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Foreword

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

Industrial powders when subjected to external energy or stress from handling and air flow will release
particles entrained in the surrounding air to form aerosols. Aerosols in the nanoscale are more dynamic
than micrometre sized particles because of greater sensitivity to physical effects such as Brownian
diffusion. Porosity and cohesion of the powder can be much higher than for materials containing
larger particles with more resistance to flow and lower volume-specific surface area. Nano-objects in
powdered nanostructured materials can dominate relevant properties of the bulk material by particle-
particle interactions that form clusters such as agglomerates.

Ae
In

mgasurement should be minimized. Although there are potentially many different|appr
the¢ generation of an aerosol is usually physically modelled on different representative scen

to

digpersion).

Thlis document is only applicable for measuring the release of nanofobjects from pow

all

mdasurement system. The choice of the measurement method must take into account the char

(e.
du
as
an

The quantification of the release of nano-objects from powders described in this document

us

©lI

rosol release characterization consists of three main stages: generation, transport and mea
beneral, to reduce transport losses and aerosol agglomeration, the distance betweencgene

simulate typical manual or machine powder handling processes or worst:case highly

bws comparisons of the nano-object release from different powder$ using the same genel
b. time-related dependence) of the generation system and the petential for losses and aggl

hmmary of the generation and measurement methods curtently available to assist material
l engineers in comparing the nano-object release from-different powders.

bd as a substitute for dustiness testing or for a health-related risk assessment.

surement.
ation and
baches(33],
arios (e.g.
energetic

lers. This
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hcteristics
bmeration

[ing the transport and entry into the measuring instrumentation. Therefore, this documenlt provides
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TECHNICAL SPECIFICATION ISO/TS 12025:2021(E)

Nanomaterials — Quantification of nano-object release
from powders by generation of aerosols

WARNING — The execution of the provisions of this document should be entrusted only to
appropriately qualified and experienced people, for whose use it has been produced.

1| Scope

Thiis document describes methods for the quantification of nano-object release from powders as a
regult of treatment, ranging from handling to high energy dispersion, by measuring-aerosolg liberated
aftler a defined aerosolization procedure. Particle number concentration and size”distributiion of the
aerosol are measured and the mass concentration is derived. This document/provides information
on|factors to be considered when selecting among the available method§-for powder sanjpling and
trgatment procedures and specifies minimum requirements for test sample preparation, tegt protocol
deyelopment, measuring particle release and reporting data. In order,to.characterize the full ize range
of particles generated, the measurement of nano-objects as well as-agglomerates and aggregates is
adressed in this document.

Thiis document does not include the characterization of parficle sizes within the powder. Tiibological
mdgthods are excluded where direct mechanical friction is.applied to grind or abrade the matgrial.

2 | Normative references

The following documents are referred to in.the text in such a way that some or all of thejir content
copstitutes requirements of this document-¥or dated references, only the edition cited applies. For
unfated references, the latest edition of thereferenced document (including any amendmentf) applies.

ISQ/TS 80004-1:2015, Nanotechnologies — Vocabulary — Part 1: Core terms
ISQ/TS 80004-2:2015, Nanotechnologies — Vocabulary — Part 2: Nano-objects

3 | Terms and definitiens

For the purposes of-this document, the terms and definitions given in ISO/TS 80004-1:2015,
ISQ/TS 80004-2:2015 and the following apply.

IS and [EC maintain terminological databases for use in standardization at the following ad¢lresses:

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

— | TECElectropedia: available at http://www.electropedia.org/

3.1 General terms

3.1.1
release from powder
transfer of material from a powder to a liquid or gas as a consequence of a disturbance

3.1.2

nano-object number release

n

total number of nano-objects (3.2.9), released from a sample as a consequence of a disturbance

© IS0 2021 - All rights reserved 1


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=1f23c775979c1535da63011768438f74

ISO/TS 12025:2021(E)

3.1.3

nano-object release rate

n;

total number of nano-objects (3.2.9), released per second as a consequence of a disturbance

3.14

mass specific nano-object number release

Nm

nano-object number release (3.1.2), divided by the mass of the sample before a disturbance

3.1.5

mass loss
nAm .

nano-obje
disturban

3.1.6
nano-obj
Cn
number o

3.1.7
aerosol v|
Vt

specific nano-object number release

Ct number release (3.1.2), divided by the mass difference of the sample before and afte
ce

bct aerosol number concentration

" nano-objects (3.2.9) per aerosol volume unit in the sample treatmerit zone

plume flow rate

volume flgw rate through the sample treatment zone

3.2 Ter

3.2.1
aerosol
system of

[SOURCE:
3.2.2

ms related to particle properties and measurement

solid or liquid particles suspended in gas

ISO 15900:2009, 2.1]

equivalent spherical diameter

diameter

Noteltoe
volume or

Note 2to e
subscript,

[SOURCE:

bf a sphere having the samié)physical properties as the particle in the measurement
htry: Physical properti€s\are, for instance, the same settling velocity or electrolyte solution displac

brojection area undet-a microscope.

b.g. X, for equivalent surface area diameter or x,, for equivalent volume diameter.

ISO/TS80004-2:2015, A.2.3]

3.2.3

I a

ing

htry: The physicalyproperty to which the equivalent diameter refers shall be indicated using a suitdble

particle size/distribution

PSD

cumulative distribution or distribution density of a quantity of particle sizes, represented by equivalent
spherical diameters (3.2.2) or other linear dimensions

Note 1 to entry: Quantity measures and types of distributions are defined in ISO 9276-1:1998[31,

3.2.4
PM, 5

particulate matter smaller than 2,5 pm
mass concentration of fine particulate matter having an aerodynamic diameter less than or equal to a

nominal 2

,5 micrometres

Note 1 to entry: See Appendix ] in Reference [47].

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=1f23c775979c1535da63011768438f74

ISO/TS 12025:2021(E)

3.25

PM;,

particulate matter smaller than 10 um

mass concentration of fine particulate matter having an aerodynamic diameter less than or equal to a
nominal 10 micrometres

Note 1 to entry: See Appendix ] in Reference [47].
Note 2 to entry: PM, is used for the thoracic fraction as explained in EN 481:1993[15].

3.2.6
cohdensation particle counter

indtrument that measures the particle number concentration of an aerosol (3.2.1) usifg a’condensation
effect to increase the size of the aerosolized particles

Nofe 1 to entry: The sizes of particles detected are usually smaller than several hundred hanometresand larger
thgn a few nanometres.

Nofe 2 to entry: A CPC is one possible detector for use with a differential electrical mobility classifier (3.2.7).
Note 3 to entry: In some cases, a CPC may be called a “condensation nucleus.eounter (CNC)”.

[SOURCE: ISO 15900:2020, 3.8, modified — “using a condensation effect to increase the dize of the
aerosolized particles” has been added to the definition.]

classifier that is able to select aerosol (3.2.1) particles according to their electrical mobilityf and pass
th¢m to its exit

Note 1 to entry: A DEMC classifies aerosol pdrticles by balancing the electrical force on each parti¢le with its
aerfjodynamic drag force in an electrical field. Classified particles are in a narrow range of electricpl mobility
deflermined by the operating conditions.and physical dimensions of the DEMC, while they can have different sizes
dug¢ to difference in the number of chatges that they have.

[SQURCE: ISO 15900:2020, 3,1%]

system to measure-the size distribution of sub-micrometre aerosol (3.2.1) particles corlsisting of
a dlifferential electrical mobility classifier (3.2.7), flow meters, a particle detector, interconnecting
plymbing, a-computer and suitable software

[SQURCE;ISO 15900:2020, 3.12]

3.2.9
nano-object
material with one, two or three external dimensions in the nanoscale (3.2.10)

Note 1 to entry: Generic term for all discrete nanoscaled objects.

[SOURCE: ISO/TS 80004-2:2015, 2.2, modified — “discrete piece of” has been deleted from the start of
the definition and the Note 1 to entry has been replaced.]

3.2.10
nanoscale
size range approximately from 1 nm to 100 nm

Note 1 to entry: Properties that are not extrapolations from a larger size will typically, but not exclusively, be
exhibited in this size range. For such properties, the size limits are considered approximate.

© IS0 2021 - All rights reserved 3
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Note 2 to entry: The lower limit in this definition (approximately 1 nm) is introduced to avoid single and small
groups of atoms from being designated as nano-objects (3.2.9) or elements of nanostructures, which could be

implied by

the absence of a lower limit.

[SOURCE: ISO/TS 80004-2:2015, 2.1, modified — Note 1 to entry has been replaced and Note 2 to entry
has been added.]

3.2.11

agglomerate
collection of loosely bound particles or aggregates (3.2.12) or mixtures of the two held together by
weak forces where the resulting external surface area is similar to the sum of the surface areas of the

individua
Notel1toe
Note2toe

[SOURCE:
the two h
notes to e

3.2.12

aggregat
particle ¢
resulting
individua

Note 1toe
physical er]
Note 2to e

[SOURCE:
been addd

3.2.13
dustiness
propensit

Noteltoe
standard t

Note2toe
[SOURCE:

3.2.14
inhalable
mass frac

components
htry: The weak forces, for example, are van der Waals forces or simple physical entanglement:
htry: Agglomerates are secondary particles and the original source particles are primary,particles

ISO/TS 80004-2:2015, 3.4, modified — “loosely bound particles or aggregates’or mixtures
bld together by weak forces” has replaced “weakly or medium strongly bound particles”
htry have been reworded.]

)

omprising strongly bonded or fused particles held together by strong forces where
bxternal surface area is significantly smaller than the suin of calculated surface areas of
components

ntry: The strong forces, for example, are covalent bonds, or those resulting from sintering or comp
tanglement.

htry: Aggregates are secondary particles and thesoriginal source particles are primary particles.

[SO/TS 80004-2:2015, 3.5, modified — ?held together by strong forces” and “calculated” h:
d to the definition and the notes to entry have been reworded.]

y of materials to produce aitborne dust during handling

ntry: For the purpose of this' document, dustiness is derived from the amount of dust emitted durir]
bst procedure.

htry: Dustiness is1iot an intrinsic property as it depends on how it is measured.

EN 1540:2014, 2.5.1]

fraction

of
he

he
he

lex

ive

ga

[i0n, of total airborne particles which is inhaled through the nose and mouth

Note 1 to entry: The inhalable fraction is specified in EN 481:1993[15],

[SOURCE:
3.2.15

EN 1540:2011, 2.3.1.1]

thoracic fraction
mass fraction of inhaled particles penetrating beyond the larynx

Note 1 to entry: The thoracic fraction is specified in EN 481:1993[15],

[SOURCE:

EN 1540:2011, 2.3.1.2]

© ISO 2021 - All rights reserved
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3.2.16
respirable fraction
mass fraction of inhaled particles penetrating to the unciliated airways

Note 1 to entry: The respirable fraction is specified in EN 481:1993[13],

[SOURCE: EN 1540:2011, 2.3.1.3]

4 Symbols
For the purposes of this document, the symbols given in Table 1 apply.
Table 1 — Symbols
Symbol Quantity SIfunit
n nano-object number release dimer]sionless
n; nano-object release rate 51
I nano-object aerosol number concentration -3
n, mass specific nano-object number release Kg1
Nam mass loss specific nano-object number release, from a treated sample with a kg1
mass loss Am
Vv, aerosol volume flow rate ny3/st
5 | Factors influencing results of nano-object release from powders
5.1 Test generation method selection

Th

selection of the aerosol generation method:.

Se

a)
b)

Th
EX
in

EX

or

purpose of the planned test or expenimental programme should be carefully defined during the

ection of the aerosol generationmethod depends on the following considerations:
the powder properties listed'in Table 2;

the applicability of standardized dustiness test methods, see the EN 15051 seriesZI181[19] or of
other powder treatment methods to simulate the typical powder handling process in practicel32]
[34][37] 35 well as'selection of the appropriate treatment parameters.

e outcome ofthe’planned test will be dependent on the experimental conditions selected.

AMPLE 1<{ "\ Determination of the nano-object release of a powder to predict release of nanopartifles during

mjnual and>automatic moderate powder handling processes (i.e. weak to moderate dispersion [stress) for
u

strial’processing.

ate worst-

case scenarios of handling process, where a highnergy inputor hgh activation energy is applied to the powder

during the generation of an aerosol for animal inhalation studies. Such high energy input is likely to be used

only in fully contained processes to prevent unacceptable exposures to workers.

5.2 Material properties influencing nano-object release from powder

Properties influencing the generation and measurements of aerosolized powders containing nano-
objects are summarized in Table 2. Presently, it is not necessarily easy to measure many of these
properties; however, they should be considered.

These material-specific properties of powder are relevant to test design (see Clause 6) and data
reporting (see Clause 8).

©lI
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Table 2 — Representative properties influencing nano-object release from powders

Pro

perty

Description

Particle size

The value of the particle size depends on the sizing method and the corresponding
equivalent diameter (e.g. aerodynamic diameter, electrical mobility diameter,
equivalent area diameter).

The particle size of primary particles or aggregates will not change during the han-
dling of nanostructured powders. Particle size of agglomerates will change under
certain process and handling conditions, for example, shear stress.

The measured size distribution of particles will depend on the type of instrument. The

instrument can measure aerodynamic or mobility diameters, specific surface areas ¢r
other parameters. The exact shape of primary particles will depend on the
manufacturing process. Nano-objects can be a small fraction of the total mass)fer
some materials.

Particle sh

ape

Particle shapes are found in a wide range of geometries depending on the material anpd
the process. Agglomerates and aggregates of nano-objects can have a fractal shape.
Adhesion forces depend on the particle shape because of the contact area.

Crystallin

ty

Some powdered materials can exist in various crystalline states‘er in amorphous
form. The fraction of the crystalline phase can vary depending/on the particle size.

moisture

Hygroscopicity and

ontent

Interaction of the particle with moisture in the air characterized by the relative
humidity will affect the cohesion of the particles. Thus;the history of the relative
humidity of the environmental conditions used to store the powder can be important.

The hydrophobic versus hydrophilic characteri§tics affect dustiness because as time
goes on a hydrophilic nanomaterial such as magnesium oxide will become less dusty
as it absorbs water from the air. Some synthetic amorphous silica, on the other hand
can be easily electrostatically charged and is readily aerosolized.

Cohesion

The magnitude of adhesion forces between particles will affect the detachment of

particles as force is introduced intg-the system. Cohesion will affect the porosity be-
tween the particles and flowability of the powder. The tendency of the nanopowders|to
sinter or agglomerate is alsg aconsideration.

Material d

ensity

The material density will\dffect aerosolization. For example, some tungsten oxide hafs
a high density and is netvery dusty.

Porosity

Porosity is a measureof the void spaces in a material. This includes the porosity of
primary nano-objects, agglomerates and generally the packing density of the bulk
powder.

Electrical

resistivity

The electrical'resistance of the powder affects the ability of the system to dissipate
electrical charge.

Triboelect]

rics

The-ability of the material to generate static electricity will affect the forces within the
powder.

5.3 Tes

A schema
powders i

t stages

[ic @verview of the test stages necessary for the quantification of nano-object release frpm
5 shown in Figure 1. Based on the multitude of factors that influence sample preparation gnd

sample treatment and the CUITent lack of UNderstanding of Sampie treatment, this document provides
requirements on the basic conditions for the aerosol measurement stage.

© ISO 2021 - All rights reserved
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Purpose Test stage Example
. . . sample preparation powder and air humidity
simulation of material state (subclause 6.3) g (data reporting 8 a, b)

. . rotation speed,
simulation of sample treatment P

Fi

Cu
po

For

dr
na

Annex C). Annex D adds continuous treatment in technical disagglomeration principles.

6

6.

6.1

sellected with regard to the purpose of the test and to relevant material properties from Table 2.

6.1
the

6.1

copditions simulated,‘an ability to relate to standard methods and the objectives of the study.

6.

6.2
giv

1 General

o — | sedimentation height
application process (subclause 6.4) .
(data reporting 8 c, d)
o N N N size dependent
JUdITUTIICAUUIT UT TTITASTU dCTUSUT IIITASUT TITITIIU .
. — =1 number concentration
nano-object amount (subclause 6.5)

(data reporting 8 e-k)

bure 1 — Schematic overview of test stages for the quantification of nano-object rele
powders

Frently, for sample treatment, no one general method can be standardizedas a requirement

ase from

Nearly all

repeatable powder treatment, four methods (rotating drum,\continuous drop, sma
m and vortex shaker) have been standardized for dustiness measurement of powders ¢
ho-objects (see Annex B) and further devices are evaluated.dnd recommended in the liter

Test requirements

.1 Process parameters of the sampling procedure and of the measurement procedur]

.2 The test protocol shall contain these considerations: the purpose, the procedure paran
relevant material properties:

.3 Agreements between the buyer and the seller should include considerations of th

P Safety ass€ssment

.1 Assafety assessment shall be conducted for the materials before beginning the tests. G
en.if1 1SO/TR 13121:2011[4] and ISO/TR 27628:2007[13],

wder studies suffer from incomplete determination of the energy input\during sample treal|:ment[38].

rotating
ontaining
ature (see

e shall be

heters and

€ process

uidance is

So

TIE ITanoTTateriats carr be toxic: T e severity of thetoxicity tamr depend o particte compos

morphology and other physico-chemical properties of the material.

ition, size,

WARNING — A nanomaterial that is potentially explosive, pyrophoric or sensitive to ignition can
present a fire or explosive hazard. Health, safety and environmental control measures shall be
implemented to minimize and prevent exposure to airborne nanoparticles and spillage during
loading of powders, disposal of used powders and cleaning of equipment.

©lI
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6.2.2 Electrical grounding is required to prevent electrostatic charge build-up. Other safety control
measures also have to be considered.

Earthing of the dispersion unit shall be carried out to avoid the risk dust explosion.

NOTE Controlled loading of transportation tubes and vessels by precipitation of particles at the beginning of
the test can ensure maximum penetration or minimum particle losses.

6.2.3 The tests should be tailored according to the hazard. The following examples are not exhaustive
but rather are representative.

EXAMPLE[l  Inert atmospheres are used for some materials and other control measures can be applied (.
electrical grounding of equipment, use of antistatic mats and shoes).

D
aa

EXAMPLER  Toxic materials are tested under appropriate controlled conditions (e.g. glove béxes or fume
cupboards) or are substituted with a non-toxic or less toxic substance. The substitute material exhibits fhe
significant|characteristics of the materials of interest. If the substitute material is tested, it is(specified how fhe
equivalende with the toxic material can be ensured.

6.2.4 Diffferential electrical mobility analysis for aerosol particles can require radioactive sourges
within thg measurement device. The function of the particle charge conditioher is to establish a knojwn
size-depefpdent charge distribution on the sampled aerosol prior to the sjze classification process. This
bipolar ion concentration can be produced either by radioactive ionization'of air from radioactive sourfes
or by coragna discharge ionization or soft X-ray ionizers.

As stated|in ISO 15900:2009[Zl, the use, transportation and disposal of radioisotopes are regulated
by goverpment authorities. Basic international standards and guidelines are, for example, set|by
commissipns of the United Nations such as the Internatienal Atomic Energy Agency (IAEA), the
Internatigqnal Commission on Radiological Protection, (ICRP) and the Agreement concerning the
Internatignal Carriage of Dangerous Goods by Road fADR), etc. The licensing, shipping and dispojsal
regulations that govern radioactive sources vary from nation to nation. This document can therefpre
only advige all users of radioactive material thatlocal, national and international laws and regulatigns
exist and ghall be considered.

6.3 Sample preparation

Sample prjeparation procedures shall be reported, e.g. humidity conditioning of the sample and the test
equipmenyt, sample splitting, electroéstatic charging and sieving for limiting the maximum agglomerpte
size of pafticles.

Guidance pn powder sampling, sample splitting and minimum sample size is given in SO 14488:2007©].
Additiona’r safety preecautions for nanomaterials require the sampling and sample splitting in cloged
systems ofr within a firme cupboard.

6.4 Sample treatment

6.4.1 Dustiness generation methods

6.4.1.1 Selection of methods

Methods with controlled levels of applied energy selected to estimate the dustiness related to
nanomaterials expected in an industrial or user setting shall be based on established practice as
described in 6.4.1. Some selection criteria have been published for dustiness measurement of powders
(see Annex A).

6.4.1.2 Reference test methods

The rotating drum, small rotating drum and the continuous drop methods (see Annex B) are three of the
four reference test methods for determining health-related dustiness mass fraction and number-based
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dustiness. These methods are described in EN 17199-2:2019[21] EN 17199-3:2019[22] and EN 17199-
4:2019[23]. The vortex shaker is the fourth method described in EN 17199-5:2019[24]. Further details
are given in A.1.

6.4.1.3 Dynamic method

This method uses only milligrams of powdered material per test and is completely self-enclosed. Both
of these attributes are useful to evaluate nanoscale materials. The test apparatus consists of a glass
chamber, with an aspiration nozzle to disperse milligram quantities of test powder into the chamber,
and two samplers within the chamber to collect the dispersed dustl28l. Airflows and sampling times

ar¢
thg
ah
inl

6.4

Co
ap
aty
VD
rea
de
ling

An

igh energy input or high activation energy is applied to the powder. This input is adjust
pt orifice. The particle concentration generated is time-dependent.

.2 Dispersing methods for aerosol generation

htinuously operating powder dispersing methods have been developed for a wide
blications, including generating dust for inhalation studies, filten'testing and envil
hospheres. A number of methods have been used and are tailored.tothe powder and the aj
13491-3:2018[25] summarizes dispersing methods for solid materials and standardizes fivg
lizations, differing in metering, dispersing and state of ¢harge of the aerosol. ISO/TH
scribes characteristics of such aerosol generation méthods, including their advant
itations.

overview of disagglomeration principles is shown in"Annex D. One method cannot covel

rafpge of different industrial applications of powders‘econtaining nano-objects, such as nanos

po
flu
en

wders, and the very different flow properties\of powders influencing the metering and
ctuations of the aerosol. All these methods disperse the complete powder sample with
ergy input and feed all generated aerosol particles to the measurement.

Comparative investigations of the three most widely used air jet dispersers showed the |
of using the average air velocity in-the dispersion zone as the dominating adjustment par4
nahostructured powders[34],

6.4.3 Sample treatment éxecution and report

6.4.3.1 The description’ of the test method shall include specification of sample aerosoliz
didagglomeration characteristics:

b)

©lI

duration of the test and the number of repeat measurements made;

NOTE 1\ In general, powder samples before testing are agglomerates (particles touching other
Thestest breaks the cohesive bonds separating particles from the agglomerates. Particles have
to“re-agglomerate depending on the particle density in air, the length of the test and the cohé
present, such as electrostatic charge. Therefore, the amount of disagglomeration and agglomera

b controlled by the tester, which is connected to a vacuum source. The dust is dispersed py pulling

}

dust into the glass chamber with a short and rapid application of vacuum (see Annex C), I this test,

le by the

range of
ronmental
bplication.
technical
2 1960118
ages and

" the wide
tructured
mass flow
the same

possibility
meter for

ation and

particles).
A tendency
sive forces
tion differs

with each type of test.
type and description of treatment of the powder;
NOTE 2 Inthe drop test, impact on the bottom coated or uncoated with powder will affect the

inlet design of the test method.

NOTE3 In the dynamic method, the inlet diameter can influence the agglomerate accele
deceleration within the sampling chamber.
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6.4.3.2 The following sample treatment parameters have an influence on the resulting particle release.
They shall be kept constant throughout the tests and between tests to achieve reproducibility of the
results. For comparison between different tests, they should be quantified.

a) Sample volume and residence time of the sample in the treatment zone. Both sample volume and
sample mass shall be recorded. To ensure reproducibility, the volume used shall be a “tamped”
volume rather than a “pour” volume. Guidance on how to determine a “tamped” volume is given in
1SO 787-11111 and for a “pour” sample volume in EN 15051-3:2013, Annex B[19],

b) Mechanical energy input to the treatment zone (e.g. air flow and pressure drop).

NOTE Research is needed on the measurement of the force or energy acting directly on the samplg or
agglorperates, such as local shear stress, resulting from velocity gradients or dynamic impact.

c¢) Humifity, temperature and ion concentration.
d) Air vdlume flow through the treatment zone.

e) Partig¢le concentration in the air during treatment (interparticle distances détermine the ratid of
disagglomeration/agglomeration).

EN 1719941:2019[2% specifies the conditioning of the powder. For standard testing and inter-comparispn,
test materials shall be conditioned at a relative humidity (RH) of (50 * 5)»% before testing until they
reach a sthble mass. For the characterization of the bulk material undér workplace conditions, the builk
material ghall be sent to the organization performing the dustiness/test as placed on the market{ or
as used by the downstream user, in air-tight containers. It shalkbe tested in the state in which it Was
received.

The tempgrature should be kept at a constant 21 °C + 3 °G{EN 17199-1:2019[20]),
6.4.3.3 The test equipment should be electrically giotinded.

6.4.3.4 The repeatability of the aerosolization.and disagglomeration process shall be determined oyer
3 to 10 tepts of fresh powder samples. It can:bé reported as minimum and maximum values in additjon
to the avefage values of the particle number’release. The repeatability of the measurement shall also|be
reported 3s described in 6.5.3.

6.5 Measurement of aerosoliZzed nano-objects

6.5.1 S¢lection of the measuring method

The harrlllonization ofisampling train and choice of instruments is important to ensure comparaple
measurenment resultsibetween generation test methods.

The following performance parameters of aerosol measurement devices define the validity and linjits
of nano-objectrelease experiments: particle size range, particle concentration range, operating moge,

flow rate andithe mechanical stress on the measured p:n'fir‘]nc before orin the measurement zgne

The four types of instrument which are available to measure nanoscale aerosols in real-time or near
real-time are summarized in Table 3. As can be seen, none of the instruments measure down to 1 nm
and all measure greater than 100 nm.

The CPC does not provide size information and only gives a particle number concentration in a certain
size range. The other instruments can be used to monitor more specific size distributions depending on
their operational capabilities.

The DMAS-type instruments rely on a single classifier so they have to scan the size range selected, which
can take around a minute. It can only be used when a constant concentration of particles is generated/
released (e.g. continuous drop devices or dispersing methods such as rotating brush generators).
The measurement of PSDs with a DMAS is based on particle classification by the electrical mobility
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diameter x,,,,,, Which depends on its size and its electrical charge, but not on the density (see also E.1).

The related number concentrations are measured simultaneously with the CPC in combination.

Electrometer-based mobility particle spectrometers use several classifying pathways to allocated
electrometer plates for indirect number counting via electrical charge counting. This method measures
electrical mobility distribution of x,,,,,;, much faster (up to 1s).

An electrical low pressure impactor (ELPI) also uses allocated electrometer plates for fast measurement
of the aerodynamic diameter x,.., after a cascade of nozzles. This density-dependent equivalent
spherical diameter is relevant, for example, for inhalation exposure (see also E.2).

Table 3 — Typical performance parameters of nano-object aerosol measurement devices
Particle Particle Operation Stress, see
Instrument Result . . mode Flow rate P
size concentration alsoAnnex F
(scan rate)
nm cm-3 I/nfin
Number Continuous Ag¢rosol
CPC concentra- | 3to 3000 0to1lx 107 (1s) 0,03to 3 deflection,
tion capillary flow
Intermittent
1x 103 to or Inlet-jmpactor,
DMAS PSD(Xemop) | 3t0 1000 1x107 continuous 0,3 aerospl deflec-
sto fion
(30 i
600 s)
Electrometer-based
mobility particle
dpectrometer: fast 4 .
mobility particle PSD(Xomop) | 601000 11xx1(1)0§0 Congnsl)lous 10 Inlet cyclone
siger (FMPS), engine
exhaust particle sizer
(EEPS)
Aerodynamic
bounc¢ and blow
Continuous off (if $ubstrates
ELPI/ELPI+ PSD(X,erg)* | 7 to 10 000 | 200 to 2 x 107 (1s) 10 not greased or
quantjty of dust
collgcted too
Righ)
Additional real-time-measurement instruments which can be used to provide more informatjion on the
larjger particle sjzes are listed in Annex E.
Shear stress)in the measurement zone can also break-up loose agglomerates. This is estimated in
Annex Efor considering the measurement of instable agglomerates, e.g. of pyrogenic nanomaterial.
6.5.2 Transport and cnmpling parameters

The measuring instruments are usually interfaced to the aerosol generation process by the use of
sampling tubes. Each instrument will also have its own operational flow rate and inlet geometry and
pre-selector (e.g. impactor or cyclone) to exclude particles above a certain size.

Transport and sampling process parameters include the following:

a) The material, length and diameter of sampling tubes. Tubes made of electrically conductive
materials are essential for minimizing particle losses due to electrostatic deposition. Furthermore,
diffusion, gravity and inertia can cause losses in tubes, which therefore should be as short as
possible. However, instruments operate on different flow rates and losses will be different even if
the length and size of the tubing is the same. Particle number concentration in the tubes should not
be greater than 1 000 000 cm~3 to limit particle coagulation (agglomeration).

© IS0 2021 - All rights reserved 11
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b) Sampling air flow and dilution ratio.

c¢) The flow rate in the tube is usually defined by the flow rate of the measurement instrument.
Additional filtered dilution air can be needed to reach the required flow rate and/or to reduce the
concentration of particles to the requirements of the measurement instrument.

d) Shear stress as a result of aerodynamic pre-classification (at the inlet of the measurement device).

Each instrument will have its own operational flow rate and inlet geometry and pre-selector (e.g.
impactor or cyclone) to exclude particles above a certain size. These can either exclude or break-
up agglomerates of nanoscale particles from the measurement zone. Each instrument excludes

differentsizes of parfir‘]nc using different methaods (Qﬂﬂ Table '))

6.5.3 Considerations before testing

Background concentration shall be minimized to improve the detection sensitivity of the enhgineer

ed

nano-objgcts and nanostructured particles generated from the test. Therefore, the test'equipment has

to be careffully cleared of most residual particles before the beginning of the measureémeént by draw
particle-fiee air through the generator, transport and measuring devices for a sufficient time peri
The background readings of the sampling train should be determined before starting the generation
particles. [These sometimes need to be subtracted from the test results if thebaekground exceeds > 1
of any test result.

The tests phall be repeated at least three times and an average calculated.

Repeatability and reliability of aerosol measurements shall be demonstrated first by measuring t
aerosols introduced to the treatment zone. Such test aerosels;could be generated, for example,
the sprayfng and drying of solutions of different salt types. The operation of aerosol measurem

equipment in field measurements by trained personnel tyfically has uncertainties in the nanoscalg i

particle s{ze measurement of about 5 % and in particlelnumber concentration measurement of ab
20 %.

6.5.4 Size and concentration measurement results

6.5.4.1 Nano-object number release

The quantity measure “mass” of a patticle size fraction depends on the third power of the particle si

ng
bd.
of

%

est
by
bnt

but

ze,

i.e. if the particle size decreases by ,a’factor of 10, the particle mass reduces by a factor of 1 000. Thius,

the nano-pbject mass concentration can be too low to be measured alone with current commercig
available |nstruments. Number-based methods are the most sensitive for the smallest size classeg
broad PSIDs. On the other‘hand, they count seldom particles in the largest classes with low relat
reproducipility (with particle sizes above the nanoscale and therefore not relevant for this documen

The general measurdnd, the nano-object number release n, is given by Formula (1). If relevant,
dilution ratio has:te’be taken into account.

n=n;- =cn-Vt-t

Iy
in
ive

).
he

(1)

where

n, isthe nano-object release rate;
is the nano-object aerosol number concentration;
t isthe measurement time;

V, isaerosol volume flow rate through the treatment zone.

12 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=1f23c775979c1535da63011768438f74

ISO/TS 12025:2021(E)

For variable release concentrations, the second term in Formula (1) can be evaluated as shown in

Formula (2):

n=V, 'ch,i At;
i

where

¢, . is the nano-object aerosol number concentration in an increment of time;

n,i

(2)

At; is the time increment (i.e. time resolution) of the instrument.

6.3.4.2 Specific nano-object number release

Th

b)

Pa

ke specific nano-object number release is expressed in two forms, in relation tothe€ sample.

The mass specific nano-object number release n,,, as given in Formula (3), expressed in n
kg:
I

M m

where m is the mass of the test sample.

The mass loss specific nano-object number releaseu,,,, as given by Formula (4), exj
number per kg.

I

Am Am

where

n isthe nano-object number-telease;

Am is the mass difference of the test sample before and after testing.

6.3.4.3 Size range limits

6.3.4.3.1 General

Th

e nanosc¢ale as applied in this document shall range from 1 nm to 100 nm. It is acknowle

the¢ reselution of the lower limit is currently technically unfeasible. Also, at the upper limit
mgasdrement methods can yield different results. The experimental details shall be specified
Clduse 8.

Fticle size range limits and-the release characterization of larger particles shall be reportedl.

imber per

(3)

ressed in

(4)

dged that
different
following

6.5.4.3.2 Lower size limit

Nano-objects (more precisely, nanoparticles) with size below about 10 nm require specific sampling
and measurement device design because of diffusion losses in tubes or at the inlet of the instruments.
Depending on the number-based PSD, the determined particle number concentration can be too low,
and particle counters with different lower size limits can give different particle number concentrations.

For example, size measurement by a DMAS is applicable to particle size measurements ranging from
approximately 1 nm to 1 um, see ISO 15900:2009!Z]. However, the lower size limit is defined as the
diameter at which the instrument counts 50 % of the particles (~3 nm).

©lI
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6.5.4.3.3 Upper size limit

Because of the geometric definition of nano-objects in ISO/TS 80004-2:2015, as the current best
practice, the equivalent diameter measured shall be reported as well as its conversion formula to a
geometric dimension of 100 nm (thickness of nanoplates or width of nanofibres) and the necessary

assumptions on shape, structure and density of the real nano-objects for this calculation.

The interpretation of equivalent diameters from measurement results of other nano-objects (nanoplates

and nanofibres) requires further studies to understand the shape and structure effects on parti

sizing. One way of estlmatlng these propertles would be to use hlgh resolution electron mlcroscope

characterjza
order to idlentify the dlmensmns and morphology of the most abundant nano- ob]ects This mformat
could thep be used, with certain assumptions with respect to the physical principles of deteCtien
relate the|signals from the measuring device(s) to the size of nano-objects detected.

Linking nano-object release tests to dustiness tests or other particle release tests in larger'size ran
is very ugeful to enable better interpretation of the results, especially also of the disagglomerat
treatment and applied stress. Therefore, simultaneous measurement of larger partiele sizes in the sy
micrometfe or micrometre size range is recommended.

However, [the principle of operation of particle size instrumentation limits the range of particle si
that can Ipe measured. Therefore, more than one type of instrument is-often used with overlapp

cle

in
on
to

bes
on
hb-

r.es
ng

size ranggs. Depending on the material, these size distributions do ngt always match exactly, becatise

differentIeasuring principles deliver different equivalent diameters.

To calculate one diameter from another, certain material properties need to be known. The assumpti
on materipl properties, relevant for this calculation, shall be reported, for example, the particle dens
shape or rlefractive index.

Furthermpre, device-specific effects, for example,, coincidence errors and counting efficiency,
reduce th¢ measured particle concentration at the boundaries of a measuring range.

Optical pgrticle spectrometers and optical pagticle counters, covering only the upper part of the §
100 nm sife range, are standardized in ISO 24501-1:2009[2] and in ISO 21501-4:2018[10],

Laser diffraction in combination with, static laser light scattering can be used to measure PSDs (
concentraftions) from the nanoscale (depending on the optical properties and the absence of too m4
larger particles) up to hundreds of micrometres. It also allows the observation of the disagglomerat
and is stapdardized in ISO 13320:2020[5],

6.5.5 Particle size distribution and other characteristic measurement parameters

ns
ty,

¢an

ub

not

ny
on

For convefsion of a rel€éased particle number into a particle volume or mass, the PSD and the particle

shape, potosity andydensity must be known. The calculation of an effective density of agglomerat
particles [is very=difficult, because porosity, depending on structure parameters such as frad
dimensions must be determined. One method to determine the necessary structure parameters co
be a scanning electron microscopy (SEM)/transmission electron microscopy (TEM) image analy

ed
tal
11d
sis

of uncoated (notT sputtered] particles, which are Ssampled In parallel To the aerosol measurement.

Compacted apparent density can give an estimate or a proof of calculation.

Particle shape, porosity and density can also be derived from a combination of a DMAS and an aero
particle mass analyser (centrifuge).
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Based on the measured PSD, the overall volume of the released particles, V,, can be estimated from the
numbers n; in the size classes i, using Formula (5) for summation up to the upper nanoparticle size limit

J:
J J 5
Vn :Cshape 'ZHI- 'Vparticle,i :Cshape 'Zni “Xj (5)
0 0
where
v, is the overall volume of released particles;
Cshape 1S the particle shape factor (independent from particle size and often only estimated);
Voarticle,i 1S the volume of particles in each size increment;
X; is the diameter of the particle in each size increment.
Thee mass of the released particles, M,, due to the handling of the bulk\powder can be estimated using
Formula (6):
M, =(1-¢)p,V, (6)
where
ps is the solid material density of the particles;
e isthe particle porosity, assumed to begonstant as a function of size.
Formula (6) results in a mass of releasedynanoparticles corresponding to the mass of the handled
popvder bulk m. Although errors exist wheh converting number-based measurement data to volume or
mdss from error amplification resultingfrom cubing the particle diameter in Formula (5), thig is a small
part compared to the magnitudes 'of particle mass loss Am considered. Remaining uncertainties shall
be|considered in comparison with the insensitivity of primarily particle mass determining m¢thods, for
exqmple, cascade impactors;
Other measurements than-released particle number (e.g. released surface area) can be juseful for
cofrelation to some effects of particles on health.
7 | Requirements for test setups and protocols
The following basic requirements for test setups and protocols shall be regarded.
a) | EXpeérimental design should follow established methodology, see ISO/TR 22971:2005[12],
b) Sufficient safety precautions shall be implemented for the range of expected nanomaterials.
c) Accepted methods of sample splitting, such as those mentioned in ISO 14488:2007[¢], should be
used.
d) Test setups should match the objective of the planned studies.
e) Protocols as written procedures or records shall include:
1) specific characteristics desired from the test;
2) aplan to determine measurement uncertainty;
3) documented data reduction.
© IS0 2021 - All rights reserved 15
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8 Testreport

For a complete quantification of the nano-object release including the whole aerosol particle release
situation, the following shall be reported:

fication of the test sample, the source and the composition of powder;

the powder storage method and the powder moisture content;

s of the testing method and the test conditions (temperature and humidity);

any upusual conditions during the tests;

the measured number concentration of nano-objects (smaller than an equivalent diameter relat

ta as an attachment;

er limit particle equivalent diameter of the aerosol measurement with regard, to diffus
within the test setup, and the upper limit diameter regarding sedimentatien ‘and inert
ition;

bometric dimension = 100 nm, as defined in ISO/TS 80004-2:2015, s€e 6.5.4.3.2) as well as
irement time and the air volume flow rate through the treatment zone and, if appropriate,
bn ratio for the calculation of the released nano-object number according to Formula (1);

easured total number concentration in the whole parti¢le) size range of the measurem
b (e.g. < 1 um) for the calculation of the released{sub-micrometre particle numl
ntration similar to the nano-objects concentration in.g);

easured total number concentration of a parallePoperated CPC for the calculation of
ed total particle number similar to that in g);

sted sample mass in the treatment zone, to-Which the released nano-object number from
e related (see 6.5.2) and, if applicable, thé)sample mass loss;

rence to this document, i.e. ISO/TS.12025:2021.
ing additional data should be reported:

ze distribution with a seCond method for larger particles from up to 10 um, and additio
based equivalent diameter distribution data if available, for example, from a cascade impact

licable, the estimatéd volume and mass of the released nano-objects in accordance w

1lae (5) and (6);

sumptionstégarding material properties, such as the particle density, shape or refract
used to calculate one diameter from another in g) or to calculate the volume or mass from
ter in);

on
ial

ng
he
he

ent
ber

he

g)

nal
or;

ith

ive
he

cOpational, health and safety studies: the respirable, thoracic and inhalable mass fractic

a) identi
b)
c) detail
d)
e) raw
f) thel
losseq
depoq
g)
toag
meas
diluti
h) the m
devic
conce
i) the n
releas
j) thetg
canb
k) arefe
The follow
1) the sij
mass
m) if apy
Form
n) all as
index
diamg
o) for og
accor
p)

ns

dimgto EN4811993H:

for environmental studies: PM, 5 or PM; as defined in 3.2.6 and 3.2.7, respectively.

From this list, the minimum data to report are g), h), i) and j) based on three repetitive tests for a
defined size range.

16

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=1f23c775979c1535da63011768438f74

A.

Th
pr

th

S1n

as

po
pu

EN

th

Vo
ing

Th
ha

ro

int
dr
on

Th
teq

(3

Th
be

ro

me
nu

Th

re

A.

ISO/TS 12025

Annex A
(informative)

:2021(E)

Considerations for the selection of the sample treatment

procedure

Dustiness reference test methods

generation of aerosols by industrial activities can be the result of a wide‘range of
¢ purpose of the testing being carried out, it is necessary to select a generation method
wulates the process being investigated. However, a wide-ranging test method may be ch
the rotating drum or the continuous drop test, when the main intent ¢f\the test is for the

ivders in terms of dustiness allowing those which are less dusty to be)selected for risk ma
[poses.

17199-1[29] provides the choice of a dustiness test method amongst four devices: the rotat
¢ small rotating drum and the continuous drop to simuldte ‘workplace scenarios. Additi

ut to the powder.

hdling processes, which involve dropping processes of powdery bulk material at some
ating drum (large and small) and the continuous drop methods differ, however, with resy
ensity and the duration of treatment of the bulk material. In addition, the rotating dru
bps the bulk materials a number of times,while the continuous drop method drops the bul
Ce.

1

e small rotating drum and the vertex shaker methods require smaller amounts of bulk mg
ting (2 gto 6 gand 0,5 ml pertest) compared to the rotating drum and the continuous droj
% ml and 250 ml per test).

e rotating drum, small Totating drum and vortex shaker methods are methods provi
haviour informatien,of particle number releases. The particle concentrations generat
1
thod rapidly.generates a constant concentration of particles after a sharp increase i
nber and the{particle concentrations generated are not time-dependent.

test methods in the EN 17199[20][21][22][23](24] series should enable a comparison of the re
ase potential of powders.

£

different

cesses, and no single experimental method can simulate all of these. Dependihg/on the powder and

that best
bsen, such
fanking of
nagement

ing drum,
bnally, the

'tex shaker is intended to simulate worst-case scenarigs+of the handling process with a high energy

e rotating drum, small rotating drum and the centinuous drop methods are intended t¢ simulate

stage. The
ect to the
m method
k material

terials for
b methods

ding time
ed by the

ating drum, smal} rotating drum and vortex shaker are time-dependent. The contingious drop

n particle

ative dust

2 Dispersing methods

Nanostructured powders require additional considerations because of specific powder characteristics,
such as, for example, high volume specific surface area and nano-object aerosol physics. Some resulting
necessary selection and evaluation criteria of aerosol generation methods are:

adjustable volumetric flow of the air;

adjustable particle concentration by adjusting the amount of sample introduced into the test;

adjustable disagglomeration energy input by adjusting, for example, aerosol acceleration in a nozzle;

independency of energy input adjustment from volumetric flow and particle concentration;

© IS0 2021 - All rights reserved
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— repeated powder agitation and flow versus singular conversion of powder portions to an aerosol;
— magnitude of tribo-electric charging.

If the complete sample is aerosolized and fed to the disagglomeration zone, then the nano-object
number release can be directly related to sample mass. VDI 3491-3[23] standardizes five technical
realizations of dispersing methods, differing in metering, dispersing and state of charge of the aerosol.
ISO/TR 19601[8] compares their advantages and limitations.
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Annex B
(informative)

Dustiness reference test methods

EN 15051-2:2013+A1:2016[18] defines this method as: “The rotating drum method involves the
cofitinuous multiple dropping of a sample of the material In a slow horizontal winnowing furrent of
ain The dust released from dropping material is conducted by the airflow to a sampling Section where
it is separated aerodynamically into the three health-related mass fractions (respirable,’inhalable and
thoracic fractions, expressed in mg/kg) by a process of horizontal elutriation andjinertial jmpaction
in fwo stages of porous metal foam”. The amount of sample required for a test isiabout 35 ¢m3, which
shuld be weighed to the nearest 0,1 g. The rotating drum method is illustrated inFigure B.1

Dimensions in millimetres

230, 60
) 3 A
of N ]
= §l_ g
5

* 7
; e

Key
1 | air flow 6  mass flow meter
2 | inlet stage (protective.filter) 7  control valve
3 | dust generation section (rotating drum) 8 pump
4 | dust collectipirstage (size-selective foam stagesand 9  timer
filter)
5 | rollers 10 driven motor

NOTE Adapted from the EN 15051 seriesHZI[18]1(19]

Figure B.1 — Rotating drum method

As a result of the pre-normalization work by Burdett et al.[22], it was concluded that the rotating drum
method has the advantage that it can handle a very broad range of materials, including granules and
flakes, and that it simulates a broad range of workplace activities. The continuous drop method is
illustrated in Figure B.2.
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Figure B.2 — Continuous drop method
btiness characterizatjon by rotation tests and single or continuous drop tests should provjde
much broader range ef activities than each method alonel321[43],
and Jensenl*#N\have shown by testing manufactured nano-, ultrafine and conventiopal
in their dualsingle drop/rotating drum approach that the dust generation rate changes wijith
the start-of the rotation (agitation). Some materials release most dust in a brief initial bugst.
the release rate decreases, for others it remains stable, and for yet others it increases wjith
the Start of the rotation [3¢1[43], The existence of different types of time-dependent rateq of
lease explains in part why a rotating drum and a single/continuous drop method cannot gjve
Lo resihtstoratbmaterials fasalsodoomenteddn BN 15051320130

compara

Toet Tt

The methods of the EN 15051 series[1ZI[18][19] are accepted standards for micrometre-size particles.
Nano-objects and their agglomerates and aggregates (NOAA) cannot be adequately characterized by
their mass fraction only.

Based on the results of pre-normative researchl#Zl, the EN 15051 series[1ZI[18][19] establishes test
methods that measure the dustiness in terms of health-related dustiness mass fraction, number-based
dustiness index and number-based emission rate. It also gives guidance on the choice of a test method
from four methods: the rotating drum, the continuous drop, the small rotating drum and the vortex

shaker.
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The continuous drop method generates a time-stable concentration and PSD and therefore allows
measurement with a DMAS. All other dustiness methods require measurement methods with high time
resolution of about 1 s.
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Annex C
(informative)

Dynamic method

C.1 Pripcipie

The closgd system design is the most advantageous aspect of this method for tests of (harmiful
substancgs.

This anngx is a summary of a method reported by Boundy, Leith and Poltonl28]. The tést'method is a
two-step process:

— the powder is injected with a pneumatic disperser into a chamber;
— the camber is sampled with particle sizing equipment.

The two $teps are controlled with timers and solenoid valves to contrel times and flow rates. The
original version was developed to measure the respirable fractionof the dust. Currently, work ig in
progress fo adapt the method to nano-object characterization.

C.2 Eunni‘pment

The equipment is shown in Figure C.1.
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1 | airin 7  flow meter: 2,04 /m
2 | powder injector 8 flow meter:4,2[/m
3 | flow meter: 53,8 1/m for the first 1,5 s 9  total aeprosolmass
4 | timer 10 respifable particles
5 | solenoid valves 11 chamber: 5,7 1 glass jar
6 | vacuum source

NO[TE Adapted from Reference [28].

Higure C.1 — Schematic of dynamic deviee configured to obtain integrated respirablejaerosol
samples

The equipment in Reference [28])can be described as a representative approach. In| practice,
th¢ equipment may be modified- as long as equivalent performance can be demonstrdted. Also,
indtrumentation to measurevairborne nano-objects may be added or substituted for existing
components in the existingdpparatus.

The chamber is a 5,7 L glass jar selected for transparency, relatively low electrostatic chargg build-up
anfl cost. A flat alumimmium plate is clamped on the mouth of the jar to provide a seal and syipport for
aerosol samplingleguipment. A hole is drilled in the side of the jar to mount a powder injector

The powder-injector consists of:

—| astainless steel tube: 10 cm long, with a 0,44 cm inside diameter and bent at a 90° angle;

—| ‘am attached funnel with a removable cap;

— asmaller secondary tube.

The funnel measures 1,0 cm in length and 1,4 cm in diameter, tapering to 0,44 cm, and is attached to
one end of the primary tube. The exterior of the funnel holds an O-ring to allow a cap with a central
0,11 cm hole to seal the contents of the funnel. A secondary tube 3 cm long and with a 0,19 cm outside
diameter is attached to the primary tube at the base of the right angle. The delivery end of the powder
injector is inserted through an O-ring in a 5,0 mm hole centred on one side of the jar. Sampling devices
are attached to the aluminium plate.

In the example given in Reference [29], a respirable mass cyclone followed by a filter cassette to collect
respirable dust and either an open-face or a closed-face filter cassette to collect total suspended dust is
shown. There are two exhaust lines. One is used initially at a flow of 53,8 I/min for 1,5 s and the second
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is used at a lower flow to sample from the glass jar. The flow is switched by a timer (4) and two solenoid
valves (5) are used to control the flow.

C.3 Procedure

The following steps are followed.

a) The equipmentis prepared by cleaning and placing tared filters in the filter holders.

b) Dry powder (5,0 + 0,1 mg) is placed in the funnel and the cap sealed.

c) The timer is activated causing the dust to be sucked into the jar for 1,5 s and then the jar is samp|ed
for 4 min.

d) The filters are recovered and reweighed.

e) The percentage of respirable dust is determined by the ratio of the respirable dust concentratjon
divid¢d by the total dust suspended concentration.

NOTE If the equipment was modified with a nano-object measuring system, the)amount of nano-objdcts

would be cplculated.

C.4 Discussion

In Referefce [40], the method was found to have good experitmental repeatability within duplichte
tests for individual dusts and good repeatability between identical apparatus. However, to apply| to
nano-object testing the method, would need to have differeftinstruments adapted to the method than
described|in this annex. These instruments can include low-pressure cascade impaction, and differengial

mobility gnalysis with either electrical or condensationnuclei particle sensing.

About 25 fine and nanoscale materials were tested-on a mass basis (in replicate). The tests resulted in a

span of about two orders of magnitude for both total and respirable mass, see VDI 3867-5[22],

The advarntages of the method are as follows:

Accepted methods,ef\$ample splitting should be used, see ISO 14488:200716l,

The limitdtions:efthe method are as follows:

24

a smalll quantity of material is used)typically 5 mg;
the telst is rapid and can be canducted in a few minutes;
the equipment is compag¢tand could be isolated for toxic materials;

the method is energetjc and has a complete dissemination without milling the material.

Nanommaterials with very wide size distributions can contain coarse particles that can clog the djist
injection system.

NOTE This situation has not occurred in many tests with coarse as well as fine dusts. However,
nanomaterials with very coarse fraction need to be screened with a 200 mesh screen in preparation for the
test.

For nano-object measurement, fast responding instruments need to be employed to characterize
the decaying concentration. An alternative is to use an aerosol sampler such as a low pressure
impactor that will integrate over the pulse.

It can be difficult to adjust the equipment for conditions to directly simulate industrial dust handling.
The method can yield a conservative result, for example, provide a safety factor. Therefore, a
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reference dust sometimes needs to be used to compare with other methods. Until now, no example
for such a reference dust has been published.
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Annex D
(informative)

Dispersing methods

The generation of aerosols results in a specific dispersing stress on the particles. Examples are the
impact o:[arge agglomerates 1n a down fall pipe or In a rotating drum (see Annex BJ. The principles

of other djspersing techniques with adjustable energy input and with a strong correlation of intensjty,

concentration and flow rate are described in References [30] and [41].

VDI 34911{3[23] standardizes five technical realizations of dispersing methods, differing in’ meteripg,
dispersing and state of charge of the aerosol. Examples are the rotating brush generatos, or metering
with the did of a segmented belt or dosage by means of bulk material properties.

ISO/TR 19601[8] compares the advantages and limitations of these five dispersing'devices.

Figure D.1 represents a general schematic of an ejector nozzle, which is used with several modificatigns
in a lot of] dispersion units. Such nozzles will not tolerate a back pressute and it is difficult to add a
scalping dyclone or an impactor. However, the Venturi effect creates d.source of vacuum often used to
introduce|particles. The device in Figure D.1 operates by creating shear forces by introducing energy to
the process by air flow.

Key
1 incom|ng flow particle-laden air
2 incomjng flow clean air

3 disagglomerated particleflow

Figure D.1 — Schematic of dispersing nozzle

A modificption‘\of this schematic nozzle is standardized in 1SO 5011:2020[2] as a so-called “ISO dpst
injector” gnd-i$ used in most types of test aerosol generators in VDI 3491-3[25],

To simulate a leak, for example, in a pressurized nanoparticle production or transport line, a critical
orifice can be used[4®],

Release and exposure of nano-objects were connected to each other by transport and transformation
processes and require, therefore, the description/specification of complex exposure scenarios. Within a
2017 published study[23], propagation modelling based on experimentally determined particle release
data in accordance with this document was used for exposure estimation and prediction in a defined
model room.

The measurement methodology given in 6.5 has been adopted for the determination of experimentally
simulated nano-object release from paints, varnishes and pigmented plastic, see 1SO 21683[11], to
complete the life cycle analysis of such nanomaterials.
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