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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a techni

cal

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters
electrotechnical standardization.

The procqdures used to develop this document and those intended for its further maintenance
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed-for
different {ypes of ISO document should be noted. This document was drafted in accordance jwith
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO drawg attention to the possibility that the implementation of this document mdy involve the

of

hre
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Lhe
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of (a) patgnt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rights in respect thereof. As of the date of publication of this document,"ISO had not receiy
notice of (p) patent(s) which may be required to implement this document. However, implementers
cautioned|that this may not represent the latest information, which may,be-ebtained from the pat
database gvailable at www.iso.org/patents. ISO shall not be held responsible for identifying any or
such patent rights.

Any trade|name used in this document is information given for th€ convenience of users and does
constitutq an endorsement.

For an eyplanation of the voluntary nature of standards,“the meaning of ISO specific terms 3
expressiofs related to conformity assessment, as well“as information about ISO's adherence
the World Trade Organization (WTO) principles .irv;the Technical Barriers to Trade (TBT),
www.iso.¢rg/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee S(
Indoor air,

Alist of al| parts in the ISO 16000 series can be found on the ISO website.

Any feedbpck or questions on this,decument should be directed to the user’s national standards body.

complete |isting of these bodies-can’'be found at www.iso.org/members.html.
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Introduction

In our society, privately and professionally, people stay indoors most of the day. Therefore, the quality of
the indoor air is very decisive for the quality of life and health. This especially applies to small children,
sick people and other vulnerable groups of persons.

Numerous scientific studies verify the positive effects of good indoor air on the overall performance
during learning (e.g. in kindergartens and schools) and working. A consequence of improved indoor air
quality can be, for example, reduced sickness rates and absenteeism.
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e entitlement to high-quality indoor air does not contradict economical aspects of energy
ciency. Improvements in the quality of indoor air are achievable with simple measures) fo
inge of behaviour patterns.

s document describes a procedure to classify the air quality of indoor spaces using quali
bse quality classes enable the allocation of the room air to a high, medium orlow quality. T|
5ses are based on criteria for physical, chemical and biological parametens according td
science and research. These criteria can be both concentration valués‘in the room air
maldehyde) as well as sensory and other findings in the room itself(e.g. with mould). Th
5sifying a measured value of a parameter in a quality class is the'definition of class bour
hlity classes A to C by national institutions, using guide values:from national guidelines,
| international publications and trade literature.

e most frequent pollutant sources indoors are human activities (e.g. domestic-, hobby- an

ign materials. The exception is the radioactive inert-gas radon, which mostly originatef

gedlogical subsoil and enters the interior spaces viad€aks in the building envelope.
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Fariety of substances can emit into the indoor air from the most diverse pollution so
5 reason, the single analysis of a source or pollutant cannot be used as a substitute for
essment of the indoor air. A meaningful@ssessment of the indoor air is only achievable by
essment of all pollutant sources and\substances.

s document is intended for spécidlists who deal with the assessment of indoor air in {
planning, construction, opexation and use of buildings (e.g. indoor-experts, architects,
nners of trades, building-owners, building developers and contracting authorities, m3
rineers, lessors). Also inclirded are producers and distributors of products, that are instal
brated indoors (e.g. building products), and possible users.
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ivities, tobacco smoke), combustion processes as well as-building materials, furnishings and interior
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comstitutes requiremerits) of this document. For dated references, only the edition cited aj
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stTutory occupational safety specifications, are excluded from this.decument. In these roon
stituents that do not originate from working materials can be asseéssed according to this document.

Scope

s document specifies a procedure for the assessment of the indoor air quality tHatis v
erior rooms in residential and non-residential buildings with natural or mechanical ven
ich people do not only stay temporarily.

s document is applicable to indoor environments as defined in ISO 160001

b assessment of working materials in workrooms or workplaces ifi“buildings, that are

5 not possible to define classes with exact values for the individual pollutants, as the corr
it and guide values differ in individual countries. I addition, the values relate tg
bervation periods.

bects concerning electromagnetic fields, noise_afd vibrations and their effect on the
hlity are not the object of this document. The classification of further consequences and
h as organisational steps, structural engineering measures, renovation proposals, furth
dicine appraisals and the like, are not the object of this document.

TE This document applies to of all types of indoor environments occupied by all kinds
uding regular users, clients and workers:
Normative references

e following documents‘arpe referred to in the text in such a way that some or all of thg

Hated references, the'latest edition of the referenced document (including any amendment

11665-8, Measurement of radioactivity in the environment — Air: radon-222 — Part 8: Met
initial and gdditional investigations in buildings

16000(all parts), Indoor air

hlid for all
Filation, in

subject to
s, only air

bsponding
different

ndoor air
measures,
er human

bf persons,

ir content
pplies. For
5) applies.

hodologies

3

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2023 - All rights reserved
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3.1

building product
product or building kit, that is manufactured or brought into circulation, to be installed permanently
in buildings or parts of buildings and whose performance affects the performance of the building with
regard to the basic requirements on buildings

on

hnd

cts

1Ce

al/

[SOURCE: EU-BauPVO, Article 2 (1)23]]

3.2

assessment value

value obtained from an assessment

Note 1 to gntry: The assessment value can be an individual measured value, the arithmetic mean of indivi{ual
measured yalues or the result of a continuous measurement over a particular time period. In the casée)of’car
dioxide (CQ,), the assessment value is a statistical evaluation of the individual measured values.

3.3

assessment period

period dufing which the investigation of the indoor air takes place

Note 1 to ejntry: The assessment period is adapted to the parameter to be assessed’and the measuring task
linked to c¢rtain usage conditions.

3.4

emission

release of|chemicals, vibration and radiation to the environment

Note 1 to gntry: The emission of air constituents can be specified.as mass flow. In relation to building prodt
(3.1), the nlass flow can be related to area, length, mass, volume\0x Component.

Note 2 to eptry: The terms “emission” and “release” basically have the same meaning.

3.5

main parameter

paramete} which, during an overall assessment, is taken into consideration without fail

3.6

secondarly parameter

parametef that is also taken into gonsideration for the overall assessment, if references to its releva
exist in the preliminary survey,

3.7

guide valpe

default vajue that serves-ds a comparative value for the assessment

Note 1 to ¢ntry: Specific guide values for interior rooms are defined, for example, by the WHO and natior
professiondl institutions.

4 General

4.1 Procedure

The procedure for the assessment of the indoor air quality consists of the following steps:

a) preliminary survey;

b) investigation plan;

c) investigation;

d) documentation;

© IS0 2023 - All rights reser
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e) expertopinion.

When this document is applied, it should be taken into consideration that the concentrations of
substances in the room air can fluctuate greatly: spatially, time-related and usage-specific. This is
particularly dependent on ventilation, the building services and the individual user behaviour.

Individual results of certain parameters cannot sufficiently characterize the indoor air, therefore the
overall assessment described in this document is necessary in order to obtain a comprehensive and
differentiated picture of the room air situation.

An investigation of buildings for pollutants shall be carried out in accordance with ISO 16000-32.

4.2 Parameters
Chemical, biological and physical parameters play a role in the assessment of the indoor air.

— | chemical parameters and particles: gases, volatile and hardly volatile~organic and|inorganic
compounds, fibres, dusts, dust constituents and odours;

— | biological parameters: fungi, bacteria, viruses, pollen and other allergens (e.g. animal epithelia,
insects/insect compounds, mites, mite excrement, plant parts/fibres);

— | physical parameters: room air and environment surface temperatures, operative tempefature, air
humidity, air velocity, lighting, sounds and noise, electromagnetic fields and charged parficles.

In fhe context of this document, only selected chemical and biological parameters are dealtjwith. The
rogm air temperature and the humidity should be rega¥ded as supplementary physical pararheters.

NO[T'E Physical parameters are dealt with in, for example, ISO 7730.

5 [ Indoor air quality

For the assessment of the indoor air“aecording to this document, a classification of thel room air
quality into three quality classes A-(high), B (medium) and C (low) is performed based on prescribed
mdin parameters (see 7.2). In addition, further secondary parameters (see 7.3) should be faken into
comsideration, if necessary.

The class limits of the quality classes are defined by:

— | guide values in_ _the¢ sense of maximum permissible concentrations in the room air [(e.g. with
formaldehyde)®@ydistributions of measured values (e.g. with carbon dioxide CO,),

— | sensory finidings in the room itself (e.g. with mould, odours).

The use of'a'questionnaire can also contribute to the assessment of a room.

6 [ Quality classes

Table 1 provides an overview of the quality classes and describes the requirements on the room air
quality on which these classes are based. The designations and descriptions of the requirements
according to Table 1 are only partly applicable for the parameter “Mould - microbial infestation”.

©1S0 2023 - All rights reserved 3
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Table 1 — Indoor air quality classes

Quality class Designation Description

A

High room air quality = |Room air with low substance concentrations

B

Medium room air quality |Room air with average substance concentrations

C

Low room air quality = |Room air with above-average substance concentrations

Lowes

t air quality class not fulfilled Substance concentrations above the class limits of quality class C

If any mai|n criteria do not permanently fulfil even quality class C, the indoor air shall not be classifj
but is congidered to be “outside all quality classes”.

During th¢ course of an assessment, the need for different quality classes can arise for a specific inter
depending on which parameter is considered.

For the as
decrease

of their emissions, especially in the first days and weeks after their manufacturing

ed

or,

cessment, it shall be taken into consideration that many building products;show a significhnt

A

meaningfiil holistic assessment of the room air condition in the sense of this.document is only possiple

in an actu

7 Critdria for the definition of the quality classes

7.1 General

The basis

values fro

7.2 Main parameters

Paramete

main pargmeters in this document.

hl usage stage.

's most frequently givingsrise for complaints due to the quality of indoor air are defined

for classifying a measured value of a parameterin a quality class is the definition of clpss
boundarigs for quality classes A to C. The limits of the quality classes can be defined on the basis of guli

de

m national guidelines and European and international, publications and trade literature. For
the paranmeter "Mould - Microbial Infestation”, inyaddition the condition of the room with regard
mould infg¢station is adjudged.

to

as

In the frathework of the overall'assessment, the expert shall assess all these main parameters, howeyer

a measurgment of every parameter is not always necessary (see 8.4.4).

Table 2 lis

ks the main parameters as well as the corresponding clauses in annexes of this document.

Table 2 — Main parameters

Parameter Clause
Formaldehyde A.2
Volatile organic compounds (VOC) A3
Radon A4
Carbon dioxide A.5
Mould - microbial infestation A.6
Odour A.7
Fine dust (PM1, PM2.5, PM10), ultrafine particles (UFP) —

The criteria for the parameter carbon dioxide were derived from considerations of comfort as well as the
users’ cognitive performance. Carbon dioxide levels are also used as an indicator for the concentration

of emissio

ns of the user or animals by breathing and body effluence into indoor air.

© IS0 2023 - All rights reserved
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The appearance of mould is usually associated with the presence of filamentous fungi and yeast. Often
bacteria are also present. In the case of air measurements, only the concentration of mould and bacteria
is usually recorded.

The physical parameters “room air temperature” and “relative humidity” shall be recorded separately in
the representation of the measurement results, because they influence the concentrations of pollutants
in the room air and are frequently associated by users with an inadequate indoor air quality.

7.3 Secondary parameters

ntrations
with a negative impact on the indoor air quality. In these cases, the investigation program shall be
complemented with these secondary parameters. The consideration of secondary parameétefs shall be
idgntified and justified accordingly in the overall assessment.

No| quality classes are defined in this document for secondary parameters;\That does [not mean
thqt quality classes cannot be defined. For some of the compounds, no effectiveness thyeshold or
comcentration can be specified, under which no health-related effects are todbe expected.

The evaluation of secondary parameters is at the discretion of the expert.
In fummary, secondary parameters include factors such as
— | ammonia and heavy metals (e.g. mercury),

— | asbestos,

— | carbon monoxide,

— | biocides (e.g. PCP, lindane),

—| CMR substances in general,

— | synthetic mineral fibres,

— | nicotine,

— | polychlorinated biphenyls(PCB),

— | polychlorinated dioxins‘and furans (PCDD/PCDF),

— | polycyclic aromatie’hydrocarbons (PAH),

— | sulfur dioxide,

— | nitrogen oxides,

— | otherorganic compounds besides VOC (VVOC, SVOC, MVOC), and

BAaramatarc: fiingl hactaria visiicne mallan and Athar Allargan
P eter SR T oaette s Vi aSe S5 p ottt otneranerget

compounds, mites, mite excrement, plant parts/fibres).

pithelainsedcts/insect

ISO 16000-1:2004, Annex C contains a list of sources of air impurities in interior rooms and the
substances or substance groups emitted from them, that shall be used as a basis for the determination,
investigation and assessment of secondary parameters.

Before the implementation of measurements of identified hazardous substances in the room, the
investigation of possible sources in buildings is recommended.

© IS0 2023 - All rights reserved 5
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8 Assessment plan

8.1 Overview

The overall assessment of the indoor air of an individual room or a building with multiple rooms shall
take the individual steps of the assessment procedure into account, as listed in Table 3.

Table 3 — Phases of an overall assessment

Phase 1: Finding

Prelimina

[y survey

Compilation of the information and documents required for the planning of an investigation

(e.g. previous test results, medical findings, data sheets)

Investiga

Fion plan

Decision, whether the sampling or investigation is to be carried out on-site; definition of {he
parameters to be considered in the planning of an investigation

Investigation

Implementation of the planned investigation or sampling and evaluation-ofithe samples

Documeéntation

Documentation of the measurement procedure, measuring results andframework conditiqns

of the investigation

Phase 2: Assessment

Classification in

Assessment of the room air quality based on the quality classes’according to this docu-

quality classes  |ment
Figure 1 shows the individual steps of Table 3 and the documents resulting therefrom.

© IS0 2023 - All rights reserved
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Initial situation and task definition

Y

Preliminary survey

Y

Preliminary

8.’
Th
Th

\i

Investigation plan

ampling plan

Y

1 o]

|
Investigation | - Sampling report
\ | |
D . o Répresentation of
ocumentation | o measuring results
o~
—_—m - s |
i Classification in A |
| quality classes ssessment !
- A . e _
[ASSESSMENT]|
PROCESS DOCUMENTS

Figure 1 -~ Procedure and steps of an assessment of the indoor air

. Documentation and reports
e documentation shall include the findings and the assessment.

b introduction of the documentation shall include the aims and objectives of the i

ndoor air

ass

essment and the reason why the assessment is performed. Subsequently every individuall

step shall

be documented separately in the report according to Figure 1 (preliminary survey, investigation plan,
sampling report and representation of the measurement results).

The conclusions from the results of the findings and the classification in quality classes shall be
documented in the form of a report.

© IS0 2023 - All rights reserved
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8.3 Purpose of measurements

8.3.1 Possible reasons

An assessment of the room air of interior rooms can be triggered for numerous reasons. Possible
reasons are, for example:

a) Adherence to predetermined values: The adherence to predetermined values is verified. This can,
for example, be in connection with the certification of building performance or assessments of the

reaso

b) Acqui
conce
work-
in the

nableness of odours.

Kition of information through measurements: The background concentration, oy
htration before, during and after a renovation measure is checked, based on e.g. Contn

course of research studies, for which the parameters are usually predetermined,

a
ol-,

accompanying- and release measurements. Likewise, such measurements can be perfornjed

c) Insuffficient quality of the indoor air: There are general complaints by room uSers concerning a

room
unple

d) Impai

room
exam

These var

of procedyre of the respective competent specialist.

8.3.2 Concretisation of assessment

With case

In these tv

In situatigns covered by 8.3.1 c) and d), a concretisation of the symptoms of the room users is requir
This concy

as well as

To record
perceived

8.4 Pre

8.4.1 G

A preliminary survey consists of a basic investigation and a local inspection, which together repres

the result

air quality perceived as poor. These complaints can be, for example, in€onnection with
hsant smell.

rment of the health of room users: There are indications for an impairment of the health
users due to pollutants or physical parameters in the indoor air~These indications can be,
ble, specific symptoms in the respiratory tract of room users;

ous reasons can exist individually or also jointly and in each case result in different meth

5 8.3.1 a) and b), a further concretization of th&assessment plan is advisable, but not necessg
vo cases, a sampling strategy can be defined without further surveys.

etisation should be carried out, ferexample, through systematic questioning of those affec
other persons involved (e.g. locally knowledgeable, medical expert).

the subjective evaluation’by-those affected, for example, questionnaires can be used for
air quality.

liminary survey

pneral

of the preliminary survey.

In the co

an

of
for

ds

ry.

ed.
fed

the

ent

wrse of the prn]iminnl"y survey, initial technical or nrgnnicnfinna] measures can alre

dy

be recommended (e.g. elimination of obvious pollutant sources, change of the room utilization).
Furthermore, in this case, the need to consult other specialists can already arise (doctors, hygienists,
air-conditioning technicians, structural engineers and the like).

The preliminary survey forms the basis for the investigation plan. The results of the preliminary survey
shall be documented as part of the findings with regard to the type and scope of the surveys performed.

It should be taken into consideration that besides the chemical, biological and physical parameters,
psychological factors can also play a role. In the course of the preliminary survey, among other things
the following aspects are to be observed:

— symptoms of those affected by health problems or about the limitations of comfort;

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=6abc2c0239ad20f68db83a1991d96106

Th
en

ISO 16000-41

the type of use of the rooms;
the building products used;

the objects of equipment used and materials of the interior design;

:2023(E)

the ventilation (ventilation via windows/doors and/or mechanical ventilation) and the equipment

of the air purification (design and maintenance);

sources in the vicinity of the room or the building (e.g. in adjacent rooms and the entry with the

outside air);

events in the past, that can have an influence on the room air quality (e.g. fires).

b information gained in the course of the preliminary survey shall be considered/holist
hbles the definition of the next procedure.

Anpex B provides a compilation of documents that may be used in the course ¢f'apreliminary

8.4.2 Basic investigation

Dufring a preliminary survey, the first step is an investigation with the aim of compiling alreac

do
Th

fumentation. For these details about the location, the building and the utilization shall be 1
b investigation records can include, for example:
documentation of the radon potential of the subsurface,
details from potentially registered contaminatedsites,
plans and sections of the room or building,
official documents,
already existing expert assessments,
details about the building materials used,
heating, sewage and ventilation systems,
maintenance, renovation and conversion measures,
former uses, and

special eventse.g. accidents, water damage and fires).

8.4.3 Lecal inspections

An

The

on-site visit is part of the assessment, during which the respective rooms are visually

ically and

f Survey.

|y existing
ecorded.

nspected.

g shall be

TS

complemented with additional mapped and pictorial representations. For a systematic representation,
technical building descriptions and building plans can be used. If mapped out documents are missing, it
is advisable to produce sketches true to scale. If areas cannot be inspected, these shall be listed and the
reason for not inspecting them shall be given.

Under certain circumstances, an initial identification of substances or substance classes is feasible by
means of sensory perception. In this case, the initial identification of said substances shall be used to
pre-determine main and secondary parameters for the assessment.

NO

©lI

TE For alocal inspection, it can be useful to bring tools such as lamp, mirror, tape measure, ladder, camera
and the like on site.

SO 2023 - All rights reserved
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8.4.4 Conditions for the omission of the measurement of parameters

The measurement of main parameters can be omitted under the following conditions, whereby in any
case the assessment of these shall be carried out by an expert.

— Asecured presence of quality class A with regard to a particular main parameter shall be determined
(e.g. if no sources for this substance are present). In this case, the assessment of this parameter
contains a comprehensive justification for the omission of the measurement.

— Ifthereareinvestigation results present, which were performed according to the state of technology
and according to the methods and framework conditions (e.g. e ofusage) defined in this document,
then these can also be included in the overall assessment.

— For tHe main parameter mould (microbial infestation, see Clause A.6), a classification into-quality
classds, based solely on the inspection, is possible under certain circumstances. In this-case, the
assesgment of this parameter contains a comprehensible justification for the omiSsion of the
measiyirement, based on the local inspection. It should be considered that hiddenmmould damage is
not cgvered in this case. To cover hidden mould damage, further investigation is\needed.

If measurg¢ments are not carried out, the reasons shall be justified and documented comprehensively
by the exgert. Otherwise, no overall assessment is possible in the sense of thisydocument.

8.5 Investigation plan

8.5.1 General

Based on the results of the preliminary survey, the sampling’strategy of the room air shall be definjed,
which in turn determines the investigation plan. The investigation plan is based on the specific reagon
for the investigation and documents its planned boundaty conditions and the objective.

The investigation plan shall be documented as part of the findings with regard to the type and scop¢ of
the measyres to be performed.

The following aspects should be considered for the definition of the sampling strategy:

— main parameters to be investigatéd (see Table 2), consisting of the respective chemical, biologjcal
and physical measurement parameters;

— seconfary parameters to bexinvestigated;

— paranpeters that cannetb€ acquired analytically;
— sampling methodalégy;

— times|of the samplings;

— locatipns‘ofithe samplings;

— frequency of the samplings;
— duration of the measurements;

— use of the room (e.g. occupancy rate, activities).

8.5.2 Normative specifications

For the design of the investigation plan, the respective parts of the ISO 16000 series shall be considered,
in which the individual aspects of the sampling strategy are described.

ISO 16000-1 describes general aspects for planning indoor measurements that apply for all substances
or substance groups. Based on this, the other parts of the ISO 16000 series contain specifications that
shall be observed during the sampling planning for the respective substance or substance groups.
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Annex B provides a list of the documents that can be used in the course of the investigation.

8.5.3 Determination of sampling points
The minimum number of sampling points per room shall be calculated in accordance with Formula (1):

P=0,1*VA (1)

where

P is the number of sampling points;
A isthe area of the room or part of the building, in m2.

The results shall be rounded up to the next whole number. For smaller rooms. (P°< 1), ond sampling
polnt per room shall be set. For a building with multiple rooms, in which a similar room air dquality can
be pssumed, or for rooms that are connected, the sum of the areas of these rooms is used in thfe formula.

If  similar indoor air quality can be assumed in multiple rooms of the §ame building, the inviestigation
of jall individual rooms may not be necessary. In these cases, theZsampling can be performed in
representative and permanently occupied rooms. These rooms shiould comprise at least 10 % of the
oc¢upied space. The selection of the respective rooms shall be justified by the expert.

In rooms with high occupancy and poor ventilation, additional’'measurements should be condidered.

If the same room is equipped with multiple air conditioning systems, it is necessary to detdrmine the
number of measurement points for each air conditioniing system or zone of air conditioning upits.

8.3.4 Utilization of the interior room

For the sampling planning, the actual use(of the interior room should be considered. Therel are three
types of measurements that can be perféormed:

a) [ Measurements during normaltusage: The normal usage can require the presence of pgrsons and
under certain circumstances the implementation of particular activities. Such measurements can
enable identification of a-background load.

b) | Measurements durjng special used zones: Special uses can cause concentrations in th¢ room air
deviating from the hermal use. Simulations of the special usage are permitted.

¢) | Unoccupied zones: For some substances measurements under equilibrium conditions arg¢ required
(e.g. formaldehyde or VOCs).

EXAMPLE 13\ )Lower concentrations of some pollutants as CO, during the absence of users.

EXAMRLE 2 Increased concentrations during the implementation of maintenance or renovation wgrk.

8.5.5 Seasonal fluctuations and ventilation

In rooms, seasonally different conditions can exist. Such different conditions, for example caused by
the heating period (cold season/winter) can have an influence on the air quality. In this case, an overall
assessment for the whole year is not possible, and the assessment shall be subdivided seasonally, if
appropriate.

As a rule, measurements should be taken with the windows closed, unless the measurement task
requires a different approach. The specifications for ventilation (e.g. how long the windows have to
remain closed before the measurement) can be found in the ISO 16000 series or other methods, proven
to be equivalent to the respective part of the ISO 16000 series.
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8.5.6 Complementary outside air measurements

Due to infiltration and ventilation, an exchange between indoor and outdoor air always takes place.
Therefore, in some cases, the need arises to complement indoor air measurements with outdoor air
measurements. These outdoor air measurements are required in cases in which it is expected that the
concentration of pollutants in the interior room is decisively influenced by the concentration of outside
air.

An outside air measurement or reference measurement in an uncontaminated area is always required
for measurements of mould.

8.6 Investigation
The implementation of the investigation plan shall take place through sampling.

The investigation shall be carried out by sampling with subsequent analysis and evaluation. Sampljng
and analysis shall be carried out in accordance with the requirements of the ISO 16000 series or other
methods groven to be equivalent to the respective part of the ISO 16000 series.

8.7 Report
In all casep the sampling report shall contain the following details:

— indicdtion of which rooms are representative of others and which' have been classified only on the
basis pf measurement of other rooms,

— chemical and biological measurement parameters (parameter scope),

— roomfir temperature and the relative humidity,

— sampling technique,

— times|of the samplings,

— sampling points including room identifigation,

— sampling frequencies,

— duratjon of the measurements,

— type ¢f use of the room, and

— reproflucible justification for the omission of measurements of certain main parameters.
The measyirement results shall be specified room by room, broken down according to parameter.

The reprelsentdtion of the measurement results shall be documented as part of the findings. For the
assessment-relevant boundary conditions and information, that are not regulated in the relevant
InternationakStandards{e.g -the presence of personsfor CO measurements) -shall be specified

8.8 Division in quality classes

The division ofindoor air into quality classes with respect to a particular parameter is produced through
a comparison of the assessment values determined with the respective class limits of the quality classes
as well as through the results of the on-site findings of the expert. An example classification for CO, and
other supporting information is provided in Clause A.5.

The quality classes shall be identified separately for each parameter. For the assessment of a room,
different quality classes can result for individual parameters. These quality classes need to be identified
for each room that was investigated.
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The reduction of the classification of multiple parameters of rooms or buildings to one single quality
class is not permitted.
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Annex A
(informative)

Quality classes for main parameters

A.1 Gemerat

This annef lists measurement methods for each main parameter. Indications for the determifation of
the assesyment value are also listed. The basis for classifying a measured value of a parameéter iph a
quality cldss is the definition of class boundaries for the quality classes by national institugions.

Based on ¢xisting specifications, three quality classes are defined for each main paranieter (see Tablef1).
The allocqdtion of a room into the respective quality class results from the measurements. In caseg of
mould, a gerpetration, including a visual assessment by an expert shall be used-for'the classification

The sampling of indoor air in general shall be carried out in accordance with-the ISO 16000 series. [f a
ventilation system exists, it should be operated at a realistic ventilation stage during the assessment.

A.2 Formaldehyde

A.2.1 General

Formaldehyde is a flammable, colourless, very reactive, pungent smelling gas with the chemical formpla
HCHO. Th¢ aqueous solution is also called “Formaline’{CAS Registry Number®1) 50-00-0).

Formaldelyde is one of the most well-known airpollutants in indoor spaces. It is used widespread as
constituent of products in everyday use. It is emitted from wood materials, building materials, smokjng
and furnighing objects. In the past, formaldehyde frequently led to contamination of indoor air. Eyen
today, unfpvourable boundary conditions like low air exchange rate, high temperature or moisture ¢an
lead to indreased concentrations.

A.2.2 Mpasurements
The sampling strategy for formaldehyde is described in ISO 16000-2.

The desctiption for sampling of formaldehyde as well as the evaluation of the samples shall|be
in accordhnce withtlSO 16000-3. Other standardized methods are also suitable for the specffic
characterjzation efformaldehyde. The sampling time should be adjusted according to the method used.

If possible, the measurements should be performed at different times. Over time, indoor |air
measurenjénts for formaldehyde can result in fluctuating values, even under constant usage. Paraflel
measurements at different time points increase the significance ot the results. Individual measurements
are only of limited use for an assessment.

The assessment period for formaldehyde usually spans over half an hour. The determination of the half
hour average shall be performed under conditions described in ISO 16000-2:

— the room shall be ventilated over a period of 15 min and afterwards, it shall not be ventilated for at
least 8 h before sampling;

— if aventilated system is present, it shall be in use at least 3 h before and during the sampling;

1) Chemical Abstracts Service (CAS) Registry Number® is a trademark of the American Chemical Society (ACS).
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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— the ventilation system shall be run in the typical mode for the sampled room.

A.2.3 C(lassification in quality classes

The assessment value for formaldehyde is produced from the arithmetic mean of the individually

measured values and two significant figures reported. This assessment values shall be us
determination of the quality class.

A.3 Volatile organic compounds

ed for the

A.3.1 General

VO[Cs describe, according to ISO 16000-6, a group of organic compounds, eluting between ang
n-Hexane and n-hexadecane on a gas chromatographic column specified as a 5 % phenyl 95
polysiloxane phase capillary gas chromatographic column.

Substances from the group of VOC belong to the most frequent air pollutants;eecurring in indc
As|constituent of numerous products, they are widespread and are used.as solvents, auxiliary
angl reactants. Apart from this, VOC are also emitted from numerous-everyday products. Th
wood materials, building materials and furnishing objects. VOC are-also emitted to indoo
natural materials. Even today, VOCs often lead to severe indoor airgontamination.

NO[TE From controlled effects studies with VOC mixtures of defined composition it can be conclud
prdbability for the occurrence of irritant effects and odour perceptions increases as the total concentr
mixture rises, expressed as total VOC concentration (TVOC), However, due to the variability of the c
of the VOC spectrum and the resulting variety of possible effect end points, no ensured dose-effect re
car] be specified. In some cases, however, the parametercan contribute to an assessment of the indoot

A.3.2 Measurements
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ans of thermodesorption according t¢-ISO 16000-6.
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b assessment period-for VOCs often extends over half an hour and in certain cases a longe

half hour avefage shall be performed under conditions described in ISO 16000-5:

the room,shall be ventilated over a period of 15 min and afterwards, it shall not be ventil
least8d1before sampling (equilibrium conditions);

if awentilated system is present, it shall be in use at least 3 h before and during the samp
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highly variable, even in constant usage conditions. Parallel measurements at different measuring

ly of very

I period is

for sampling. Incthe case of very long sampling times, ISO 16017-2 can be used. The deternpination of

hted for at

ing;

— the ventilation system shall be run in the typical mode for the sampled room.

For the determination of the weekly average, measurements shall be carried out under nor
conditions (see ISO 16017-2 for VOCs). Ventilation phases to a normal extent (for instance, thr
day in apartments, every two hours in offices) should be assumed as part of the assessment p

mal usage
ee times a
eriod. The

measurement is accompanied by continuous recording of the temperature and the relative humidity.

© IS0 2023 - All rights reserved

15


https://standardsiso.com/api/?name=6abc2c0239ad20f68db83a1991d96106

ISO 16000-41:2023(E)

A.3.3 C(lassification in quality classes

The assessment values for VOCs are produced from the arithmetic mean of the total values measured in
parallel and/or at different times.

Individual and total values of VOC (if needed) shall be assessed separately. Substances and substance
groups for which no guide values from recognized institutions exist cannot be assessed according
to this document However, the concentratlons of these substances represent a part of the TVOC as a
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ally occurring, inert gas radon occurs through the radioactive decay of uranium and
e itself. Since uranium occurs in almost all grounds, radon is also-fermed everywhere. A
can mix with indoor air via the soil air migrating through gaps ahd-cracks in the foundati
| its derivatives infiltrate the lungs via inhalation. Radon is quickly exhaled; however, rad
s remain stuck in moist respiratory tracts. The upper céll layers of lung tissue beco
by the alpha radiation released by these derivatives/with a subsequent impact on
" health.

pasurements

irement of radon in the room air shall be cafried out in accordance with ISO 11665-8. ]
b devices shall be set up for at least two months. At least half of the measurement period s}
er and the other half shall be in summer as a measurement of radon activity concentrat
-al weeks in summer can lead to different results than a measurement taken over seve
vinter.

pssification in quality classes

bment values for radon are-produced from the arithmetic mean of the total values measu
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¢ humans but it also has phys1olog1ca1 effects above all on the occupants performance evel
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20
substances emltted by humans (e.g. very volatile organic compounds (vvoQ), odorous substances) is
not possible in the context of measurements according to this document.

A52 M

easurements

The sampling strategy of the room air with regard to CO, shall be carried out in accordance with
ISO 16000-26. The measuring method applied shall be suitable to supply individual values regarded as
representative for an interval of maximum 1 min.

During the measurement period, a realistic maximum usage of the rooms should be striven for (e.g.
two persons in a bedroom, a full school class).
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The assessment period in which the measurements takes place should be adapted to the aim of the
measurement for CO,. This assessment period should be representative for the normal usage of the
room. With indoor rooms, this normal usage is characterized, among other things, by:

— the occupancy of persons;

— the intensity of the usage;

— the typical activity and ventilation rate.

EXAMPLE If a room, for example, a school room or classroom, is used by a different number of persons,

therassessTTEnt period 1S Testricted to the time of the oSt Itensive, Stitt Commmon usage, witerepy either the
dugation of the break before or after is also included as part of the assessment period.

Thp assessment period shall be covered by the samplings, whereby the CO, concentratfions shall
be| measured at regular intervals. Recorded in all cases are typical phases,such as periods of
mdximum occupancy or ventilation periods. The sampling periods can only be-limited witi constant
COIcentrations or regular recurring phases.

Tabple A.1 shows examples for the assessment periods for CO, measurements.

Table A.1 — Examples for the assessment periods for.CO, measurements

Interior space Period of interest Typical assessmenf periods
h
Lesson time of a school day from.the beginning 6108
of instruction to the endiofinstruction
School classes - —
Lesson time of a school houffrom the beginning 1to2
of instruction to the'end of instruction
Workplaces, offices Working time from ¢he start of work to the end 8
of work
Auditoriums, eventrooms, Duration of the event including breaks 2to6
theatres
Night situation in the bedroom 8
Apartments - - - —
Overall situation, e.g. in the living room 24

For measurements in school-classes, the assessment period can be the duration of the lesgons in an
average day, but also in a-single school hour.

For offices, the assessmient period is normally an average working day, from the beginning pf work to
thg end of work.For‘apartments, the period of continuous usage can be relevant, in the bedroom, the
hotirs at night. The' measurements shall be carried out during a normal usage or a simulated ysage with
redlistic ventilation phases.

For bedreoms, the assessment period is defined as the duration during which people in thg bedroom
arg asleep. During the actual sleep phase, the windows and doors shall remain closed.

A.5.3 C(lassification in quality classes

The assessment value for CO, is derived from the arithmetic mean of the results of the measurement
interval.

Table A.2 shows an example of quality classes for the assessment value for the main parameter CO,
during the assessment period.
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Table A.2 — Example of quality classes for CO,

Arithmetic mean for
class limits for CO,
ppm absolute

Quality class Description of the quality classes

Requirements for indoor rooms for the continuous stay of
A <1000 persons in which intellectual activities are carried out or
which are used for regeneration

General requirements for indoor rooms for the continuous

B 1001to 1400
stay of persons

C 1401to 5000 Requirements for indoor rooms with brief use by person

vi

Outside fthe quality

lsses >5000 Not acceptable for use by persons

A.6 Mould — Microbial infestation

A.6.1 General

The appedrance of mould is usually associated with the presence of filamentous fungi, yeast and offen
bacteria afe also present. The load of a room due to mould and bacteria can‘manifest itself in the forn of
a concealdd or visible microbial infestation (“mould”) and/or contamifation of the premises by mopld
constituents or microbial metabolites from other sources. Mould atd bacteria can also play a rolq in
material sfudies.

A mould infestation is not always associated with an increased.concentration of mould componentqd or
metabolic|products in the indoor air, as mould fungi and bacteria have different flight capabilities, gnd
microbial finfestation can be located in hidden areas.

Elevated qoncentrations of mould components or metabolites indicate an origin in the room, as it ¢an
also result from mould and bacteria concentrationsindoors, as they can also originate from the outsjide
air or othgr parts of the building.

A.6.2 Mpasurements

The condifion of the investigated room shall be recorded by means of an on-site inspection. During the
inspection, building physics meastifements (e.g. moisture measurements on surfaces / in componeits,
thermal ithaging camera) are carnried out as well as components and casings can be opened, in order to
obtain sarhple material.

The sampling strategy,of the room air with regard to mould spores shall, if necessary, be carried put
in accord@ance with ISO™16000-19. The air investigation of the mould spore concentration shall|be
carried oyt in accordgnce with ISO 16000-16, ISO 16000-17 and ISO 16000-18. Air sampling by mean$ of
sedimentdtion samples or investigation of sedimented dust is not sufficient. Sampling of moulds shopld
always talke place before opening the construction or the inspection of components and casings.

NOTE Themoutdanmdbactertaconcentratiomrimrindoor—atratre justone of-the paranreters thatcamindicate
microbial contamination. Others are mould-typical odours, discoloration on the walls or damp spots on the
material. The concentration of mould and bacteria in indoor air can be low, especially if the infestation is hidden,
even though there is a massive infestation.

Due to increased spore concentrations in outdoor air during the warm season, the total concentration
of the outdoor air reference sample can be higher than the total concentration in the indoor air despite
an infestation indoors. Special attention should be drawn to the differences in species composition
between indoor and outdoor air, and in particular, to the presence of humidity indicators.
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The assessment period for mould and bacteria measurements spans several minutes. Measurements
should always be carried out in multiple determinations (see ISO 16000-19). The determination of the

concentration of mould and bacteria shall be performed under conditions described in ISO 16000-19:

the room shall be ventilated over a period of 15 min and afterwards, it shall not be ventil
least 8 h before sampling;

ated for at

if a ventilated system is present that cannot be switched, it shall be in use at least 3 h before and

during the sampling;

the ventilation system shall be run in the typical mode for the sampled room.

Re
ouf
obf

ference measurements of mould and bacteria in outside air or in building control areasan
in order to be able to assess the results of indoor air measurements. If possible,.the
ained from measurements should be identified at the level of genus and species.

A.¢.3 Classification in quality classes
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A.

the concentration of mould and its microbial components, no toxicologically derived
erence values can be specified.

e criteria for the division into quality classes are:
results of the mould spore measurements, and
on-site findings of a potential mould infestation.
e results of the air measurements can give an indication of whether a mould source is likel

the assessment and division of a room into a\quality class, non-visible areas, such as, fo
tfall sound insulation or the cavities in lightweight construction walls, shall also be ind
5 purpose, microbiological investigations ef surfaces or materials as well as mould sniffin
o be helpful.

here is no visible hidden microbial infestation present and there are no indications
bstation (e.g. known water damage, health indications, odours mould indicating da
mage), further examinations€an be waived and the room can be classified to be of quality
case of any suspicion of hidden mould infestation, further examinations shall be carried d

ifferent assessments-results arise from the aforementioned investigation measures, the 1
allocated to the poorer quality class.

/ Odours

A.7.1 Geneéral

Th

be carried
brganisms

, absolute

.

" example,
luded. For
b dogs can

of mould
mp/mould
class A. In
ut.

oom shall

b (telationship between measured odour thresholds and the occurrence of an odour nuisance is
ver i i ' i ' agation of

the odorous substances, by the quality of the odour (hedonic effect) and ultimately by the receptor
properties of the people exposed to the odour. These properties do not only differ greatly from person
to person, but change over the course of time even for the same person.

A.7.2 Measurements

The recording and assessment of the odours with regard to the intensity and type of the odours is
carried out according to ISO 16000-30. Other parameters such as hedonic tone or acceptance are also
helpful for classification into quality classes. The assessments should be performed by a group of
trained personnel (see ISO 16000-30).
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