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(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 ANSI.)

FOREWORD

Addendum c deletes Informative Appendix C, “Summary of
Selected Air Quality Guidelines,” from Standard 62.1. Appen-
dix C first appeared in Standard 62-1989. Since that time
there have been many additions and modifications. Its pur-
pose is to assist with the IAQ procedure. The committee is
aware of misuse and confusion caused by the information in
its present form. The committee prefers to delete this misused
appendix now. The committee may add back relevant infor-
mative guidance that assists with implementation of the IAQ
procedure in the next version of the standard.

Note: In this addendum, changes to the current standard
are indicated in the text by underlining (for additions) and
strikethrough (for deletions) unless the instructions specifi-
cally mention some other means of indicating the changes. 

6.3.1 Contaminant Sources. Each contaminant of con-
cern, for purposes of the design, shall be identified. For each
contaminant of concern, indoor sources and outdoor sources
shall be identified, and the emission rate for each contaminant
of concern from each source shall be determined. Where two
or more contaminants of concern target the same organ sys-
tem, these contaminants shall be considered to be a contami-
nant mixture.

Informative Note: Informative Appendix C provides
information for some potential contaminants of concern,
including the organs they affect.

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. For each contaminant mixture of
concern, the ratio of the concentration of each contaminant to

its concentration limit shall be determined, and the sum of
these ratios shall be not greater than one.

Exception: Consideration of odors in determining concen-
tration limits shall not be required.

Informative Notes: 
1. Odors are addressed in Section 6.3.4.2.
2. Informative Appendix C includes concentration

guidelines for some potential contaminants of con-
cern. 

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

Informative Notes: Level of acceptability often increases
in response to increased outdoor airflow rates, increased level
of indoor or outdoor air cleaning, or decreased indoor or out-
door contaminant emission rate.

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

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

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
(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.

Informative Note: Informative Appendix C 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.

Informative Note: Informative Appendix C includes con-
centration guidelines for some potential contaminants of con-
cern.

Addendum c to Standard 62.1-2016

Revise Section 6.3.1 as shown.

Revise Section 6.3.2 as shown.

Revise Section 6.3.4.2 as shown.

Revise Section 6.5.2.1 as shown.

Revise Section 6.5.2.2 as shown.

Delete Informative Appendix C in its entirety.
ANSI/ASHRAE Addendum c to ANSI/ASHRAE Standard 62.1-2016 1
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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 ANSI.)

INFORMATIVE APPENDIX C
SUMMARY OF SELECTED
AIR QUALITY GUIDELINES

If particular contaminants are of concern, or if the IAQ Proce-
dure is to be used, acceptable indoor concentrations and expo-
sures 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 cognizant
authority as defined in the standard. Such guidelines or other
limiting values can also be useful for diagnostic purposes. At
present, no single organization develops acceptable concentra-
tions or exposures for all indoor air contaminants, nor are val-
ues available for all contaminants of potential concern. 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 concentration or
exposure has not been published for a contaminant 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 IAQ that can necessar-
ily be met by measuring one or more contaminants.

Table C-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 IAQ 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 C-2 and C-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
IAQ Procedure. Consultation should be sought before select-
ing a particular value for use in calculating ventilation using
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 C-1, C-2, and C-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.”  C-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. 

where

Ci = airborne concentration of the substance

Ti = threshold-limit value of that substance

C1. GUIDELINE VALUES FOR
INDUSTRIAL ENVIRONMENTS

ACGIH threshold limit values, or TLVs®, have been applied
to industrial workplace air contaminants C-1 (Reference C-2 is
the German counterpart). The ACGIH TLVs represent the
maximum acceptable 8-hour, time-weighted average (TWA);
15-minute short-term exposure limit (STEL); and instanta-
neous (ceiling) case limits. It is a source of concentration lim-
its 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
user, “The values listed in this book are intended for use in the
practice of industrial hygiene as guidelines or recommenda-

C1

T 1
------

C2

T 2
------ 

Cn
T n
------+ + +
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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. Indus-
trial health practice attempts to limit worker exposure to inju-
rious 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.

C2. 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 references.
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 pro-
vide 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 contamination
nearby C-3.

C3. REGULATION OF OCCUPATIONAL EXPOSURE
TO AIRBORNE CONTAMINANTS

Regulations of occupational exposure to workplace hazards
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. Because concentration may vary with time,
exposure is typically calculated across the appropriate averag-
ing 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. 

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.

C4. SUBSTANCES LACKING GUIDELINES
AND STANDARDS

For indoor contaminants for which an acceptable concentra-
tion and exposure value has not been established by a cogni-
zant 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.

C5. SUBJECTIVE EVALUATION

Indoor air often contains complex mixtures of contaminants
of concern, such as environmental tobacco smoke C-30,C-31,
infectious and allergenic biological aerosols C-32, and emis-
sions 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 reac-
tion of building occupants exposed to most common mixtures
of substances found in indoor air. There are many toxicologi-
cal 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
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.
ANSI/ASHRAE Addendum c to ANSI/ASHRAE Standard 62.1-2016 3
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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 C-29. 
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Guide for Using TABLE C-1

The substances listed in Table C-1 are common air contaminants in industrial and nonindustrial environments. The values sum-
marized 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 gen-
eral (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 C-33, C-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.
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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 (www.ashrae.org). For personal use only. Additional reproduction, distribution, 
or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.
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About ASHRAE

ASHRAE, founded in 1894, is a global society advancing human well-being through sustainable technology for the
built environment. 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 and Guidelines are also offered in redline versions that indicate the changes made
between the active Standard or Guideline 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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