLV o¢-g T4 VHHAO VO 1eq ot 9

(panunuos) spunodwo? sjuebiQ aji}e|oA Pald3Ias 10} }SaIalU] JO sUoneUadU0) -9 F19VL

35

ANSI/ASHRAE Standard 62.1-2013



REFERENCES

B-1.

B-2.

B-3.

B-4.

B-5.

B-6.

B-7.

B-8.

B-9.

B-10.

B-12.

36

ACGIH. 2005. Threshold Limit Values for Chemical
Substances and Physical Agents and Biological Expo-
sure Indices. American Conference of Governmental
Industrial Hygienists, 1330 Kemper Meadow Drive,
Cincinnati, OH 45240-1634. www.acgih.org.

Maximum Concentrations at the Workplace and Biolog-
ical Tolerance Values for Working Materials 2000,
Commission for the Investigation of Health Hazards of
Chemical Compounds in the Work Area, Federal
Republic of Germany.

Martin, W., and A.C. Stern. 1974. The World’s Air
Quality Standards, Vol. 11. The Air Quality Management
Standards of the United States, Table 17, pp. 11-38.
October 1974 (available from NTIS PB-241-876;
National Technical Information Service, 4285 Port
Royal Road, Springfield, VA 22161).

U.S. Environmental Protection Agency. 2008. Code of
Federal Regulations, Title 40, Part 50. National Ambi-
ent Air Quality Standards. www.epa.gov/air/crite-
ria.html.

U.S. Department of Labor, Occupational Safety and
Health Administration. Code of Federal Regulations,
Title 29, Part 1910.1000-1910.1450. www.osha.gov.
U.S. Food and Drug Administration. 2004. Code of
Federal Regulations, Title 21, Part 801.415 (maximum
acceptable levels of ozone), April 1. www.gpoaccess.
gov/cfr/index.htm/.

U.S. Environmental Protection Agency. 1992. 4 Citi-
zen’s Guide to Radon and Technical Support Document
for the Citizen'’s Guide to Radon.

Health Canada. 1995. Exposure Guidelines for Residen-
tial Indoor Air Quality: A Report of the Federal-Provin-
cial Advisory Committee on Environmental and
Occupational Health. Ottawa: Health Canada. www.hc-
sc.gc.ca/hecssesc/air_quality/pdf/tr-156.pdf.

U.S. Environmental Protection Agency. 1990. Compen-
dium of Methods for Determination of Air Pollutants in
Indoor Air. Document No. PB 90-200-288/AS, available
from NTIS, Springfield, VA 22161.

American Society of Testing and Materials. Annual
Book of ASTM Standards, Section 11, Vol. 11.03 Atmo-
spheric Analysis; Occupational Health and Safety.
ASTM, West Conshohocken, PA.

- World Health Organization. 2000. Air Quality Guide-

lines for Europe, 2nd Edition. World Health Organiza-
tion Regional Publications, European Series No. 91.
World Health Organization, Regional Office for Europe,
Copenhagen, www.euro.who.int/document/e71922.pdf.
Commission of the European Communities. 1992.
Report No. 11: Guidelines for Ventilation Requirements
in Buildings. Joint Research Centre, Ispra (Varese),
Italy.

* NIOSH. 2004. NIOSH Pocket Guide to Chemical Haz-

ards (NPG). National Institute for Occupational Safety
and Health, February. www.cdc.gov/niosh/npg/
npg.html.

B-15.

B-17.

B-18.

B-19.

- Shields, H.C., D.M. Fleischer, and C.J. Weschler. 1996.

Comparisons among VOCs measured at three types of
U.S. commercial buildings with different occupant den-
sities. Indoor Air 6(1):2—17.

Devos, M. F. Patte, J. Rouault, P. Laffort, and L.J. Van
Gemert. 1990. Standardized Human Olfactory Thresh-
olds. Oxford University Press, Oxford.

- California Air Resources Board. 2004. Indoor Air

Quality Guideline No. 1, Formaldehyde in the Home.
August. Sacramento, CA. http://www.arb.ca.gov/
research/indoor/formaldGL08-04.pdf.

American Society of Testing and Materials. 2004. Stan-
dard Practice for Conversion Units and Factors Relat-
ing to Sampling and Analysis of Atmospheres, D-1914-
95(2004)el. In Annual Book of ASTM Standards, 2004;
Section Eleven, Water and Environmental Technology,
Vol. 11.03. 100 Barr Harbor Drive, West Con-
shohocken, PA, 19428, www.astm.org.

U.S. Environmental Protection Agency. The Plain Eng-
lish Guide To The Clean Air Act. EPA Office of Air
Quality Planning and Standards. www.epa.gov/oar/
oaqps/peg_caa/pegcaal 1.html.

U.S. Environmental Protection Agency. 1988. Health
and Environmental Effects Profile for Formaldehyde.
EPA/600/x-85/362. Environmental Criteria and Assess-
ment Office, Office of Health and Environmental
Assessment, Office of Research and Development, Cin-
cinnati, OH.

- U.S. Environmental Protection Agency. Formaldehyde;

Hazard Summary. Technology Transfer Network, Air
Toxics Web site, Office of Air Quality Planning and
Standards. www.epa.gov/ttnatw01//hlthef/
formalde.html.

Hodgson, A.T. 1995. A review and a limited compari-
son of methods for measuring total volatile organic
compounds in indoor air. In Indoor Air, Vol. 5, No. 4.

* Brown, S., M.R. Sim, M.J. Abramson, and C.N. Gray.

1994. Concentrations of volatile organic compounds in
indoor air—A review, p. 123-34. In Indoor Air, Vol. 4.
Daisey, J.M., A.T. Hodgson, W.J. Fisk, M.J. Mendell,
and J. Ten Brinks. 1994. Volatile organic compounds in
twelve california office buildings: Classes, concentra-
tions, and sources, p. 3557—62. In Atmospheric Environ-
ment, Vol. 28, No. 22.

* Nielsen et al. 1998. In H. Levin (Ed.), Indoor Air

Guideline Values for Organic Acids, Phenols, and Gly-
col Ethers. Indoor Air Supplement 5/1998. Munks-
gaard, Copenhagen.

* Anonymous. 1999. Jane’s Chem-Bio Handbook. Jane’s

Information Group. Alexandria, Virginia.

* Anderson, K., J.V. Bakke, O Bjerseth, C.-G. Bornehag,

G. Clausen, J.K. Hongslo, M. Kjellman, S. Kjergaard,
F. Levy, L. Molhave, S. Skerfving and J. Sundell. 1997.
TVOC and Health in Non-Industrial Indoor Environ-
ments. Report from a Nordic Scientific Consensus
Meeting at Langholmen in Stockholm, 1996. In Indoor
Air, Vol 7:78-91.

- European Collaborative Action. Total Volatile Organic

Compounds (TVOC) in Indoor Air Quality Investiga-

ANSI/ASHRAE Standard 62.1-2013



B-28.

B-29.

B-30.

B-31.

B-32.

B-33.

B-34.

B-35.

B-36.

B-37.

B-38.

B-39.

tions, Report No. 19 (EUR 17675 EN). Joint Research
Centre, Environment Institute, European Commission.
Ispra, Italy.

Wolkoff, P., P.A. Clausen, B. Jensen, G.D. Nielsen and
C.K. Wilkins. 1997. Are we measuring the relevant
indoor pollutants?, pp. 92—106. In Indoor Air, Vol. 7.
Gunnarsen, L. and P.O. Fanger. 1992. Adaptation to
indoor air pollution, pp. 43—54. In Environment Interna-
tional, Vol. 18.

National Institutes of Safety and Health (NIOSH).
1991. Environmental Tobacco Smoke in the Workplace.
California Environmental Protection Agency (CalEPA).
1997. Health Effects of Exposure to Environmental
Tobacco Smoke, Sept. Available at: www. oehha.ca.gov/
air/environmental_tobacco/finalets.html.

ACGIH. 1999. Bioareosols: Assessment and Control.
American Conference of Governmental Industrial
Hygienists. Cincinnati.

Roach, S.A and S.M. Rappoport. 1990. But they are not
thresholds: A critical analysis, the documentation of
threshold limit values, pp. 727-53. In American Journal
of Industrial Medicine, Vol. 17.

Castleman, B.I and G.E. Ziem. 1988. Corporate influ-
ence on threshold limit values, pp. 531-59. In Am. J.
Ind. Med. Vol. 13.

Bluyssen et al. 1996. European indoor air quality audit
project in 56 office buildings. In Indoor Air. Vol. 6.
California Environmental Protection Agency, Office of
Environmental Health Hazard Assessment. December
18, 2008. Air Toxics Hot Spots Program Risk Assess-
ment Guidelines. Technical Support Document for the
Derivation of Noncancer Reference Exposure Levels.
OEHHA, Sacramento, CA. Available at http:/
www.oehha.org/air/allrels.html.

Womble S.E., E.L. Ronca, JR. Girman, and H.S.
Brightman. 1996. Developing baseline information on
buildings and indoor air quality (BASE ‘95), pp. 109—
17. In Proceedings of IAQ 96/Paths to Better Building
Environments/Health Symptoms in Building Occupants,
Atlanta, Georgia.

Hadwen, G.E., J.E. McCarthy, S.E. Womble, JR Gir-
man, and H.S. Brightman, 1997. Volatile organic com-
pound concentrations in 41 office buildings in the
continental United States, pp. 465-70. In J.E. Woods,
D.T. Grimsrud, and N. Boschi, (Eds.), Proceedings:
Healthy Buildings/[AQ'97. Washington, DC: Vol. 2.
Apte, M.G. and J.M. Daisey. 1999. VOCs and “sick
building syndrome”: Application of a new statistical

ANSI/ASHRAE Standard 62.1-2013

B-40.

B-41.

B-42.

B-43.

B-44.

B-45.

B-46.

B-47.

B-48.

approach for SBS research to US EPA BASE study
data, pp. 117-22. In Proceedings of Indoor Air 99: The
8th International Conference on Indoor Air Quality and
Climate, Edinburgh, Scotland, 8—13 August. Vol. 1.
International Agency for Research on Cancer (IARC).
2004. Monographs on the Evaluation of Carcinogenic
Risks to Humans: Formaldehyde, 2-Butoxyethanol and
1-tert-Butoxy-2-propanol  88:2-9 (June). www.cie.
iarc.fr/htdocs/announcements/vol88.html.

California Air Resources Board. 2005. California
Ambient Air Quality Standards. Sacramento, CA. http://
www.arb.ca.gov/research/aaqs/caaqs/caaqs.htm.
Hodgson, A.T., and H. Levin. 2003. Volatile Organic
Compounds in Indoor Air: A Review of Concentrations
Measured in North America Since 1990. LBL Report
51715, April 2003. http://eetd.lbl.gov/ied/pdf/LBNL-
51715.pdf.

Hodgson, A.T., and H. Levin. 2003. Classification of
Measured Indoor Volatile Organic Compounds Based
on Noncancer Health and Comfort Considerations. LBL
Report 53308. Lawrence Berkeley National Laboratory,
September  2003.  http://eetd.lbl.gov/ied/pdf/LBNL-
53308.pdf.

European Commission. 2004. Critical Appraisal of the
Setting and Implementation of Indoor Exposure Limits
in the EU (THE INDEX Project): Summary of Recom-
mendations and Management Options. December 2004,
Joint Research Centre, Institute for Health and Con-
sumer Protection, Physical and Chemical Exposure
Unit, Ispra, Italy. Available at http://ec.europa.eu/health/
index_en.htm.

Levin, H. and A. T. Hodgson. 2006. VOC Concentra-
tions of Interest in North American Offices and Homes.
Proceedings Healthy Buildings 2006, Lisbon, Portugal,
4-8 June, 2006, Vol. I, pp. 233-238.

U.S. Department of Health and Human Services,
Agency for Toxic Substances and Disease Registry
(ATSDR), Jan. 14, 2009. Minimal Risk Levels (MRLs).
Accessible at http://www.atsdr.cdc.gov/mrls/

California Air Resources Board. 2008; Airborne Toxic
Control Measure to Reduce Formaldehyde Emissions
from Composite Wood Products. California Code of
Regulations, Title 17, Sections 93120-93120.12.Also
available at http://www.arb.ca.gov/toxics/compwood/
compwood.htm.

FEMA Procurement Specification, Release Number
HQ-08-056, April 11, 2008. Available at: http://
www.fema.gov/news/newsrelease.fema?id=43180.

37



(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSL)

INFORMATIVE APPENDIX C

RATIONALE FOR MINIMUM PHYSIOLOGICAL
REQUIREMENTS FOR RESPIRATION AIR
BASED ON CO, CONCENTRATION

Oxygen is necessary for metabolism of food to sustain
life. Carbon and hydrogen in foods are oxidized to carbon
dioxide (CO,) and water (H,0), which are eliminated by the
body as waste products. Foods can be classified as carbohy-
drates, fats, and proteins, and the ratio of carbon to hydrogen
in each is somewhat different. The respiratory quotient (RQ)
is the volumetric ratio of CO, produced to oxygen consumed.
It varies from 0.71 for a diet of 100% fat to 0.8 for a diet of
100% protein and 1.00 for a diet of 100% carbohydrates (see
Reference C-1). A value of RQ = 0.83 applies to a normal diet
mix of fat, carbohydrate, and protein.

The rate at which oxygen is consumed and CO, is gener-
ated depends on physical activity. These relationships are
shown in Figure C-2 (see Reference C-2). The breathing rate
is shown also. A simple mass balance equation gives the out-
door airflow rate needed to maintain the steady-state CO,
concentration below a given limit.

Vo= NI(Cs~Cp) (C-1
where
V, = outdoor airflow rate per person
V, = breathing rate
N = CO, generation rate per person
C, = CO, concentration in exhaled breath
C, = CO, concentration in the space
C, = CO, concentration in outdoor air

For example, at an activity level of 1.2 met units (1.0 met
= 184 Btu/h-ftz), corresponding to sedentary persons, the
CO, generation rate is 0.31 L/min. Laboratory and field stud-
ies have shown that with sedentary persons aboutl5 cfm
(7.5 L/s) per person of outdoor air will dilute odors from
human bioeffluents to levels that will satisfy a substantial
majority (about 80%) of unadapted persons (visitors) to a
space.C'3’C'4’C'5’C'6’C'7 If the ventilation rate is to be held to
15 cfm (7.5 L/s) per person, the resulting steady-state CO,
concentration relative to that in the outdoor air is

C,—C,=N/V,
=0.31/(7.5 x 60 s/min)
=0.000689 L of CO, per L of air

=~ 700 ppm
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Figure C-2 Metabolic data.

Thus, maintaining a steady-state CO, concentration in a
space no greater than about 700 ppm above outdoor air levels
will indicate that a substantial majority of visitors entering a
space will be satisfied with respect to human bioeffluents
(body odor). A more detailed discussion of this relationship
between CO, concentrations and the perception of bioefflu-
ents, as well as the use of indoor CO, to estimate building
ventilation rates, is contained in ASTM Standard D6245.68

CO, concentrations in acceptable outdoor air typically
range from 300 to 500 ppm. High CO, concentrations in the
outdoor air can be an indicator of combustion and/or other
contaminant sources.

Figure C-3 shows the outdoor airflow rate required as a
function of physical activity and steady-state room concentra-
tion. If the activity level is greater than 1.2 met, the required
ventilation must be increased to maintain the same CO, level.

Also the decrease in oxygen content of the room air can be
found from Equation C-1 when oxygen concentration is substi-
tuted for carbon dioxide concentration.

c,—C,=NIV, (C-2)
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PHYSICAL ACTIVITY, MET UNITS

Figure C-3 Ventilation requirements.

The term N now has a negative value with respect to its
use in Equation C-1 since oxygen is consumed rather than
generated.

c,=C,— NIV, (C-3)

The oxygen consumption rate is 0.0127 c¢fm (0.36 L/min)
when the activity level is 1.2 met. For ventilation at a rate of
15 cfm (429 L/m) and an activity level of 1.2 met units, the
room oxygen level will be reduced from an outdoor concen-
tration of 20.95% to 20.85%, a percent change of 0.48%
([20.95 —20.85]/20.95). Unlike oxygen, CO, is generated as a
result of activity. At 1.2 met, the CO, indoors is raised from

ANSI/ASHRAE Standard 62.1-2013

the outdoor background of 0.03% to 0.1%, a percent change
of 230%. Thus, measuring the increase of CO, is clearly more
significant than measuring the decrease of oxygen.
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(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSL)

INFORMATIVE APPENDIX D
ACCEPTABLE MASS BALANCE EQUATIONS
FOR USE WITH THE IAQ PROCEDURE

When applying the Indoor Air Quality (IAQ) Procedure
from Section 6.3, mass balance analysis may be employed to
determine outdoor air ventilation requirements to control

indoor contaminant levels. Table D-1 presents mass balance
equations for analysis of single-zone systems.Figures D-1 and
D-2 show representative single-zone systems. A filter may be
located in the recirculated airstream (location A) or in the sup-
ply (mixed) airstream (location B).

Variable-air-volume (VAV) single-zone systems reduce the
circulation rate when the thermal load is lower than the design
load. This is accounted for by a flow reduction fraction (F,.).

A mass balance equation for the contaminant-of-concern
may be written and used to determine the required outdoor
airflow or the breathing zone contaminant concentration for
the various system arrangements. Six permutations for air-
handling and single-zone air distribution systems are
described in Table D-1. The mass balance equations for com-
puting the required outdoor airflow and the breathing-zone

TABLE D-1 Required Zone Outdoor Airflow or Space Breathing Zone Contaminant Concentration with
Recirculation and Filtration for Single-Zone Systems

Required Recirculation Rate

Required Zone Outdoor Airflow

Space Breathing Zone

Filte'r Flow Ol.ltdOOI' (¥, in Section 6) Contaminant Concentration
Location Airflow
None VAV 100% V,, = N Cp, = C,+ N
EzFr(Cbz - Co) EzFr Voz
N-ERV E C N+EV C
A Constant Constant v, = ——07" 1 b b = Z 02 9
E(C,.-C,) EZ(VUZ+RV,.EJ-)
N-EF RV EC N+EV_ C
A VAV Constant or = Zr rf b C,, = =020
Ez(Cbz - Co) Ez(Voz + FrR VrEf)
N—-E_RV E.C N+EV (1-E/)C
B Constant Constant V,. = Z_rf bz Cy. = = o:( DS
Ez[Cbz_(l_Ef)(Ca)] Ez(Voz+RVrEf)
N+EFV (1-E)C
B VAV 100% V,. = N pe = Vo1 E)C,
EF.[Cp.—(1-E[)(C,)] EEV,.
N-EF RV E C N+EV (1-E,)C
B VAV Constant V,, = L i i C,, = Vo AL
Ez[Chz_(l _Ef)(co)] Ez(Voz+FrRVrEf)
Symbol or Subscript Definition
A, B filter location
V volumetric flow
C contaminant concentration
E, zone air distribution effectiveness
Ey filter efficiency
E, design flow reduction fraction factor
N contaminant generation rate
R recirculation flow factor
Subscript: o outdoor
Subscript: return
Subscript: b breathing
Subscript: z zone
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FIGURE D-1 Ventilation system schematic—constant
volume system with no infiltration/exfiltration. (*V,;= V,,
for single-zone systems.

contaminant concentration at steady-state conditions for each
single-zone system are presented in Table D-1.

If the allowable breathing zone contaminate concentra-
tion is specified, the equations in Table D-1 may be solved for
the zone outdoor airflow rate (V,,). When the zone outdoor
airflow rate is specified, the equations may be solved for the
resulting breathing zone contaminant concentration.
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FIGURE D-2 Ventilation system schematic—variable air
volume system with no infiltration/exfiltration. (*V,; = V,,
for single-zone systems.

While the calculation methods in this appendix are based
on single-zone systems and steady-state analysis, calculation
methods that account for multiple-zone and transient effects
are also available.P-!

REFERENCE

D-1'pols, W.S., and G.N. Walton. 2002. CONTAMW 2.0 User
Manual. National Institute of Standards and Technology,
NISTIR 6921.
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This appendix is not part of this standard. It is merely informative and does not contain requirements necessary for con-
formance to the standard. It has not been processed according to the ANSI requirements for a standard and may contain
material that has not been subject to public review or a consensus process. Unresolved objectors on informative material
are not offered the right to appeal at ASHRAE or ANSI.)

INFORMATIVE APPENDIX E
INFORMATION ON SELECTED NATIONAL STANDARDS AND
GUIDELINES FOR PM10, PM 2.5 AND OZONE

TABLE E-1 Information Sources for Identifying Non-Complying Locations
(Information Current as of August 1, 2013)

Country PM10 PM2.5 Ozone
Find non-attainment areas at: ~ Find nonattainment areas at: http:/  ASHRAE 62.1-2013 air cleaning requirement:
United States http://www.epa.gov/ /www.epa.gov/oaqps001/ See Table E-2 for a list of U.S. locations exceeding
0aqps001/greenbk/index.html  greenbk/index.html the 0.107 level as of 07/31/13
National Building Code of National Building Code of National Building Code of
Canada Canada 2010—Part 6, HVAC  Canada 2010—Part 6, HVAC Canada 2010—Part 6, HVAC
www.nationalcodes.ca www.nationalcodes.ca www.nationalcodes.ca

TABLE E-2 United States Locations Exceeding Design Value of 0.107 ppm for Ozone
(Locations as of July 31, 2013)

State Name County Name
California Los Angeles (partial)
California Orange

California Riverside (partial)
California San Bernardino (partial)

Note: Design values for locations in the United States can be found at www.epa.gov/airtrends and by clicking at the Design Values tab.
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(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSL)

INFORMATIVE APPENDIX F
SEPARATION OF EXHAUST OUTLETS
AND OUTDOOR AIR INTAKES

F1. GENERAL

Exhaust air and vent outlets, as defined in Table 5.5.1, shall
be located no closer to outdoor air intakes, and operable win-
dows, skylights, and doors, both those on the subject property
and those on adjacent properties, than the minimum separation
distance (L) specified in this section. The distance (L) is
defined as the shortest “stretched string” distance measured
from the closest point of the outlet opening to the closest
point of the outdoor air intake opening or operable window,
skylight, or door opening, along a trajectory as if a string
were stretched between them.

F1.1 Application
Exhaust outlets and outdoor air intakes or other openings
shall be separated in accordance with the following.

Exception: Laboratory fume hood exhaust air outlets shall
be in compliance with NFPA 45-2004 and ANSI/ATHA
79.5-2003.

F1.2 Outdoor Air Intakes. Minimum separation distance
between exhaust air/vent outlets as defined in Table 5.5.1 and
outdoor air intakes to mechanical ventilation systems or oper-
able windows, skylights, and doors that are required as part of
natural ventilation systems shall be equal to distance (L)
determined in accordance with Section F3.

Exception: Separation distances do not apply when exhaust
and outdoor air intake systems do not operate simultane-
ously.

F1.3 Other Building Openings. Minimum separation dis-
tance between building exhaust air/vent outlets as defined in
Table 5.5.1 and operable openings to occupiable spaces shall
be half of the distance (L) determined in accordance with
Section F3. Minimum separation distance between high odor
intensity or noxious or dangerous exhaust air/vent outlets and
operable openings to occupiable spaces shall be equal to the
distance (L) determined in accordance with Section F3.

F1.4 Additional Limitations for Noxious or Dangerous
Air. Minimum separation distance between exhausts located
less than 65 ft (20 m) vertically below outdoor air intakes or
operable windows and doors shall be equal to a horizontal
separation only as determined in accordance with Section F3;
no credit may be taken for any vertical separation.

F1.5 Equipment Wells. Exhaust air outlets that terminate in
an equipment well that also encloses an outdoor air intake
shall meet the separation requirements of this section and, in
addition, shall either
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TABLE F2-1 Minimum Separation Distance

Exhaust Air Class Separation Distance,
(See Section 5.16) L, ft (m)

Significant contaminant or odor intensity 15 (5)

(Class 3)

Noxious or dangerous particles (Class 4) 30 (10)

TABLE F2-2 Minimum Dilution Factors

Exhaust Air Class

(See Section 5.16) Dilution Factor (DF)

Significant contaminant or odor

intensity (Class 3) 15

Noxious or dangerous particles (Class 4)  50*

*Does not apply to fume hood exhaust. See Section F2.

a. terminate at or above the highest enclosing wall and dis-
charge air upward at a velocity exceeding 1000 fpm (5 m/s)
or

b. terminate 3 ft (1 m) above the highest enclosing wall (with
no minimum velocity).

Exception: Low contaminant or intensity air.

For the purpose of this section, an equipment well is an
area (typically on the roof) enclosed on three or four sides by
walls that are less than 75% free area, and the lesser of the
length and width of the enclosure is less than three times the
average height of the walls. The free area of the wall is the
ratio of area of the openings through the wall, such as open-
ings between louver blades and undercuts, divided by the
gross area (length times height) of the wall.

F1.6 Property Lines. Minimum separation distance between
exhaust air/vent outlets and property lines shall be half of the
distance (L) determined in accordance with Section F3. For
significant contaminant or odor intensity exhaust air, where
the property line abuts a street or other public way, no mini-
mum separation is required if exhaust termination is 10 ft (3
m) above grade.

F2. DETERMINING DISTANCE L

Separation distance (L) shall be determined using any of
the following approaches:

a. Use the values of L in Table F2-1.

b. Calculate L in accordance with Equation F2-1 or F2-2.

c. Determine L using any calculation or test procedure
approved by the authority having jurisdiction that shows
that the proposed design will result in equivalent or
greater dilution factors than those specified in Table F2-2.

L = 0.09-.O-(JDF-U/400) infeet (I-P) (F2-1)
L =004-.J0-(J/DF-U/2) inmeters(SI) (F2-2)
where

0 =

exhaust air volume, cfm (L/s). For gravity vents, such as
plumbing vents, use an exhaust rate of 150 cfm (75 L/s).
For flue vents from fuel-burning appliances, assume a
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U is zero
when discharged
1in this direction -

- U is negative
when discharged
S~ in this direction

U is positive
when discharged
in this direction

Closest Exhaust
Point

U is zero
when discharged
in this direction

FIGURE F2-1 Exhaust air discharge velocity (U).

value of 250 cfm per million Btu/h (0.43 L/s per kW) of
combustion input (or obtain actual rates from the
combustion appliance manufacturer.

DF

dilution factor, which is the ratio of outdoor air to
entrained exhaust air in the outdoor air intake. The
minimum dilution factor shall be determined as a
function of exhaust air class in Table F2-2.

For exhaust air composed of more than one class of air,
the dilution factor shall be determined by averaging the dilu-
tion factors by the volume fraction of each class:

DF = E (DFi'Qi)
30,

where

DF; = dilution factor from Table F2-2 for class i air and Q; is
the volumetric flow rate of class i air in the exhaust
airstream.

U = exhaust air discharge velocity, fpm (m/s). As shown

in Figure F2-1, U shall have a positive value when
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-_— OA intake

the exhaust is directed away from the outdoor air
intake at an angle that is greater than 45 degrees from
the direction of a line drawn from the closest exhaust
point the edge of the intake; U shall have a negative
value when the exhaust is directed toward the intake
bounded by lines drawn from the closest exhaust
point the edge of the intake; and U shall be set to zero
for other exhaust air directions regardless of actual
velocity. U shall be set to 0 in Equation F2-1 for
vents from gravity (atmospheric) fuel-fired
appliances, plumbing vents, and other nonpowered
exhausts, or if the exhaust discharge is covered by a
cap or other device that dissipates the exhaust
airstream. For hot gas exhausts such as combustion
products, an effective additional 500 fpm (2.5 m/s)
upward velocity shall be added to the actual
discharge velocity if the exhaust stream is aimed
directly upward and unimpeded by devices such as
flue caps or louvers.
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(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSL)

INFORMATIVE APPENDIX G
APPLICATION AND COMPLIANCE

This appendix contains application and compliance sug-
gestions that are intended to assist users and enforcement
agencies in applying this standard.

For the most part, ANSI/ASHRAE Standard 62.1-2013 is
specifically written for new buildings because some of its
requirements assume that other requirements within the stan-
dard have been met. In the case of existing buildings, retroac-
tive application and compliance with all the requirements of
this standard may not be practical. However, the principles
established in this standard may be applied to most existing
commercial and institutional buildings. Some existing build-
ings may achieve acceptable IAQ despite not meeting the
requirements of Standard 62.1-2013 due to, for example,
good maintenance and capital improvement procedures,
building materials that, by virtue of their age, have very low
contaminant emission rates, and many other factors.

G1. APPLICATION

G1.1 New Buildings. All sections and normative appendices
should apply to new buildings falling within the scope of this
standard.

G1.2 Existing Buildings. The standard should be applied to
existing buildings at least in the circumstances described in
the following subsections.

G1.2.1 Additions to Existing Buildings. All additions to
existing buildings should meet the requirements of this stan-
dard as if the addition were a new building. An exception may
be made when an existing ventilation system is extended to
serve the addition. In this case, the existing system compo-
nents, such as fans and cooling and heating equipment, need
not meet the requirements of this standard. However, the
extended existing system should remain in compliance with
ventilation codes and standards that were in effect at the time
it was permitted for construction.

G1.2.2 Repairs. Repairing (making operational) existing
equipment or other building components does not require the
building or any of its components to retroactively comply
with this standard.

G1.2.3 Replacement. Any component of a building that is
removed and replaced should meet the applicable require-
ments of Section 5, “Systems and Equipment,” of this stan-
dard for that component. An exception may be made in cases
when replacing a component of like size and kind, provided
all requirements of codes and standards used at the time of
original system design and installation are met. For example,
replacement of an air-conditioning unit with one of similar
capacity would not require retroactive compliance with venti-
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lation rates and other requirements of this standard. Unaltered
components do not need to be retroactively brought into com-
pliance except when there are substantial alterations (as
defined below).

G1.2.4 Substantial Alterations. If a building is substan-
tially altered, the requirements of this standard should be met
as if the building were new. A building would be considered
substantially altered if the cost of the revisions exceeds 50%
of the building’s fair market value, excluding the cost of com-
pliance with this standard.

G1.2.5 Change in Use. If the space application category as
listed in Table 6.2.2.1 changes, such as from office to retail,
the minimum ventilation rates required by Section 6, “Proce-
dures,” should be met for that space.

G2. COMPLIANCE

Demonstrating that acceptable IAQ has been achieved,
such as by measuring contaminant concentrations or survey-
ing occupants, would not be required by this standard except
where required by the IAQ Procedure.

The following section provides suggested model code lan-
guage.

APPLICATION AND COMPLIANCE

Application

New Buildings. All sections and normative appendices
apply to new buildings falling within the scope of this stan-
dard.

Existing Buildings

Additions to Existing Buildings. All additions to existing
buildings within the scope of this standard shall meet the
requirements of all sections and normative appendices.
Exception: When an existing ventilation system is extended

to serve an addition, the existing system components,
such as fans and cooling and heating equipment, need
not meet the requirements of this standard. However, the
extended existing system must remain in compliance with
ventilation codes and standards that were in effect at the
time it was permitted for construction.

Repairs. Repairing (making operational) existing equip-
ment or other building components shall be allowed without
requiring the building or any of its components to comply
with this standard.

Replacement. Any component of a building that is
removed and replaced shall meet the applicable requirements
of Section 5, “Systems and Equipment,” of this standard for
that component. Unaltered components are not required to be
brought into compliance except as required due to a change
in use.

Exception: Replacement of a building component or individ-
ual piece of equipment with a component of like size and
kind, provided that all requirements of codes effective at
the time of original system design and installation are
met. For example, replacement of an air-conditioning
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unit with one of similar capacity would not require that
the ventilation rate requirements and other requirements
of this standard be met.

Substantial Alterations. If a building is substantially
altered, all sections and normative appendices of this stan-
dard shall be met as if the building were new. A building shall
be considered substantially altered if the cost of the revisions
exceeds 50% of the building’s fair market value, excluding the
cost of compliance with all sections and normative appendi-
ces of this standard.
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Change in Use. If the space application category as
listed in Table 2 changes, such as from office to retail, the
minimum ventilation rates required by Section 6, “Proce-
dures,” shall be met for that space.

Compliance

Demonstrating that acceptable IAQ has been achieved,
such as by measuring contaminant concentrations or survey-
ing occupants, is not required by this standard except where
required by the IAQ Procedure.
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(This appendix is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been pro-
cessed according to the ANSI requirements for a standard
and may contain material that has not been subject to
public review or a consensus process. Unresolved objec-
tors on informative material are not offered the right to
appeal at ASHRAE or ANSL)

INFORMATIVE APPENDIX H
DOCUMENTATION

This appendix summarizes the requirements for docu-
mentation contained in the body of the standard using a series
of templates that summarizes the design criteria used and
assumptions made to comply with this standard. One way to
comply with the documentation requirements of the standard
is to complete these templates as appropriate during the proj-
ect design process.

H1. OUTDOOR AIR QUALITY

Section 4.3 of this standard requires an investigation of
the outdoor air quality in the vicinity of the project site. This
template offers a means of documenting the results of both
the regional and local investigations and the conclusions

reached concerning the acceptability of the outdoor air qual-
ity for indoor ventilation.

H2. BUILDING VENTILATION DESIGN CRITERIA

This template provides a means of documenting signifi-
cant design criteria for the overall building. Only the last col-
umn, in accordance with Section 5.1.3, is specifically required
by the standard. The other columns are motivated by the gen-
eral documentation requirement described in Section 6.6.

H3. VENTILATION RATE PROCEDURE

Section 6.2 permits the use of this prescription-based
procedure to design ventilation systems. This template docu-
ments the assumptions made when using this procedure as
required by Sections 5.16.4 and 6.6.

H4. 1AQ PROCEDURE

Section 6.3 permits the use of this performance-based
procedure to design ventilation systems. This template docu-
ments the design criteria and assumptions made when using
this procedure and justification of the design approach, as
required by Section 6.3.2.

TABLE H-1

Regional Outdoor Air Quality Pollutants

Attainment or Nonattainment According to the U.S. Environmental Protection Agency

Particulates (PM 2.5) (Yes/No)
Particulates (PM 10) (Yes/No)
Carbon monoxide—1 hour/8 hours (Yes/No)
Ozone (Yes/No)
Nitrogen dioxide (Yes/No)
Lead (Yes/No)
Sulfur Dioxide (Yes/No)
Local Outdoor Air Quality Survey Date: Time:

a) Area surveyed

(Brief description of the site)

(Brief description type of facilities—industrial, commercial, hospitality, etc.)

b) Nearby facilities

(List and describe)
¢) Odors or irritants

(List and describe)
d) Visible plumes

(List and describe)
e) Nearby sources of vehicle exhaust

(Direction)

f) Prevailing winds

g) Other observations

Conclusions

(Remarks concerning the acceptability of the outdoor air quality)

ANSI/ASHRAE Standard 62.1-2013
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TABLE H-2

Building Ventilation Design Criteria

o Outdoor Air Cleaning Required Occupied Space Relative Humidity
Total Total Building (See Section 6.2.1) (Choose One Criterion per Section 5.9.1)
Building Exhaust Air Air Balancing
Outdoor Air | (see Section Particulate Peak Outdoor DP at Lowest Space SHR at (See Section 5.1.3)

Ozone Peak Indoor Latent Concurrent
Intake 5.9.2) Matter
Load Outdoor Condition
(cfm) (cfm) (Yes/No) (Yes/No) (% RH based on (% RH based on (NEBB, AABC, etc.)
equipment selection) equipment selection)
TABLE H-3
Space Occupant Zone Air System
P . . Space Type p Rate/Person | Rate/SF Distribution Ventilation Class of Air
Identification Density . .
Effectiveness Efficiency

(List number or (List occupancy (People/ (cfm or L/s) (cfmor L/s) | (Table 6.2.2.2) (Table 6.2.5.2 or | (Tables 5.16.1 or
name of each category of the ft2 or mz) Appendix A) 6.2.21; include
ventilation zone, space from justification for

such as office
number or name,
retail space name,
classroom number)

Table 6.2.2.1 such
as office space,
retail sales,
classroom age 5-8,
etc.)

classification if not in
these tables)
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TABLE H-4

TIAQ Procedure Assumptions

Contaminant Target Concentration

Contaminant of |[Contaminant Contaminant Cognizant Perceived Design
Concern Source Strength Limit EXQOS“r ¢ Authority 1AQ Approach
Period
Reference
(Identify (Identify (Determine (List) (List) (List) (Percentage of (Select from Section
and list) and list) and list) satisfied building 6.3.4 and include
occupants) justification)

ANSI/ASHRAE Standard 62.1-2013
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(This appendix is not part of this standard. It is merely informative and does not contain requirements necessary for con-
formance to the standard. It has not been processed according to the ANSI requirements for a standard and may contain
material that has not been subject to public review or a consensus process. Unresolved objectors on informative material
are not offered the right to appeal at ASHRAE or ANSI.)

INFORMATIVE APPENDIX |
NATIONAL AMBIENT AIR QUALITY STANDARDS

For locations within the United States, the following table shows the ambient air quality standards that determine the
regional air quality status of “attainment” or “nonattainment” for the building location.

TABLE I-1 National Ambient Air Quality Standards (NAAQS)""

Pollutant Primary Stds. Averaging Times Secondary Stds.
9 ppm (10 mg/m?) 8-hour? None

Carbon monoxide
35 ppm (40 mg/m°) 1-hour? None

Lead 0.15 pg/m? Rolling three-month average Same as primary
100 ppb 1-hour® —

Nitrogen dioxide

0.053 ppm (100 pg/m>)

Annual (arithmetic mean)

Same as primary

Particulate matter (PM;) 150 pg/m> 24-hour® Same as primary
12 ug/m3 Annual4 (arithmetic mean) 15 pg/m3
Particulate matter (PM, 5)
35 pg/m’ 24-hour® Same as primary
Ozone 0.075 ppm 8-hour® Same as primary
75 ppb 1-hour —
Sulfur dioxide
— 3-hourV 0.5 ppm

. Not to be exceeded more than once per year.

. 98th percentile, averaged over 3 years

. Not to be exceeded more than once per year on average over 3 years.

. Average over three years.

. 3-year average of the fourth-highest daily maximum 8-hour average ozone concentration.
. 99th percentile of 1-hour daily maximum concentrations, averaged over 3 years.

0o a0 o

REFERENCES

'l National Primary and Secondary Ambient Air Quality

Standards, Code of Federal Regulations, Title 40 Part 50
(40 CFR 50), as amended July 30, 2004 and Oct. 17,

2006. U.S. Environmental Protection Agency.
www.epa.gov/air/criteria.html, accessed January 30,
2013.
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INFORMATIVE APPENDIX J
ADDENDA DESCRIPTION INFORMATION

ANSI/ASHRAE Standard 62.1-2013 incorporates ANSI/ASHRAE Standard 62.1-2010 and Addenda a, b, ¢, d, e, h, [, m, n
and o to ANSI/ASHRAE Standard 62.1-2010. Table J-1 lists each addendum and describes the way in which the standard is
affected by the change. It also lists the ASHRAE and ANSI approval dates for each addendum.

TABLE J-1 Addenda to ANSI/ASHRAE Standard 62.1-2010, Changes Identified

Approval Dates:
* Standards Committee
* ASHRAE BOD
* ANSI

Addendum Section(s) Affected Description of Changes*

Research data was presented to the SSPC through the continuous
maintenance process that showed that adjustments to Table 6-2 — Zone Air
Distribution Effectiveness were warranted. This addendum specifies that an
underfloor air distribution system that provides low velocity air at 4.5 ft
above the floor (less than 50 fpm) provides improved ventilation
effectiveness, allowing them to be assigned a value of 1.2 for E,, rather than
the previous value of 1.0. Related language in Table 6-2 was clarified.

Table 6-2, Zone Air
a Distribution
Effectiveness

June 26, 2010
June 30, 2010
July 1, 2012

A change proposal submitted to ASHRAE pointed out to the SSPC that the
requirements for the quality of water used in humidifiers and water-spray
systems could potentially be misinterpreted. In response, changes to the
wording of Sections 5.12 and 5.12.1 are being incorporated that are intended

5.12 Humidifiers
and Water-Spray

Systems; to clarify the requirements. Water that is used must meet or exceed potable June 22, 2013
b 3121 Water water quality standards, and no chemicals may be added other than those June 26, 2013
Quality; quatty ’ Y June 27, 2013

8.4.1.3 Humidifiers;
9 References

3 Definitions;
c 5.9.2 Exfiltration;
6.2.7.1.3

6.5 Exhaust
Ventilation

3 Definitions;
e 5.3 Ventilation
System Controls

specified. In addition, use of certain chemicals is limited to systems using
automated dosing equipment. Requirements for maintenance of the
automated dosing equipment are added to Section 8. These requirements
exist to reduce the risk of water treatment chemicals creating poor IAQ.

This addendum clarifies Section 5.9.2 regarding the conditions under which
the ventilation system must be operated to provide exfiltration. It also
changes the definition of “exfiltration” in Section 3 and modifies Section
6.2.7.1.3 to require compliance with 5.9.2, rather than restating requirements
which may possibly become inconsistent with 5.9.2.

Standard 62.1 currently includes alternate paths for determination of
ventilation supply quantities — the Ventilation Rate Procedure (VRP) and the
Indoor Air Quality Procedure (IAQP). Exhaust rates, on the other hand, are
specified by Table 6-4, and no performance or demand controlled alternative
exists. This addendum was developed in response to a change proposal
requesting that demand controlled exhaust systems be allowed for enclosed
garages. The SSPC was not comfortable with specifying means of
controlling such variable exhaust rates. The SSPC did, however, conclude
that it was appropriate to add an alternate exhaust rate design procedure that
allows the designer a performance path. This new performance path is
similar to the IAQP, but has significant differences, particularly the
requirement that contaminant levels be monitored and the exhaust system be
controlled to maintain contaminant concentrations at acceptable levels.

This addendum has been issued in response to a change proposal and is
intended to clarify requirements for system control needed to assure that
provided ventilation rates meet the standard at all conditions.

January 29, 2011
February 2, 2011
February 3, 2011

June 25, 2011
June 29, 2011
June 30, 2011

June 25, 2011
June 29, 2011
June 30, 2011

* These descriptions may not be complete and are provided for information only.
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TABLE J-1 Addenda to ANSI/ASHRAE Standard 62.1-2010, Changes Identified

Approval Dates:
¢ Standards Committee

Addendum Section(s) Affected « ASHRAE BOD

Description of Changes*

* ANSI

Table 6-1,
Minimum

Ventilation Rates in

Breathing Zone

Table 6-1,
Minimum

Ventilation Rates in

Breathing Zone

7.2.2 Air Balancing;

9 References

5.8 Particulate

Matter Removal

Table 6-4 Minimum

Exhaust Rates

62.1-2010, Table 6-1, includes ventilation rates for “Sports arena (play
area)” and “Gym, stadium (play area).” Both space types have ventilation
rates based on floor area only, the per person rate is zero. Users of the
standard have expressed interest in applying demand controlled ventilation
to these space types, which is effectively prohibited by the lack of a per
person component to the ventilation rate. This addendum replaces both of
these space types with “Gym, Sports Arena (play area)”, with Rp =20 cfm/
person and Ra = 0.06 cfm/ft*> and assigns this new space type with an air

class of 2 rather than class 1 from the first publication public review version.

This addendum adds a refrigerated warehouse space type to Table 6-1,
providing revised ventilation rates for these spaces. These rates include a
“People Outdoor Air Rate, R,” which will require ventilation during periods
of expected occupancy, but do not include an “Area Outdoor Air Rate, R,”
which will allow the ventilation rate to be zero for refrigerated warehouses
with no occupants. Note E to Table 6-1 is modified to indicate that if
combustion powered equipment (e.g., a propane forklift) is used in the
space, additional ventilation is required.

This addendum resulted from a change proposal which recommended
adding the National Standards for Total System Balance issued by the
Associated Air Balance Council (AABC) as an equivalent method of
balancing ventilation systems in Section 7.2.2 (Air Balancing). This would
be in addition to ASHRAE Standard 111 and the SMACNA standard. Public
review comments argued that it was inappropriate to include a list of
equivalent standards and that it was difficult for enforcement personnel to
determine if other standards were “equivalent.” The SSPC decided to restrict
the list to ASHRAE 111, and revise the language to “national standard” to
make it clear that standards by SMACNA, AABC and others were
acceptable without requiring evaluation of their different requirements.

This addendum increases the filter requirements from MERV 6 to MERV 8.
This will reduce the potential for particulate deposition on cooling coils that
could lead to biological or other contamination on the coils. In addition, it
brings the requirement inline with ANSI/ASHRAE/USGBC/IES Standard

189.1-2011, Standard for the Design of High-Performance Green Buildings.

This addendum resulted from two very similar change proposals addressing
reuse of air from toilet exhausts after it is cleaned. The original proposals
would have redefined “air, exhaust” and allowed reuse of cleaned air that
would otherwise be exhausted. The SSPC identified a number of difficulties
with the original language, but agreed that limiting recirculated exhaust air
to toilet exhaust only was workable.

June 23, 2012
June 27,2012
June 28,2012

June 23,2012
June 27, 2012
June 28, 2012

June 22, 2013
June 26, 2013
June 27,2013

April 2,2013
April 15,2013
April 16,2013

June 22, 2013
June 26, 2013
July 24,2013

* These descriptions may not be complete and are provided for information only.
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NOTICE

INSTRUCTIONS FOR SUBMITTING A PROPOSED CHANGE TO
THIS STANDARD UNDER CONTINUOUS MAINTENANCE

This standard is maintained under continuous maintenance procedures by a Standing Standard Project Committee (SSPC) for
which the Standards Committee has established a documented program for regular publication of addenda or revisions, includ-
ing procedures for timely, documented, consensus action on requests for change to any part of the standard. SSPC consider-
ation will be given to proposed changes within 13 months of receipt by the manager of standards (MOS).

Proposed changes must be submitted to the MOS in the latest published format available from the MOS. However, the MOS
may accept proposed changes in an earlier published format if the MOS concludes that the differences are immaterial to the
proposed change submittal. If the MOS concludes that a current form must be utilized, the proposer may be given up to
20 additional days to resubmit the proposed changes in the current format.

ELECTRONIC PREPARATION/SUBMISSION OF FORM
FOR PROPOSING CHANGES

An electronic version of each change, which must comply with the instructions in the Notice and the Form, is the preferred
form of submittal to ASHRAE Headquarters at the address shown below. The electronic format facilitates both paper-based
and computer-based processing. Submittal in paper form is acceptable. The following instructions apply to change proposals
submitted in electronic form.

Use the appropriate file format for your word processor and save the file in either a recent version of Microsoft Word (pre-
ferred) or another commonly used word-processing program. Please save each change proposal file with a different name (for
example, “prop0l.doc,” “prop02.doc,” etc.). If supplemental background documents to support changes submitted are
included, it is preferred that they also be in electronic form as word-processed or scanned documents.

For files submitted attached to an e-mail, ASHRAE will accept an electronic signature (as a picture; *.tif, or *.wpg) on the
change submittal form as equivalent to the signature required on the change submittal form to convey non-
exclusive copyright.

Submit an e-mail containing the change proposal files to:
change.proposal@ashrae.org

Alternatively, mail paper versions to:
ASHRAE
Manager of Standards
1791 Tullie Circle, NE
Atlanta, GA 30329-2305

Or fax them to:
Attn: Manager of Standards
404-321-5478

The form and instructions for electronic submittal may be obtained from the Standards section of ASHRAE’s Home
Page, www.ashrae.org, or by contacting a Standards Secretary via phone (404-636-8400), fax (404-321-5478), e-mail
(standards.section@ashrae.org), or mail (1791 Tullie Circle, NE, Atlanta, GA 30329-2305).



FORM FOR SUBMITTAL OF PROPOSED CHANGE TO AN

ASHRAE ASHRAE STANDARD UNDER CONTINUOUS MAINTENANCE

NOTE: Use a separate form for each comment. Submittals (Microsoft Word preferred) may be attached to e-mail (preferred),
or submitted in paper by mail or fax to ASHRAE, Manager of Standards, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305.
E-mail: change.proposal@ashrae.org. Fax: +1-404/321-5478.

1. Submitter:

Affiliation:
Address: City: State: Zip: Country:
Telephone: Fax: E-Mail:

I hereby grant ASHRAE the non-exclusive royalty rights, including non-exclusive rights in copyright, in my proposals. I
understand that I acquire no rights in publication of the standard in which my proposals in this or other analogous form is used.
I hereby attest that [ have the authority and am empowered to grant this copyright release.

Submitter’s signature: Date:

All electronic submittals must have the following statement completed:

I (insert name) , through this electronic signature, hereby grant
ASHRAE the non-exclusive royalty rights, including non-exclusive rights in copyright, in my proposals. I understand that I
acquire no rights in publication of the standard in which my proposals in this or other analogous form is used. I hereby attest
that I have the authority and am empowered to grant this copyright release.

2. Number and year of standard:
3. Page number and clause (section), subclause, or paragraph number:

4.1 propose to: [ ] Change to read as follows [ ] Delete and substitute as follows
(check one) [ 1Add new text as follows [ ] Delete without substitution

Use underscores to show material to be added (added) and strike through material to be deleted (deleted). Use additional pages if needed.

5. Proposed change:

6. Reason and substantiation:

7. Will the proposed change increase the cost of engineering or construction? If yes, provide a brief explanation as
to why the increase is justified.

[ ] Check if additional pages are attached. Number of additional pages:
[ ] Check if attachments or referenced materials cited in this proposal accompany this proposed change. Please verify that all

attachments and references are relevant, current, and clearly labeled to avoid processing and review delays. Please list your
attachments here:
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POLICY STATEMENT DEFINING ASHRAE’S CONCERN
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTIVITIES

ASHRAE is concerned with the impact of its members’ activities on both the indoor and outdoor environment. ASHRAE’s
members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of the systems and
components in their responsibility while maximizing the beneficial effects these systems provide, consistent with accepted
standards and the practical state of the art.

ASHRAE’s short-range goal is to ensure that the systems and components within its scope do not impact the indoor and
outdoor environment to a greater extent than specified by the standards and guidelines as established by itself and other
responsible bodies.

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive technical committee structure,
continue to generate up-to-date standards and guidelines where appropriate and adopt, recommend, and promote those new
and revised standards developed by other responsible organizations.

Through its Handbook, appropriate chapters will contain up-to-date standards and design considerations as the material is
systematically revised.

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and will seek
out and disseminate information from other responsible organizations that is pertinent, as guides to updating standards and
guidelines.

The effects of the design and selection of equipment and systems will be considered within the scope of the system’s
intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered.

ASHRAE’s primary concern for environmental impact will be at the site where equipment within ASHRAE’s scope
operates. However, energy source selection and the possible environmental impact due to the energy source and energy
transportation will be considered where possible. Recommendations concerning energy source selection should be made by
its members.



ASHRAE - 1791 Tullie Circle NE - Atlanta, GA 30329 - www.ashrae.org

About ASHRAE

ASHRAE, founded in 1894, is an international building technology society with more than 50,000 members worldwide.
The Society and its members focus on building systems, energy efficiency, indoor air quality, refrigeration, and
sustainability. Through research, standards writing, publishing, certification and continuing education, ASHRAE shapes
tomorrow’s built environment today.

For more information or to become a member of ASHRAE, visit www.ashrae.org.

To stay current with this and other ASHRAE standards and guidelines, visit www.ashrae.org/standards.

Visit the ASHRAE Bookstore

ASHRAE offers its standards and guidelines in print, as immediately downloadable PDFs, on CD-ROM, and via ASHRAE
Digital Collections, which provides online access with automatic updates as well as historical versions of publications.
Selected standards are also offered in redline versions that indicate the changes made between the active standard and
its previous version. For more information, visit the Standards and Guidelines section of the ASHRAE Bookstore at
www.ashrae.org/bookstore.

IMPORTANT NOTICES ABOUT THIS STANDARD

To ensure that you have all of the approved addenda, errata, and interpretations for this
standard, visit www.ashrae.org/standards to download them free of charge.

Addenda, errata, and interpretations for ASHRAE standards and guidelines are no
longer distributed with copies of the standards and guidelines. ASHRAE provides
these addenda, errata, and interpretations only in electronic form to promote
more sustainable use of resources.
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