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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 16814 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting{Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 205, Building €nvifonment 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 (1AQ)

This |nternational Standard covers methods of expressing IAQ and incorporating the goal-of_achieving good
IAQ ipto the design process.

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

The f

This
stand
venti
a cor
indod
pollu

—

— adversely affect the comfort of the majority of occupants.

The

ramework is established by the general principle documents.

document does not prescribe a specific method but rather refers to existing methods
ards and guidance, as referenced in this document. The referénced methods can be us
ation rates and other design requirements. The methods have in common the fact that they

ants do not have the potential to

ause a significant risk of adverse health effects,

pollutants considered include human-bioeffluents, which have often been the principal con

in th
inclu

— environmental tobaeco smoke (ETS),

— radon,

—

IAQ End ventilation, but also all groupsiand sources of pollutants that can reasonably be anticip

e

olatile organic compounds’(VOCs) and other organics, such as formaldehyde,

ther inarganic gases, such as ozone, carbon monoxide and oxides of nitrogen,

in published
pd to specify
are based on

sideration of human health and/or comfort requirements. Therefore, the aim of the methods is to control
r air pollutants to concentration levels below which, uhder the prevailing hygro-thermal conditions, the

sideration for
hted to occur

building being designed. The pollutants to be considered can, depending on the soufces present,

iable 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.

©1S0
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Again, depending on the method selected, the designer has the option of setting different target levels of I1AQ.
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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INTERNATIONAL STANDARD

ISO 16814:2008(E)

Building environment design — Indoor air quality — Methods of
expressing the quality of indoor air for human occupancy

1

This |nternational Standard is intended

This

cope

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

allow several acceptable target levels of IAQ, depending on local fequirements, compstraints and

xpectations.

nternational Standard applies to

— the design of new buildings and their systems and the retrofit\of existing buildings and systems,

— buildings having any combination of mechanical and hatural ventilation,

—

This
those

The
build

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

The outdoor air brought ihto the building can be unacceptable or might not be adequately cle

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

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

ommercial and institutional buildings.

nternational Standard does not applyto-residential buildings, industrial buildings and hosp
parts of such buildings that are similar to commercial buildings are covered.

requirements of this International Standard might not achieve acceptable 1AQ for all
ngs, due to one or more of the*following sources of uncertainty.

ndoor air has awide diversity of sources and contaminants.

tals although

beople in all

Bned.

temperature,

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

©1S0
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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 occppiedspace toward which a substantial majority of occupants express no dissatisfaction the
basis of odour and sensory irritation

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

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

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

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

NOTE Aif 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 thg air,
usually carrigd out by equipment

3.7
airflow rate

3.71
mass airflow rate
dm
flow of air, efpressed-in units of mass, passing a given plane divided by time

3.7.2
volume airflow rate

qy
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.

2 © 1SO 2008 — Al rights reserved
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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.

3.1
emission

(builging environment design)

releage of contaminant(s) from indoor source(s) into indoor air

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

NOTH 1  Adapted from ISO 4225:1994 [46],

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

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

[1SO 4225:1994 [46]]

3.14
enclosure
individual room, space or part thereof

3.15
envifonmental tobacco smoke
ETS
partiqulate and vapour‘phase contaminants emitted to the atmosphere during the smoking of tobacco
proddicts, including side<stream smoke and exhaled mainstream smoke, also known as secondthand smoke
(SHY)

3.16
exhapust air
air, ofhet 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 Itis linked to a time-averaged value.
3.18

HVAC system
system that provides heating, ventilation or air conditioning for buildings

© 1SO 2008 — Al rights reserved 3
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3.19
indoor air

2008(E)

air within an enclosed space, e.g. dwelling or public building
[ISO 4225:1994 [46]]

3.20
infiltration a
uncontrolled

3.21

ir
passage of air into a space through leakage paths in the building envelope

local exhaust

extraction of
external atm

3.22
mechanical
ventilation pr

3.23
microbial cd
fungal, bactg
are airborne
discomfort off

3.24
natural vent
ventilation th

objectionabie or hazardous contaminants close to the source and discharged sately to the
pbsphere

ventilation
pvided by mechanically powered equipment

ntaminant

rial, or viral organisms, toxins they produce, or particles bearing stich organisms or toxin
or deposited on indoor surfaces and that can cause disease; irritation, allergic rea
damage to human property

lation

room encloslire, which relies on pressure differences without the‘aid of powered air-moving components

3.25
occupancy
number of pe

NOTE E

3.26
occupation
occupation
OEL
values set by
of hazardous

3.27
occupationd
ES-TWA
airborne corf
average (TW

]

Hensity
rsons in a space, per unit of net occupiable area

pressed in units of persons per square-metfe or persons per cubic metre.
| exposure limit
| exposure standard value
competent national-authorities or other relevant national institutions as limits for concentrg
compounds in workplace air to prevent adverse health effects on healthy adult workers
| exposure time-weighted average values

cenfration standard values set by competent national authorities as limits for time-weif
AX)-concentration of hazardous compounds over an 8/h working day, for a 5/day working wee

5 that
ction,

fough leakage paths (infiltration) and intentional openings (ventilation) in the building envelope or

itions

jhted
k

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
horizontal and

3.29
odour

vertical planes. The vertical planes are usually parallel with the walls of the room.

quality of a substance that stimulates the sense of smell

NOTE

Adapted from 1SO 4225:1994 [46],

Usually used only for areas designed for human occupancy and defined as a volume of air that is confined by

© 1SO 2008 — All rights reserved
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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 ym to 100 pym in diameter

NOTEH PM, is particulate matter smaller than 10 ym in aerodynamic diameter.
3.33

perceived air quality

PAQ

qualify of the air perceived by the occupants and expressed by the percentage of persons that pefceive the air
quality as unacceptable (percent dissatisfied)

3.34
relative humidity
masg of water vapour in the air by volume divided by mass of water vapour by volume at satyrration at the
samg temperature

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

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

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

NOTH The load is often expressed by a sensory unit, the olf.
3.38

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

NOTE Sinks ¢an.become sources when they release deposited contaminants.
3.39

sourge
persans;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

3.4

supply air
air introduced into an enclosure by mechanical or natural means

© 1SO 2008 — Al rights reserved 5
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3.42

total organic vapours
total volatile organic compounds

TVvOC

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
purpose of ¢

3.45
ventilation
airflow rate

3.46
ventilation ¢

&

measure of

concentration in the breathing zone

4 Metho

41 Gene

IAQ may bg
requirementg
should be pHg
is practicable
IAQ. A third
summarized
as detailed i

4.2 Methd

Exposure to
term, distinc
health risk, n

qupplying or removing air by natural means or mechanical means to or from a spaee fq

bntrolling air contaminant levels, humidity, odours or temperature within the space

te
which outdoor air enters a building or enclosed space

ffectiveness

the relationship between the pollutant concentration in the exhaust air and the pol

ds of expressing indoor air quality (IAQ)

al

expressed as the extent to which human requirements are met. Humans have two

rceived as acceptable in relation to.comfort. These two requirements should be met whene
to do so. Corresponding to these two requirements, there are two direct methods of expre
alternative is an indirect method based on the ventilation rate. Each of these three methg
below. The various guidelines and standards use one or more of these methods to express
Annex B of this document.

)d based on health

pollutants in‘the air can cause some risk of adverse health effects. Such effects can be
and acute(e.g. eye irritation) or develop over an extended period (e.g. cancer). To lim

are availabld.
outdoor air.
actual conce

Annex'C contains recommended guideline values for common pollutants found in indoo
t is based on gwdellnes publlshed by the World HeaIth Orgamzatlon The relation betwee

r the

utant

basic

for IAQ: the risk of any adverse_health effects of breathing the air should be low and the air

ver it
Ssing
ds is
IAQ,

short-
it the

haximumypermissible concentrations and corresponding exposure times for individual chenicals

r and
n the

effect

of that particular chem|cal Dependlng on the nature of the health effect |t mlght 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.

© 1SO 2008 — All rights reserved
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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’fequirements
shall pe 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 pefcentage 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 ¢f 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,

1 total area of all the-zones,

-+ percentage of’simokers, if smoking is permitted,
+ possibility‘of opening the windows;

d) ¢ost constraints;

e) ipitial 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,

© 1SO 2008 — Al rights reserved 7
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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 o
requirementg

6 Desigr

Creating a b
process that
outlines the

detail on issfes relevant to this International Standard. In order to achieve good)IAQ, HVAC equipment

be designed,

The flowcha
subclauses.
that takes in
methods tha
various facto
to determine
unique for e
Clause 5. W

extent, all the activities are essential.

Step 1. Def

codes/regulattions, etc.; see 7.2. These constraints shall be considered in discussion of the brief and deci

documented
the outdoor &

Step 2. Cor
expected/spq
7.2. The sys
EN 12097 [9]
for filters). Th

Step 3. Defi

Spaces or poliution foad can resuit in the inability of the system to meet the indoor environ
for which it was designed.

| process

uilding that has good IAQ is not just a matter of working to certain design‘targets. The
the designer goes through has an important impact on the final product—~Therefore, this ¢
bpproach that should be adopted. It is cross-referenced to subsequent’chapters, which pr|

installed and operated properly.

t in Figure 1 provides a summary of the process, with .cross-references to other clauses
tillustrates the different steps that the designer should«take in order to choose a design m

are used to express the IAQ, one of which shall be used by the designer. Tables B.1 and B
rs that are considered by different methods. These factors should be taken into account in
the method to be used in a specific project..Depending on the method chosen, the outco
bch project; this is why it is important that_all assumptions be well documented as requir
hile the order in which the activities depicted in the flowchart are carried out may vary to

ne the constraints placed on the design by the client, the location, site conditions, and by

If the outdoor air quality is judged to be unacceptable, pretreatment to remove pollutants
ir shall be considered.

hbine the information from step1 with the detailed design objectives, such as
cified number of.6ccupants and the activities that are likely to be carried out in the building
em shall be designed so as to facilitate easy cleaning, maintenance and service operation
for guidance=Information shall be given to the owner about the maintenance required (prir
e systenis requirements for balancing shall be specified.

ne’the IAQ criteria that will guide the process of selecting an IAQ target level. This inc

whether the

ental

vhole
ause
pvide
shall

and
bthod

to account the objectives of the building. The end point of the flow chart shows the different

12 list
order
me is
ed in
some

local
sions
from

the
; see
; see
harily

udes

Hesign takes into consideration the health or comfort of adapted or unadapted persons. It ig

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 1AQ.

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

© 1SO 2008 — All rights reserved
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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 I1AQ; 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.

esign brief parameters and assumptions

7.1 | Objectives

When designing a building (including the building services), it is important that.the designer 3
recognize that the IAQ in a building is the result of several factors, not only ventilation rate. Consi
be given to all the relevant elements in the early stages of the design pfocess. The client s
provifle the designer with a brief, which specifies certain required characteristics of the building
envirpnment or occupancy. The designer and client shall work togetherto define as clearly as

nd the client
eration shall
hall normally
, site, indoor
possible their

objeqtives concerning the IAQ design. Buildings are designed for a vatiety of uses: the more detgiled the brief

is, thé more the designer can tailor the building to the client’s needs:

Cultural differences, economic parameters and the intendediuse of the building should be cons
designing a building. The designer should obtain this information from the client, building ow
expefted occupants so that appropriate levels of IAQ canbe targeted, using methods that are co
the way in which the building is likely to be used. Althbugh the client and designer may discuss
somg point in time the brief comes to represent a set/of constraints on the design. In 7.2 are det

]

idered when
ner or other
mpatible with
nd agree, at
iled some of
ions that the
imes makes

hddition to all
designing a
ould be used

chnical issues and user requirements, budgetary constraints are a major consideration in
ng and its systems. Although first cost is generally a determining factor, life-cycle costing sh
bport the case for superior design. The growing emphasis on environmental impact and erfergy savings
d result in increased use _of life-cycle costs as a preferred method. Recent studies have shown a direct
bnship between productivity improvements and improved IAQ; see 7.3.4. The expect¢d economic
fits of such productivity improvements should be quantified when practicable. The| designer is
iraged to proposeboth types of economic analysis to the building owner so that he/she ¢an make an
ned decision.

build
to su
shou
relati
bene
enco
inforn

7.2 | Constraints

7.2.1| Constraints due to the location of the building

7.21.1 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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STEP 4 Y Stage Il
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?
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rates calculation ||ASHRAE 62.1) (Cer\?Jgg rate harm index

Figure 1 — Summary of design process for defining IAQ
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7.21.2 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.

7.21.3  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 1B779:2004 15, —Annex A.2 Tor guidance). Typical pollutants measured in outdoor air in¢lude carbon
dioxigle, carbon monoxide, nitrogen dioxide, sulfur dioxide, ozone, pollens and particulates.

s immediate
ccupied. The
inadvertently

In ad
surro
inten
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dition to the outdoor air quality, an observational survey of the building location.‘and i
undings shall be conducted during hours when the building is expected to be 'normally o
of the survey shall be to identify any contaminants from local sources(that can be
uced 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 limitationk that restrict

the design of an optimum system. In an existing building however, the building structure, electr
piping layout and ductwork can limit the design of the neWwssystem. The occupants of the build
activities can also restrict new construction activities. The designer shall identify and document
that are expected in an existing building. If such limitations are likely to have a negative impac
thesq issues shall be discussed and the appropriaté.action agreed with the building owner.

7.2.2

2 Flexibility

cal services,
ing and their
all limitations
on the IAQ,

Ofter
such

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

7.2.2|13 Type of building materials

The puilding materials and the integrity of the building architecture can contribute to the quality
Som¢ materidls)‘can absorb air pollutants under certain conditions and release them un
condftions, Generally, non-porous materials absorb fewer pollutants than porous materials. |

matefials’ with emission data should be identified and low-polluting materials used for buildin

e facility. In

h
iystem that is

f the system
he impact on

of indoor air.
der different

practicable,
g fabric and

furnighings. 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 1AQ, 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

ixed-
pd air
im in
bf the
tems
ment

There are pfimarily three types of ventilation: natural veniilaiion, mechanical ventilation and hybrid {1
mode) ventilation. Natural ventilation uses natural forces (wind and the stack effect) to achieve the reguir
movement. Ylechanical ventilation uses mechanically driven devices such as fans. In both cases,\the &
relation to | is to achieve planned movement of air between indoors and outdoors, or from enevarea
building to another, in order to dilute and lower pollutant concentrations to acceptable levels"Klybrid sys
use a combination of natural and mechanical ventilation to achieve the same result, ventifation air move
being maintajined by different forces such as the outdoor climate changes during the year.

7.2.2.7 ndow operability

Windows caf generally be designed to be operable with easy access to theleontrols or, at the other extreme,

they can be
ventilation sy
that does no
not prevente
When opera
disrupted an

7.228 Ai
Adequate ain
reduce intak
HVAC syste
micro-organi

7.2.2.9

Pollution lev
instance, offi
such as cop
Designers sk
embarking o

I cleaning

Use or occupancy type

designed to be inoperable. The selection of window type sheudld be dependent on the ty
stem that is specified. If a mechanical system or advanced.natural ventilation system is des

pe of
gned

depend on an open window for proper ventilation, windoew 'opening may be restricted (but ideally

d because inoperable windows can cause negative psychological effects on some occup
ble windows are opened in such a building, the pressure relationships in the building c3
| the ventilation system can become less effective.

cleaning shall always be considered.@s'an integral part of a good HVAC system. Filters se
p or recirculation of particles (and (sometimes gases and vapours) and keep the building an
M cleaner. Regular maintenance of filters and their supports is required to minimize grov
Ems or generation of unwanted-chemicals. See also Annex E.

bls in a building @re directly influenced by the type of activities that occur in the building
ce buildings are affected by the emissions from office furniture, office materials and equig
ers and printers. Restaurants are affected by the humidity and odours generated by cog
all always~understand the intended use of the building in as much detail as practicable b
h the design.

7.2.2.10 Nlilmber of people

ants).
n be

ve to
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. For
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efore

Humans generate organic bioeffluents, CO, 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

Whef designing an HVAU system, consideration shall be given 1o the quality and quantity of, dperation and
mainienance 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 fegular 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 nofsspecific symptoms): see 7.3.2
— ¢omfort (or perceived IAQ, or “acceptability”): see 7.3.3,

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

As sfated in Clause 6, the designer shall agree with the client to use one or more of these as thHe criterion or
criterfa, and document the choice. In some:contexts, design criteria can be related to the quality of the
envirpnment for animals, plants or objects'~(e.g. in museums), but these are outside the gcope of this
Interpational Standard. The design criteria,-therefore, take into account aspects of human resppnse and the
desig‘n 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 pr ventilation
rates| the basis for the levels selected is human response.

A clepr understanding of theeriteria is critical in the following stages:

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

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

Thesg stages are covered in Annex B. At this stage, it can be noted that the approach can differ gepending on
the degree of control that individual building occupants have over the sources of pollution and the ventilation
rate. T particutar, controt shattdependonm whether or not maturat ventitation 1s emptoyed. 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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it is rather the outdoor climate and building configuration that define whether centrally controlled mechanical ventilation is
a necessity.

7.3.2 Health

The constitution of the World Health Organization defines good health as “...a state of complete physical,
mental and social well-being, not merely the absence of disease and infirmity”. This means that comfort can
be perceived as an aspect of health; this definition is accepted but, for the sake of clarity, comfort is
considered separately in this International Standard.

NOTE 1 Air pollution targets and standards have been established for many years, but primarily in relation to the
outdoor envirgrment—and— i es—a SRR e workolaces- — the—oritert been
health, either t{he risk of iliness or the prevalence of specified symptoms. A number of illnesses are known to be_feldted to
indoor air pollution and they can cause serious health effects, including death; fortunately, they are also.relatively
uncommon. Fpr example, legionnaires’ disease is a well-known and potentially fatal disease. Other examples include
asthma and lopg-term outcomes such as cancer.

On industrial premises, workers are typically exposed to one or a few chemicals at a time. In office$ and
similar non-industrial workplaces, exposure to any individual pollutant is typically much.lower than in indpstry.
Loss of life of serious diseases are, therefore, not normally the limiting considerations: Instead, the expostre is
characterizedd by a wide spectrum of compounds at low concentrations, derived-from building matgrials,
furniture, office equipment, human metabolism, environmental tobacco smoke @nd outdoor air. Owing fo the
multitude of| pollutants and uncertainties about their interactions, the Starget should be much Jower
concentrations of individual pollutants. This applies also to kindergartensyyhursing homes and similar sppaces,
where people can spend a longer time than at the workplace, or. Wwhere the occupants include [more
susceptible persons, e.g. children, the elderly and people sufferingyfrom any form of hypersensitivity to
pollutants. Hpwever, the short- and long-term effects of multiple low-level exposures are not well understood.

NOTE 2 A dominant health consideration has been a range of acute non-specific symptoms that people report|when
they are in bulldings and that become less severe or disappear-when they leave the building (e.g. irritation or dryngss of
the eyes, nosg¢, throat and skin; headaches; lethargy; lack of concentration). These symptoms have been found to pe far
more prevalert in some buildings than in others, a phenomenon that has come to be known as the sick building syngirome
(SBS). The eyidence is that a substantial number of peeple in many buildings are affected by SBS. The symptonis can
become quite |[severe and lead to reduced productivity.or.increased absenteeism. More information on the subject dan be
found in Reference [21]. Air-conditioned buildings ‘are ‘generally associated with a higher prevalence of SBS and this
difference car] probably largely be attributed to failures in design, operation or maintenance. SBS can also octur in
buildings with patural ventilation.

SBS is not ¢ntirely due to indoor air pollution, but minimizing pollutant concentrations is an important part of
risk management. However, care-should be taken not to introduce or increase other risk factors in the process
(e.g. high temperature, low humidity, microbial contamination of surfaces or restricted occupant control over
the indoor climate).

In the case pf pollutants~that exert their effect via the immune system (e.g. allergic reactions), a possible
outcome is t¢ become sensitized with continued exposure so that the same concentration of a pollutant has a
greater effec|. Sensitization is also possible when a substance has an irritant or toxic effect.

7.3.3 Comtiort

7.3.3.1  Using comfort in design

In a different category from non-specific symptoms, there are commonly complaints about the indoor
environment itself (e.g. it is too hot, the odour level is too high, the humidity or the air velocity is too high or too
low, and a range of other complaints about the environment) rather than about the perceptions of the person's
own health. Hence, humans judge the acceptability of air quality based on a feeling of comfort.

This sense of comfort is based on information collected by several sensory organs, including the nose, throat,

eyes and skin, as well as internal regulatory organs, principally the hypothalamus. These parts of the body are
sensitive to temperature, humidity and a wide range of pollutants in the air. It is the combined response of all
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these senses that determines whether the air is perceived as fresh and pleasant or stale, stuffy and irritating.
There are two senses that are primarily responsible for perceiving the chemical content of the air:

olfactory sensory receptors, which are situated in the nasal cavity and are sensitive to several hundred
thousand odorants;

general chemical sensory (trigeminal) receptors, which are situated all over the mucous membranes in
the nose and the eyes and are sensitive to a similarly large number of irritants in the air.

In contrast to procedures for setting pollutant limits, ventilation rates in non-industrial workplaces have
generally been set according to criteria of comfort or “acceptability”. This offers the option of using a people's
percepti i ' i i isfrediby a certain
level|of pollution. This approach has been used with reasonable success for many years:in| the case of
physical aspects of the environment such as temperature and lighting. It is more difficult to.apply in the case of
indogr pollution because of the many different chemicals involved and the fact that some harmful fair pollutants
might not be sensed at all (for example carbon monoxide or radon). Also, the sensory effects of pollutants are
not linked with their toxicity in a simple, quantitative way. Therefore, perceived air quality based pn comfort is
not af complete measure of IAQ. Yet, it is also true that when poor perceived IAQ.in" a building is| improved by
remojing pollution sources and increasing ventilation, the risk of adverse health(effects is normally d@lso reduced.

Even| for those pollutants that can be detected by their odour or irritation effects, there is the jssue of who
should be the judge of what is acceptable. Yet, in those cases when irritation is a health issue| it should be
addre¢ssed. For comfort issues, one option is to use all the occupants or a random sample of them. Another
optiop is to use a panel of people to go to a building and asséss 'the quality of the air. The panel can be
untrajned (i.e. uncalibrated but representative, sometimes called “naive”) or trained to respond|according to
consistent criteria. A common method is for an untrained\impartial panel to enter a spaceg and give a

judggment of IAQ within 15 s; this represents the response.of visitors to the space (unadapted).

7.3.3]12 Adapted and unadapted comfort criteria

Humans generate organic bioeffluents, CO, and water vapour as by-products of normal metaljolism. Some

adap
pollu
mate
abou

ation to bioeffluents takes place during-eccupancy, while little, if any, adaptation occurs fo
ants, especially if they have an irritation effect (e.g. tobacco smoke and many pollutants

rials). Hence, for basic ventilation te’control odour from bioeffluents, adapted people (occup
one third of the rate requiredtby’ unadapted people (“visitors”). For some pollutants, no ad

I some other
from building
ants) require
aptation can

be agsumed.

NOTE There are two kinds“of adaptation to odour. Over periods of about 3 min, people become less s
odours present. Over much-onger periods (weeks or months), people can come to accept an odour &
harm:Ess and, therefore,®ecome less aware of (or concerned about) it. Conversely, over a period of minute
discomfort from expostreto pollutants can increase. Over a longer period, adaptation is possible but this
behayioural (e.g. by‘ceasing to wear contact lenses, thus reducing eye discomfort).

ensitive to any
s normal and
5 or hours, the
can be largely

Productivity

te~productivity and staff efficiency have not been used as a direct basis for standards, buf the principal
i i f frity: ; fvity lement in the
motivation to improve IAQ in the workplace since it is generally assumed that healthy, comfortable staff is also
a productive staff. To use work performance (e.g. speed and accuracy) as a criterion is feasible in some
settings, for example where people are doing repetitive, routine tasks, but in other cases it is much more
difficult to assess whether performance has been improved or reduced by a certain level of indoor pollution.
For some types of work, it can be some years after a piece of work was performed before its usefulness can

be established.

NOTE In developed countries, a doubling or halving of energy use can be offset by productivity changes of less than
1 %. The actual impact of IAQ improvement on productivity is difficult to state and, of course, it depends on the starting
condition and type of improvement. However, some studies have shown the impact of productivity improvements in the
0 % to 9 % (measured task efficiency) range with modest investment in IAQ improvement measures. Consequently, the
possible productivity effect of IAQ improvement measures are worth consideration.
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Designers have the option of specifying a higher IAQ than the minimum where there is evidence that this
would enhance productivity. Designers should consider this option and agree with the client whether

productivity s

hould be considered in the design.

7.3.5 Criteria in practice — IAQ is not the only problem

Whatever criteria are chosen, it is necessary to ensure that pollutant concentration levels are held to
acceptable levels.

NOTE 1 This still requires extensive research because of the vast number of pollutants and the difficulty in establishing
their effects. In the meantime, there is still an imperative to minimize indoor pollution now and not wait for the research to

be completed.

NOTE 2

cause occupapt complaints. The same human responses can result from IAQ problems and from failings' that arg
distinct from IAQ. This is certainly the case for SBS. The list of suggested causes for SBS is very long,indeed and

many focus o

the environmgnt (particularly temperature, humidity, draught, lighting, noise, surface pollution and‘\personal contrg
the environmgnt). Almost certainly, no single factor can account for SBS. In all probability there.is a different combi
of causes in different buildings.
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for a nymber of reasons that include pérsonal control over the environment, constitutional fa

behavio

In addition,
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Finally, IAQ
of a global ¢
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were cut drg
consider only

serious technical challenge in setting standards for IAQ is the fact that IAQ interacts with other facf

IAQ and ventilation rates, there does seem to be some contribution from a wide range-of other fac

ccur at a range of levels.
ing: The design, construction and location of a building and its\services and furnishings influ
variety of ways, from the site microclimate through shell design (e.g. depth of space) {
services and fitting-out.

or environment: The effects of the building are generally mediated by the indoor environmer

hnization: Organizations that occupy and operaté buildings can contribute to IAQ complaint
via the quality of building and workforce management.

vidual: Reported experience of IAQ _problems varies from one person to another within buil
ir and individual mental and physical health.

ontinuous actions shall be.taken, starting from the original brief, specification and design
Ligh the construction, installation and commissioning to the maintenance and operation ¢
quired in Clause 6.

shall be considered’/together with the energy implications of the choices we make. Energy i
risis, not just(because of dwindling resources but because of problems such as CO, emis

arming. In.tbe'1970s energy crisis, energy was the dominant consideration and ventilation

IAQand forget energy.
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maticallyxin many countries, increasing the risk of IAQ problems. It would be wrong n¢w to

Hence, the

jesigner needs to take into _account a range of factors other than pollutant concentratipns if

complaints about problems attributed to poor IAQ are to be minimized. The appropriate guidelines and

standards sh
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all be followed in making these considerations.
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Annex A
(informative)

Sources and control of indoor air pollution

Introduction

Thertl; are many pollution sources in buildings and, collectively, they emit biological cohta
reds or thousands of different chemicals, but at low rates. Pollution sources in a building include the
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pollufion load of that particular chemical in a space.can be practicable. Even without complete i
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mate,

The

air q
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pollufion loads are available:

A.2

A.2.1

bants and their activities. Furthermore, materials in the building, including furnishings, carp
icals, etc., can contribute significantly to the pollution of the air. Some materials/pollute §
but they can all contribute to the deterioration of the IAQ. The pollution sourcés)provide a
e air in the space. This load can be expressed as a chemical pollution loady. as a sensory
s a biological pollution load.

themical load may be expressed as the emission of individual chemicals from the sources
gth of a material may be expressed as the emission rate (or emission factor) of individual
1 or uyg'm=2-s1). The chemical pollution load of each individuat¢hemical in the air in the sp
timated by addition of the source strengths and expressed ifug's.

ugh several emissions databases are being developéd, information is not always ava
sion rates from materials or equipment used in buildings. In addition, it is sometimes i
int for the source strength of each of the chemicals\occurring in indoor air. But in some cas
dual chemical is suspected of being a critical pollutant because of its toxic potential, an es

be practicable to incorporate some measure of pollutant emissions into the criteria for

fials and equipment. Further information is*given in Annex D.

ality. The load is often expressed.by a sensory unit, the olf. The sensory load in the air can,
studies, be estimated by adding the loads in the air in a space, usually from the occup

ng (including furniture and‘equipment). The limits of additivity have not been fully defined

pry load from occupants ‘of different age and activity and from a range of buildings with

Pollutant sources

Building, materials and equipment

The building, the materials used and the equipment used within the building are all sources of pg

minants and

ets, cleaning

lot, some a
pollution load
pollution load

. The source
chemicals in
Ace can then

lable on the
mpractical to
es, where an
timate of the
hformation, it
selection of

bensory pollution load in the air is{caused by those pollution sources having an impact on the perceived

according to
ants and the
Data on the
nigh and low

llutants. This

is the case not just when they are new, but also when they are used, refurbished or cleaned, and as they get

older

Sources include

t

t

©1S0

he building structure and material; see Annex D,

he furniture and soft furnishings,

building services equipment, e.g. filters, dust or odour sources in ducts; see Annex F,

computer equipment, photocopying machines, etc.
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A.2.2 Occupants and processes

The occupants and the processes taking place in the building represent another set of pollutant sources.
These include

A.2.3 External environment

body odour, skin cells, cosmetics,
food, drink, smoking, toilets,

printing, photocopying, use of other equipment, paper storage, cleaning,

other processes, e.g. combustion processes, chemicals specific to the activities in the building,

biological contaminants such as bacteria, viruses, fungi, moulds, spores, dust mites, pollen,human and
pet dander, etc.

The external environment can be a source of pollutants, with sources including-air, soil and waten. For
example, heavy traffic, industrial processes, mining, contaminated land or sources of allergenic material |n the
locality can gl have a significant impact on the IAQ. Information on acceptability‘of outside air is given in WHO
guidelines; dee Annex C. Many national or local authorities also set limits\for the outdoor air, which the

designer should consider when specifying the need for air cleaning.

Pollutants can be classified as particles or gases.

a)

b)

18

Particle

The sizqg of particles is often indicated as an aerodynamic diameter. Particles in the atmosphere vary in
size from less than 0,01 um up to objects the size of leaves and insects. Studies of atmospheric patrticles
show that their size distribution is often bimodal, i.e. the particles are made up of two separate fractions,
one fineland one coarse. Coarse particles, abéut 2,5 uym and larger, consist of natural dust from the gffect
of wind,| erosion, plants, volcanoes, etc. The finer fraction, made up of particles smaller than 2, um,
originatgs primarily from human activity in. the form of combustion products, vehicle emissions and [other
processes. The total distribution andcoencentration of atmospheric dust varies greatly, depending dn the
place, s¢ason, time of day, etc.

The atmpospheric dust is composed of inert particles and viable and non-viable biological pairticles
(e.g. furjgal spores, bacteriaand viruses). Most allergens are particles containing proteins (from|furry
animals| pollens, mites/ete?). All proteins are different but they are about the same in size and react with
the samg type of biological mechanism. There are theories that exposure to pollution from polleng can
increasq the allergic\reaction to them. The allergens are normally connected to larger particles.

Gases

|ndustry vehicles, hnnfing appliannne and power gnnnrnfinn sites_ emit gases (n g sulfur dioxide,okone,
radon, nitrogen oxide, carbon monoxide and VOCs).

This document assumes that the outdoor air is generally acceptable for health and comfort for the

purpose of dilution ventilation. Where it has been established that the outdoor air is not acceptable, pre-
treatment of the outdoor air can be needed; otherwise the IAQ can also fail to reach an acceptable level.
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A.3 Choice of methods of control

A.3.1 Available methods

There are many ways to reduce pollution in the indoor air. Ventilation is often regarded as convenient because
it can be seen as addressing all pollutants of indoor origin at the same time. However, it is not always the best
solution. The choice of one approach against another depends on a number of factors, including the nature of
the pollutant itself, its source characteristics, the effect of the pollution on people and the relative practicability
and economics (initial costs and operating costs). Thus, knowledge of pollutants and methods of control affect
not only the execution of a method of control but also the choice.

The following measures, in sequential order of preference, should be adopted to eliminateyof reduce the
expogure of occupants to airborne contaminants in buildings.

a) Source control; see A.3.2

+ Eliminate the sources of the contaminant(s).

+ Substitute with sources that produce less harmful or less malodorous,eontaminants.
+ Modify the sources to reduce emission rate of contaminants(s).

+ Institute local pollutant management; see Clause A.4.

-+ Segregate occupants from potential sources of contaminants.

+ Improve local ventilation, e.g. by local exhaust, (if'source of contamination is local).
+— Use air cleaning to reduce local pollutants\

b) \entilation; see Clause A.5

+ Improve ventilation effectiveness, for example by choice of system type: mixing versus displacement.
+ Use appropriate overall'ventilation rate.
+ Use appropriate air ¢leaning.

4+ Require personal protection.

These measures;are not mutually exclusive and some combination is usually necessary. Adequdte ventilation
is always required, whatever other approaches are also used.

A.3.2 ,Source control

A.3.2.1 Elimination

Elimination of a source means taking a source away altogether because it is not needed in the building. This
can mean, for example, moving storage of source material or processes to another location or restricting
certain activities (e.g. smoking, using correction fluids). In some cases, even eating and drinking can come to
represent a significant source and can be restricted, at least in time if not in space.

A.3.2.2 Substitution

If the source of pollution is necessarily present in the building in some form, then consideration can be given
to using materials or equipment that emit pollutants at a lower rate. The following are examples of possible
approaches.
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Low-emission materials should be selected for actual use during its entire life for the basic structure, the

gs, building services and materials used in cleaning the building.

buildings should be designed to minimize unacceptable odour as far as reasonably practicable

and economically viable.

It is also

important to reduce pollution sources within ventilation or air-conditioning systems, including the

entrainment of outdoor pollution into air intake; see Annex F.

Regular
odours.

cleaning and maintenance of systems and furnishings are also very important factors in reducing
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A.4.2 Local exhaust

Local exhaug
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rce is inherently a high emitter, it is sometimes practicable to modify it to reduce emissiong. For

:Taerials emission rates vary over time and with temperature and humidity. So pasitiening matgrials

nd ventilating spaces at a high rate) in advance of occupancy can reduce emission rates when

5 later occupied.

this process can be enhanced by heating the building to a temperature higher than normal, a
etimes referred to as “bake-out”. In practice, this is difficult to do without the adsorption and re-
ollutants and without the high temperature damaging building components or contents.

pollutant management

pgation

separating the occupants from sources of-pollutants. For example, in terms of the procIsses
ce, paper storage can be in a separate area from workers, or there can be a separate arga for
bhotocopiers and designated smoking areas. Where such an approach is taken, special attgntion
en to ventilation and airtightness where the pollution sources are located. Additional ventijation
b generally required in such areas.

segregation can be achieved without a complete physical barrier by increasing the dis
rce and occupants or by Using an air curtain.

ance

t close to polfutant sources, e.g. a photocopier or an area where chemicals are used, can rgduce
ent for total Ventilation of the building. Air curtains can sometimes improve exhaust efficiency.

A.4.3 Local air cleaning

alaacootia filteratin noaod o ol
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o
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see Annex E.
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A.5 Dilution

A.5.1 Overall ventilation rate
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P

ocalized-areaq;

Ventilation of one kind or another is the most common approach to reducing levels of pollution in buildings.
The usual strategy is simply to introduce outdoor air (assumed to be fresh air) at a rate calculated to be
necessary to dilute the pollution in the building. The principles are quite simple: identify the pollutants that are
present, determine their effects on human beings and calculate what concentrations should be allowed. The
sources in the building, the production rate and the target concentration levels are then used to calculate the
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required fresh air supply rate. In practice, the designer rarely has all the required information and it is
necessary to make some estimations or assumptions. Additional dilution might not be an appropriate control
strategy for some biological contaminants.

Where recirculated air is used, care should be taken that spaces served by common recirculation systems are
of similar occupancies, unless the recirculated air is acceptably treated. Where air is recirculated or
transferred from a space where smoking is not prohibited to another space, both spaces are to be treated as
spaces where smoking is allowed and ventilation rates calculated accordingly.

A.5.2 Ventilation effectiveness

The &ir quality might not be the same throughout a ventilated space. What really counts for the

the a
venti

The
spac
pollu

r quality in the breathing zone. Such an inhomogeneity of the air quality in a space hascan-i
ation requirement. This is expressed by the ventilation effectiveness; see Annex G.

entilation effectiveness depends on the air distribution and the location of the 'pollution s
. It may, therefore, have different values for different pollutants. If there is @omplete mixi
ants, the ventilation effectiveness has a value of one. If the air quality in the breathing zone

occupants is
mpact on the

purces in the
ng of air and
s better than

in the exhaust, the ventilation effectiveness is higher than one, and the desired air quality in the breathing
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exha

Venti

sourd
effec

A.5.]

can be achieved with a lower ventilation rate. If the air quality in the breathing zone is poor
st air, the ventilation effectiveness is lower than one and more ventilation is required.

ation effectiveness is a function of location and characteristics of air terminal devices an

es. It is, furthermore, a function of temperature and flow rate of the supply air. Th
iveness can be calculated by numerical simulation or measured experimentally.

3 Air cleaning

Cleaning of the air delivered to a space reduces the’ pollutant concentration in the space. Reci

venti
comk
air c
open
if the

Air cl

ation airstreams may be cleaned and they may be cleaned separately and/or after the
ined. Where there is a risk of exhaust air'being re-entrained into the ventilation air, cleaning

ngs should be located to avoid resentrainment, although cleaning of the exhaust air can sti
outdoor environment around the‘exhaust would otherwise be adversely affected.

caners (“filters”) are of two.types: particulate air cleaners and gas-phase air cleaners.

Diffefent standards have- differing recommendations about the minimum efficiencies of filte
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rally agree that there-should be two stages of filtration of outdoor air (pre-filter and main filt
s, see Annex E«
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Annex B
(informative)

Methods of expressing IAQ

B.1 Methods of expressing IAQ

IAQ may be
acceptability

In terms

by appn
concent

In terms
dissatisf]
on eithe

Either of theq
before using
designer car
consistent in
permit the ¢
decide which
most of the s

In Table B.1
(standards, €

In Table B.2,
available in t
documents (

The heading

oved authorities provides an expression of IAQ. Some regulations also.‘impose min

expressed in terms of the health risk to the occupants or/and the occupants’ expressi
based on their perception of the IAQ.

of health, the pollutant concentration levels when compared to acceptable levels 'as establ
ation or airflow rates for hygiene.

of acceptability, the percentage of people who perceive that the air<is unacceptable (pe
ed) is an expression of the quality of air from a comfort point of view\This criterion may be
unadapted or adapted people.

e methods can be used to design a system. The designer shall use the methodology in Cla
a method in a design and should apply only a singlemethodology throughout a proje
use more than one method to cross-check the conclusions; however, it is critical that |
applying the appropriate methods. Tables B.1 and\B.2 summarize the different methods
blculations and the criteria that are taken into account. Both tables allow the designer fi
factors to take into account and then to select*a method of expressing IAQ that covers
elected factors.

the column headings start with the general type of method and then show which docur
tc.) include a method of that type.

the column headings start with_ the document and then show which general types of metho
hat document. There is a spate*column in which the designer can enter information on alterr
P.g. a national standard or-a*future revision of a standard).
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Table B.1 — Factors taken into account in different methods of expressing IAQ

Basis of standard/guidance
Ventilation rate Target concentration
Health Comfort Health Comfort Health risk
(PAQ) (PAQ)
Factors taken into account - - - -
R RE R R R R R
e I I = <1 e I 1 I B { R I
w g = o =z o g w g = 14 [da) : g o wl N
< | W 2TW CT o <[ o W °T<| u] o | <
< < < <
Independent/none X XXX X|X[X[X[|X[X]|X
Approach to
multiple Partial addition X
pollutants
Add X X X
Cotnfort Adapted X X
ass’Fmption Unadapted X | X X X
l Short-term (< 1 day) | X X X
Hedlth basis
Long-term (> 1 day) | X X X X
Children X[ X X[ X X X[ X X[ X
Working-age adult X XXX XXX X[X]|X X
Population Elderly X[ X X | X X X[ X X[ X
People with health-
related sensitivity
(e.g. asthma)
per square | X | X X XXX X[ X X
People |metre
number X | X XX X X
Emjssion Smoking X X
soyrces
Materials/equipment | X [ X | X [ X XX X X
Effect.of X X
temperature/
RH/air flow
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Table B.1 (continued)

Basis of standard/guidance

Ventilation rate Target concentration
Health Comfort Health Comfort Health risk
(PAQ) (PAQ)
Factors taken into account - - - -
N | o || NS | N | e
S| CIRIYRIYC|g|oR Y xR %S =3
SlL|a|S st L8| L|2|E|8|k|L|E|8|e
n E z X =& E n g z 1% ; g Eloplw
|l WY WY |<g|W|T|<|u|n| " [<]<
< < < <
Rate X | X X X[ XX X | X X | X
Recirculation X|X|X|X|X[X[|X]|X X | X X [
Ventilation | | efectiveness X X | X | X[ X]|x|[x X | X X | X
Air movement X X | X X X
between zones
Modifying Air cleaning X X | XX X X X | X
mechanism| | gink effects X
Outdoor air| | Concentrations X[IX[X]|X[X[X]|X[X]|X|XIX|X|X]|X]|X]|X
Multi-zone X | X X[ X| XX X | X X
Zone
By zone XX |X[X|X[X|X[XYX[X|X[X]|X[X]|X|X]|X
Complete day X | X X | X | XX X X | X
Variation Shorter periods X | X X | X X X
Occupancy X | X X | X X X | X
Default table XXX [XMN|X]|X]|X X X
Output Calculation for each | X XX X|X[X|X|X[X]|X]|X
(ventilation | |case
requirement
More than one target X | X X X X | X
level
& ForCO,
b For the gnvironmental tobacto’smoke harm index (ETSHI).
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Table B.2 — Factors taken into account in different documents
that offer methods of expressing IAQ

ISO 16814:2008(E)

ASHRAE 62.1 AS 1668.2 CR 1752 EN 13779
3
2 2
2| 2|8 =
Factors taken into account o la -§' § ‘q:'; Zlelag 15 Sle =
| < clel> |8 %l o |Z| e
> | K N0 ol s | W - = oy
& a5 g g
& S =
4
Procg¢dure Ventilation rate X X | XX X X
Target X X | X X X (XX
concentration
Health risk X
Critefion Health X | X X
Comfort X X | X|X X| X | X
Apprpach to |Independent/none X | X X X X
Itipl
Dollulants | Partial addition X | X X
Add X X
Comfort Adapted X X
"
assUmPlon 1y adapted X X x| x [ x
Health basis | Short-term X | X X | X
(<1 day®)
Long-term X | X X X[ X]|X
(> 1 day®)
PopJlation Children X X|X|X
Working-age adult X\t X XX | X]|X X| X | X
Elderly X X | XX
People with health- X X[ XX
related sensitivity
(e.g. asthma)
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Table B.2 (continued)

b

C

ASHRAE 62.1 AS 1668.2 CR 1752 EN 13779
5
2 3 )
2|28 g 2
Factors taken into account i ‘é _"é. § ‘g ;:, % o _S g g %
£l < SlE|2g| (= 5O |a|y
- o 9| ® = ]
a|&| 3 5 S
5 S =
-4
Emission People—persquare——X XXX XXX
sources metre
per cubic
metre
Smoking X| X[ X|X
Materials/equipment | X X X
Effect of temperature/ X | X
RH/air flow
Ventilation Rate X XX | X|X X X | X | X
Recirculation X X | X X | X
Effectiveness X X| X X| X | X|X
Air movement X[ X | X
between zones
Modifying Air cleaning XX X X
hani
MeCnanSm 1l sink effects
Outdoor air || Concentrations X | X X | X XX | X]|X
Zone Whole building X X| X | X X| X[ X]|X
By zone X X| X[ X]|X X| X[ X]|X
Variation Complete day X X X[ X|X X| X | X|X
Shorter periods X | X X X
Occupancy X | X X
Output Default table X X X
Calculation for/edch X| X X X X
case
More thah one target X X X| X | X
level
2 Ventilation rate’ procedure

indoor air quality procedure.

1 day is a standard working day up to 8 h of exposure.

26
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B.2 Methods based on ventilation rate

B.2.1 Ventilation for health

At present, there are no standards that offer ventilation rates based only on protection of health. However,
methods based on comfort, as described in B.2.2, are generally also held to protect health under most
circumstances. Where health is of primary concern, a target concentration (see Clause B.3) or health risk
approach (see Clause B.4) should be used.

B.2.2 Ventilation for comfort

B.2.2.1 Introduction

In thé various standards, there are several approaches to determining the appropriate Wentilation rate for
comfprt. These are described below and cross-referenced to specific standards.'and guidance where
appropriate.

B.2.2.2 Tabulated ventilation rates

Acceptable air quality is achieved by providing ventilation air of a specified quality and quaptity into the
occupied space. Prescriptive methodologies are available in whichva specific amount of ventilation air is
recornmended in order to dilute the pollutant levels to acceptable concentrations. Tables are|provided for
specifying the amount of ventilation air required for various types 6f occupancies. Ventilation may be specified
“per person” or “per unit area” or “per unit volume” or in “air changes per hour”.

— When based on the number of persons, the amount.of ventilation air required is specified s a unit per
erson. Therefore, the number of occupants expected in the occupied zone shall be deterniined in order

calculate the total ventilation air for the building as described in Clause 6. This approgach assumes
ither that the occupants are the only pollutant source or that pollutant emission from other sources is
roportional to the number of occupants, €.g- there is a fixed floor area per occupant.

— hen based on floor area, the ventilation air required is specified as a unit per square metfe. Therefore
e total area in the building shall"be determined in order to calculate the total ventilatign air for the
uilding as described in Clause\6. This approach assumes that all pollutant emissions are pfoportional to
oor area. The implication _i§ either that people are not normally present or that there is a fixed number of
eople per unit area.

It is @lso possible to speCify both a rate per person and an additional rate per unit area. Thig allows both
people and other sourCes to be taken into account on the most logical, simple basis.

This method implieitly assumes a certain level of indoor pollution sources, air cleaning and a kpown level of
outdgor pollutant concentrations, as well as ventilation effectiveness. This approach is, therefore, subject to
potentially darge inaccuracies if applied in circumstances that differ significantly from those frgm which the
specified\rates were derived. It is most suitable for use within countries or restricted climatig regions, in
specified building types and with consistent building practice. Within these limitations, it can shorf-cut many of
the complications of specifying ventilation rates.

B.2.2.3 Ventilation rate for acceptable IAQ — ASHRAE 62.1 [2]

A ventilation rate calculation method is intended to provide air quality levels that satisfy a substantial majority
of adapted persons (occupants) in spaces that are properly designed, maintained and operated and that are
being used for their intended purpose. For each ventilation system, this method prescribes minimum supply
air rates for each space served by the system as well as an overall system outdoor air rate.
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B.2.2.4 Perceived air quality method — CR 1752 [4]

Humans judge the acceptability of air quality based partly on a feeling of comfort that comes from information
collected by their sensory organs. It is important to realize that this perception is not directly linked with health
effects.

This method is available to designers to be able to classify a building or occupancy types into three categories,
i.e. A, B and C, of air quality perceived by unadapted visitors. The “A” category building is designated at a higher
quality level than “B” and “C”; thus the “A” category building is ventilated at a higher rate (for any given rate of
indoor pollutant emission) than the other two. An easy-to-read table can be referenced to determine the
ventilation rate for each type of occupancy.

B.2.2.5 Anlenity index — AS 1668.2 [3]

y the
blues
rious
bcted

Some standgrds allow for the achievement of different levels of ventilation amenity, represented b
calculation of a dilution index for various types of enclosures and different contaminant levels. Higher v
represent a higher ventilation amenity. Procedures allow the designer to calculate a dilution-index for va
enclosures and calculate the ventilation and air cleaning parameters necessary to achieve pre-sel
conditions.

4

q

B.2.2.6 Equilibrium ventilation rate — AS 1668.2 [3]

e the

The equilibri
minimum flo

provides guiglance on the amount of ventilation air required. Differentwalues are recommended dependi

whether the
depending o

B.3 Target concentration value

B.3.1 Mass balance approach

B.3.1.1 Ba
This contam|
required to
identify the
chemicals in
appropriate,

B.3.1.2 Steady-state.calculation of mass balance

sis of approach

um ventilation rate procedure is a prescriptive procedure that can be used to determin
v rate required for a system. Depending on the activity.level in an occupied space, the

system applies to a single-zone or to a multiple-zong building. Recommended values ch
h the room temperature.

nant concentration level _procedure provides a methodology to calculate the ventilation

ost critical pollutant{chemical or group of chemicals) and to estimate the pollution load of
the space. Furthefmore, a guideline value from a recognized body or body having jurisdictig
should be available for that pollutant.

The ventilati

condition is daletllated from Equation (B.1):

n-ate, g, expressed in cubic metres per second, required for diluting a pollutant in steady.

table

g on

ange

rate

eet a specified concentration level for a specific pollutant. In such procedures, it is necessary to

hose
n, as

state

G 1
v Ch, _hCh,o 2 ©D
where
G, is the emission rate of a chemical, %, expressed in milligrams per second;
C,;i s the guideline concentration value of a chemical, 4, expressed in milligrams per cubic metre;
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Cjo s the outdoor concentration of a chemical, 4, at air intake (or supply), expressed in milligrams per
cubic metre;

& is the ventilation effectiveness.

\2

The concentrations C;, ; and C;, , may also be expressed on a volume-per-volume basis.

NOTE Microlitres per litre is equivalent to volume parts per million (ppm), a deprecated unit.

In this case, the chemical pollution load, G,, is expressed as litres per second and the equation has the form
given in Equation (B.2):

6
=~ (B2)

In cases where there are several pollutants, it can be necessary to check all relevant pollutants in order to
determine the most critical one.

B.3.1.3 Non-steady state conditions

Equa:ion (B.1) is valid for a steady-state situation (default situation)<with a long-lasting, constant emission.
When the emission period is short, the stationary equilibrium-goneentration might not be acHieved or the
airfloy can be reduced for a given maximum concentration level. "The time-dependence of the ¢oncentration
level jin the room is given by Equation (B.3), assuming that the\supply air rate is equal to the extract air rate:

qv
G !
C,(2)-C, =C(0) + 2| 1-¢ r (B.3)
0 qv
wherg
7 is the emission rate of a chemical, 4, expressed in milligrams per second;

C,.(2) is the guideline coneentration value of a chemical, 4, expressed in milligrams per cdbic metre, at
time z;

Ch o is the outdoor concentration of a chemical, 4, at air intake (or supply), expressed [in milligrams
per cubic,metre;

€ is-the volume of air in the room, expressed in cubic metres;
1 is the time, expressed in seconds;
dy 15 theair flow, expressed i cubic Metres per Secona:

B.3.2 Target values for health

Exposure to pollutants in the air can constitute a certain health risk. Adverse health effects can be comprised
of short-term effects or long-term adverse effects like cancer. To limit the health risk to a low level, maximum
permissible concentrations and corresponding exposure times for individual chemicals are available. National
authorities have determined occupational exposure limits [e.g. threshold limit values (TLV) in the USA] in
industrial environments where workers are exposed to a few known chemicals. Some countries use a certain
fraction of TLV to be applied as a limit value for non-industrial premises; alternatively, a fraction of the lethal
dose for 50 % of a given animal population, LDg,, may be used.
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If the production rates of specific pollutants of concern are known and target values are available, analytical
procedures exist to calculate the ventilation rate required to achieve a contaminant concentration level
acceptable from a health point of view. Annex C provides recommended guideline values for common
pollutants found in indoor and outdoor air, derived from the World Health Organization (WHO) air quality
guidelines. WHO guidelines are not recognized standards, but represent the best scientific judgement at the
time at which they are written. Many national authorities also set concentration limits for workplaces but these
tend to relate to industrial settings in which there is a risk of high concentrations of one or a few pollutants
arising from industrial processes. For broader application, in environments with multiple pollutants at relatively
low concentrations, the WHO guidelines are generally to be preferred. Designers should consult these
guidelines, together with any applicable national regulations, in order to determine the rationale on which the
tabulated values are based.

B.3.3 Target values for comfort
Human occy
aerosols andd VOCs. The target concentration for comfort is based on CO, as an indicator of h
bioeffluents.

pants produce CO,, water vapour and contaminants, including particulate matter; biolggical
iman

This method
outdoor polly
potentially 13
specified rat

assumes implicitly a certain level of indoor pollution sources, air cleaning and a known le
tant concentrations, as well as ventilation effectiveness. This approact’is, therefore, subj
rge inaccuracies if applied in circumstances that differ significanthy\from those from whic

Vel of
bct to
h the

bs were derived. It is most suitable for use within countries ©r restricted climatic regiofs, in

specified building types and with consistent building practice. Within thesedimitations, it can short-cut mgny of
the complicalions of specifying ventilation rates.

CO, is a gqod indicator for the emission of human bioeffluents, ‘Classification by the CO, level i well
established for occupied rooms, where smoking is not allowed~and pollution is caused mainly by htiman
metabolism. [Equation (B.2) may be used to calculate the necessary airflow rate depending on the chosen
CO;, level.

EN 13779 49l gives the following four levels (from most to least acceptable) of typical specifications for the
total CO, comcentrations, which are caused mainly by-people, in rooms above outdoor levels:

a) <400 ulfIM;

b) 400 pl/l {o 60 ul;

c) 600 ul/tp 1,000 pif;

d) > 1,000 pi/1.

ASHRAE 62]1:2007 [21, Appendix C, provides a rationale for the minimum physiological requiremenis for
respiration afr based.on)CO, concentration. For example, for sedentary persons, it calculates a CO, leyel of
approximately 700.ul/"above the outdoor level.

NOTE CO,is a good indicator in spaces where the occupation density is high (e.g. schools, auditoria), but gan be

insufficient in some cases (hygiene rooms, smoking zones) and in the presence of other pollutants.

B.4 Health risk method

AS 1668.2 [31 is the only standard that takes this approach at present with the “environmental tobacco smoke
harm index (ETSHI)”. The ETSHI is an expression of an index accounting for a significant part of the mortality
risk associated with a specified exposure to environmental tobacco smoke in an environment that is ventilated
and is either fitted or not fitted with devices for removal of some ETS components that contribute to the risk.

1) The units “pl/I” are equivalent to volume parts per million (ppm), a deprecated unit.
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(informative)

Examples of WHO air quality guidelines

The values given in Table C.1 are based on the exposure to single airborne chemicals through inhalation
alone. They do not take account of additive, synergistic or antagonistic effects (except for the combined
exposure to sulfur dioxide and particulate matter) or exposure through routes other than inhalation. The basis

for dérivation is different for each chemical; hence, they cannot be compared with each other witfhin an overall

hiera

rchy of exposure effects. The WHO guidelines provide information on typical sources,.0¢cU
typic@l concentrations reported, routes of exposure, metabolic processes, proven and suspested

rrence in air,
nealth effects

and gn evaluation of human health risks for each chemical.
For particulate matter, a guideline figure is not provided, although there are local or regional quidelines for
outdgor air pollution in many areas. These guidelines should not be applied directly to the indoor jair, since the
composition of indoor particles is different and, therefore, the same health-effects should not pe expected.
Howgver, outdoor air quality and the related guidelines can be used in decisions about the apprgach taken to
clearfing intake air.
Table C.1 — WHO guideline values for individual'substances (Reference [6])
Guideline value Not
i otes
Substance Averaging time conc:ent!'atlon
'n air, (from Reference [6])
g m3
Arsgnic Lifetime — Estimated 1 500 deaths from cancer ih population
of 1 million through lifetime exposure ¢f 1 ug-m=3
Benzene Lifetime — Estimated 6 deaths from cancer in population of
1 million through lifetime exposure of {1 ug-m=3
1,3tbutadiene No value inWHO —
Catiimium Annual 0,0052
Callbon monoxide 15 min 100 000 b
30 min 60 000
1h 300 000°¢
8 h (running) 100 000 ©
Chijomium{\) Lifetime — Estimated 40000 deaths from |[cancer in
population of 1 million through lifetime|exposure of
1 ug-m=3
1,2-dichloroethane 24 h 700
Dichloromethane- 24 h 3000
(methyl chloride)
1 week 450
Formaldehyde 30 min 100
Hydrogen sulfide—3d) 24 h 150
Lead 1 year 0,5
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Table C.1 (continued)

Guideline value
concentration

Notes

Substance Averaging time .
in air (from Reference [6])
Hg'm3

Man-made vitreous Lifetime — Estimated 40000 deaths from cancer in

fibres — refractory population of 1 million through lifetime exposure of

ceramic fibres 1 pg-m-3

(MMVF — RC)

Manganese 1 year 0,15

Mercury 1 year 1

Nickel Lifetime — Estimated 380 deaths from cancer in populatioh of
1 million through lifetime exposure of\1 Jig-m=3

Nitrogen digxide 1h 200

1 year 40

Ozone 8h 120

PMg No values in WHO —

(particulate matter

<10 ug-m~3diameter)

Radon Lifetime — Estimated~30 to 60 deaths from cancer] in
population of 1 million through lifetime exposurg of
1.Bgwn—3

Styrene 1 week 260

Sulfur dioxide 10 min 500

24 h 125
1 year 50

Tetrachlorogthylene 24 h 250

Toluene 1 week 260

Trichloroethlylene Lifetime — Estimated 4,3 deaths from cancer in populatiop of

10 million through lifetime exposure of 1 m=3

the dietary infake.
b

@  The guideline value is based gh.the prevention of a further increase of cadmium in agricultural soils, which is likely to incr¢ase

Not re-eyaluated for the-second edition of the guidelines.

€ Exposurg at these conCentrations should be for no longer than the indicated times and should not be repeated within 8 h.

32
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Annex D
(informative)

Emissions from building materials

Measurement of emissions from materials by chamber methods

In 193, CEN began work on the preparation of a European standard for measuring VOC emissitl)ns from new
building materials. The main driving force for the work was the requirement for comparable meéa
demgnstrate whether products met the requirements for Hygiene, Health and Environme
Reqguirement No. 3) under the Construction Products Directive.

The
for fl
com
have
and

armonized standards being developed by CEN (the European Standard Committees), e.g.
oor coverings, CEN/TC 193 for flooring installation materials (adheSives, primers an

surements to
nt (Essential

CEN/TC 134
d smoothing

ounds), CEN/TC 38 for timber and timber treatment products and CENA,C 139 for paints apd varnishes,

to provide both the consumers and sellers with a legal basis to cértify the product in rela
safety and environment issues, as well as provide a harmonized basis for compariso

properties for building applications.

Equa
vVOC
ISO

ECA
emis
scale

CEN
wood
state
chanm

D.2

Prod
and ¢
demd
be us

lly important was the development of national and industry-based material labelling schem
emission. The work undertaken within the European Collaborative Action provided the techr
6000-6 [40], 1ISO 16000-9 [41], ISO 16000-10 [42] andASO 16000-11 [43],

COST Project 613 (1989) published a guideline-for the determination of the steady-state f
sion. This guideline is based principally on tests in a large (walk-in) chamber, although dat
chambers (< 1 m=3) are also included.

TC 112 is responsible for preparing'the European standards for testing the formaldehyde e

-panel products. Their work is adopted in ISO 12460 (all parts) [7]. It is based on establish
formaldehyde concentration . due to the release of formaldehyde from the panel product c
ber over a 28 day period.

Labelling and.-certification schemes for low-emission products

ion to health
n of product

es based on
ical basis for

prmaldehyde
h from small-

mission from

ng a steady-
bntained in a

ict labelling, baseéd on health, safety and durability, can be a valuable tool to assist designe
ther consumers in the selection of products. Certification can be a good marketing tool for t
nstrate the’quality of products and provide a harmonized basis for comparison of quality fo
ed inthuilding applications. 1ISO 16000-6 1401, ISO 16000-9 [41], 1ISO 16000-10 [42] and I1SO

provi
prod

He-avmeans for testing VOC emission from materials and, therefore, the basis for ce

rs, specifiers
e industry to
materials to
6000-11 [43]
fication of a

required to

demonstrate compliance with the Essential Requirement No. 3 of the European Construction Products
Directive. As of the publication date of this document, no European product standard includes recommended
limits for VOC emissions. However, a number of labelling schemes and guidelines were operating in Europe.

The European Commission published a report in 1997 about the evaluation of VOC emissions from solid
flooring materials with respect to their potential effects on human health and comfort when the material is used
in buildings. It also provides a strategy for setting up labelling schemes for assessing chemical emissions from
flooring products. Although the report focuses on flooring materials, the principles for evaluating VOC
emissions can also be applied to other building products.

VOC emissions from carpets have been a major issue in the USA. This was brought to the fore by sickness
complaints after the installation of carpet in the US Environment Protection Agency headquarters
(Reference [24]). This led to petitioning to require testing of VOC emissions from carpets and to limit the
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emission of 4-phenylcyclohexene, which was formed from the Diels-Alder reaction between styrene and
butadiene monomers. A US “Carpet Dialogue” was constituted to form a voluntary labelling scheme
(http://www.carpet-rug.com) with the aim of reducing VOC emissions from carpets. Also, the carpet industry is
required to periodically test the emission of TVOC from products as part of quality-control procedures and to
provide consumers with comparative information on the TVOC emission. The State of California regulations
concerning VOC emissions from paints and varnishes and the State of Washington’s East Campus Plus
Program were designed to address air-quality problems in office buildings. These specify that all materials
used in the construction of new office buildings, including furnishing and finishing, comply with requirements
for emissions of formaldehyde, TVOC and particulates.

In Europe, a number of labelling schemes have been introduced to control VOC emissions from building

materials. A

s and

coating prod

cummary nf tho roantiromante Af thaca Iahallina cchamac far flaagrina nraducte and for naint.
St A H-othefequre eSO tmeSekapeHg-SeRemeSToHooHRgproauGtSaRco—paiht

icts is provided in Tables D.1 and D.2.

D.3 Emissions databases

Building mat

brials and products are major sources of VOC emissions in indoor environments. The resu

emission tests have been reported in many studies, and databases have been developed to allow bu

professionals

A database?
Comfortable
programme (
materials, fu
of the buildi
effects (odou
pollution loadg
The expecte
the perceive
and 28 days

and others to extract data about product emission characteristics.

) of indoor air pollution sources called SOPHIE (Sources ©f Pollution for a Healthy
Indoor Environment) was developed under a collaborativeproject supported by the J(
f the European Commission. This database covers three typés of VOC emission source: bu
nishings and HVAC components. The main features of the' database include the characte
hg and furnishing materials and some HVAC compaonents; chemical emission rates; se
r and mucous irritation ratings); toxicology of the chiemicals; and an evaluation of the imp3
s in the indoor environment based on a “model room” of 17,4 m3 and a 0,5 h~! air change
] VOC concentration in the room for a selected’material is calculated, providing an evaluat
j IAQ for the occupant. The emission rate data are based only on measurements taken 3
after exposure in the test chamber. Materials were tested using small-scale (volume on the

of litres) chanbers as well as the standard-sized chambers (1 m3, 0,125 m3) or by emission cells (e.g. 3

The protocd
ISO 16000-9

SOPHIE allg
(chemical ar
evaluation to
ranked and
HVAC comp

Several rese
use and for
developed a

| for testing of the materials js\\largely as given in accordance with ISO 16000-
(411 1SO 16000-10 [42] and ISO 16000-11 [43],

ws emission data to be entered and search engines to be used for interpreting these
d sensory irritation rating) ;and toxicological information on the emission sources. It is alj
ol, which allows the indeor pollution impact of building and furnishing materials to be comp

nent and for a given ventilation rate.

rch organizations in Europe and in America have developed emissions databases for thei
ccess by consumers and building designers. For example, an emissions database has
BRE (http://www.bre.co.uk/), based on the analysis of VOC emissions from a variety of bu

Its of
ilding

and
DULE
Iding
istics
nsory
ct on
rate.
on of
days
order
b ml).
5 [40]

data
50 an
ared,

ssessed. Prediction-of indoor concentrations of VOCs can be made for a selected mateifial or

own
been
ilding

materials collected(on site during construction of an office building [36]. This database contains emission rate

data for the
Emission d

ding.

ajor chemicals and describes the products, including where they are installed in the bui

concentrations of pollutants in an indoor environment.

redict

The Danish Society of Indoor Climate has developed a database that tests and labels building products
according to their impact on IAQ (http://www.danskbyggeri.dk/). VTT in Finland has also developed a
database [38.

A “Source Ranking Database” program has been developed in the USA by the US Environment Protection
Agency (US EPA), Indoor Air Source Characterization Project, to provide a mechanism for building designers

2) The listed databases are examples of suitable products available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
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to select the least environmentally harmful materials. The VOC emission rates of materials, product
formulation, sizes of exposed populations and the quantitative toxicity data as well as the toxic effects of the
VOCs are included in the database.

The US EPA has also made available on the internet a “Multi-Chamber Concentration and Exposure Model”
(MCCEM) (http://www.epa.gov/) for users to estimate average and peak indoor air concentrations of
chemicals released from products or materials in houses, apartments, townhouses or other residences. The
model can also be used to assess other indoor environments, e.g. schools and offices, if the user can supply
the necessary input data. The model can evaluate a person's inhalation exposure of VOCs and calculate the
single-day doses, chronic average daily doses or lifetime average daily doses.

Table D.1 — European labelling schemes for low-emission flooring products

Labelling schemes

Classification requirements/Description

Dani

Eh voluntary labelling scheme

Requires evaluation of the VOC emission rates and odour

thresholds of the flooring materials in an environmental chamber or cell,

with results scaled to a 17 m3 modelled roem.

and irritation

Finni

sh M1 label for finishing materials

Requires measurements of TVOC( (¥ 200 ug-m=2-h~1),

carcinogens

. _ (<5 pg'm==2-h1, formaldehyde (< 50 ug'm=2-h~1, ammonia

htp:/Avww.rts. fi (<30 ug'm2h~") and odour dissatisfaction (15 %) aftef 28 days of
exposure in an environmental.chamber.

GuT | Environmental Quality Mark for Carpets | Regulates emissions of+CFCs, pesticides, carcinogens| (recognized,

proven or suspected, e.g\\benzene, butadiene, vinylchloridg

, vinylacetate

http:/www.gut-ev.org/ and formaldehyde), which shall not be detected in product; and limits
emission of toluene (50 pg-m=3), styrene (5 pg-m=3), 4-vinylcyclohexene
(2 ug-m=3), 4-phenylcyclohexene (20 ug-m=3), TVOC (30 ug-m3), total
aromatic hydrosarbons (150 ug-m=3), and odours, tested |n a standard
environmental chamber. Dyes or auxiliary substances shdll not contain
heavy métals, such as lead, cadmium, mercury or chromium(V1).
GEV|EMICODE Labelling System for The<'product is analysed for carcinogenic compounds pfter 24 h of
adhegives, primers and smoothing exposure in an environmental chamber. The substances arg¢ classified as
compounds a’ recognized (C1), a proven (C2) or a suspected (C3) carcinogen
) according to European Directives or German legislation.
http://www.emicode.com/

The following carcinogenic compounds are currently restrictgd:

C1: acrylamide, acrylonitrile, benzene, 1,4-dioxa
C2: acetaldehyde and formaldehyde;
C3: vinylacetate.

EMICODE sets the following limits:

C1 substances: <2 ug-m=3,
C2 substances: < 10 yg-m=3;
C3 substances: <50 pyg-m=3.

TVOC and the principal VOCs (above 20 ug'm=3) are al
after 10 days of exposure. The following three categories ¢
used, based on TVOC emission rates.

ne;

50 quantified,
f product are

TVOC emission rates by product category
Product pg-m->
EC 1 EC2 EC3
Primers <100 100 to 300 > 300
Levelling <200 200 to 600 > 600
compounds
Flooring adhesives <500 500 to 1 500 > 1500

©1S0

2008 — All rights reserved

35


http://www.epa.gov/
http://www.rts.fi/
http://www.gut-ev.org/
http://www.emicode.com/
https://standardsiso.com/api/?name=1974b42176ee06df59a5f01e1e40db56

ISO 16814:2008(E)

Table D.1 (continued)

Labelling schemes Classification requirements/Description

Swedish standard for floorings Requires measurement and declaration of TVOC emission rates after
4 weeks and 26 weeks of exposure of the flooring materials in an
GBR/SP Trade standards GBR 1992. emission cell, and the 10 principal individual VOCs.

Nordic Swan Ecolabelling Programme The scheme prohibits the presence in the product of carcinogens,
halogenated VOCs, organic tin compounds, phthalates, polybrominated
diphenyl ethers and also substances that are mutagenic or harmful to the
human reproductive system. Heavy metals are also not allowed. Emission
of formaldehyde from the finished product shall be less than 0,1 mg-m—3
N the chamber alf. The procedures used In the Danish and _Fihnish
schemes also apply in the Nordic Swan Ecolabelling Programme)|Both
the environmental chamber and emission cell tests can be used:

German Blue|Angel Ecolabelling Scheme This labelling scheme covers flooring materials, furniture and ‘wall pgnels.
Auxiliary materials, such as adhesives and coating /materials, are| also
RAL-UZ 38 included in the scheme. The scheme provides labelling'to cover the whole
RAL-UZ 76 life-cycle of the products. The scheme confrols emissiong of
formaldehyde, TVOC, halogenated organic. gompounds and [toxic
RAL-UZ 430 substances that are carcinogenic, mutagenic‘and/or teratogenic. Stapdard

environmental chamber tests are requiréd for the certification of [VOC
emissions from the products. The following are the emission requirements
for large surface products used in building.

Emission requirements
Compound pg'm-3
1 day 28 day
Formaldehyde — 62
TVOC (50 °C to260 °C) — 300
Total VOEs_ (> 250 °C) — 100
Toxig substances <1 1
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Table D.2 — European labelling schemes for control of VOC emissions from coatings

Labelling schemes

Requirements/Description

Danish voluntary labelling scheme

See Table D.1 for requirements.

Finnish M1 label for finishing
materials

http://www.rts.fi/

See Table D.1 for requirements.

EU Ecolabel Scheme
http://www.ecosite.co.uk/

B & Q and British Coating Federation
Scheme

Provides criteria for paints, varnishes and cleaning products for indoor uses. The
quantity of VOCs and volatile aromatic hydrocarbons (VAHs) are included in

restrictions. The limits for Class | and Class Il paints and varnishes

those required by B & Q and the British Coatings Federation schemes.

are similar to

The “Ecolabel” criteria limit the use of paints and varnishes thatlcontain toxic,

highly toxic, carcinogenic, mutagenic or teratogenic substances, el
the European Directives 79/831/EEC and 83/4367/EEC, ,.and als
that are mandated a warning label by Directives 88/379/EEC\/The \/
in this restriction are benzene, methanol, acetonitrile;* 1,1,1-tr
xylenes, toluene, turpentine, ethylbenzene, butanol{~2-ethoxyeth
formaldehyde.

a) Paint category 1 (for walls and ceiling):
The VOC content shall not be greater than 30 g-I=! (and
dry climate < 60 g-I™").
The VAHSs shall not be greater than 0,5 % of the product n
b) Paint category 1 (for use on‘ather surfaces):

The VOC content shall be less than or equal to 250 g-I-".

The VAHSs shallbe less than or equal to 5 % of the produd

ssified under
b substances
OCs included
chloroethane,
lacetate and

in warm and

Nass.

t mass.

an Federal Environment
cy, Blue Angel Scheme

Gernf
Ager

This scheme requires’that the paints and varnishes not contain
carcinogenic substances. The maximum allowed levels are as follow

VOC content 10 % by mass for water-soluble paints and 15 9
oil-based)paints;

toxicVOC content < 0,5 % by mass for water-soluble paints
mass for oil-based paints.

The product should not contain any heavy metals, such as lead
chromium.

Chamber tests of low-emission paints that had qualified for the Blu
showed that, after 48 h of paint application, the emission of the
was reduced to below the detection range of the analysis.

The scheme also has restrictions on the production and uses of dye
more than 1 % 2-naphthylamine, 1 % 4-nitrodiphenyl and < 1§
solvents, such as carbon tetrachloride, tetrachloroet
pentachloroethanes.

mutagenic or
S:

b by mass for

bnd < 5 % by

cadmium or

b Angel Label
solvent VOCs

s that contain
o chlorinated
hanes and

The
“Pair

Danish Technological Institute
t favourable to IAQ”

The factors included for consideration are IAQ and working envir
application characteristics, and coating performance.

Emission rates of VOCs and odour are the properties to be assess

bnment, paint

ed as well as

drying time, adhesion and paint mass application. Three categories

of paints are

provided. This classification scheme is supported by a Nordic group of industries

and institutes. Products are characterized as follows:
“Amongst the very best paints”: paints that produce a VOC

less than 5 ug-m~3 within 2 weeks to 4 weeks after paint application;

respiratory system;

paints.

“Acceptable”: paints that do not emit any substances that are carcinogenic
or have a toxic effect or cause mucous membrane irritation to the eye or the

“Poor-quality paints”: paints that do not meet the criteria for acceptable

concentration
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A complex database of VOC emission from building materials has been developed in Canada by the National
Research Council Institute for Research in Construction. In this emissions database, empirical models are
used to represent the measured VOC emissions from the building materials tested in small environmental
chambers over time. The database is managed by a computer program called “MEDB-IAQ”, which is a
materials emissions database and IAQ simulation program. The program allows the user to browse,
interrogate and generate reports on the emission data. It also has a single-zone simulation model for users to
estimate the impact of selected materials on the VOC concentration in a building.
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Annex E
(informative)

Air cleaning devices

Needs of air filtration for better indoor air quality

FiItralion of outdoor or recirculation air reduces the level of pollutants in the air. The basic-fec

pass

peop
partid

air through a filter, which retains the pollutant, and then to distribute the filtered air inthe
e in the building. There is a wide range of filter types performing this duty. Some (filters

inclugling odours. Maintenance and replacement of filters is essential for their continued effectiv

avoid

generating and re-entraining pollutants from the embedded pollutants in the\filter element.

Filtrafion is necessary to reduce an undesirably high concentration of contaminants in the ventilat

acce
incre

filter

ptable levels. Deposited pollutants can provide a potential breedihg “ground for micro-or
bse the likelihood of emitting pollutants during the operating life of the system. Studies have
s required for the supply air system.

nnology is to
icinity of the
remove only

ulate matter while others, for example carbon filters, reduce the concentration, of gaseous pollutants,

bness and to

on system to
janisms and
shown that a

When the correct air filters are installed and frequently replaced;.they contribute to better IAQ by the following:

Keeping the system cleaner from deposited contamifants, which means that the design
£aintained and temperature and humidity are kept'within specifications; a clean system, o

e designed airflow, improves the removal efvindoor contaminants generated by hum
mMaintaining the efficiency of equipment;.allowing fans, heating and cooling equipment to wor

aterials and equipment;

fleducing the entry, deposit and._growth of micro-organisms in the system, which
¢oncentration of non-viable disease-causing airborne agents;

;Leducing the concentration,©f microbiological pollutants (fungi, bacteria, viruses, etc.) i
o}

fleducing outdoor @nd indoor contaminants in the air stream to acceptable levels; outdoor
¢an be removed.easily before entering the system;

making aif visually clean (remove or control pollutants, like tobacco smoke, that are visible);

ducing the concentration of pollens, etc. in indoor air, thus making the air less objectional

ed airflow is
perating with
bns, building

properly;

reduces the

h indoor air;

wever, it is necessaryto recognize that few diseases are primarily spread by airborne agents;

contaminants

le to asthma

J;wd hay-fever sufferers;

reducing the requirement for the cleaning of the rooms;

reducing the build-up of dust in electronic equipment (e.g. personal computers) in rooms.

Filters are used primarily for cleaning supply air in air-conditioning systems and also to remove indoor
emissions from the return air system.

A wide variety of filter types for the removal of particulates is available on the market. Particulate air cleaning
is a well-developed technology with well-defined product specifications and standards.
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Adsorption and chemisorption filters, such as activated carbon, photocatalytic filters, potassium-
permanganate-impregnated media and zeolites, are available for removal of gas-phase contamination (e.g. to
control odours).

At the time of publication of this International Standard, gas-phase air filtration for commercial HVAC
applications is not supported by well-defined generic product specifications and standards (standards are now
being developed). Test specifications for removal of specific pollutants are available; however, it is necessary
to rely on proprietary test/rating methods for HVAC application of gas-phase air filters. Each method should be
carefully evaluated before it is specified or otherwise relied upon.

| Air quality improvment by air treatment (air cleaning and modification) ab |

A J

| Air polluant removers (cleaners) | | Air polluant modifiers ab |
\ \ Parﬁ:gileate Gas phase
| Particulate phase air cleaners | | Gas phase air cleaners *° | pzllutant pollutant
¢ ¢ ¢ ¢ ¢ modifiers modifierf
Inertial | |Fibrofis Active Passive Sieving Y Y
filters | | filterp | |(applied voltage) electrostatic filters Absortive air Absortiveair
elec_trostatic (“el_ectret") cleaner?® cleaner?® Absortive gas
filters filters phase air pollutan
f ab
v ¢ Y Y ‘ modifier
Hybrid (active Aqueous Aquefous
electrostatic + (watear)b £5) uvon Devices, which
fibrous) filters wash™ eg acid, aggregate fine
aI_I:ngl_ or particulates
v Y o\)/(vlalsshlg’%) using electrice?l L
Hybrid (passive electrostatic + effects (there is ... ab
standard fibrous filters) no common name Photocaty|itic
for these devices)

Y
Y ]

¢ ¢ ‘ ‘ Catylitic®?

Oiled (gel
coat) fibrous Chemisorptive ™

Dry fibrous b Physisorptive

v

Regenerated *°

Single use
disposible?

a  May humifify.
b May dehumidify.

Figure E.1 — Types of air cleaners

E.2 Particulate filters for HVAC applications

E.2.1 Types of filter

E.21.1 Active electrostatic filters act to ionize or electrically charge the particulates and then the charged
particulates are attracted to, and collected on, charged plates. These filters feature high-efficiency removal
with low pressure drop, necessary high-voltage electrical apparatus, and particular maintenance
requirements.

WARNING — There is the possibility that excess ozone can be generated if these filters malfunction.
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E.2.1.2 Passive electrostatic fibre filters have a “permanent” electrical charge that is put onto the fibres
when the filters are manufactured; otherwise, these filters are much like normal fibre filters. These filters
feature very high efficiency when clean, diminishing efficiency as they load up, until they reach a minimum
efficiency, and, thereafter, increasing efficiency with higher pressure drops as they become more
contaminated. The electrostatic charge is exhausted or masked by the dirt loading in the early stage of the
filter’s life.

E.2.1.3 Normal fibre filters are mats of fibrous material with the following characteristics.

— The fibre thickness, fibre orientation, matt thickness, etc. of each filter is chosen by the filter manufacturer
to give particular results.

— $ometimes the fibres are covered with an “oil” or “gel” to improve particle adhesion.

— As fibrous filters get dirtier, they get more efficient; particulates have more surfaces to atta¢h to, i.e. the
fibres and the dirt that have already been collected.

— Humidity can affect filter efficiency but this effect is seldom documented.

E.2.2 Efficiency
Parti¢ulate air filters for HVAC applications are divided into two categofies:
a) Coarse filters

Coarse filters are efficient for large particles, some pollens and insects in order to protect the installation
ifself. They are used as a single-stage filter or as apre-filter for the protection of fine filters.| These filters
re designed to remove the coarse particles-from medium to high concentrations of |atmospheric
articulate contamination. The efficiency of these filters is low on small atmospheric air partjcles. Typical
lters are flat media pads, panel filters and.coarse bag filters. In Europe, these filters are clgssified G1 to
4, as given in Table E.1, after ISO 2122018, In the USA, these filters are classified MERW|1 to MERVS,
s given in Table E.2, after ASHRAE:52;2:2000.

Table E.1 - Classification of air filters after ISO 21220 [8]
Class Final pressure crop Average arrestance of Average effliciency of
Pa synthetic dust 0,4 um particles
Am En
% %

G1 250 50 <4,,<65

G2 250 65 <4,<80

G3 250 80 <4,<90

G4 250 90 <4,

F4 2 20 < E) <40

F5 450 40 < E, <60

F6 450 60 <E <80

F7 450 80 <E,<90

F8 450 0 <E, <9

F9 450 9B <E,
NOTE The characteristics of atmospheric dust vary widely in comparison with those of the synthetic loading dust used in the tests.
Because of this, the test results do not provide a basis for predicting either operational performance or life. Loss of media charge or
shedding of particles or fibres can also adversely affect efficiency; see Annexes A and B.
8 AS1668.218 adopts this method of classifying air filters, however, and an additional class is added:
F4 with 20 < E,, < 40.
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Table E.2 — Classification of air filters after ASHRAE 52.2:2000

Average efficiency in size range a Final
Group MERV % Arrestance pressure
number % p
0,30 ymto 1,0 um | 1,0 ymto 3,0 um 3,0 ymto 10 ym a
1 1 — — E4 <20 Agyq < 65 75
2 — — E4 <20 65 < A,y <70 75
3 — — E4 <20 70 < A,y <75 75
A Inl 20 75 4 75
1 fr<20 Fo<rzys y
2 5 — — 20 < E4<35 — 0
6 — — 35 < E5 <50 — 150
7 — — 50 < E4 <70 — 150
8 — — 70 < Ey — 150
3 9 — E, <50 85 < E, — 250
10 — 50 < E, <65 85 < Ej — 250
11 — 65 < £, <80 85 < — 250
12 — 80 < E, 90<E, — 250
4 13 E, <75 90 < E, 90 < £, — 350
14 75 <E,<85 90 < E, 90 < E, — 350
15 85 < E;<95 90 < E, 90 < E; — 350
16 90 < E, 90 <&, 90 < E, — 350
a8 From ASHRAE 52.1:1992.
b) Fine filtgrs
These filters are efficient agairist a wide range of atmospheric air particles. Fine filters are efficient against
both atrmospheric particulate matter and aerosols that are composed mainly (on a particle-nufnber-
weighted basis) of pafticles smaller than 1 ym.
Typical filters are~eompact filters and bag filters. In Europe, these filters are classified F5 to F9| after
EN 779:p0025>TFable E.1. In the USA, these filters are classified MERV9 to MERV16 |after
ASHRAE 52:2:2000, Table E.2.

c) Combination coarse/fine air filters

High-efficiency particulate air filters (HEPA) and ultra-low penetration air filters (ULPA) are not commonly
used in general ventilation and, therefore, are not dealt with in this annex.

E.3 Gas-phase filters
Gaseous contaminants can be removed by various air-cleaning processes. This process employs physical

adsorption, which is a reversible process or a combined physical/chemical reaction. Chemisorption is an
irreversible process.
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Gaseous pollutant-modifying devices are catalytic and photocatalytic ventilation air pollutant modifiers. Both
devices are forms of adsorption devices in which some gaseous molecules are dissociatively adsorbed onto a
rare metal or titanium dioxide surface with, in the case of photocatalytic devices, the assistance of added
energy in the form of light quanta, usually with an ultra-violet frequency. In dissociative adsorption, the
intermolecular bonds are broken and subunits of the molecules become separate entities on the adsorbent
surface. These entities can, then, separately desorb into the airstream or they can combine (to form new
molecules or to reform the original molecules) and then desorb into the airstream. It is claimed that UV
photocatalytic air-pollutant-modifying devices are useful for converting VOC pollutants into less objectionable
compounds.

Gaseous pollutants are removed from the air by gas-phase filters or gas-phase air cleaners (GPAC). There

are t

usua
adso
carbg

vo—types—of-GRAGCs—wet{(absorptive)and—dry—A—wet-GRACis—usually—an—air-washer—A
ly a sorptive device (physisorptive or chemisorptive). In both cases, the primary‘m

ption, i.e. the capture of gaseous pollutant molecules onto the surfaces of GPAC mater
n is the most commonly used material to remove organic substances from air. The, speG

activated carbon is that it has a very large surface area as a result of the size distribution of the

filter.
the d
vibra
can g

This large surface allows it, in general, to remove pollutants from air by adsorption. If the tg
ases adsorbed on a surface is increased (i.e. the molecules have morerenergy and m
e more vigorously on the surface), then they can escape from the surface=\This is desorptio
Iso result from a change of gas pressure.

The development of filter designs and chemical adsorption materials has-led to the design of gas

for g
envir

EN 1
requi

E.4

bneral ventilation systems meeting demands for high flows and low pressure loss. In p
bnments, the requirement for the removal of gaseous c¢ontaminants in supply air ha

3779 [45] recommends gas-phase filtration for polluted dutdoor environments and when
red.

Design guidelines for filtration

Ther¢ is a wide variety of national practice. The-designer may decide the level of filtration he we

prote|

a)

ct the equipment (i.e. from dust) or to increase IAQ by the usage of a fine filter (bag filter or €

FUROVENT Rec 06-1999 [16] indicatés that supply air may be filtered in two steps to protect
e. bag filter or equivalent, if there is one. Otherwise, one filter is enough.

Table E.3 — Correspondence of filters with the desired level of practice

ry GPAC is
echanism is
al. Activated
al feature of
pores” in the
mperature of
bve about or
n. Desorption

-phase filters
plluted urban
S increased.

good IAQ is

nts, either to
quivalent).

the fine filter,

Level of practice Protection of equipment Increased IAQ

Very‘good F7/MERV 13 F7/MERV 13 + FO/MERV [15
Good F6/MERV 11 F5/MERYV 9 + F8/MERV 14
Acceptable G4/MERV 7 G4/MERV 11 + F7/MERV|13

If there is only one filtration step, the minimum requirement is F5/MERYV 9 quality.

In any case, efficiency should not decrease below specified limits in real life. Fresh air as well as
recirculated (return) air has to be treated in the same manner.

A large amount of VOCs is borne by particles. For effective removal, gas-phase filters can be justified in
an urban environment. It is necessary to protect these filters by fine filters of a quality F6/MERV 11 or
better.

b)

be changed and cleaned easily.

c)

distribution over the filter area is not uniform.

©1S0

2008 — All rights reserved

Extract air from kitchens should always be cleaned in a first step with a special filter for grease that can

Filters should generally not be installed directly behind the fan outlet or across places where the flow
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