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Foreword

:2018(E)

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

The procedures used to develop this document and those intended for its further mainte
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documéntmay be the
patent rights. ISO shall not be held responsible for identifying any or all such’patent rights.
any patent rights identified during the development of the document will be in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).
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Introduction

Airborne particulate matter (colloquially known as “fine dust”) plays a role not only outdoors, but is
also significant in terms of hygiene, especially indoors. People in industrialized countries spend most
of the day indoors. Particles are either transported into indoor air from outdoor environments or the
particles directly result from indoor sources, such as smoking, housework and do-it-yourself (DIY),
burning candles, residential wood burning, cooking and using printers. The concentration, composition
and size distribution of airborne particulate matter in indoor environments strongly depend on
parameters such as the sources present in the room, room size, relative humidity, air exchange rate,
air flow cqorditions-and-sinleeffeets-onsurfaces{e-g-wals,cetlines floerecoverines,softfurnishines) In
addition, particles already deposited can be re-entrained through various activities and subsequently
inhaled. Depending on the particular case, all this can result in highly variable levels of indoor fine dust
pollution that are not easily ascertained or assessed in terms of their impact on health.

In the IS 16000 series, the following rooms are understood to constitute indoor spacés: dwellings
with living rooms, bedrooms, work rooms, sport rooms, cellars, kitchens and bathreems; work spafes
or workstfations in buildings not subject to controls under industrial safety legistation in termg of
airborne pollution (e.g. offices, shops); public buildings (e.g. restaurants, theatres, cinemas, other
function fooms); and the passenger compartments of vehicles and all public-transport systems (g.g.
buses, trajns, aircraft).

Epidemiolpgical and toxicological findings suggest that health effects are more strongly related to sfib-
micron palrticles[33]. Indeed, ultrafine particles (UFP), due to their,small size, can deeply penetrate ipto
the body gnd contribute to adverse health effects.

This document describes the general strategies for the measurement of airborne particles, includjng
PM10, PM{4 5, PM1 and UFP. The different technologies availdble equipment are presented and compayed
in a way fthat allows the user to select the best technique depending on the monitoring objective.
Sampling fequirements are presented together with kéy factors that users should take into account.
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s document specifies the general strategies for determining the concentration of dirborn
oors and covers the size range from approximately 1 nm to 100 pm.
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advantages and areas of application, as well as some géeneral sampling recomm

e studies with more specific sampling recommendations.

ditional documents in the ISO 16000 series will focus oneach fraction of airborne particul
| give specific recommendations for these measurentents.

e determination of measurement uncertainty anid'minimum reporting requirements are a
5 document.

s document does not apply to the determination of bioaerosols or the chemical charad
particles. For the measurement and assessment of dust composition, see the relevant g
16000 series.

s document does not apply- to the measurement of airborne particles in vehicle
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16000:1:2004, Indoor air — Part 1: General aspects of sampling strategy

hddition, this document describes methods for identifying typical indoor particle sources

e main sources of indoor particulate matter are described in this document, together wj
‘ticle dynamics. Various measurement methods are described;)along with their adlvantages,

asurement strategies for determining airborne particles indoors are discussed, including
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For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

IEC Electropedia: available at http://www.electropedia.org/
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31
particle

small discrete mass of solid or liquid matter

[SOURCE:

3.2
aerosol

ISO 29464:2017, 3.2.111]

suspension in a gaseous medium of solid particles (3.1), liquid particles or solid and liquid particles

havingan

egligible falling velocity

[SOURCE:
3.3

equivalent diameter
bf a spherical particle (3.1) which will impart geometric, optical, electrical or,aerodynainic

diameter
behaviouq]

Note 1toe
for the sam

are being neasured, e.g. geometric diameter, diameter according to dielectric mability, diameter according

light scatte
[SOURCE:

3.4
aerodyna
diameter
in calm ai
humidity

Noteltoe

is|the aerodynamic diametetr;
is|the particle diameter
is|the density of the particle;
is|the standard density;

is|theform factor.

[SO 23210:20009, 3.1.9]

identical to that of the particle being examined

htry: Depending on the measurement method applied, various equivalent diameéters could be defi
e particle. These different diameters are only indirectly comparable since different particle proper

ring properties. Nevertheless, the generic term “particle diameter” is ofteén used for all of them.

[SO 4225:1994, 3.35, modified — Note 1 to entry has been added.]

mic diameter
pf a sphere of density 1 g cm=3 with the same terminal velocity due to gravitational fo
- as the particle (3.1), under the prevailing conditions of temperature, pressure and relat]

htry: The aerodynamic diameter is calculated-using the formula:

JEWE&
"N\ po

hed
ies
to

I"ce
ive

Note 2 to

. my £ et 1 =1 1 1 1.1 s £ £ - 1 1 1 1 PN |
oiry. THC TUTTT TdULUT UTSLTIUTES Uy ITUW TITULUIT ULIC TTSISUIITS TUTLT UL dIN ITTTEULAILY SIIdpPpTU pPpdltitl

greater than that of a sphere with the same volumel26].

e is

Note 3 to entry: The aerodynamic diameter determines the sedimentation and the separation properties of
particles in impactors. It is also of particular importance for penetrative behaviour and the retention of particles
in the human body.

[SOURCE: ISO 7708:1995, 2.2, modified — “particle” has been removed from the term and Note 1 to
entry has been replaced by Notes 1 to 3 to entry.]
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3.5

fin
fra

e dust
ction of airborne particles (3.1) with an aerodynamic diameter (3.4) below 10 pm

[SOURCE: EN 15445:2008, 3.5]

3.6
coarse mode particle
particle (3.1) larger than 2,5 pm in diameter

:2018(E)

Note 1 to entry: Coarse mode particles are formed by mechanical abrasion and the swirl-up of sediment and

flo

3.7

fine mode particle

pa

No
cor

3.8

U
pa

[SC
ha

39
cu
aef

[S(
sej

3.1
PM

fral
eff

[SC

3.1
PM

fral
eff

[SC

ullﬂ;afine particle

r dust.

'ticle (3.1) with a diameter below 2,5 pm

e 1 to entry: Fine mode particles are formed primarily from gases or secondarily through nuc
densation.

‘ticle (3.1) with a diameter of 100 nm or less

URCE: ISO/TR 19601:2017, 3.34, modified — The definition has been shortened and Note
been deleted.]

-off diameter
odynamic diameter (3.4) at which the impactor stage has a separation efficiency of 50 %

URCE: ISO 23210:2009, 3.1.2, modifiéd — The definition has been changed from Y
aration efficiency of the impactor stage is 50 %".]

0

2,5
ction of the airborne particles (3.1) that passes a size-selective sampling head with a §
ciency of 50 % with an@erodynamic diameter (3.4) of 2,5 pm

URCE: EN 12341:2014; 3.1.14]

1

10

ction of the airborne particles (3.1) that passes a size-selective sampling head with a J

ciency.0f'50 % with an aerodynamic diameter (3.4) of 10 pm

URCE: EN 12341:2014, 3.1.14]

eation and

1 to entry

where the

eparation

eparation

3.12
mass concentration

C

ratio of the mass m of the measured component and the gas volume V, as shown by:

c=—
%4

[SOURCE: EN 15259:2007, 3.26]

3.13
number concentration
number of particles (3.1) per volume element of carrier gas (air)

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=4ed6e4e10ec6ed96c21c050d9072173d

ISO 16000-34:2018(E)

3.14

lung-deposited surface area

LDSA

particle (3.1) surface area concentration per unit volume of air, weighted by the deposition probability
in the lung

Note 1 to entry: Due to lung deposition efficiency during inhalation, only a fraction of the particles will effectively
deposit in the human lung. LDSA is thus strongly related to the potential particles health impact.

[SOURCE: Reference [22], modified — Note 1 to entry has been added.]

3.15
particle volume concentration
total voluine of all dispersed particles (3.1) per unit volume of the carrier gas

4 Origin, properties and health implications of airborne particles

4.1 Origin and properties

Airborne yolid and liquid particles (e.g. in the form of dust, smoke, mist andfog) have always beeh a
componerft of the atmosphere. Together they are referred to as aerosol. Natural sources that contribjite
to the relepse of primary particles into the air include oceans, deserts, plants, volcanic eruptions, erosjon
and fire. [[n addition, atmospheric photochemistry involving bipgenic volatile organic compoumnds
(known a$ precursor gases, such as isoprene and monoterpenes) Ieéads to the generation of secondary
particles. Since the industrial revolution, in particular, primary\or secondary anthropogenic partidles
have beeny making up a growing proportion of the atmospheric particle spectrum. Large amountg of
carbon dipxide, carbon monoxide, nitrogen oxides, sulfur“dioxide, organic and elementary carbjon,
plus other] gaseous and particulate substances, reach the.troposphere via industrial processes and the
combustidn of fossil oil products, black coal, brown:¢é6al and biomass. According to the World Heglth
Organizatjon (WHO), particular sources of high concentrations of anthropogenic airborne partidles
include cdmbustion processes and photochemical reactions from anthropogenic precursor gases.|40]
Abrasion pnd re-entrainment processes (e.g(those involving bulk freight, industry, agriculture, the
constructfon industry) can also contribute*to fine dust pollution, especially with the coarse mgde
fraction.

The interdction between natural and)anthropogenic aerosols from local, regional and remote sourfes
results ir] ambient aerosol, in ‘which composition undergoes pronounced spatial and tempdral
fluctuatiops. In towns, ambient.aerosol is often referred to as urban aerosol.

Ambient gerosol is made . Tp of various particle sizes, i.e. ultrafine, fine and coarse particles. The
chemical gomposition cahvvary greatly, depending on the source and transport conditions.[35] Elevated
concentrafions are_measured in the vicinity of industrial facilities. Particles with a diameter less
than 50 nin are essentially composed of low-volatility organic compounds.

The dynamictbehaviour of an aerosol always depends on the properties of the aerosol partidles
themselvds*and on those of the surrounding medium, including potential sinks. This is a dynainic
system, subject to constant changes caused by various physical and chemical processes, which are
also characteristic of different size fractions of the total aerosol. Nucleation gives rise to particles with
diameters of a few nanometres (nucleation mode). Condensation and coagulation result in further
growth processes taking place (accumulation mode). Abrasion and re-entrainment processes generate
in particular particles in the coarse mode (see ISO 4225 and ISO 16000-37).

Airborne particles are thus a cluster of various pollutant species with high variation in shape, size,
chemical composition and physical properties.

4.2 Health implications

Based on epidemiological studies, it has been assumed for many years that fine dust pollution of the
ambient air can cause health problems, without relevant threshold values having been found thus

4 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=4ed6e4e10ec6ed96c21c050d9072173d

ISO 16000-34:2018(E)

far, see ISO 20988. In general, a linear dose-effect relationship is assumed. With the EU Air Quality
Directive (1999/30/EC) that came into force in 2005, this issue has become a focus of attention for
the wider public. This Directive envisages limits for the daily and annual means of PM1g in ambient
air. For the PM3 s fraction, the amendment of this Directive (2008/50/EC) specifies an annual mean of
25 pug m-3 as a target value from 2010 and as a limit from 2015, and which from 2020 is to be lowered
to 20 pg m-3. The PMj¢ limits remain unchanged in the 2008 revision of this Directive (24 h mean:
50 pg m-3, which may be exceeded 35 times per year; annual mean: 40 pg m-3). The limit set by the

EU Air Quality Directive for PM1g represents, in terms of type, level and measurement strategy, a
convention for limiting the health risks caused by fine dust in the ambient air.

bient air

can also be used for indoor 51tuat10ns (40] However this WHO proposal relates prlmarlly to particles

em

Ep
wi
wi
sty
st

tr

Ac
nu
fev

Fo1
he

Co

cam

itted by combustion sources; these are mostly particles belonging to the PM3 5 fraction.

demiological studies show that high concentrations of fine dust in the ambientvair are
h health consequences, such as damage to the cardiovascular system and thewréespiratory
h increased morbidity and mortality.[21] A summarizing analysis of Européan time-series
dies on the effects of particles from the ambient air, carried out in 2004 for WHO, den
istically significant elevated risk associated with total mortality, mortality caused by r
t and cardiovascular diseases in all age groups and hospital admissions of elderly pj
fordingly, limits have been developed for ambient air concentration of fine dust. Compare
mber of studies that describe the effect of ambient air aerosol§)on human health, so far t
/ studies dealing with indoor air[23].

fine dust indoors, WHO recommends that levels should*be minimized. An assessment i
th is currently difficult.

hsidering these aspects, the following statementsion the health implications of fine dust in
be made.

Neither the particulate matter limits of the’EU Directive 1999/30/EC, nor the annual or d
for particulate matter in the ambient ai¥'proposed by WHOI40], can be used as assessment
indoor air.

In the absence of specific internal dust sources, the concentrations of PM; 5 inside dw
principally due to fine dustifrom ambient air and resuspension.[38] It seems reasonable,
to use the PM3 5 daily miean derived by WHO for dwellings without specific internal s
guidance.

hssociated
tract, and
and panel
onstrated
pspiratory
htients.[16]
1 with the
here exist

h terms of

indoor air

ily means
values for

llings are
therefore,
purces for

In other indoor spacges, such as kitchens, basements, rooms where handicraft activities a

internal sour’ees (e.g. combustion sources, printing facilities, chemical products), the afore
WHO evaluation standard cannot be extended meaningfully.

The cutrent absence of suitable evaluation standards applicable to all indoor spaces and 4

d hobbies
are pursued oricommunity facilities (e.g. office, school, retail centres, medical centres) wi:Elh specific

entioned

111 particle

sizes"does not mean that fine dust in indoor air shall be rated as “harmless to health”| Provided
no Valld assessment in the form of gu1de or 11m1t Values is p0551b1e the conventlonal procedures
' ' T ' Tlany cases,

suitable ventilation procedures shall also contribute to allev1at1ng the problem of flne dust.

When considering the health implications of indoor particle pollution, not only particle size but also
particle chemical composition and morphology shall be taken into account. This document does not
discuss the determination of these parameters.
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5 Sources of indoor particulate matter and particle dynamics indoors

5.1 General

Fine dust concentrations indoors can originate from continuous (e.g. ambient air, heating) and from
intermittent (e.g. cooking, smoking, burning candles, printers) sources. As a result of these different
source locations and dynamics, the size distribution and composition of indoor particles vary markedly.
The processes mentioned below are of special importance. All processes together induce and determine
the dynamics of the indoor particle spectruml[29] (see Figure 1).

5.2 Sources of indoor particulate'matter

521 T

The major

cled

Infilty
high |
very |
air-fil
with ¢

Air Exchange -l ~rticle formation Aggregation
ning or contamination P Coagulation

thermophoresis

diffusionphoresis

diffusion deposition >

gravitation Tresuspension
I
|

Figure 1 — Particle formation and particle dynamics indoors

pical indoor sources
particle sourcesinindoor environments are as follows.

ation of outdoor aerosol through windows, doors and the building envelope. In the casq of
bvels of air'éxchange, the likelihood of particles from the ambient air entering the building is
igh; it d¥ops with decreasing air exchange.[30] The presence of an air-conditioner and related
fration-system has a huge impact. The fraction of the ambient aerosol found indoors (eyen
losed windows) depends on particle size, and is highest for particles around 0,3 uml(23].

Combustion processes, such as smoking, burning candles, open fires, fireplaces and incense sticks.

Activities, such as cooking, cleaning, hobbies, DIY activities, textile abrasion, and using household
and office appliances.

Humans and domestic animals (skin flakes and hair particles), microorganisms (moulds, bacteria,

cell fr

agments, etc.), pollen and other allergens.

Particle reformation through physicochemical reactions of volatile organic compounds (VOC), e.g.
ozone-terpene reaction.

Resuspension of deposited particles. Various activities may cause the re-suspension of particles
from room surfaces.

© ISO 2018 - All rights reserved
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Influence of the premises

The indoor sources of particulate matter are diverse. If the premises are in use, the indoor aerosol is often
affected by indoor sources, which may be located either in the investigated room itself or in adjacent
rooms. A non-exhaustive list of case studies is given in the Bibliography, see References [42] to [77],
which can be a good source of inspiration for users, depending on the intended purpose. Typical sources
found in different types of premises and which should be taken into consideration are listed below.

a) The typical sources in living rooms include:

1) cooking, heating, smoking, candles, fireplaces and fragrant oil burners;
2) body care and cleaning materials (e.g. sprays);
3) electric appliances (e.g. refrigerators, vacuum cleaners);
4) people and domestic animals;
5) abrasion of textiles and textile floor coverings.
b) | The typical sources in an office include:
1) office machines (e.g. printers, copiers, computers);
2) air-conditioning units;
3) people;
4) external inputs (e.g. smoking, adjoining manufacturing premises);
5) abrasion of textiles and textile floor covekings.

c) | The typical sources in kindergartens andischools include:

1
2)
3)
4)
5)

human and external inputs brought in with clothing (e.g. animal hairs);
activities (e.g. cooking, artj crafts);

electric appliances (e.g-printers, copiers, computers);

soft furnishings;

air-conditionitig units where relevant.

5.2.3 Particl€size range generated by typical sources

Indoor airberne particles cover a large size range from a few nanometres up to 100 pm. P3
is Eeeply influenced by origin, but also by chemical or physical reaction following generati

ex
in

austive list of typical sources of indoor airborne particles with their typical size ranges is
igure 2.

rticle size
bn. A non-
[presented
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Figure 2 — Typical sources of airborne particles and size ranges

ated concentration depends on many factors;'such as the intensity of the source, the ty
fensity and frequency of use, the distance between the source and the measuring equipm
bcific properties of the room, especiallythe ventilation rate. Therefore, it is difficult to g
ranges of possible concentration valués through indoor air measurements of residen
Drawing conclusions about hygiéne’ risks associated with the measured particle numb
concentrations is also difficult and should only be done if all parameters have been taken i
here are several sources dealing with specific activities or specific investigation purpo
examples are listed in References [42] to [77]. Values obtained during these studies can h

surement method cofrectly.

ticle dynamies’indoors

531 M

Particles
whereas s

pjor particle sinks

hat are around 0,1 um in diameter have the lowest deposition rates on indoor surfag

pe,
bnt
ive
fial
er's
hto
5es
elp

d/or measuring institutesduring future fine dust measurements to select the effective ranpge

es,
LSS

aller and espec1ally larger particles have 51gn1f1cantly hlgher deposmon rates. This proc

the surfaces.[37] It is 1mportar1t to dlstmgulsh between the processes of sedlmentatlon impaction and
diffusion.[39] These processes decrease the number, mass, volume and surface area concentration.

Building design and construction, as well as climatic conditions, can result in a decrease in the
concentration of particles in indoor air through their deposition on surfaces (the sink effect). The cause
for this lies in dynamic aerosol processes referred to as thermophoresis, electrophoresis[30], diffusion,
dilution, filtration, coagulation, ventilation, deposition, resuspension and others[30l.

5.3.2 Variations of the particle spectrum

Physical and chemical reaction after particle emission for their source will occur and have a large
impact on the particle size. The accretion of smaller particles on the surfaces of larger ones and the
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coalescing of smaller particles into larger ones (coagulation) can decrease the number concentration
without changing the total mass concentration. If such growth processes create particles above the cut-
off diameter of the mass fraction being measured (e.g. in the case of PM3 s, particles larger than 2,5 um),
this also leads to a decrease in the mass concentration of this fraction. The accretion of low-volatility
compounds on particles does not change the number concentration.

In addition, secondary particle formation from precursor gases is observed. Thus, the particle spectrum
is influenced by the distance between the source and the measuring, and also by the presence of other
sources in the room due to cross reaction between the different emitted compounds.

5.3.3~ Effectof air conditioning

Aif
filt
ele

-conditioning units affect indoor particle concentration and dynamics, for example, ¥ia the air duct,
ration, flow and exit speed of the air. Improperly installed and maintained systems can lead to
vated particle input to the room.

5.3.4 Conditions of room use

Th
tw
ind

b indoor fine dust inputs, which are mostly intermittent and usagesdependent, can be di
b groups. On the one hand, they include concretely classifiable Seurces resulting from
ividual appliances or furnishings. On the other hand, there are‘diffuse sources caused by

vided into
the use of
the users

. The sum
me.

the
of 1

mselves. Typically, these include fine dust brought in by humans/users and their clothing
hese sources determines the fine dust concentration in thé air measured at a particular ti

not allow
therefore,
recorded
scribed in
faken into

Th
a ¢
sh

e sources and their highly variable inputs to the fine dust concentration in the indoor air dg
onsistent specification of the measurement conditions. The measurement procedure,
uld be derived and justified based on the task and situation. This justification shall b¢
in the test report, together with the chosen measurement and sampling conditions (as de
ISO 16000-1:2004, Clause 4). Other parameters; e.g. those relating to ventilation, should be
comsideration. No standard scenario can be défined.

6 | Measurement methods for.airborne particles indoors

6.1 General

A
ind

Fariety of complementary measurement methods are available for measuring airborng
oors[22][23],

particles

U
siz

gral or as

7]

ng the various methods, the following measured variables are determined, either as intq
p-resolved quantities:

particlemass concentration;

particle number concentration;

particle surface area concentration;

particle lung-deposited surface area (LDSA) concentration;

particle volume concentration.

These variables are either measured directly or calculated from the measured values. In the latter
case (e.g. when calculating surface area concentration from the number concentration for the various
particle size fractions), it is necessary to check whether the calculation method used is plausible for the
intended task.

NOTE Estimating the mass concentration from the number concentration is possible only if the spatial

particle size distribution and the density of the particles are known (see Clause 7). The same is true for
conversions for other quantities (surface area, volume, etc.).
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Particles less than 1 um in diameter can be characterized by the number or surface area concentration
more accurately than by mass concentration. Particles larger than 1 pm can be characterized by mass
concentration usually, but in some cases number concentration might also be relevant.

Particles can be divided into different class sizes using different physical principles (e.g. optical
diameter, aerodynamic diameter or electric mobility of the particles). Results obtained with various
instruments based on different techniques will thus be different by principle and particular care should
be taken when comparing results obtained with different measuring methods.

In order to capture the full size range of airborne particles, typically instruments need to be combined.

Instrume

tsare often based on different phyqir‘nl prin(‘ip]pc and thus often resnltin different pqni\m]

ent

diameters
6.2 Est:

6.2.1 Gq

Figure 3 g
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Figure 3 §
refer to sp

. This means that data do not necessarily merge in a common size range.
blished method description

bneral

ives a summary of the established methods most commonly used for indoor measureme
lp in selecting the best technique depending on the application.

Fion is based on the size of interest, and also on the volumetric flow rate, the requested loy
tection and time resolution.

Single particle measurements are more sensitive and aré“an asset for measurement at

nts

Ver

ow
ore

on or if a fast response time is requested. For other instritments, particles are accumulated bef

on of particles during a long period, generally 24 hyand therefore only give information over a 1
period of time. Generally, techniques that require allong period of time for collection are less sensif
e sampling of a higher volume than the other onés;

iples of each method listed in Figure8) along with their capabilities and their limits
briefly in 6.2.2 to 6.2.15. Before usjng an instrument, detailed method descriptions shall
in the respective guidelines, if they exist. Specific International Standards in the ISO 16(
cribe some of the listed techniques in detail.

bives general information-about common instruments available on the market. Users s}
ecific instrument manuals for exact values.

o be detected. Some measurement techniques allow a near péal-time result or measure within a S;[all

me (i.e. typically less than 1 s for a LSAS, 5 min to 10,min for a DMAS). Other techniques reqyire

ge
ive

hre
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Equivalent Diameter (um) Standards
E £ E H E 20 1s |z lesle |55 |-
Soing, I iy (] vers ) ovical P iy ™ | 2 E F 2 iz 1B I |5 EE|E |52 F
E g 5 H 5 g lg |z 1§ |22 |3 |EE |z
] a b2 2F |2 o9 |
0,001 0,01 0,1 1 10 100 = 22
§ Fine particles Cyclone ‘ ‘ m SD 1pg/m* <100 mg/m* 1-201/min
% Impactor W D 0,1 pg/m? <2,5 mg/m? <301/min X X X X
é Fine and LPI W ) 0,1 pg/m? <2,5 mg/m? <301/min
H ultrafine
E particles Mol W ) 0,1 pg/m? <2,5 mg/m? ~301/min
% DMA _ D <100 em™ E7 em™ >101/min X X X
% AMS I::::] D <100 cm® E7 om® >51/min
2 Gravemetry AMM ‘ l:|:| MC 01pg/m*  |<100mg/m* b | =1-3m'/h 1h-24h X
g OMB ‘ MC 0.1 ng/m =100 mg/m =3 1/mmn Th-24h X X X
%E attenuation BRA “::::j MC 0,1 pg/m’ <1 mg/m* ~201/min 1h-24h X X
g f% N oM I::::::l sD 01ug/m® | <100mg/m’ | ~1-3m¥/h Th-24h
g g SEM :::‘ D 0,1 pg/m? <100mg/m* | ~1-3m¥h 1h-24h
% H TEM Ii:‘ ‘ ) 0,1 pg/m? <100mg/m* | ~1-3m¥h 1h-24h
LsAS l::::] NC, SD >1cm® E7 e <51/min >5s X X
% TOF AS m NC, SD >1cm™ E7 em™ <11/min >1s
2 cpC ::::] Ne 01em? ES cm™? <1,51/min 1s | x| x
g UF CPC : 7 NC 0,1cm” ES cm? <1,51/min 1s x | x [ x
E g CPC with SES :::::j NC 0,1cm™ E5 cm™ <1,51/min 2s X X
E = LSAS+DMA+CPC I‘:::’I NC, SD >1cem? E7 cm™ <1,51/min 555 X X X
; CPC o ric L NC 0,1 cm™ E8 cm® <1,51/min, 1s
] ﬁ, FCAE ! NC x375cm™ @ ~E7cm? ° &5 1/min 1s X X
é E DMA+CPC * NC, SD <100 cm™ E7 cm™ <1,51/min ~60s X X X
% E DMA+FCAE _ NC, SD ~1000 cm™ E7 cm™ <51/min ~60s X X
g‘j :(_A% AMS+CPC ﬁ:—j NC, SD <100 cm™ E7¢h’ ~1,51/min >1s
= g AMS+FCAE l::::l NG, SD <1000 cm™ ®7 e ~1,51/min ~60s
_§ FRAS _ NC, SD <100 e E7 cm™ ~101/min 1s
é’ LPI+E W NC, SD ~375cm N | xE7em? @ <10 1/min 1s
- MOI+OMB { m{ { NC, SD 2adng/m® | <25 mg/m? ~101/min 5 min
Mepasurands
N{ particle number concentration
SD| particle size distribution (based ofi inass or number)
M( particle mass concentration
a | The particle number concéntration measured by a FCAE is calculated from its primary measurandg electrical
current or electrical ¢harge concentration. Upper and lower limits of NC depend on electrical charge
distribution on particles and sample flow. For example, an electrical current of 1 fA with a sample flow of 11/
min correspondsto a singly charged particle number concentration of ~375 cm-3.
b | Time resolution’ depends on situational conditions, such as the time needed for sampling of the mipimum
analyte quantity.
Acronyms Description Synonyms¢
Cyrlone 6.2.1
Impactor impactor/cascade impactor 6.2.2

LP

I low-pressure impactor

N
N
(N}

Berner low pressure impactor (BLPI)
Dekati® low pressure impactor (DLPI)

MOI

micro orifice impactor

N
N
N

micro-orifice uniform deposit impactor
(MOUDIT™)

DMA

differential mobility analyser

N
N
(o8}

AMS

aerosol mass spectrometer

oN
N
I~

centrifugal particle mass analyser (CPMA)
aerodynamic aerosol classifier (AAC)

aerosol particle mass analyser (APM)
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AMM aerosol mass monitor 6.2.5 |air sampler
PM monitor
personal sampler
personal impactor

OMB oscillating microbalance 6.2.6 |quartz crystal microbalance (QCM)
tapered element oscillating microbalance
(TEOM)

BRA beta radiation attenuation 6.2.7 |beta attenuation monitor (BAM)

oM optical microscope 6.2.8

SEM scanning electron microscope 6.2.8

TEM transmission electron microscope 6.2.8

LSAS light scattering aerosol spectrometer | 6.2.9 |optical particle counter (OPC)
optical particle size spectrometer (OPSS)

TOF-AS time-of-flight aerosol spectrometer 6.2.10 |aerodynamic particle sizex(APS)

CPC condensation particle counter 6.2.11 |butanol based condensation particle
counter (BCPC)
water based cortdensation particle countet
(WCPQ)

UF CPC condensation particle counter 6.2.11 |UF-CPC

optimized for the small size range

CPC with JES condensation particle counter with 6.2.11 |nano-€PC

size enhancer stage

CPC photometric |condensation particle counter in 6.2.11

mode photometric mode

FCAE faraday cup aerosol electrometer 6:2312  |Faraday (FC cup)
eFilter

DMA + CP( differential mobility aerosol scanning mobility particle sizer (SMPS)

DMA + FCAE spectrometer (DMAS)

DMA + FCAE mobility particle size spectrometer (MPSS

LSAS+DMA+CPC wide range aerosol spectrometer (WRAS)
wide range particle spectrometer (WPS)

AMS + CP( aerosol mass spectrometer

AMS + FCAE analyser (AMSA)

FRAS fast respofnse aerosol spectrometer 6.2.13 |fast mobility particle sizer (FMPS)
electrical aerosol spectrometry (EAS)
fast particle analyser (FPA)
differential mobility spectrometer (DMS)

LPI+E Tow pressure impactor with electric 6.2.14 |electrical low-pressure impactor (ELPI)

detection

MOI + OMB quartz crystal microbalance micro-orifice

uniform deposit impactor (QCM-MOUDI)

¢ Column "Synonyms” contains trademarks. This section is non exhaustive.

12

Figure 3 — Overview of particle measurement methods
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6.2.2 Cyclone

6.2.2.1 Principle

In a cyclone, the air sampled enters a conical cyclone chamber tangentially, where it forms a vortex. The

for

med vortex causes particles with sufficient inertia to impact onto the chamber walls, from where

they drop into a collection cup while smaller ones follow the air stream.

Depending on the measurement task, both particles collected by the cyclone and the ones passing
through the system are further available for the measurement.

6.2
Th

Sey
(i.6

Mo
of 1

6.2

.2.2 Capabilities of the method
b main advantage of the technique is that it can be used at high concentration.

reral cyclones can be used in cascade (generally limited to two cyclones) to calléct different fractions
.PM10 and PM3 5).

st of the time, this technique is used as a pre-separator to remove the coarse fraction before analysis
he fine fraction by another technique.

.2.3 Limits of the method

Duk to the difficulties of collecting dust from the cap without losing particles or contaminption, this

ted
im

Cu
ult

6.2

6.2

Im

b)

hnique is generally used only for high concentration. Itinduces a higher uncertainty comppared to an
pactor, for example.

-off size is generally limited to 1 pm for physieal reasons and this method is thus noft used for
rafine particles.

.3 Impactors (impactor - cascade impactor - LPI - MOI)

.3.1 Principle
bactors are a subtype of inertial classifiers where particles are selected by impinging on afflat plate.

Single-stage impacton: The sample flow is first led through a nozzle to achieve a ceftain flow
velocity. After the nozzle, the air flow is turned sharply in front of a collection plate. Partifles larger
than cut-off size (e:g. PM19 or PM3 5) of the impactor cannot follow the flow stream lines but are
impacted onto the collection plate. Smaller particles follow the flow and are not collected.

Cascade impactor: By using multiple impactor stages with progressively smaller cut size} in series,
the sample can be separated into several size fractions (typically 3 to 15) and therefore cascade
impaetor's can be used for determination of the particle size distribution.

EPI: The cut-off size of the conventional impactor is limited by the diameter of the noz7le and the

d)

nnnnnnnnn Araonthyrorigh +ha to ot Than Tovazne ~aad AFF Ao b n Jin it A4 n gt o ol 5 t
t.ll coourcv ur Ul.l \2 99y U\Asll CIIC lllll,lﬂ\,\.Ul- ITIICITUVVOT CUL UIT UIdIirie i 111t Uvr triae LuItIivenitiviia lmpac Or

is approximately 0,3 pm.

The cut-off diameter can be reduced down to a few nanometres by operating the impactor at a low
pressure. By use of a vacuum pump, a lower pressure (as low as 0,03 atm) is created downstream
of the nozzle and the air is thus drawn through the nozzle at a high flow rate (as high as ultrasonic).

MOI: Another way to decrease the cut-off diameter of a conventional impactor is to use an MOI. In
this system, the nozzle diameter is decreased to a very low size to enable the collection of particles
as small as a few nanometres. To avoid pressure drop and maintain the total sampling velocity, a
large number (up to several thousands) of very small nozzles (as low as a few pm) are necessary. In
practice, a plate containing a large number of very small orifices is used. By rotating this impaction
plate, particle bounce and re-entrainment can be limited and the deposition on the collection filter
is nearly uniform.
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6.2.3.2 Capabilities of the method

Collected particles can be measured by different techniques depending of the purpose of the
measurement (e.g. gravimetric, optical, electric). Impactors are thus mainly used in combination with
other detection instruments for providing information related to the particle size distribution.

Since the sample is collected on a substrate, the investigation of specified particle size fractions
is also possible to a limited extent. By using powerful identification methods [e.g. SEM, infrared
(IR), microprobe methods, microscopic and chemical analytical methods], the composition or other
identifying features, possibly including those of individual fine dust particles, can be detected on the
dust-loaded-substrates

6.2.3.3 Limits of the method

The knowh limitations of impactors include the problem of particle bounce and re-entrainmént(28]. The
impaction|surface will usually be coated with an adhesive collection substrate (e.g. greased aluminifim
foil, suitable fibre filter) to eliminate the particle bounce and re-entrainment. For cascade impactgrs,
greased cpllection substrates are often not compatible with the applied detectiontechniques and ¢an
thus not be used.

Since the particles are deposited inside the samplers, they shall be cleaned regularly, in particular affter
sampling |n highly polluted environments.

6.2.4 Differential mobility analyser (DMA)

6.2.4.1 Principle

A DMA is|a device that separates charged aerosol particles according to their mobility in an electric
field. A neptralizer, typically radioactive or soft X-ray neutralizer, is used to charge the particles with a
known charge distribution before entering the DMAAThe DMA can be described as an assembly of two
concentrigally cylindrical electrodes with an air'gap in between. An electric field is applied betwg¢en
the inner aind outer electrodes. Within the system, a laminate clean sheath air flow is created. Aerdsol
air flow efters from one end and exits the-other end. When a charged particle suspended in a gasegus
medium i§ placed in an electric field, the patticle experiences a force which is dependent on its chatge
and the stirength of the electric field..As.the sheath flow is constant and laminar, each particle follqws
the gas stfeam, but is also moved in'the perpendicular direction under the effect of the electric field
depending of its electrical mobility. Particles with the same electrical mobility are collected at the
exit at a cprtain fixed distancé from the electrode through a very small slit. Particles with a differpnt
electrical [mobility do not reach the slit and are removed. By changing the electric field apply to the
electrode,|particles with.different electrical mobilities can be selected in a monodisperse way.

6.2.4.2 [apabilities of the method

The DMA |is one~of the most commonly used devices for classifying and measuring nanometer-sized
aerosol particles between 1 nm to 1 pm in diameter, based on their electrical mobility.

The DMA is usually combined with a counting device, typically a CPC (see 6.2.12) or a FCAE (see 6.2.13)
to form a differential mobility aerosol spectrometer (see ISO 15900). This method allows the fine and
ultrafine spectrum to be determined with a high time resolution (typically 1 min to 5 min).

6.2.4.3 Limits of the method

The presence of multiple charged particles has the potential to affect the results for the larger particles
in the measured size range, even when applying a multiple charge correction function.

In addition to the multiple charging issues, several reasons, including particle diffusion and turbulence,
mean that the output of a DMA is not always completely monodisperse, but more a distribution with a
narrow dispersion of mobilities. This distribution is referred to as the transfer function of the DMA,
and must be known to obtain accurate particle number concentrations from DMA scans.
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For spherical particles mobility, diameter is equivalent to volumetric diameter. However, this is not
the case for non-spherical particles. For aggregate particles which have a fractal nature, the mobility
diameter may be significantly larger than the volume equivalent diameter of the material present.

Diffusion losses are important with small particles within the sampling system and the DMA. Charging
probability also decreases with the size. As a result, only a fraction of the particles present in the air
sampler eventually exit from the system. Correction should be applied if a detection device is used
downstream. If the SMPS provides a diffusion loss correction, users should enable this for more accurate
particle number concentration results. The real concentration could also be theoretically recalculated.

ibytion. This

hd are not
ble. These,

ally 1 min
unts with
yestigated
f interest.
lere the measured signal varies rapidly, using the FRAS (see 6.2.14), which allows the size distribution

Itrafine particles to be measured with a high time resolution (1 s), may be helpful.

4.5 Aerosol mass spectrometer (AMS)

6.1.5.1 Principle

An|
twi
apj
an
cel
for

coynted downstream.

6.2

Th
the

6.2

Fo1
siz

AMS classifies particles based on their charge to mass ratio. The instrument consists b
b cylindrical electrodes co-rotating about\a common axis at the same angular speed. A

hular gap rotating at the same speed-as the cylinders. The particles experience directly

particles of a specific charge to-mass ratio. These particles traverse through the AMS 3

.5.2 Capabilities of theé method

b separation technique is not dependent on particle size, shape factor, orientation or prd
carrier gas.

.5.3 Limits of the method

the calculation of the transferred particle’s diameter, their density must be assumed as w
e dependent charge state. An AMS works with the particle fraction of either positive or ng

asically of
voltage is

plied between the inner and outer cylinder. Charged particles enter the instrument thjrough the

opposing

itrifugal and electrostatic forces..Rotational speed and voltage are adjusted to balance these forces

nd can be

perties of

b1 as their
gative net

ch

rge inan aerosol and’ hpnr‘p’ aknown rhargp distribution musthe gnnprafpd with a pnrfir

e charger.

Charging is not very effective for small and very small particles and the majority of them do not traverse
through the instrument. Hence, size dependent losses and diffusion losses as well as multiple charge
corrections must be calculated based on available theory. When operated, the instrument is very loud
and is, therefore, typically not used in populated spaces.

6.2.6 Aerosol mass monitor (AMM)

6.2.6.1 Principle

AMM is a generic term for a system that allows the collection of aerosols on a substrate suitable for
post gravimetric analysis. The system collects at constant flow rate a known volume of air. It also takes
into account all parameters influencing the collected volume and flow rate (e.g. temperature, pressure).
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The weight of the substrate is determined before and after the measurement. The difference yields the
deposited particulate mass. Mass concentration is then calculated by combining collected mass and
sampled volume. In most cases, impactors are used to collect desired mass fractions, but some designs
also use an inlet cyclone or no pre-separator if total mass information is targeted.

Systems are usually split in two categories.

a) The first category includes high flow fix instruments of typically several m3/h, which are used
to determine local concentrations of PM. In ambient air, the gravimetric method is the reference
method for measurmg partlcle mass concentrations (PMiy, PMZ 5; see EN 12341). In indoor alr

b)

or mojre impaction stages.

6.2.6.2 [apabilities of the method

The meaSIt]rement is representative of mean particle mass concentratién or personal exposure level. For
quantitatifve gravimetric analysis, typically only one desired massfraction (e.g. inhalable, PM3 5, PM1¢)
is collectef. The collected particle samples can further be analysed chemically or microscopically.

EN 123471 describes traceable, validated methods for determining particle mass concentratigns.
Assuming|a measurement period of 24 h and a volume flow‘f 2,3 m3/h, particle mass concentrationg or
mass condentrations of particle fractions can be determined quantitatively from approximately 3 jig/
m3. (According to EN 12341, the detection limit of the standard measurement method is 1 pg/m3.) Dpta
on measufement errors shall be obtained from EN-12341.

6.2.6.3 Limits of the method

Due to therelatively high uncertainty, weighing is not suitable for ultrafine particles as it is not possiple
to collect gufficient mass of the sample:Other detection methods (e.g. optical, electric) are thus used [for
the ultrafIlne fraction.

The gravimetric method is a\time-integrating method. Within the sampling time-interval (moqtly
8 h, 24 h ¢r more), no conglusions can be drawn about temporal changes in the mass concentration. A
known anfl constant volume’flow through the monitor needs to be maintained and the flow needs to be
verified rggularly with an’external reference flow meter.

Gravimetiic measurement methods are not noiseless, since usually several cubic metres of air are
drawn viala pump: In residential premises, therefore, often acceptance problems arise on the part of the
room’s userif'the equipment runs for a lengthy period. The high sampling extract can also impact the
particle caneentration in small rooms

6.2.7 Oscillating microbalance (OMB)

6.2.7.1 Principle

An OMB consists of a sub-millimetre-sized wafer cut from a single quartz crystal. Electrodes are placed
on each side of the wafer to excite and measure the resonant vibration frequency of the crystal. The
base of the crystal cannot move, but the tip is free to vibrate at its natural frequency (in a similar way
to a tuning fork). If particles are deposited on the wafer, the natural frequency of the oscillating quartz
decreases. The frequency shift is proportional to the deposited mass, which is directly measured by the
electronics at a 1 Hz rate.
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6.2.7.2 Capabilities of the method

The main advantage of oscillating balance samplersis thatitis directly measuring the mass of the collected
sample and thus does not require a correction factor to move from another metric (e.g. number, volume,
surface) to mass. The system also runs continuously and is quite sensitive. It provides information on the
PM concentrations on a very short time base. Depending on the pre-separator used, this instrument can

be

used for PM3 5, PM1 or total suspended particles, and also for the submicron range.

6.2.7.3 Limits of the method
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ss sampling. The instrument is sensitive to vibration and is designed for long-term“mea
asurement method is sensitive to the decoupling of collected particle matter (particles o
ach to the surface or are liquid/semiliquid), particle bounce and particle refentrainment
ach from the collecting surface after initial deposition, normally due.toyoverloading).
'ticles are deposited on the impactor stages, the device shall be cleanedicegularly.

.8 Betaradiation attenuation (BRA) monitor

.8.1 Principle

trolled flow rate. The relevant PM fraction is collected on a sample support (substrate or f
eta source (e.g. a 14C element with +/-250 MBq) ‘emits a constant source of low-energy
p known as beta particles, which is used for the deposit determination. The beta rays are 3
Fhey collide with particles collected on the filter tape. A low level of beta radiation is passg
sample support. The increase in PM load causes a decrease in the radiation level measu
ector. The decrease is proportional to'the increase in the mass of PM. All BRA monitorg
t of heating of the inlet. This preverts water vapour from condensing on the filter tape.

.8.2 Capabilities of the method

g to the high resolutionof'beta ray radiation detectors, the signal is often very stable even|

monitoring networks:

.8.3 Limitsyofthe method

sufficierdt particles need to be accumulated to reach the minimal detection limit, a BR
asurestand records minimum hourly particulate mass concentration. For the same re
ectioh method is not suitable for ultrafine particles as it is not possible to collect suffid

ly loosely
(particles
Since the

RA monitor uses beta ray attenuation to calculate colleeted particle mass concentrations in units
g/m3. The sampled air passes usually through asize-selective inlet (cyclone or impsz

ctor) at a
Iter tape).
electrons,
ttenuated
d through
red by the
use some

for a very

 dust concentrationBRA is often used for the routine measurement of PM3 5 and PMj in ambient

A monitor
ason, this
ient mass

sample.

The heating probe used to remove vapour is known to be the cause of losses of some volatile particulate
matter. The way the heating is physically set up within each instrument type and regulated by the set up
in the monitor are related to these losses of particulate matter. There are also small differences between
instruments (e.g. for beta radiation reading while sampling, sampling modes, zeroing procedures).

This type of instrument also normally requires a specific authorization due to the presence of a nuclear
beta source and specific precautions for storage, transport, operation and protection against vandalism
and theft.
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6.2.9 Microscopy (OM - SEM - TEM)

6.2.9.1 Principle

a) OM: A type of microscope, often referred to as the “light microscope”, which uses visible light and a
system of lenses to magnify images of small samples. Microscopes with a CCD camera are available
and this allows a direct examination of the sample on a computer screen and informatics treatment
of the image.

b) SEM: An electron beam is focused into a small probe and is rastered across the surface of a
speciprer—Theetectroms interact withratomrsat the surface of thesampte; producingtheemissjon
of eleftrons or photons from the examined material. These emitted elementary particles cdn|be
collected with the appropriate detector to yield valuable information about the material,ingludjng
the shape of the sample.

c¢) TEM: A microscopy technique in which a beam of highly focused electrons is transmitted throughan
ultra-thin sample (< 200 nm). These highly energetic incident electrons interact-with the atomg in
the sgqmple, producing characteristic radiation and providing information for ‘thé characterizatjon
of materials. Information is obtained from both deflected and non-deflected transmitted electrdns,
backsfattered and secondary electrons, and emitted photons.

6.2.9.2 [apabilities of the method

a) OM: Direct imaging with no need for sample pre-treatment. ’he only microscopy for real colpur
imagihg. Fast and adaptable to all kinds of sample systems,from gas to liquid and to solid samjple
systemns, in any shapes or geometries. It is readily integrated with digital camera systems for dpta
storage and analysis.

b) SEM: The method is based on surface interaction and'thus does not require an electron-transpargnt
sample. Almost all kinds of samples can be used.For non-conducting samples, a stain coating is
needdd. 3D imaging of the particle is possible:

c¢) TEM:[High resolution, as small as 0,2 nfm, can be reached. It is the only available technique to
measiire particles below 1 nm. Direct imtaging of a crystalline lattice is possible. The method allso
delingdates the defects inside the sample. No metallic stain-coating is needed, thus it is convenipnt
for stfuctural imaging of organjcimaterials.

6.2.9.3 Limits of the method

In practicg, the inspection-of the entire area is often limited to a few particles and thus it is npn-
representative of the collected sample except in case of mono-disperse dust.

a) OM: The resolution of this method is quite low, usually down to only sub-micron or a few hundr¢ds
of nanjometres;mainly due to the light diffraction limit.

b) : [The ‘resolution is usually limited to a few tens of nanometres. Sample preparation is tirpe-

c¢) TEM: The preparation of an electron-transparent sample is difficult. The method is time-consuming
and each particle collected on the substrate requires a separate analysis.

6.2.10 Light scattering aerosol spectrometer (LSAS)

6.2.10.1 Principle

The operating principle of a LSAS relies on particles being guided individually through an intensely
illuminated volume (see ISO 21501-1). The intensity of light scattered by the particles in a fixed angular
region (typical scattering angles lie in the range between 50° and 90°) is a measure for the particle
size. Depending on the equipment used, the effective range of an optical aerosol spectrometer can lie
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at optical particle diameters between 0,06 um and 100 um; usually, at least the range between 0,3 pm
and 30 pm is covered. Given a known sample volume flow and a defined measurement period, the
particle number concentration is inferred from the number of scattered light pulses counted. The light
sources used for optical aerosol spectrometers include monochromatic (e.g. laser diodes, lasers) and
polychromatic sources (e.g. white light diodes).

6.2.10.2 Capabilities of the method

Optical aerosol spectrometers enable the measurement of particle number and particle size
distributions continuously and with high time resolution. They also allow the determination of the
pafticle number In separate Size fractions.

Th
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e equipment available commercially mostly also allows, by using evaluation softwaré, an gstimate of

mass concentrations.
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adding a downstream filter, some types permit dust sampling and furthercanalysis. Ho
truments do not separate airborne particles in a separate fraction, but justcollect all p4
Iter. The equipment is silent and low-maintenance. Scattered light phdtometry permits
olution, which is desirable, e.g. for determining peak concentrations.or in the case of in
ission sources (printers, toasters, etc.).

.10.3 Limits of the method

b level of the scattered light pulse depends on the size,£he’optical properties and the sh
'ticles. Calibration is required, and is usually done with the help of latex particles of dg

wever, the
irticles on
high time
fermittent

ape of the
fined size

a test aerosol. Comparison with other metrics should nevertheless always be done cafrefully, as

mately what is determined with LSAS is an opticallequivalent diameter defined by calibr
nodisperse spherical latex particles.

Si

ce the particles’ mass is derived from particle number and particle size, the results deps

asqumptions made as to the physical properties of the particles and on the algorithms us;
evgluation software. Usually, an ideal spherical form of the particles is assumed, and convert

usi

A
on

pa

g an assumed density.

prerequisite for using this,continuously counting measurement principle is that aly
b particle must be presentdin the examined volume. The lower detection limit depends
'ticle size: the larger the particles, the lower the detectable concentration. As a result th

comcentration of such instrument is always limited.
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.11 Time-of-flight spectrometer (TOF-AS)

.11.1 Prineiple

htion with

nd on the
ed by the
bd to mass

vays only
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e range of

'OF-AS determines the aerodynamic diameter of particles by accelerating particles in a

pa

rticles, they are accelerated more slowly than smaller ones. The time of flight is determine

with two

ozzle and
n measuring the time of flight of each particle individually in the airflow. Due to the inert% of larger

laser beams in series. The particle size range covered by this method comprises aerodynamic diameters

fro

m 0,5 um to 20 pm.

6.2.11.2 Capabilities of the method

This method determines the aerodynamic diameter of airborne particles with a high sizing resolution
in real time. The method is suitable to complement gravimetric measurements in order to determine
short-term temporal changes in particle concentration. Particles exhibiting the same airborne behaviour
have the same aerodynamic diameter, regardless of their physical size, shape, density or composition.
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6.2.11.2.1 Limits of the method

The effective range is limited to particle diameters larger than approximately 0,5 pm.

6.2.12 Condensation particle counter (CPC - UF CPC - CPC with SES - CPC photometric mode)

6.2.12.1 Principle

Optical techniques are limited by being unable to detect particles smaller than a few hundred nm, and
are also susceptible to sizing errors resulting from variations in particle shape and refractive index.

In a CPC, particles that are too small for direct optical counting are grown under controlled conditiths
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CPCs offe
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ing a working fluid (isopropanol, butanol or water) that supersaturates and condenses o
es. The particles effectively grow to larger, optically detectable sizes of a few pum.and do
e size information of the original particles anymore. CPCs measure the total particle num
ion of ultrafine particles with diameters from around 10 nm up to several pm[25][17],

own to 1 nm in size can be effectively grown to larger droplets. These larger droplets
er grown by the attached conventional CPC and counted.

ticles can be counted up to a concentration limit depending on type and manufacturer, usug
barticles/cm3. Above that limit, particles cannot be physically separated anymore within

time of the instrument. The light scattered back from all particles that are illuminated
ime in the sensing region.can then be detected as an electric signal (CPC photometric mo
hal to the concentratione

Capabilities of theemethod

- high time resolution and very low-number concentrations can be determined accuraf
les/cm3). The& photometric mode is less accurate but increases the measureable concentrat
P8 partigeles/cm3.

ktendsthe size range of aerosol instruments down to ~1 nm in mobility equivalent diame
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efigbles the study of, for example, gas to particle conversion, engineered nanopart
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synthesis,
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6.2.12.3 Limits of the method

If used indoors, butanol can present an odour nuisance and may affect VOC measurements, while
isopropanol or water does not. The working fluid used can influence the result (i.e. water in the case of
hydrophobic particles).

Coarse particles can clog the system. As they are usually negligible compared to the smallest fraction in
terms of number, a pre-separator, usually a cyclone, is used to remove all particles above 2 pm or 3 um.
As aresult, the upper size range of the instrument is limited.
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Special care shall be taken to optimize the sampling location and sampling system. High losses can be
indeed expected if using long and/or non-conductive sampling lines.

Photometric detection requires frequent calibrations to be correlated with the number concentration.
The optical properties of the individual particles considerably affect the measured values. Calibration

with the help of test aerosols having similar optical properties needs to be carried out.

The growth efficiency in a SES is slightly material dependent.

6.2.13 Faraday cup aerosol electrometer (FCAE)
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E[: particle charge is strongly dependent on patticle size, total particle number or mass con

.13.1 Principle

e measured physical variable in this method is the electric charge of the aerosol particles f]
ined charging process. Within the scope of this guideline, aerosol electrometers‘ane used as
ts in combination with size separation or collection units. They can be connegted downs
A (see 6.2.4) or integrated as particle detectors into FRAS (see 6.2.14).

.13.2 Capabilities of the method

the measurement of current is a primary physical quantity, an accurate and certified me:

nsity, material). The electrical detection method has a dower detection limit than gra
asurement because of higher sensitivity.

.13.3 Limits of the method

be inferred only for known particle size distributions or by correlating the result to
ary measurement. The electrometer can be linked to a particle size separating metho
A (see ISO 15900) or AMS.

.14 Fastresponse aerosol spéctrometer (FRAS)

.14.1 Principle

‘RAS measures particle size and number distributions by sizing the particles by their
bility and counting-them with a set of FCAE. Particles pass a two-stage corona charge c
ich sets a definéd,electrical charge distribution on them before they enter the sizing se

und a centré electrode) each held at distinct voltages to detect particles of different
bilities. The particles impact at the electrometer’s surfaces and induce small electrical ¢
h of tlie-stages. These signals are inverted into a number based size distribution. Due to

si

u
tr:Frel—time corrections are needed and even fluctuating size spectra in the sub-1 pm size rai

ltanieous measurements at the electrodes and the fast flow through the sizing section,
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measured in real time. The high sample flow, e.g. 10 I/min, minimizes diffusion losses.

6.2.14.2 Capabilities of the method

The method allows a real-time measurement of sub-1 pm particle number concentration with
a sufficient size resolution (e.g. 32 log-spaced size bins) and short time resolution (e.g. 1 s). Neither
radioactive substances as charge conditioners nor working fluids are required. The instruments are
typically easy to transport, setup and operate.

6.2.14.3 Limits of the method

Due to the inherent noise level of the electrometers, low concentrations are not easy to measure.
The method doesn’t allow a direct measurement of particle mass and is not suitable for measuring
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particle sizes above 1 um. The sample flow is rather high compared to traditional applications using
a DMA or an AMS.

6.2.15 Low pressure impactor with electric detection (LPI+E)

6.2.15.1 Principle

The LPI+E operating principle can be divided into three major parts: particle charging in a unipolar
corona charger, size classification in a cascade low-pressure impactor, and electrical detection with
sensitive electrometers. The particles are first charged to a known charge level in the corona charger.
After charging, the particles enter a cascade low-pressure impactor with electrically insulated collectlE)‘n

stages. THe particles are collected in the different impactor stages depending on their aerodynainic
diameter, pnd the electric charge carried by particles into each impactor stage is measured in real time
by sensitiye electrometers. This measured current signal is directly proportional to partiele number
concentrafion and size. Thus, the system gives particle number concentration and size.distributior] in
real time.

6.2.15.2 [apabilities of the method

The LPI+H can measure particles in real time with wide size range (from.? nm to 10 pm) and hjgh
time resolution (10 Hz sample frequency), which allows a very good understanding of time-resolyed
measurement. The use of an electrometer for detecting the pafticles allows a more sensitjive
detection|limit than traditional gravimetric measurement. Detection limit is a function of the
particle size: 0,1 to 240 particles/cm3 (0,000 2 ng/m3 to 11 ugyms3). The size resolution varies frpm
15 channgls to 500 channels for the measurement range (5¢decade to app. 160/decade) dependjng
on the instrument model.

As particles are collected and can be measured grawimetrically, the LPI+E signal can be diredtly
calibrated to the mass.

6.2.15.3 Limits of the method

LPI+E neefds a vacuum pump. When using(the pump, the user shall prevent the oil mist escaping in the
pump exhpust. Use of a scroll pump with'filtered exhaust is recommended.

Instrument flow rate is quite high‘\compared to other techniques, which can be a problem for snjall
p noise can be avoided-by placing it outdoors when possible.

7 Gengral sampling fecommendations

7.1 Instrumentation and sampling system

Particulai| care\should be taken to ensure that measurements remain within the specificities of the
instruments;-both in type and linearity. Instruments should be correctly calibrated and checked befpre

dad oz £l £ s Py Lot 3 1. C+ pa | A |
use as recommenteta oy e rantractatr er- or atrextstg e fatotrarstataata:

The time response of the measurement system is a combination of the instrument time response and
the sampling system time response. The effect of any sampling system configuration (sampling line,
mixing chambers, dilution system, etc.) on the time response of the measurement system in total should
be taken into account when planning and evaluating the time response of the measurement system. The
effect of the sampling line should be either calculated before the measurement or determined during
the measurement using a controlled particle source operated in step function (on-off).

Generally, it is advisable to use sampling systems with short sampling lines that have the smallest
possible volume to avoid adding unwanted delays due to mixing or delays in the sampling. This also
helps to minimize the particle losses.
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The time constant in the sampling line should be in the order of the time response of the measurement

ins

truments or less.

7.2 Measurement location

The measurement usually takes place in the centre of the room at approximately 1,5 m height (see
ISO 16000-1). The distance to walls or large pieces of furniture can have an important impact.

A plan of the building premises, including the exact sampling location, should be added to the report

(se

e Clause 11).

Th
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b sampling volume extracted per hour should not exceed 10 % of the hourly volumé<o
hanged. If this is unknown, the sampling volume extracted per hour should not excéed 1
m’s volume.

When using high time-resolving instruments, it is also possible to either amake a tim
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trument in order to quickly map out a much wider area. However, it is vefy;important to c(
r sampling artefacts due to moving systems and to take account of any*local changes co
 changes in the whole source system. (All sources must be stable-as/a function of time.

uires an additional time-resolved measurement reference.)

}  Measurement time and duration

e time at which the measurement is performed depends essentially on the potential souj
ut. If one can specify exactly the beginning and end of‘particle release (e.g. for vacuum cleg
continuous measurement method is used, the measurement should start shortly beforg
) in order to record the background state. Measurements should then be taken during
'ticle release phase and then for a follow-up time (also e.g. 1 h). It has been shown that after
ive particle release by a source, it can take some time before particle concentrations in the
their starting level. During vacuum cleaning, for example, the process also swirls up s¢
'ticles and it can take one to two hours after the end of vacuuming before they settle ag
br. In the case of electric appliances:(printers, etc.), particle release may persist until the
cooled down completely.

o information is available-about the time-resolved emission of a specific source, the times
enomena should be estimatéd by performing preliminary measurements with a method of

tinpe resolution.

As
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for

the determinationof a sufficient timescale is subject to several independent factors, such
asurement method, environmental conditions and physical constraints, a single definite s

co

time resolution cannot be given. Requirements for the time-resolved measurements a
plicated~by the unfortunate fact that it is relatively uncommon for critical paramet

soyrce emission to be known prior to measurement. In practice, it is often necessary to mak
measurements for as long as possible in order to establish the base parameters. The required
is 4lsoyaffected by the transient or periodical nature of the measured quantity.
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If no information on the source or general variation of the measured parameter is available, it is
advisable to use the highest time-resolution method possible. For most practical purposes, due to
mixing and airflow, the highest time resolution achievable is in the order of a few seconds.

If the time-resolved measurement cannot be made in real time, it is advisable to make a discrete
sampling plan based on the source emission timing properties. The sampling frequency should be at
least double the estimated emission signal frequency.

7.4 Estimated concentration scale (minimum and maximum accuracy)
Estimation of the concentration scale is necessary to determine the suitable instrumentation and

necessary sample conditioning (e.g. diluting or concentrating the sample). As the time-resolved
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phenomena can be relatively short-scaled, this should be carefully considered in order not to exceed
the instrument capabilities. Again, for unknown sources, this can be difficult to estimate before
measurement.

For unknown situations, it is advisable to use the widest possible concentration scale method. For this
purpose, it is possible to pre-condition the sample (with dilution or concentrator) in order to achieve a
wider dynamic measurement range but the issues of sample loss, transportation and representativeness
need be considered (see 7.7). Sample conditioning can only be used if the interference caused by it is
fully understood.

The use of ahigh time-resolved method is also recommended in the explanatory phase and the resylts
obtained fan be used to prepare the longer timescale sampling, especially for the estimation 6f the
collection|time needed for gravimetrical methods.

7.5 Badkground concentration

Backgroupd measurements can be defined as the concentration present in the roomiin the absencg of
the specif]c investigated source.

Depending on the final purpose of the investigation, different background.situations can thus|be

defined and do not necessarily correspond to an absence of particles in thesroom. Background resylts
shall alw:lrs be provided with an exact room activity description.

Backgroupd measurements provide important information, which-should be reported. The differefce
between measurement and background should be high enough to highlight the impact of the
investigatped source or group of sources. Users should prove.that the difference remains within the
capability|of the measurement method.

In case of hssessment of limit value, no background measurement is required.

7.6 Impact of outdoor air quality

The outdqor (ambient air) concentration level*of airborne particles can also have an impact on the
indoor cofcentration levels due to possible input through transport between the indoor and outdgor
environments.

Exact knoledge about the outdoorpollution level during the time of the indoor measurement campajgn
requires measurements both indoors and outdoors. For this reason, if outdoor air is expected to be the
determining source of the indoor aerosol, parallel measurements are recommended (see 8.5.3).

In all oth¢r cases, the impact of outdoor fine dust pollution on indoor fine dust pollution should|be
assessed. |[General knowledge about the outdoor pollution level can be estimated from investigating
available $uitable ambient air monitoring data from regulatory monitoring stations in the vicinity of
the measurementsite, as well as by assessment of the local conditions with respect to topograghy,
orography and-.potential sources (e.g. traffic, domestic burning, natural sources), as well|as
meteoroldgical conditions.

Weather conditions have a direct effect on outdoor air quality. Rainfall and other precipitation wash
out particles, thus decreasing concentrations in the air. For these reasons, weather conditions observed
(e.g. presence of rain, sun, strong wind) shall be documented (see Annex A). It is also recommended
to record outside temperature, humidity, wind speed and wind direction during the measurement. It
should also be noted that rapid changes in ambient air concentration are not mirrored immediately
indoors.

Quality of the building envelope (e.g. quality of window seals, building insulation) influence the air
exchange rate and thus also the impact of outdoor air quality on indoor air concentration. For this
reason, a visual description of the building envelope should be documented (see Annex A).
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The chosen approach of estimating the influence of outdoor (ambient air) concentration should be
described and justified. Estimations of the influence of outdoor (ambient air) concentration should be
reported whatever the purpose of the investigation.

7.7 Impact of room conditions

When attributing fine dust particles indoors to particular sources and estimating the intensity
of these sources, it should be borne in mind that the air/fine dust system is a dynamic one (see 5.1).
The composition, the concentration and, to some extent, the state of matter of the fine dust change
constantly. In the case of measurement methods that rely on determining particle sizes, it needs to
be[considered that, depending on relative air humidity, the particle size distribution may-change as a
reqult of water condensation on the particles present.

Ropm conditions (e.g. temperature, atmospheric pressure, relative humidity) during the megsurement
shdll be recorded and reported.

The user’s normal ventilation arrangements are usually maintained. The-usage and Yyentilation
conditions can be documented through concurrent measurements of\ (€O, concentratjon. Basic
infprmation about the ventilation arrangement (e.g. windows open or elosed, ventilation syjtem on or
off]) shall be specified in the report (see Clause 11).

Hygiene status (e.g. presence of dust, moisture), room materials((e:g. floor, wall and ceiling material)
angl furniture present in the room (e.g. sofa fabric) is important information, which shall b¢ reported
(see Annex A). Construction materials can also emit somejparticles. The date and type of|the latest
refjovation work should be specified.

7.8 Impact of the measurement itself

Asfstated above, the measurement instrument itself can induce a modification in the room beihg studied
(e.g. wind created by a pump, exhaust of VO€\in the room). The measurement procedure should take
thik aspect into account when selecting the technique and try to reduce this impact to the mipimum.

Indorrect use of a method or losses.in'the sampling system can result in underestimatinjg the real
comcentration of the room.

The main particle loss mechanisms that can affect the measurement are diffusion, elg¢ctrostatic
deposition, thermophoresis, sedimentation and inertial losses.

Sedlimentation losses pnly affect particles above 2,5 pm. The losses are directly related to the length of
thg horizontal sectjon-and velocity in the sampling line. The easiest way to increase velocity and thus
reduce sedimentation losses is to reduce the diameter of the tubing.

Indrtial losses only affect particles above 1 pm and impact increases with diameter. Sharp dqurves and
bends in sampling line should be avoided.

Therntophoretic losses can be considered to be neglected in indoor air measurements as lpng as the
sampling system used is already at room temperature when performing the analysis.

Electrostatic losses should be eliminated by using earthed conductive material for the sampling lines
and by using the shortest possible transport line.

Diffusion loss of particles drastically affects the fine fraction, which collapses on the wall due to
Brownian motion. The magnitude of diffusion losses is highly dependent on particle size. For particles
larger than 100 nm, diffusion losses can be neglected, but particular attention should be paid to smaller
particles. Correction of the result to include theoretical losses is usually performed for particles smaller
than 50 nm.
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8 Measurement strategy for determining airborne particles indoors

8.1 General

This clause describes best practices for indoor aerosol measurement. The criteria below should be
considered in planning, performing and evaluating aerosol source identification in a room. They may
also be useful for reporting and comparing results.

8.2 Preliminary work — Definition of the measurement objective and list of basic

informa

8.2.1 General

Before pefforming measurements, the objectives of the measurement campaign should ‘B¢ discuss

The purp

uses of thle room, rate of use of the room, etc., are factors that deeply influence the-results and
measurenjent strategy.

This information is generally collected by telephone with the customer or by-asking the customer to
in a questjonnaire, including a list of typical elements of interest.

The factors described in 8.2.2 to 8.2.5 should be taken into consideration. The decision should
justified in the report.

822 S

Give a co
scientific,

Depending on the purpose, various goals can be.rélevant to the measurement. This could be p4

emission

process, guality assurance of longer timescaleg measurement, etc.

The purpdse and list of objectives and restrictions will help to define an effective measurement plan la

8.2.3 List of main expected sourees

The indoof sources of particulate’'matter are diverse. The measurement strategy for source identificat
should be|adjusted to the characteristics of the presumed source. Different particle numbers mayj

obtained by using meastrnirig equipment where the effective range does not correspond to that u
in the citgd investigations. For this reason, the choice of the appropriate technique (see Clause 6
critical.

If the prerhisestare in use, the indoor aerosol is often affected by indoor sources, which may be locat
either in the ihvestigated room 1tse1f or 1n adjacent rooms. Dependmg on the type of sources and
the objecti udy co C £ chnigues—could be necesss: - -
characterlzatlon

1O

TOTT

se of the measurement, room configuration, expected type and number of-Sources, spec

Iatement on the purpose of the measurement

cise description of the purpose. This could bé.regulatory, instrument test, emission t
etc.

Hetermination, source appointment, dynamic source logging, understanding the emiss

ed.
fic
the

fill

be

pSt,

pak
on

fer.

on
be
ed

is

The purpose of this preliminary list is to determine the range in size and number of particles that
should be measured, and to make a realistic estimate of the number of sampling days required for the
requested measurement, rather than to make a non-exhaustive list of the sources. This can also help to
determine if an instrument should be used in the screening procedure (see 8.3) and the best device for

this purp

26

ose.
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Particle concentration in indoor air can exhibit significant short-term variations. Particle release can
last for long periods, especially where ambient air inputs dominate or exist only for a short time, e.g.
during vacuum cleaning, frying or printing.

High-resolution measurements allow for a better understanding of the phenomena, but are not always
possible depending on user objectives and available measurement techniques.

Individual measurement results, even where they encompass a whole day (24 h), are snapshots and
contain insufficient information to describe the usage situation of a room adequately, taking into

acCd

camnot be repeated in any arbitrary number that would be suitable to account for all‘th

eff

Fu

8.2
Ad

ount ambient air and climatic conditions. On the other hand, for reasons of cost, mea

bcts. The following strategies are possible in order to record possible variations ovér time
Regular monthly measurements in order to record seasonal effects.

Regular daily or weekly measurements in order to record effects caused by the user or
known that ambient air effects are present during a particular time.

‘thermore, three different operational states are defined.

Resting state without equipment activity: The resting state without equipment :
characterized by the absence of users and user activities-arid by switching off all fixed ¢
(e.g. ventilation systems, gas heating, refrigerators, servers).

Resting state with equipment activity: The resting state with equipment activity is charad
the absence of users and user activities, but with-eperation of all fixed and/or constantly
equipment.

Active use state: The active use state is chatacterized by usage activities of the relevant pe
by the operation of all fixed and/or constantly operated equipment.

.5 Description of the indoor compartment
escription of the indoor compartment should comprise:
dimensions and volume;
volume-to-surface ratio;
existing links to-9ther compartments;
air conditioning and climate;
air flowrand ventilation:

=\ Spatio-temporal variation may be caused by meandering of an aerosol plume in the suf

urements
b external

when it is

\ctivity is
pquipment

terized by
 operated

rsons and

rounding,

stagnant clean air. Room aerosol concentration gradients can be reduced by turbulen|

ce created

by the ventilation system. This is important if local aerosol sources are to be measured. Hence,

the following factors should be specified:
— air exchange rate;

— outdoor aerosol intake rate;

— clean air intake rate;

— air speed (shear flow);
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— air flow direction;

— situational factors: moving persons, opening of doors and windows, rapid climate changes, etc., can
change measuring conditions and have a strong impact on results. It is strongly recommended to
record any obvious changes during measurements.

8.3 Visual room inspection — Definition of the measurement planning and strategy

In order to assign and evaluate individual indoor sources and sinks, the following circumstances, in
particular, should be clarified through a visual inspection of the premises. Annex A shall be used and
completedduring the visuat ToonT inspection: Annex A Siratt beadded to the fimat Teportas it provifles
importanfinformation for result interpretation.

A continugus measurement method with high time resolutions (see Clause 6) could also be used durjng
this investigation step. This first measurement overview can indeed support expert judgement gnd
help in thg determination of the correct instrument choice and measurement planning:

At the end|of this visual inspection of the premise, the purpose of the task, list of sourc¢es to characteryze,
type of inptrument used for the measurement and measurement planning should be agreed with the
customer.

The investigation should also take into account the following parameters;
a) Indoofs:

1) the room’s properties (fixed equipment, e.g. floor coverings, wall coverings, window type, doft
fyrnishings, ventilation systems, heating sources);

2) theroom’s equipment (mobile appliances, e.g. refrigerators, cookers, television sets, computgrs,
printers, toasters, vacuum cleaners);

3) the room’s configuration (the building envelope’s air tightness, especially windows, doors, the
black dwelling phenomenon[24][25]);

4) the user’s behaviour [activities, e;g,\ventilation arrangements, movements, playing, cleaning,
SI-oking, burning candles/incense sticks, keeping domestic animals, using househpld
clhemicals, fragrances (potential particle precursor substances)].

b) Outddor air:

1) anpthropogenic sources (e.g. road traffic, railways, shipping and air traffic, industry, commeice,
agriculture, leisurefacilities);

2) nptural sourees:
i)] chemical sources (e.g. salt spray, particle reformation on high-insolation days);

ii) ~bielogical sources (e.g. agriculture, compost);

iii) physical sources (e.g. swirl-up of sand, biogenic particles);
3) external climatic conditions (e.g. wind direction and force, air humidity, insolation).

Source identification requires differentiation between the procedures chosen for different room types.

8.4 Preliminary measurements

Preliminary measurements are generally performed during the visual room inspection and using a
fast-track investigation instrument (LSAS, CPC, etc.). Preliminary measurements are used with a view
to enabling an objective expert judgement and selection of the correct instrument device.
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Preliminary measurement sampling periods are generally short and can thus be deeply influenced
by specific room circumstances. As a result, no direct conclusion can be drawn from preliminary
measurement results without combining them with expert observation. It is recommended to document
expert observations to avoid any misunderstanding. For the same reason, it is recommended that the
user in charge of the preliminary measurements also perform the measurement campaign.

It is important to understand which parameters are needed or which parameters best delineate the
task at hand. It is important to choose parameters which are representative for the goals defined.
Sometimes it is necessary to select several parameters to form a definite picture of the source or
meters may include the physical properties of aerosols (mass, number, surface

area; PO otY; v e e sty € T a 0-S©O ary——to 6 Patra ersforthe
ti pendent emission phenomena (duration, frequency, repeatability, etc.).

At|the end of this visual inspection of the premises, the purpose of the task, the list of $ources to
chgracterize, the type of instrument used for the measurement and measurement.planning|should be
agreed with the customer.

8.3 Measurement procedures

8.3.1 General

It it not possible to describe all particular cases, and measurement procedures are greatly influenced
by the measurement objectives or tasks.

Furthermore, depending on the selected measuring device; specific additional recommendatjons arise.
Additional techniques and recommendations can be found in other parts of the ISO 16000 sefies.

Ea¢h instrument should be correctly calibrated “and checked before use, as recommended by the
mgnufacturer or existing standard.

A non-exhaustive list of five main objectives, covering some usual measurement objectives ¢r tasks, is
degcribed in this document.

8.3.2 Procedure for the determination of the background

8.3.2.1 Instrumentation and measurands

Bagkground levels should)be determined using the same instrument as the one used for conducting the
measurement campaign. It is recommended to perform background measurements before dach series
of measurements,and to repeat them several times, if possible.

Particular care,should be taken to ensure the linearity of the instruments during the measurement step.

8.3.2.2 «Measurement procedure

Centration

Alllimportant sources should be turned off well in advance of the measurement. Particle con
decreases slowly and users should ensure that there is no impact any more.

The positioning of the instrument should be the same during the tests and background measurements.
Except for the absence of the investigated sources, the room characteristics and parameters should
remain as fixed as possible to allow for high comparability.

Instrument settings (e.g. ranges, time resolution) should be kept constant between background and
final measurement to allow for high comparability.

8.5.2.3 Measurement planning and setup

Background sampling duration should be adapted to cover all possible background variations. If
possible, a sampling duration equal to the future test period should be selected. Due to the potential
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impact of external sources (outdoor, etc.), the background sampling period should be selected so that
conditions are as close as possible to those observed during the future test measurements.

8.5.2.4 Evaluation

High average values generally indicate that important sources of pollution are present in the room.
Users should ensure that future measurements remain in the accepted concentration range of the
instrument.

Strong variation in the concentration is observed during background measurement indicates that a

non-contipuoussourcetspresent:

This sourge should be eliminated and investigated separately, if possible and depending on thepurppse
of the medsurement.

8.5.3 Procedure for the estimation of the influence of outdoor (ambient air) concentration

8.5.3.1 [nstrumentation and measurands

Indoor and outdoor measurements should be performed with two instruments of the same typq to
allow for parallel measurements. Device responses should be compared prior the measurement,|by
placing bdth instruments indoors in the same vicinity.

Furthermpre, particular care should be taken to ensure the general’suitability of the instrument [for
measuring outdoors, especially with respect to weather protection and sample conditioning (possible
impact of felative humidity on the measured results).

8.5.3.2 Measurement procedure

Parallel mfeasurements with one instrument indoors\and one instrument outdoors shall be performiled.
Particulai| care should be taken to apply thexSame settings (e.g. ranges, time resolution) to the
instruments to allow for high comparability~Furthermore, the instruments’ clocks should be tirpe-
synchronifzed.

8.5.3.3 Measurement planning and\setup

The positjoning of the instrument) measuring outdoor air should be selected carefully in termg of
representftiveness. The sampling point should be as close as possible to the main interface betwg¢en
outdoor afpd indoor air (e.g..outside an opened window, close to a ventilation air inlet) without sufferjng
from posdible interferences! A minimal distance of approximately 1 m from the building should|be
maintaingd in order teavoid wall effects.

If the invelstigatedtooms are located on the street side, the fine dust content of the ambient air shopld
be deternjined;-as far as possible, at the same floor level and also on the building’s street side. If the
investigatpd-feoms are located towards the courtyard or garden, the fine dust content of the ambipnt
air should be’determined, as far as possible from the street, at the same floor level and on that sfide
of the building. In the case of a large office building, ambient air measurements can be conducted at
representative parts of the building’s fagade. Ambient air measurements at ground level are not suitable
for recording the effect of the ambient air on offices located on upper floors.

The duration of the outdoor measurement should cover the entire measurement time of the indoor
measurement in order to be able to investigate trends and possible correlations over time.

8.5.3.4 Evaluation
The course of time of the parallel indoor and outdoor measurements is plotted and investigated.

If events and trends can be seen in both measurements, the contribution of outdoor pollution to indoor
air quality should be taken into account as one major source of indoor air pollution and can be separately
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reported depending on the purpose of the measurement. In case of low or no correlation, the influence
of outdoor (ambient air) concentration can only be estimated with higher uncertainties and is usually

simply integrated in the reported indoor concentration level.

8.5.4 Procedure for the identification of main sources present in a room

8.5.4.1 General

This procedure can assist in developing strategies for the identification of individual known or unknown
sources under varying conditions. While every source can be characterized by its typical strength, the
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Ige is often required. If that is technically not feasible or not intended, exclusion criteria

hted impairment of the indoor air quality is situational. Identification of an indoor aerosol. §
understood as the clear (unambiguous) temporal and quantitative assignment of a local
aerosol.

4.2 Instrumentation and measurands

some cases, it is possible to infer the properties of an aerosol sourcé-te be measured
tribution, size range, mass concentration, number concentration, composition) and choosg
asurands and instrumentation beforehand. In the majority of cases, the aerosol sourc
siderably from those assumptions and a combination of instruments that covers a wide p3
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re, etc.) will be obtained if required in a second step by an extensive investigation into ¢
ntified sources.

e lower and upper limits in size range ‘and concentration of the instruments affect the vis

sification of sources with emissions*outside instruments’ limits is not possible.

4.3 Measurement procedure

b measuring instrument4s moved slowly to map out the entire area of the room. An i

h visual obseryations. Nevertheless, in complex situations, where several sources cc
pective emissions'mix together, source determination is sometimes more difficult. In such
5 recommendéled, if possible, to remove temporarily the impact of the sources already ident

5 essential/to compensate any sampling artefacts due to moving systems and to take acco
al changes compared to any changes in the whole source system. (All sources must be 3
ction of time, often requiring an additional time-resolved measurement reference.)
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8.5.4.4 Measurement planning and setup

Prepare a time schedule for the measurement. Position the instrument sampling inlets in the room at a
defined spot with good ventilation, e.g. the centre. Make sure that:

the air speed at that spot does not interfere with instrument sampling;

— losses in sampling tubes are minimal. This is particularly important for particles in the lower
nanometre range. Losses can be predicted theoretically and corrected.

Activate sources in slow succession with enough time in between to observe either a stable low
concentration level or the onset of the concentration decay. A remote source activation from outside is
preferable. If that is not feasible, take the measurement with an assistant in the compartment manually
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activating the source(s). Make sure that the possible impact of the assistant on the results is clarified
beforehand.

Record details of sources activation (e.g. onset, duration).

Check the

— numb

instrument’s readiness. Document all details of the setup, especially:

er and character of sources (e.g. open fire, cooker, fan);

— horizontal and vertical distances of sources to the sampling spot;

— dimer

— techn
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Evaluation

es can be identified by their temporal coincidence with the onsets of particle’emissions. T|
1, a semi-quantitative method. Quantification and comparison of individual source streng
careful deconvolution of the mutual influences of all involved spurces, also consider
tion, coagulation and particle losses. Source strengths can be guantified more easily
he procedure with one active source only. In this case, the aerosol'should be observed unt
e background level again in order to gain sufficient data for indoor aerosol modelling.
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poral variation of some emission sources caiivary significantly, it is often useful or necess

to determjfine the emissions in much shorter timescales than that used for determining the aver
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maximum|
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the source. The reason for the time-résolved measurement can be the determination of
concentration or peak emission, better understanding of the variation or dynamic situat
‘ce, determination of the source(s),or quality assurance of the measurement process itself.

the need for the time-resolved measurement brings some additional requirements to
lent procedure (see 8.2.4)(

[nstrumentation and-measurands

Any instr:tment with high time resolution covering the same range of size and magnitude can be u
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ed.
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As the timpe-resolved methods can often generate vast amounts of data, a definition of the necess

ATy

amount of data, sampling sequences and number of source emission incidents (if possible) must be
considered. This is to maximize the reachable information and to minimize the work needed to process
the data, which may be considerable compared to the single-shot measurement data processing.

8.5.5.3 Measurement procedure

— Case 1: The same instrument is used for time-resolved emissions and average emissions of the source.

The instrument is used with the higher time resolution. Particular care should be taken in the
selection of the time resolution to avoid use of the instrument close to its detection limit. The
average emission of the source is then calculated by mathematically averaging the recorded data.
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Case 2: Different instruments are used for time-resolved emissions and average emissions of

the source.

Both instruments are placed in the same vicinity and are run simultaneously during the whole test

period to allow a correct comparison.

8.5.5.4 Measurement planning and setup

If no information on the source or general variation of the measured parameter is available, it is
advisable to use the hlghest p0551ble time-resolution method. For most practlcal purposes due to
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he-resolved measurement actions are similar to longer timescale measurements but,so
nts need be considered, especially if external factors are likely to change significantly
asurement period.

Diffference in the time response of the two measuring system could affect the result and sh
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en into account.

Case of cyclic variation of the particle concentration (presence of high peak, very limited,
e source in time, etc.), the total sampling period should be long enoligh to cover an entire
les, in order to be representative.

.5.5 Evaluation

asurement results are usually presented in the form.0f a chart showing the concentratio
mber concentration) as a function of time.

Case 1: The same instrument is used for time-resolved emissions and average emissions of {

The average emission of the source is calculated by mathematically averaging the data.
data set can be selected or ignored depending on the measurement purpose (peak dete
resting period). Whatever the procedure followed, average results should always be inte
the light of the time-resolved emiission effect.

Case 2: Different instruments are used for time-resolved emissions and average em
the source

Average results obtained by the continuous instruments should always be interpreted in {
the time-resolved@mnission chart. In the case of cycling emissions of some sources, it is recd
to cover an entire-number of cycles and to sample during a minimum of two cycles. Dep
the measurefnent purpose, some average measurement results should be rejected if t}
cover theright period of time (absence of particular emission during the investigated peri
unexpected interference of another source when the investigated source is inactive, etc.).
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8.5.6.1 General

When measuring indoor particle concentrations, one result can be that the particle concentration is
higher than desired. In this case, different abatement techniques with the aim of decreasing the particle
concentration to which people are exposed can be employed, such as:

removing an identified source;
enclosing a source and using filters in the air exchange;

changing the behaviour (forced fresh air exchange);
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— actively filtering the air using an air conditioning system.

In order to determine the efficiency of an abatement technique, one measurement should be taken
before the technique is employed, followed by a second measurement after giving enough time for the
abatement technique to be effective.

8.5.6.2 Instrumentation and measurands

The same instrument should be used for both measurements. Measurements should be performed
successively if possible. Instrument settings (e.g. ranges, time resolution) should be kept constant
between ;i i

8.5.6.3 easurement procedure

It is implortant to use the same instrumentation and measurement location tof’conduct the
measurenjents. The abatement technique should be applied well in advance. The particle)concentratjon
decrease indeed slowly and users should ensure that the stability has been reached®efore starting the
measurenjent. A minimal sampling time of one hour is recommended.

8.5.6.4 Measurement planning and setup

Any changes to the room/environment besides the abatement technique should be avoided. If the ropm
was populated during the first measurement, the same population afid activity level should be ensured
for the seqond measurement.

As the ouytdoor concentration can change between measufréments and can influence the indgor
measurenjent result significantly, it is essential to complement the indoor measurement with a parallel
outdoor njfeasurement.

8.5.6.5 Evaluation

Abatemenit efficiency can only roughly be estimated by applying this procedure and usually result§ in
the determination of a simplified yield facter,such as the ratio between the average accumulated (tofal)
particle nimber concentration levels before’and after applying the abatement technique. The efficiexcy
of air-condlitioning systems, i.e. the air.cleaning effect, may vary drastically with particle size. For br¢ad
particle size distributions, it is therefore advisable to do size-resolved measurements and to calculpte
individual abatement efficiencies for each of the measured particle size bins.

9 Uncertainty evaluation

The evalyation of thé measurement uncertainty is an essential component of any air quality
measurenjent. Any statement on whether measurement results are equal or distinct can only be made
on the bakis of am*uncertainty evaluation. The measurement uncertainty is the combination of the
uncertainfies<of the measuring device and any other unavoidable identified or unidentified sourdes,
such as randomly fluctuating measurement conditions. Manufacturers usually provide informatjon
about instrument uncertainties, but in many cases the contributions from other sources cannot be
described mathematically and the overall measurement uncertainty must be estimated experimentally.
Itis advisable in these cases to apply a Type A evaluation of the standard uncertainty. It assumes random
variations within repeated measurement of a quantity g (e.g. the particle number concentration) under
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conditions kept as constant as possible. The best approximation of its true value is then given by its
arithmetic mean value, as shown by Formula (1):

67=%212=1Qk

The result of a measurement should then conveniently be reported as shown by Formula (2):

q=q+U

)

(2)

wHhere U is the expanded uncertainty which is obtained by multiplying the combined

un
For

wi
tak

Certainty uc(q) by a coverage factor k. The combined Type A standard uncertainty is'cal

mula (3):

Uc (Q) = \2, SZ (qk )
n

standard
culated by

3

h the experimental standard deviation s(gx)of the measured values gx. It can be assyimed that

ing k = 2 or k = 3 produces levels of confidence of approximately 95 % or 99 %, respective

comcepts for uncertainty evaluations are described in ISO/IEC Guide 98-3.

Ad
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Hitional information can also be found in ISO/IEC Guide 98-3.and ISO 20988.

Evaluation and reporting of results

hluation and reporting of the measurement yesults should be performed. Specified
ulations can apply for each particular measurement method.

11 Documentation

A g

omplete test report should includé-the following information.

Detailed and clear description of the reason for conducting the measurements, the me:
objective and the derived-measurement strategy.

Description of the measurement method and of primary measurands. Description of the ¢
principles and calculated measurands (e.g. when converting particle counting results
surface area). Description of the measuring devices used and their detection and measuren|

Descriptionofthe prevailing conditions in accordance with the sampling protocol (see Aj

Full dés¢ription of the location of the measuring point, sampling period, oper
instruumentation.

ly. Several

technical

isurement

alculation
nto mass,
ent limits.

nnex A).

htors and

Visual observation of the weather conditions (i.e. raining or not). Outdoor weather can hay

re a strong

Influence on the results it outdoor input i1s important.

Measurement results.

Estimate of measurement uncertainties in accordance with ISO 20988.
Detection limits and measurement limits.

Any deviation from the provisions of this document and the reasons for doing so.
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12 Quality assurance

12.1 Performance specifications

Quality assurance should be performed according to the specified technical standard for each particular
measurement method.

Typical relevant specifications are as follows.

36

Measurement uncertainty.

Temppral fluctuations and shifts of an instrument’s reading may be due to the limited stability of
the ingtrument in use or may be affected by fluctuations of situational factors, such as air exeharnlge.
They fan also reflect actual changes in the investigated aerosol and its sources. Obseryedvariaple
readings below the specified measurement uncertainty of the instrument should be corisidered as
artefqcts rather than as significant. The selection of instruments with sufficiently low/imeasuremgnt
uncerfainty is part of the measurement strategy.

Users| shall refer to specific International Standards or guideline or instrument manuals| to
determine how to assess their measurement uncertainty. Figure 3 prowvides a non-exhaustiive
list of International Standards describing some of the listed technigues in detail and providing
inforrhation regarding typical measurement uncertainty.

Electyonic noise.

The njeasurement noise may be correlated to instrument settings, such as data sampling frequercy,
time fesolution and signal processing time. As with measurement uncertainty, it shall be checked
befor¢hand that the instrument’s noise level is suffieiently low. This is especially important [for
instryments using electrometers as sensors.

Dynamnic concentration range (lowest detectionlimit, maximum concentration).

The njeasured particle concentration may vatry drastically with time and may temporally exc¢ed
or fall below detection limits of the insttinent. If not indicated by instrument error messages, the
measiired data shall be carefully checked for these events.

Partidle size detection range.

Previpus knowledge or assumptions about the expected particle distribution may be useful to select
instryments with an appropriate size range in order to meet the set goals for the measurement. The
unexpected occurrence of particles with sizes outside the instrument’s size detection range shall
alwayjs been taken ifitp-consideration and a combination of instruments with complementary dize
rangef may be netesSary. A combined presentation of particle size distributions or a comparigon
of siz¢ spectra-from different instruments shall always use normalized data (dW/dlogdp), where
the mpasuredor calculated weight (W) — number, surface, volume or mass — is normalized to the
width| of the’size bins.

Time tesalution

It shall be considered that the sampling rate often quoted on instrument specifications is not
necessarily the same as the actual time resolution. For example, size scanning instruments, such as
the DMAS, use fast particle counters but may, due to the durations of scanning intervals, not be able
to record quick changes in size distribution and/or concentration of an aerosol.

Interference factors.

Possible instrument response interference factors to be considered for time-resolved measurement
are: gas interference, gas to particle formation, volatility of particles, effect of volatility during
sampling and measurement, effect of humidity and temperature as function of time. Instrument
and measurement conditions shall be matched so that the interference of external factors can be
eliminated or they are minimized to insignificant level.
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ISO 16000-34

If particles partly or completely consist of volatile components, losses due to evaporation
inside measuring instruments and sampling lines. Also, very high levels of humidity (c

conditions) can be disturbing. It is advisable to periodically check the potential effect of

for example by changing the sample line temperature or using a drying unit as part of t
conditioning.

.2 Quality assurance when determining particle number concentrations

2.1 General
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pvide sufficient information on measurement uncetrtainties in many cases. For some types

berved. Special attention should be paid to the aspects listed in 12.2.2 to 12.2.3.

2.2 Sampling volume flow

e sampling volume flow is an essential variable in aerosol metrology. A user may apply

Certainty of the flow meter used should be better than that of the-equipment’s own vo
asurement. It is important to ensure that the pressure drop caused/by the reference d
unduly affect the volume flow of the equipment being tested. Care’shall be taken to corr
bcts of gas temperature and pressure on the instrument readings:

2.3 Checking the equipment’s parameters

trument manufacturers provide factory calibration certificates for their instrumern

truments (DMAS and CPCs), independent periodic calibrations based on International
b. SO 27891 and ISO 15900) with specific test-aerosols are feasible.

e instrument status (e.g. date and result-ef internal or external calibration, date of last ma
uld be thoroughly checked and documented beforehand.

.3 Quality assurance when determining particle mass concentrations

3.1 Mass concentration calculation based on measured number concentration

ss concentration cal€ulation from number concentration data induces high uncertainty an
several assumptiens (spherical particles, absence of aggregation, assumed particle der
‘ticle sizing uses different principles (aerodynamic mobility, electric mobility, light scatte
ich provide différent information on particle diameters.

outdoe¥, aerosols, EN 12341 describes a proof of equivalence procedure for an optic
e spectrometer (OPSS), which is used for mass concentration measurements. This proced
ectly applicable to indoor aerosol mass concentration measurements with an OPSS, as {

pa

rticle density distribution can, depending on the case, differ substantially from that

1 shall be

calibrated
isurement
lume flow
bvice does
bct for the

ts, which
of aerosol
Standards

ntenance)

dis based
sity, etc.).
ring, etc.),

il particle
ure is not
he indoor
of typical

outdoor aerosols.

12.

12.

3.2 Gravimetric mass concentration measurement

3.2.1 General

Systematic errors and measurement uncertainties associated with gravimetry are influenced, firstly
by the accuracy of the scales and the quality of weighing (i.e. by the ratio of the deposited particle mass
to the filter’s weight), secondly by filter handling (change of mass by evaporation losses and change of
humidity), and thirdly by the quality of the sampling volume measurement as a reference volume.
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