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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 16814 was prepared by Technical Committee ISO/TC 205, Building environment design. 
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Introduction 

This document is one of a series of International Standards intended for use in the design of buildings and 
heating, ventilation and air conditioning systems. This series of International Standards specifies the methods 
of deriving design criteria for new buildings and systems and the retrofit of existing buildings for acceptable 
indoor environment. The indoor environment includes thermal, acoustic and lighting conditions, and indoor air 
quality (IAQ). 

This International Standard covers methods of expressing IAQ and incorporating the goal of achieving good 
IAQ into the design process. 

This International Standard recognizes that local laws, directives and regulations always apply and this 
document allows a compliance path which is consistent with such requirements. 

The framework is established by the general principle documents. 

This document does not prescribe a specific method but rather refers to existing methods in published 
standards and guidance, as referenced in this document. The referenced methods can be used to specify 
ventilation rates and other design requirements. The methods have in common the fact that they are based on 
a consideration of human health and/or comfort requirements. Therefore, the aim of the methods is to control 
indoor air pollutants to concentration levels below which, under the prevailing hygro-thermal conditions, the 
pollutants do not have the potential to 

⎯ cause a significant risk of adverse health effects, 

⎯ adversely affect the comfort of the majority of occupants. 

The pollutants considered include human bioeffluents, which have often been the principal consideration for 
IAQ and ventilation, but also all groups and sources of pollutants that can reasonably be anticipated to occur 
in the building being designed. The pollutants to be considered can, depending on the sources present, 
include 

⎯ volatile organic compounds (VOCs) and other organics, such as formaldehyde, 

⎯ environmental tobacco smoke (ETS), 

⎯ radon, 

⎯ other inorganic gases, such as ozone, carbon monoxide and oxides of nitrogen, 

⎯ viable particles, including viruses, bacteria and fungal spores, 

⎯ non-viable biological pollutants, such as particles of mites or fungi and their metabolic products, 

⎯ non-viable particles, such as dusts and fibres. 

In addition, carbon may be considered as an indicator of the ventilation rate rather than as a health risk in its 
own right. 

Depending on the method selected, the designer can apply a range of approaches to achieve a good IAQ. In 
addition to the provision of ventilation, some consideration is given to sources of pollution and their control. 
When specific contaminant sources are present, it is necessary to consider alternative or additional control 
measures, such as air cleaning or local exhaust ventilation. 
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Again, depending on the method selected, the designer has the option of setting different target levels of IAQ. 
Furthermore, different methods can lead to different decisions in relation to, for example, ventilation rate. It is 
also true that different designers can reach different decisions, even when using the same method, where the 
method requires the designer to make assumptions or interpretations. Nevertheless, following a rational and 
documented process is expected to (a) enhance the design and (b) make it easier to address any problems 
that do arise and incorporate experience gained into future designs. 

NOTE See Reference [44] for WHO recommendations on smoking areas in buildings. 
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Building environment design — Indoor air quality — Methods of 
expressing the quality of indoor air for human occupancy 

1 Scope 

This International Standard is intended 

⎯ to specify methods to express the quality of indoor air suitable for human occupancy, 

⎯ to allow several acceptable target levels of IAQ, depending on local requirements, constraints and 
expectations. 

This International Standard applies to 

⎯ the design of new buildings and their systems and the retrofit of existing buildings and systems, 

⎯ indoor environments where the major concern is that of human occupants, 

⎯ buildings having any combination of mechanical and natural ventilation, 

⎯ commercial and institutional buildings. 

This International Standard does not apply to residential buildings, industrial buildings and hospitals although 
those parts of such buildings that are similar to commercial buildings are covered. 

The requirements of this International Standard might not achieve acceptable IAQ for all people in all 
buildings, due to one or more of the following sources of uncertainty. 

⎯ The outdoor air brought into the building can be unacceptable or might not be adequately cleaned. 

⎯ Indoor air has a wide diversity of sources and contaminants. 

⎯ There are many factors that affect occupant perception and acceptance of IAQ, such as air temperature, 
humidity, noise, odours, lighting and psychological stress. 

⎯ There is a range of susceptibility and preference in the population. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 16813, Building environment design — Indoor environment — General principles 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
acceptable IAQ 
air in an occupied space toward which a substantial majority of occupants express no dissatisfaction and that 
is not likely to contain contaminants at concentrations leading to exposures that pose a significant health risk 

3.2 
acceptable perceived IAQ 
air in an occupied space toward which a substantial majority of occupants express no dissatisfaction on the 
basis of odour and sensory irritation 

NOTE Acceptable perceived IAQ is necessary, but not sufficient, to meet acceptable IAQ. 

3.3 
adapted person 
occupant 
person who has occupied a space for a sufficient period of time to become adapted to the odours in a space 

3.4 
air change effectiveness 
measure of the effectiveness of outdoor air distribution to the breathing level within the ventilated space 

3.5 
air change rate 
air flow rate to a space, expressed as volume per unit time, divided by the volume of the space in consistent 
units 

NOTE Air change rate is often expressed as air changes per hour. 

3.6 
air cleaning 
process that removes or controls particulate (chemical or microbial) or gaseous contaminants in the air, 
usually carried out by equipment 

3.7 
airflow rate 

3.7.1 
mass airflow rate 
qm 
flow of air, expressed in units of mass, passing a given plane divided by time 

3.7.2 
volume airflow rate 
qv 
flow of air, expressed in units of volume, passing a given plane divided by time 

3.8 
biological contaminant 
biocontaminant 
any micro-organism or part of a living organism or substance of biological origin capable of producing an 
adverse effect on human health or discomfort or damage to human property 

NOTE Biological contaminants do include microbial contaminants and other substances, such as insects or dander. 
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3.9 
design documents 
drawing, specification, project manual, and other volumes used to document construction requirements and 
basis of design 

3.10 
dilution index 
DI 
ratio of the removal of a contaminant from an enclosure to the rate of its generation 

NOTE An enclosure with a higher dilution index represents a less contaminated enclosure. Dilution indices are 
calculated for each contaminant generated within the enclosure and the lowest DI value applied. 

3.11 
emission 
〈building environment design〉 
release of contaminant(s) from indoor source(s) into indoor air 

3.12 
emission factor 
ratio of the rate at which an air pollutant is entitled as a result of some activity, to the rate of that activity 

NOTE 1 Adapted from ISO 4225:1994 [46]. 

NOTE 2 The point or area from which the discharge takes place is called the “source”. The term is used to describe the 
discharge and the rate of discharge. The term can also be applied to noise, heat, etc. 

3.13 
emission rate 
mass (or other physical quality) of pollutant transferred into the atmosphere per unit time 

[ISO 4225:1994 [46]] 

3.14 
enclosure 
individual room, space or part thereof 

3.15 
environmental tobacco smoke 
ETS 
particulate and vapour-phase contaminants emitted to the atmosphere during the smoking of tobacco 
products, including side-stream smoke and exhaled mainstream smoke, also known as second-hand smoke 
(SHS) 

3.16 
exhaust air 
air, other than recirculated air, removed from an enclosure and discharged to the atmosphere 

3.17 
guideline value 
concentration of a pollutant in the air, below which the risk for occurrence of adverse health effects is 
negligibly low 

NOTE It is linked to a time-averaged value. 

3.18 
HVAC system 
system that provides heating, ventilation or air conditioning for buildings 
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3.19 
indoor air 
air within an enclosed space, e.g. dwelling or public building 

[ISO 4225:1994 [46]] 

3.20 
infiltration air 
uncontrolled passage of air into a space through leakage paths in the building envelope 

3.21 
local exhaust 
extraction of objectionable or hazardous contaminants close to the source and discharged safely to the 
external atmosphere 

3.22 
mechanical ventilation 
ventilation provided by mechanically powered equipment 

3.23 
microbial contaminant 
fungal, bacterial, or viral organisms, toxins they produce, or particles bearing such organisms or toxins that 
are airborne or deposited on indoor surfaces and that can cause disease, irritation, allergic reaction, 
discomfort or damage to human property 

3.24 
natural ventilation 
ventilation through leakage paths (infiltration) and intentional openings (ventilation) in the building envelope or 
room enclosure, which relies on pressure differences without the aid of powered air-moving components 

3.25 
occupancy density 
number of persons in a space, per unit of net occupiable area 

NOTE Expressed in units of persons per square metre or persons per cubic metre. 

3.26 
occupational exposure limit 
occupational exposure standard value 
OEL 
values set by competent national authorities or other relevant national institutions as limits for concentrations 
of hazardous compounds in workplace air to prevent adverse health effects on healthy adult workers 

3.27 
occupational exposure time-weighted average values 
ES-TWA 
airborne concentration standard values set by competent national authorities as limits for time-weighted 
average (TWA) concentration of hazardous compounds over an 8/h working day, for a 5/day working week 

3.28 
occupied zone 
area designed for occupancy that is dependent on the geometry and the use of the room and specified case 
by case 

NOTE Usually used only for areas designed for human occupancy and defined as a volume of air that is confined by 
horizontal and vertical planes. The vertical planes are usually parallel with the walls of the room. 

3.29 
odour 
quality of a substance that stimulates the sense of smell 

NOTE Adapted from ISO 4225:1994 [46]. 
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3.30 
outdoor air intake 
any opening through which outdoor air is admitted 

3.31 
outdoor air 
air entering the system, or opening from outdoors before any air treatment 

3.32 
particulate matter 
solid or liquid particles in air, typically in the size range 0,01 µm to 100 µm in diameter 

NOTE PM10 is particulate matter smaller than 10 µm in aerodynamic diameter. 

3.33 
perceived air quality 
PAQ 
quality of the air perceived by the occupants and expressed by the percentage of persons that perceive the air 
quality as unacceptable (percent dissatisfied) 

3.34 
relative humidity 
mass of water vapour in the air by volume divided by mass of water vapour by volume at saturation at the 
same temperature 

3.35 
recirculated air 
air removed from a space and reused as supplied air 

3.36 
respirable particle 
particle that can penetrate into, and be deposited in, the nonciliated portion of the lung 

3.37 
sensory pollution load 
pollution load caused by those pollution sources that have an impact on the perceived air quality 

NOTE The load is often expressed by a sensory unit, the olf. 

3.38 
sink 
object on which contaminants are deposited and remain, either permanently or temporarily 

NOTE Sinks can become sources when they release deposited contaminants. 

3.39 
source 
persons, materials or processes (activities) from which indoor air contaminants are released 

NOTE A source can also be a route of entry of contaminants from outdoor (e.g. air, soil, clothes). 

3.40 
source control 
source management 
manner of controlling IAQ by preventing or reducing the emission of air contaminants or entry of air 
contaminants into an occupied space 

3.41 
supply air 
air introduced into an enclosure by mechanical or natural means 
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3.42 
total organic vapours 
total volatile organic compounds 
TVOC 
sum of organic vapours in air measured by an appropriate sampling and analysis procedure 

3.43 
unadapted person 
visitor 
person entering a space from another area with acceptable perceived IAQ whose sensory perception has yet 
to become desensitized to some air constituents (such as body odours) in the space 

3.44 
ventilation 
process of supplying or removing air by natural means or mechanical means to or from a space for the 
purpose of controlling air contaminant levels, humidity, odours or temperature within the space 

3.45 
ventilation rate 
airflow rate at which outdoor air enters a building or enclosed space 

3.46 
ventilation effectiveness 
εv 
measure of the relationship between the pollutant concentration in the exhaust air and the pollutant 
concentration in the breathing zone 

4 Methods of expressing indoor air quality (IAQ) 

4.1 General 
IAQ may be expressed as the extent to which human requirements are met. Humans have two basic 
requirements for IAQ: the risk of any adverse health effects of breathing the air should be low and the air 
should be perceived as acceptable in relation to comfort. These two requirements should be met whenever it 
is practicable to do so. Corresponding to these two requirements, there are two direct methods of expressing 
IAQ. A third alternative is an indirect method based on the ventilation rate. Each of these three methods is 
summarized below. The various guidelines and standards use one or more of these methods to express IAQ, 
as detailed in Annex B of this document. 

4.2 Method based on health 
Exposure to pollutants in the air can cause some risk of adverse health effects. Such effects can be short-
term, distinct and acute (e.g. eye irritation) or develop over an extended period (e.g. cancer). To limit the 
health risk, maximum permissible concentrations and corresponding exposure times for individual chemicals 
are available. Annex C contains recommended guideline values for common pollutants found in indoor and 
outdoor air. It is based on guidelines published by the World Health Organization. The relation between the 
actual concentration and the guideline value for a given chemical expresses IAQ as regards the health effect 
of that particular chemical. Depending on the nature of the health effect, it might not be reasonable to set a 
guideline concentration below which no significant health effect is expected. This would generally be the case 
for carcinogens. For some such pollutants, it is possible to estimate the magnitude of risk associated with a 
given concentration level. 

4.3 Method based on perceived air quality 

People vary widely in their sensitivity to air pollutants and the discomfort that they experience. Some are very 
sensitive and difficult to satisfy, while others are less sensitive and are easier to satisfy. To cope with these 
individual differences, the perceived IAQ can be expressed by the percentage of persons who perceive the air 
quality as unacceptable (percent dissatisfied). If there are few dissatisfied, the IAQ is high; if there are many 
dissatisfied, the IAQ is low. 
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4.4 Method based on the ventilation rate 

An indirect method of expressing IAQ is to determine a certain minimum ventilation rate estimated to meet 
requirements for perceived air quality and/or health in the occupied zone. The relation between the actual and 
the minimum ventilation rate provides an expression for the IAQ. 

5 Conformance 

A building, including any ventilation or air-conditioning system, should be designed to provide the required IAQ 
under specified conditions. The designer shall document the conditions and any assumptions made, including 
the IAQ requirements that the system is designed to meet. In order to claim that the design process on a 
specific project complies with the requirements of this document, the following documentation requirements 
shall be met: 

a) project information, including 

⎯ application and flexibility of the space, including a specification of the occupied zone, 

⎯ typical, best and worst outdoor air quality conditions, e.g. corresponding to a certain percentage of a 
normal year; 

b) design criteria and requirements for the project, including 

⎯ whether the design should be for adapted or unadapted persons, 

⎯ pollution load caused by materials applied in the building, including carpets and furnishings, 

⎯ physical properties of the materials used in the building (e.g. adsorption/desorption of chemicals, 
thermal insulation); 

c) building-use assumptions, including 

⎯ number of occupants present (per square metre floor area and per zone) and their estimated activity 
and clothing preferences, 

⎯ total area of all the zones, 

⎯ percentage of smokers, if smoking is permitted, 

⎯ possibility of opening the windows; 

d) cost constraints; 

e) initial design alternatives considered; 

f) basis for selection of final design; 

g) local regulations and requirements considered; 

h) method selected to express IAQ and, where applicable, the target level of IAQ selected within that 
method; 

i) calculations carried out using the selected method; 

j) documentation of minimum operation and maintenance requirements, including 

⎯ proper commissioning and maintenance of the ventilation or air-conditioning system, 
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⎯ proper system balancing, 

⎯ proper cleaning of the spaces, 

⎯ proper use of the ventilation or air-conditioning system; 

k) any other design decision processes resulting from following the guidance in Clause 6. 

The design assumptions shall be listed in the operational guide for the ventilation or air-conditioning system 
and it shall be stated that the indoor environmental criteria for which the system is designed can be achieved 
only if these conditions are met. Owners and users of the building shall be warned that changes to the 
application of spaces or pollution load can result in the inability of the system to meet the indoor environmental 
requirements for which it was designed. 

6 Design process 

Creating a building that has good IAQ is not just a matter of working to certain design targets. The whole 
process that the designer goes through has an important impact on the final product. Therefore, this clause 
outlines the approach that should be adopted. It is cross-referenced to subsequent chapters, which provide 
detail on issues relevant to this International Standard. In order to achieve good IAQ, HVAC equipment shall 
be designed, installed and operated properly. 

The flowchart in Figure 1 provides a summary of the process, with cross-references to other clauses and 
subclauses. It illustrates the different steps that the designer should take in order to choose a design method 
that takes into account the objectives of the building. The end point of the flow chart shows the different 
methods that are used to express the IAQ, one of which shall be used by the designer. Tables B.1 and B.2 list 
various factors that are considered by different methods. These factors should be taken into account in order 
to determine the method to be used in a specific project. Depending on the method chosen, the outcome is 
unique for each project; this is why it is important that all assumptions be well documented as required in 
Clause 5. While the order in which the activities depicted in the flowchart are carried out may vary to some 
extent, all the activities are essential. 

Step 1. Define the constraints placed on the design by the client, the location, site conditions, and by local 
codes/regulations, etc.; see 7.2. These constraints shall be considered in discussion of the brief and decisions 
documented. If the outdoor air quality is judged to be unacceptable, pretreatment to remove pollutants from 
the outdoor air shall be considered. 

Step 2. Combine the information from step 1 with the detailed design objectives, such as the 
expected/specified number of occupants and the activities that are likely to be carried out in the building; see 
7.2. The system shall be designed so as to facilitate easy cleaning, maintenance and service operation; see 
EN 12097 [5] for guidance. Information shall be given to the owner about the maintenance required (primarily 
for filters). The systems requirements for balancing shall be specified. 

Step 3. Define the IAQ criteria that will guide the process of selecting an IAQ target level. This includes 
whether the design takes into consideration the health or comfort of adapted or unadapted persons. It is also 
necessary to consider at this point the times and locations to which the criteria apply; see 7.3. The designer 
shall be explicit about which criteria and method will be applied in designing for good IAQ. 

Step 4. Identify the pollution sources taken into account; see Annex A. 

Step 5. Evaluate options to reduce the concentration levels of pollutants; see Annex A. Air shall not be 
recirculated or transferred from an enclosure in which smoking is permitted to another enclosure in which it is 
prohibited. If filtration is used, the filters shall be designed to achieve required levels of cleanliness under all 
conditions during which the system is running, i.e. variations in pressure differential, etc. 

Step 6. Check whether there are special requirements that should be followed, such as local requirements 
(laws, directives, regulations, guidance, calculation methods, rating methods), which can impose minimum 
values (or special considerations that influence the choice of a method) or special pollutants to be taken in 
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account. If there is a local requirement, determine whether the intention is for IAQ to exceed that requirement; 
see Annex B. 

Step 7. Choose and apply a method to express IAQ; examples of methods of expression of IAQ are given in 
Annex B. 

The flowchart as expressed in Figure 1 fulfils the project definition for IAQ and states the stages of design, in 
accordance with ISO 16813. IAQ criteria obtained are considered as input at the different stages of the design 
building process, from conceptual design to detailed design and final design. If target criteria are not matched, 
assumptions for IAQ shall be revised. 

7 Design brief parameters and assumptions 

7.1 Objectives 

When designing a building (including the building services), it is important that the designer and the client 
recognize that the IAQ in a building is the result of several factors, not only ventilation rate. Consideration shall 
be given to all the relevant elements in the early stages of the design process. The client shall normally 
provide the designer with a brief, which specifies certain required characteristics of the building, site, indoor 
environment or occupancy. The designer and client shall work together to define as clearly as possible their 
objectives concerning the IAQ design. Buildings are designed for a variety of uses: the more detailed the brief 
is, the more the designer can tailor the building to the client’s needs. 

Cultural differences, economic parameters and the intended use of the building should be considered when 
designing a building. The designer should obtain this information from the client, building owner or other 
expected occupants so that appropriate levels of IAQ can be targeted, using methods that are compatible with 
the way in which the building is likely to be used. Although the client and designer may discuss and agree, at 
some point in time the brief comes to represent a set of constraints on the design. In 7.2 are detailed some of 
the more important constraints that can emerge from the brief, some of them based on assumptions that the 
designer should clarify with the client (or with other parties as appropriate). The brief sometimes makes 
statements about the required quality of the indoor environment. Criteria are discussed in 7.3. In addition to all 
the technical issues and user requirements, budgetary constraints are a major consideration in designing a 
building and its systems. Although first cost is generally a determining factor, life-cycle costing should be used 
to support the case for superior design. The growing emphasis on environmental impact and energy savings 
should result in increased use of life-cycle costs as a preferred method. Recent studies have shown a direct 
relationship between productivity improvements and improved IAQ; see 7.3.4. The expected economic 
benefits of such productivity improvements should be quantified when practicable. The designer is 
encouraged to propose both types of economic analysis to the building owner so that he/she can make an 
informed decision. 

7.2 Constraints 

7.2.1 Constraints due to the location of the building 

7.2.1.1 Climate 

The climate where a building is located can have a major impact on the IAQ of the building. For example, if 
the climate is cold and dry, the ventilation air has a tendency to lower the humidity level in the building. 
Conversely, in climates where the outdoor air is humid, the system designer shall consider appropriate 
dehumidification of the ventilation air. Some degree of dehumidification is often associated with refrigerated 
cooling. Where humidity levels are intentionally or unintentionally altered because of comfort considerations, 
adequate attention shall be given to the possible effects on microbiological growth in the ventilation system or 
inside the building. 
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Figure 1 — Summary of design process for defining IAQ 
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7.2.1.2 Regulations, local requirements or policy 

Designers may be required to take into account the regulations or local requirements in relation to, for 
example, indoor or outdoor emission of pollutants, energy consumption, local design methods, basic 
ventilation rate, etc. 

7.2.1.3 Outdoor air quality 

The quality of the outdoor air where the building is located can have a significant impact on the amount of 
ventilation air required. If local data on the air surrounding the building are available, they shall be used. In 
some cases, it can be possible to select air intake locations to optimize the quality of the ventilation air; see 
EN 13779:2004 [45], Annex A.2 for guidance). Typical pollutants measured in outdoor air include carbon 
dioxide, carbon monoxide, nitrogen dioxide, sulfur dioxide, ozone, pollens and particulates. 

In addition to the outdoor air quality, an observational survey of the building location and its immediate 
surroundings shall be conducted during hours when the building is expected to be normally occupied. The 
intent of the survey shall be to identify any contaminants from local sources that can be inadvertently 
introduced through ventilation air or other parts of the building structure. 

7.2.2 Constraints due to the nature and use of the building 

7.2.2.1 Existing or new construction 

When an HVAC system is designed for a new building, there are relatively few physical limitations that restrict 
the design of an optimum system. In an existing building however, the building structure, electrical services, 
piping layout and ductwork can limit the design of the new system. The occupants of the building and their 
activities can also restrict new construction activities. The designer shall identify and document all limitations 
that are expected in an existing building. If such limitations are likely to have a negative impact on the IAQ, 
these issues shall be discussed and the appropriate action agreed with the building owner. 

7.2.2.2 Flexibility 

Often, buildings are built on a speculative basis without knowing the exact application or use of the facility. In 
such cases, the designer should try to identify general categories of expected use and design a system that is 
flexible enough to accommodate most of the likely applications. All assumptions and limitations of the system 
design shall be documented and acknowledged by the building owner. It is recommended that the impact on 
IAQ be re-evaluated once the building use has been identified. 

7.2.2.3 Type of building materials 

The building materials and the integrity of the building architecture can contribute to the quality of indoor air. 
Some materials can absorb air pollutants under certain conditions and release them under different 
conditions. Generally, non-porous materials absorb fewer pollutants than porous materials. If practicable, 
materials with emission data should be identified and low-polluting materials used for building fabric and 
furnishings. See also Annex C. 

7.2.2.4 Building hygiene activities 

A high degree of cleanliness shall always be maintained in a building since poorly cleaned furnishings can 
themselves have an adverse effect on IAQ. Removal of pollutants through regular and judicious cleaning 
activities can have a positive effect on the IAQ. Hygiene-related activities (from vacuuming and shampooing to 
pest control) can have either a beneficial or a detrimental effect on IAQ, depending on how they are 
undertaken. Such activities can occur for a short period but may affect the IAQ for a longer time after the 
activity has ceased. The frequency of such activities can be minimized by selecting materials that require less 
frequent cleaning. Judicial use of cleaning chemicals should also be encouraged in order to minimize 
exposure to these chemicals. The design shall consider increasing the ventilation rate (by opening windows or 
through a mechanical system) during cleaning. 
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7.2.2.5 Airtightness and pressure differentials 

The building structure design shall be such as to minimize the introduction of pollutants due to infiltration from 
outside the structure. Pressure differentials between various zones within the building should be controlled so 
as to minimize unwanted movement of pollutants between zones. This requires consideration of airtightness 
between zones in addition to the motive forces for air movement. 

NOTE ISO 9972 specifies a method to measure airtightness of buildings. 

7.2.2.6 Ventilation types 

There are primarily three types of ventilation: natural ventilation, mechanical ventilation and hybrid (mixed-
mode) ventilation. Natural ventilation uses natural forces (wind and the stack effect) to achieve the required air 
movement. Mechanical ventilation uses mechanically driven devices such as fans. In both cases, the aim in 
relation to IAQ is to achieve planned movement of air between indoors and outdoors, or from one area of the 
building to another, in order to dilute and lower pollutant concentrations to acceptable levels. Hybrid systems 
use a combination of natural and mechanical ventilation to achieve the same result, ventilation air movement 
being maintained by different forces such as the outdoor climate changes during the year. 

7.2.2.7 Window operability 

Windows can generally be designed to be operable with easy access to the controls or, at the other extreme, 
they can be designed to be inoperable. The selection of window type should be dependent on the type of 
ventilation system that is specified. If a mechanical system or advanced natural ventilation system is designed 
that does not depend on an open window for proper ventilation, window opening may be restricted (but ideally 
not prevented because inoperable windows can cause negative psychological effects on some occupants). 
When operable windows are opened in such a building, the pressure relationships in the building can be 
disrupted and the ventilation system can become less effective. 

7.2.2.8 Air cleaning 

Adequate air cleaning shall always be considered as an integral part of a good HVAC system. Filters serve to 
reduce intake or recirculation of particles (and sometimes gases and vapours) and keep the building and the 
HVAC system cleaner. Regular maintenance of filters and their supports is required to minimize growth of 
micro-organisms or generation of unwanted chemicals. See also Annex E. 

7.2.2.9 Use or occupancy type 

Pollution levels in a building are directly influenced by the type of activities that occur in the building. For 
instance, office buildings are affected by the emissions from office furniture, office materials and equipment 
such as copiers and printers. Restaurants are affected by the humidity and odours generated by cooking. 
Designers shall always understand the intended use of the building in as much detail as practicable before 
embarking on the design. 

7.2.2.10 Number of people 

Humans generate organic bioeffluents, CO2 and water vapour as a result of normal metabolism. The level of 
bioeffluents generated by individuals varies as a function of the activity levels as well as the ages of the 
individuals. The number of people in a given area (occupant density) shall also be considered when designing 
a building. Variable occupancy shall be given adequate consideration in determining ventilation rates and the 
capacity to vary them during the day in each zone of the building. 

7.2.2.11 Smoking policy 

Tobacco smoking deserves special consideration when designing buildings for acceptable IAQ. From a health 
perspective, no scientific body has established a safe level of exposure to ETS. The association between 
exposure to ETS and an increased risk of serious and fatal illnesses in adults and children is well established. 
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No realistic combination of ventilation and filtration provides a reasonably safe environment where smoking is 
permitted; see Reference [44]. 

Significant and additional ventilation and filtration can assist in providing a more comfortable environment 
(fewer odours, fewer irritants) where smoking is permitted although the nuisance is not completely eliminated. 

Air shall not be recirculated, or otherwise allowed to move, from a smoking area into a non-smoking area. Air-
pressure management techniques should also be used when needed to achieve this objective. 

7.2.2.12 HVAC operation and maintenance — Quality and quantity 

When designing an HVAC system, consideration shall be given to the quality and quantity of operation and 
maintenance that is required for the system and the availability of qualified technical personnel. The system 
shall be designed, for example, such that there is adequate access to components that require maintenance 
on a regular basis (e.g. filters) or occasionally (e.g. ducts). 

7.3 Determination of the basis of the IAQ target level 

7.3.1 General 

The principal design criteria for IAQ are 

⎯ health (including identifiable illness and the occurrence of non-specific symptoms): see 7.3.2, 

⎯ comfort (or perceived IAQ, or “acceptability”): see 7.3.3, 

⎯ human performance (for learning, work, sports performance, etc.): see 7.3.4. 

As stated in Clause 6, the designer shall agree with the client to use one or more of these as the criterion or 
criteria, and document the choice. In some contexts, design criteria can be related to the quality of the 
environment for animals, plants or objects (e.g. in museums), but these are outside the scope of this 
International Standard. The design criteria, therefore, take into account aspects of human response and the 
design targets (see Annex B) are sometimes expressed directly in relation to human response (e.g. percent 
dissatisfied). Even when design criteria are expressed in terms of targets for pollutant levels or ventilation 
rates, the basis for the levels selected is human response. 

A clear understanding of the criteria is critical in the following stages: 

a) selecting a method of defining targets (e.g. a method of calculating pollutant emissions or the required 
ventilation rate); 

b) setting targets (e.g. a particular ventilation rate or pollutant concentration). 

These stages are covered in Annex B. At this stage, it can be noted that the approach can differ depending on 
the degree of control that individual building occupants have over the sources of pollution and the ventilation 
rate. In particular, control shall depend on whether or not natural ventilation is employed. Where control is in 
the hands of the building’s engineer or other maintenance personnel, there is a responsibility to define the 
targeted ventilation rate, and to instigate operational procedures to ensure that it is, in practice, achieved. 
Where control is in the hands of the individual occupant, the building shall still be designed so that it is able to 
deliver the required ventilation at a given point in time, but the control processes can be less well defined: the 
users have become part of the control system and can, therefore, regulate operation to achieve their own 
requirements. 

NOTE Implicitly then, the greater the risk that users are unable to use their own judgement to protect their health and 
comfort, the greater the requirement for the ventilation rate to be controlled by other means. 

EXAMPLE If there is a health risk from a pollutant that is not perceived before it does harm, then the occupants 
should not be placed at risk by requiring them to control the ventilation. In most buildings, this concern does not apply, and 
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