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Foreword

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

The procqdures used to develop this document and those intended for its further maintenance.sre

described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed.for the

different ffypes of ISO documents should be noted. This document was drafted in accordance|with the

editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention [is drawn to the possibility that some of the elements of this document may_ be’ the subject of

patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detailg of

any patenf rights identified during the development of the document will be in the\Introduction andl/or

on the ISQ list of patent declarations received (see www.iso.org/patents).

Any trade|name used in this document is information given for the convehience of users and does hot

constitutd an endorsement.

For an explanation on the meaning of ISO specific terms and{éxpressions related to conformlity

assessmeit, as well as information about ISO’s adherence to the W-TO principles in the Technical Barriers

to Trade ('BT) see the following URL: Foreword - Supplementary information

The comnjittee responsible for this document is ISO/TC 146, Air quality, Subcommittee SC 6, Indoor dir.

ISO 1600( consists of the following parts, under the general title Indoor air:

— Part 1} General aspects of sampling strategy

— Part 2 Sampling strategy for formaldehyde

— Part 3: Determination of formaldehyde and other carbonyl compounds in indoor air and test champer
air —|Active sampling method

— Part 4: Determination of formaldehyde — Diffusive sampling method

— Part §: Sampling strategyfor volatile organic compounds (VOCs)

— Part §: Determination’of volatile organic compounds in indoor and test chamber air by active sampling
on Tenax TA® serbent, thermal desorption and gas chromatography using MS or MS-FID

— Part 74 Sampling strategy for determination of airborne asbestos fibre concentrations

— Part §: Determination of local mean ages of air in buildings for characterizing ventilation condition§

furnis

furnis

furnis

hing — Emission test chamber method

hing — Emission test cell method

hing — Sampling, storage of samples and preparation of test specimens

(PCDDs), polychlorinated dibenzofurans (PCDFs) and polycyclic aromatic hydrocarbons (PAHs)

© ISO 2014 - All rights reser

Part 9: Determination of the emission of volatile organic compounds from building products and
Part 10: Determination of the emission of volatile organic compounds from building products and
Part 11: Determination of the emission of volatile organic compounds from building products and

Part 12: Sampling strategy for polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins
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— Part 13: Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls (PCBs)
and polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Collection on sorbent-backed
filters

— Part 14: Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls (PCBs)
and polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Extraction, clean-up and
analysis by high-resolution gas chromatography and mass spectrometry

— Part 15: Sampling strategy for nitrogen dioxide (NO7)

— Part 16: Detection and enumeration of moulds — Sampling by filtration

— | Part 17: Detection and enumeration of moulds — Culture based method

— | Part 18: Detection and enumeration of moulds — Sampling by impaction

— | Part 19: Sampling strategy for moulds

— | Part 20: Detection and enumeration of moulds — Determination of total spore count
— | Part 21: Detection and enumeration of moulds — Sampling from materials

— | Part 23: Performance test for evaluating the reduction of formaldehyde concentrations Hy sorptive
building materials

— | Part 24: Performance test for evaluating the reduction’ of volatile organic compound (except
formaldehyde) concentrations by sorptive building materials

— | Part 25: Determination of the emission of semi-vélatile organic compounds by building pfoducts —
Micro-chamber method

— | Part 26: Sampling strategy for carbon dioxide’(COz)

— | Part27: Determination of settled fibrous-dust on surfaces by (SEM) scanning electron microscopy (direct
method)

— | Part 28: Determination of odour-emissions from building products using test chambers
— | Part 29: Test methods for,VOC detectors
— | Part 30: Sensory testingof indoor air

— | Part 31: Measurement of flame retardants and plasticizers based on organophosphorus compounds —
Phosphoric acid esters

— | Part 32: Investigation of buildings for pollutants and other injurious factors — Inspection

Thefollowing parts are under preparation:

— | Part 33: Determination of phthalates with gas chromatography/mass spectrometry (GC/MS]

— Part 34: Strategies for the measurement of airborne particles (PM 2,5 fraction)

— Part 35: Measurement of polybrominated diphenylether, hexabromocyclododecane and
hexabromobenzene

— Part 36: Test method for the reduction rate of airborne bacteria by air purifiers using a test chamber
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https://standardsiso.com/api/?name=7dc3f3ec1fa414a5fb5716fdc9072d4b

ISO 16000-27:2014(E)

Introduction

Standardized ISO methods for measuring asbestos exposure levels using different analytical methods
are available and widely used (ISO 10312, ISO 13794, ISO 14966). Standardized methods (ISO 22262-1)
determiningtheasbestos contentinbulkmaterials (products, etc.) arealso established. This International
Standard is based on the procedures described in VDI 3877 Part 1[6] and closes the remaining gap in

describing a method for measuring asbestos in settled dust on surfaces.

Governmental regulations in many countries exist for asbestos exposure levels and for the asbestos

contentin i i
RegulatorE efforts based on measurement results are known in only very few cases. The reasons
this have been the lack in many countries of standardized and well accepted measurement metheds 3

the difficylt and disputed judgement of the risk potential. A general accepted correlation between
asbestos dontent and possibly resulting airborne asbestos fibre concentration by re-entrainment of
dust is not established.

A significant difference between direct transfer samples for determining surface.contamination g
filter samples for air measurement is in the more common appearance of fibrous structures wh
dimensior}s are larger than those of alveolar fibres. The analysis of air samples.is performed to determ

ns.
for
nd
the
the

nd
hse
ine

the concenmtration of respirable fibres; the analysis of direct transfer dust,samples, in contrast, is d¢ne

more accqrding to the risk (fibre potential) to generate respirable fibres. Surface dust samples
frequently taken in connection with asbestos abatement or other evefits, where spreading of asbes
containing dust is expected and has to be judged.

The meth¢d can also be used for the determination of surface contamination of other fibrous structu
like man-made mineral vitreous fibres.

hre
Los

‘eSS
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Indoor air —

Part 27:
Determination of settled fibrous dust on surfaces by SEM
(scanning electron microscopy) (direct method)
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Scope

s part of ISO 16000 specifies a method giving an index for the numerical concentration
uctures with fibres equal or greater than 0,2 pm in diameter in settled dust_on surfaces
ssification into specific substance groups (e.g. chrysotile, amphibole asbestos; other inorga
5 primarily applicable to indoor areas, but it is also suitable for certain outdoor situations. 4

hlytical method for evaluation of the collected samples by scannitdgelectron microscopy.

e analytical sensitivity depends on the area examined and can be as low as 10 structures/

the purpose of this part of ISO 16000, an asbestos or fibrous structure is defined as an a
her inorganic/organic) fibre-containing particle regardless of its diameter.

b use of the sampling method described is limited,. dépending on the structure and type of t
nor roughness and curvature) and the thickness'of dust layer. If the dust layer is too thic
er can be sampled by other means and eventually analysed as powder sample.[3] [4]

5 assumed that the settled dust has particle diameters mostly below 1 mm.
Normative references

ispensable for its application. For dated references, only the edition cited applies. Fo

22262-1, Air quality>— Bulk materials — Part 1: Sampling and qualitative determination of
hmercial bulk materials

Terms and definitions

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

erences, the latest edition’of the referenced document (including any amendments) applieg.

of fibrous
and their
hic fibres).
L sampling

hnique for collection of settled dust using adhesive tape is describédy The method incorporates an

The result
hg classes.
m2,

Sbestos or

he surface
K, the dust

e following documents, in whole or in part, are normatively referenced in this documeft and are

r undated

isbestos in

3

abatement
activity undertaken to control the potential emission of asbestos fibres from an asbestos-containing
building material by removing, enclosing, or encapsulating the material or by repairing damaged
material

3.2

ambient sampling
air sampling to determine the airborne asbestos fibre concentration in the immediate vicinity of the
building exterior

© IS0 2014 - All rights reserved
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3.3

analytical sensitivity

calculated asbestos structure concentration, equivalent to counting of one asbestos structure in the
analysis

3.4

asbestos

term applied to a group of silicate minerals belonging to the serpentine and amphibole groups which
have crystallized in the asbestiform habit, causing them to be easily separated into long, thin, flexible,
strong fibres when crushed or processed

Note 1 to entry: The Chemical Abstracts Service Registry Numbers of the most common asbestos varieties 11”6:
chrysotile [[12001-29-5), crocidolite (12001-28-4), grunerite asbestos (amosite) (12172-73-5), anthephyllite
asbestos (17536-67-5), tremolite asbestos (77536-68-6), and actinolite asbestos (77536-66-4).

3.5

asbestos [fibrous) structure
term appljed to an individual asbestos, other inorganic or organic fibre, or any connected or overlappjng
grouping ¢f those fibres or bundles of (asbestos) fibres, with or without other particles

3.6
aspectratio
ratio of lepgth to width of a particle

3.7
blank
unused adhesive tape submitted for analysis as a control

3.8

bundle
structure [composed of three or more fibres in a parallel arrangement with the fibres closer than ¢ne
fibre dianeter to each other

3.9

cluster
structure [in which two or more fibres, or bundles of fibres, are randomly oriented in a connected
grouping

3.10
electron diffraction
technique|in electron micrescepy in which the crystal structure of a small area of a sample is examiged

3.11
energy-dispersive X-ray analysis
determindtion of elemental composition through measurement of the energies and intensities of X-rays
by use of 4 solid-state detector and multi-channel analyser system

3.14
fibre
elongated particle with a length/diameter ratio of more than 3:1 and in this part of ISO 16000, equal or
larger than 0,2 pm

3.15

indirect preparation

method in which a sample passes through one or more intermediate steps prior to final filtration; the
particles are removed from the original medium and deposited on a second filter prior to analysis

3.16

limit of detection

numerical fibrous structure loading that will not be exceeded at a probability of greater than 95 % by
the actual fibrous structure loading, if no asbestos structures are detected during analysis

2 © ISO 2014 - All rights reserved
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3.17
magnification
ratio between the size of an object in a microscope image and the actual size of the object

Note 1 to entry: The magnification information refers to the monitor screen upon which the evaluation is
performed.

3.18

matrix

structure in which one or more fibres, or bundles of fibres, touch, are attached to, or partially concealed
by, asi . e .

adhesive tape (thathas notbeen taken into the field) processed in accordance with thé\entire preparation

mgn-made vitreous fibres, also called man-made mineral fibres\(MMMF) and synthetic vitrdous fibres
(SYF), are a group of fibrous, non-crystalline inorganic fnaterials, generally aluminium qr calcium

4 | Symbols and abbreviations

4.1 Symbols

n the number of structurescounted

Au the lower 95 % confidence limit of a structure count made by either SEM or TEM

Ao the upper 95 %-confidence limit of a structure count made by either SEM or TEM

a statisticalsignificance level

B backgreund level of an X-ray spectrum

D fora structure count of n, the value of the x2 distribution with 2 n degrees of freedom

and a significance level of (1 - o/2)

E for a fibre count of x, the value of the x2 distribution with 2(x + 1) degrees of freedom
and a significance level of a/2

A area evaluated on the sample (adhesive tape) by SEM

P peak height of a peak in the X-ray spectra

S count result of an individual fibrous structure type i

Sw,l weighted count result of an individual fibrous structure type i
Z atomic number

© ISO 2014 - All rights reserved 3
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4.2 Abbreviations

ATS adhesive tape sampling/evaluation by SEM

ED electron diffraction

EDXA energy dispersive X-ray analysis

FWHM half-width of the Mn Ky peak of a X-ray detector
PCM phase contrast optical microscopy

SEM scanning electron microscopy

TEM transmission electron microscopy

UTW ultra-thin window of the X-ray detector

MMVF man-made vitreous fibres

5 Pringiple

Dust is collected on an adhesive medium (e.g. tape), which is presséd, on to the surface being samplied.
The sampling medium, or a piece of it, is prepared as a sample for examination by SEM/EDXA. The
sample is pxamined using SEM without any modification to the.cellected dust. In the course of this, the
fibrous stfuctures are measured according to defined criteria on randomly selected fields of view|all
over the efitire sample, counted, and classified according te;substance. EDXA spectra are used to clasdify
fibrous stfuctures into compositional categories. The concentration of the fibrous dust on the surfafes
is calculatied from the number of counted and classified’structures and the analysed sample area. Affter
applying different weighting factors to fibrous structures according to their sizes, fibre loadings are
reported 4s one of four loading categories.

6 Appdratus and material
6.1 Equipment and materials for adhesive tape sampling and preparation

6.1.1 Cdnsumables for sampling.
Sampling medium:

— adhesdjive tape

— aluminitm or copper tape, acrylic tape (transparent) or adhesive carbon tape/backsjde
aluminium or copper;

— carbon pads
— diameter: 13 mm or 25 mm;
— sample container, clean, sealable used for transporting the sample into the laboratory.

NOTE Depending upon usage, the carbon pad can be taped directly onto the SEM sample tray.

6.1.2 Routine electron microscopy tools and supplies.

Tweezers, scalpel, or scissors for producing samples of suitable size for SEM, double-coated adhesive
tape (carbon) or colloidal carbon paint, SEM specimen stubs, gold, or carbon suitable for coating of the
sample in the specific sputter coater or evaporator.

4 © ISO 2014 - All rights reserved
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6.1.3 Stereomicroscope, for visual examination of the settled dust in the sample, magnification

approximately 20x.
6.1.4 Sputter coater or vacuum evaporator for coating with gold or carbon.
6.2 Equipment and material for analysis

6.2.1 Scanning electron microscope, with an accelerating voltage of at least 20 kV, is re
fibrous structure counting and identification.

quired for

6.1.2 SEM equipped with an energy dispersive X-ray analyser, capable of achieving.a
better than 170 eV (FWHM) on the Mn-K, peak. The performance of an individual combinat

andl solid state X-ray detector is dependent on a number of geometrical factors. Accordingly, thlE

performance of the combination of the SEM and X-ray analyser is specified in terms ofthe meas|
intensity obtained from a chrysotile fibre of width 0,2 pm, under the operating conditions used
anglysis. Some solid state X-ray detectors are least sensitive in the low energy-région, and so d
sodium in crocidolite is an additional performance criterion. An UTW (ultra-thin or windowles
is preferable, but not mandatory unless the analysis is to include identification of fibres with 7
ingtrumental combination must satisfy the minimum requirements with regard to the visibilit]
as |n Annex B.

6.
de

.3 Resolution test sample. Test sample on which chrysotile fibres with a width <0,2 pm
osited, is required for adjustment of the operating conditions of the SEM.

resolution
n of SEM
required
ured X-ray
during the
btection of
) detector

<11. The
y of fibres,

have been

6.1.4 Magnification calibration test sample. actest sample is required in order to calibrate the

madgnification of the SEM. The magnification standard SRM484e (U.S. National Institute of Stan
Te¢hnology) is an example of a sample which meets the requirement.

Sampling

Measurement planning

ost countries the estimation of risks due to asbestos fibres is based on the determination o

dards and

[ exposure
hation, for
isurement
compared

e number

aTnty in the

mpare the

irements)

lls and the

Furthermore, when planning the measurements, it must be taken into account that thicker dust layers
cannot be examined quantitatively as described in 8.2.1 and 8.2.2.1. These might require a different
sampling procedure or might need to be collected as powder samples.

The deposition of dust is influenced by a variety of factors. Also the frequency of cleaning of the sampled
surface is an important factor. Different influences such as orientation of the surface, air movements in
the area and others not mentioned, which might be of importance for the evaluation of the results, shall
be considered and, if necessary, recorded in the sampling protocol.

© IS0 2014 - All rights reserved
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7.2 Measurement objectives and sampling sites

As mentioned above, the measurement objectives are often part of planning and performing asbestos
abatement work, but measurements might also be of interest for documenting the status quo. The
determination of man-made vitreous fibres in settled dust can also be part of the measurement objective,
if in the course of construction, for instance, complaints arise regarding skin irritations which are
generally caused by relatively thick fibres. The determination of the inorganic fibre content (asbestos,
MMVF) of samples of settled dust principally offers answers to the following questions.

— Are inorganic fibre dusts (asbestos/MMVF) present at certain locations?

— How lprge is the concentration per surface area of defined fibrous structures?
— How lprge should the area of containment be?
— Whatlis the size of the area requiring cleaning efforts?

The measprements are also affected by the facility and the planned changes to it--Qnce defined, the
measurenjent objective determines the selection and number of sampling points, Situations can reqult
where samples are taken not only from horizontal, but also from vertical surfaeces. When analysing the
results, the difference in character regarding particulate deposits on samples-taken horizontally dnd
vertically must be considered. The results cannot be directly compared witheach other. Samples talken
vertically have usually a lower loading both with fibrous and non-fibrous'particles

It should We noted that samples collected by adhesive tape are very)small in relation to the areas of the
building being examined, so that the samples might not be representative.

Measurenjent objectives and the relevant sampling sites are surnmarized in Table 1.

Table 1 — Measurement objectives inithe analysis of surface dusts

Objective Sampling site Comments
1 Identification of damages to Surfaces whitch were cleaned shortly before the |Ifrequired, analysis of sath-
asbestos-containing products in the |event. ples from areas not cleangd
case off in advance before reme-
o handli d diation is undertaken in the
improper handling an building.
— indident, e.g. as a result of bad
weather or fire.
2 Analykis of asbestos fibre con= Surfaces visibly covered with dust taking the set-
taminption, e.g. before demelition, |tling of dust over time into consideration (during
remodelling, in particular-concern- |construction, incidents, normal building usage)
ing wgrk done on areas'not belong- der floati d
ing tolthose used for activities. — underlloating screed,
— in hollow spaces in walls and niches,
— in suspended ceilings,
— ininstallation areas, and
iall 1 daas 1 L1l ol
CDPCLlﬂlly UITCTICTULTIUAr CAvUlIl s, ITITidr SUT
faces, sheets, and other smooth sedimentation
surfaces, where applicable with electrostatic
characteristics.
3 Containment of contaminated areas. | — at staggered distances; Air movement must be taken
. . into consideration regardin
— inrooms adjacent to the damaged product. this g J

6 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=7dc3f3ec1fa414a5fb5716fdc9072d4b

ISO 16000-27:2014(E)

Table 1 (continued)
Objective Sampling site Comments
4 Determination of possible asbestos |In older dust deposits found in uncleaned areas
fibre contamination of products not |that provide a history of the building; e.g.
visibly damaged or asbestos-con- behind di
taining products installed in hidden | ehind or on radiators,
locations. — inventilation channels,
— on top of cupboards,
— onsills,
— on support beams,
— on machine installations at high locations,
and
— in reworked break-throughs.
5 Checking cleanliness of the surfaces |— atalocation with indications of residual dust;
of furniture, tools, ventilation sys- . | | . i ired
tems (negative pressure units, etc. — ata representatlve clean location, 1 required.,
following abatement.
6 Assessment in areas of former — old dust deposits; To be taken as pojvder
asbestos usage, e.g. in factory halls K holes in floor- samples, if requirjed (see
and production sites in which asbes- | cracks or holes in foor; Annex D).
tos products were typically used or | — under floor and wall coatings;
manufactured.
— machinery installations@t high locations,
e.g. crane rails.
7 Spread of asbestos or asbestos con- |— pathways;
taining particles outdoor.
— sealed surfaces;
Following fires, explosions or other itable pl f
emission of asbestos containing — suitable plant surfaces.
dust.
7.3 Number of samples
It i advantageous to organize the méasurements so that a larger number of contact sampleg are taken
thgn are ultimately needed fortamalysis. In this case there are further samples for analysis on hand
for] use should unforeseen knowledge be gained or doubt arise about the representative nafjure of the
samples. The relatively minimal effort required for sampling in comparison to the analysis [allows for
th;[F approach. The samples which are not analysed are to be kept as archived samples. The humber of
comtact samples to bé-taken depends on the measurement objective. If areas are included &s cleaned
argas in terms of-abatement measures, for example, then the number and spatial distribution of the
comtact samplesdre larger than in terms of random sample testing to assess cleaning procedyires.
ParticulateJoading of a surface with dust is generally not homogenous. In particular, if sources of
fibrous contamination are nearby, then very different particulate loading is to be expected flepending
on|distance, direction of air flows, and size of the emitted particles. Different numbers of sgmples are

ne

pded for an assessment of the situation depending upon the question being asked (see Tabl 1).

The number of samples depends inter alia on the surface to be analysed. Table 2 lists the minimum
number of samples to be taken in a room depending on its floor space

© IS0 2014 - All rights reserved
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Table 2 — Minimum number of samples per space depending on floor area

Area Minimum
m?2 number of samples
<30 3
30 to 100 5
100 to 500 7
500to 1 000 10
>1 000 >10
NOTE [n Reference [7], the number of samples needed for the comparison of two environments as a functlion

of the antidipated difference in surface loading is calculated on a statistical basis.

7.4 Requirements on the sampled surface

Sampling fan be performed only on dry surfaces. During sampling, ensure that the;sampling medijim
comes int contact with the surface over the whole area of the sample. This method can only be used|on
relatively pmooth surfaces, especially if rigid adhesive media are used (e.g. carbon pads on SEM samjple
stubs). When sampling the surfaces of construction media such as concrete; pores or cavities might
occur within the sampled area. Pores and cavities should be avoided as far‘as possible. Rough surfafes
are less syitable for sampling by this method.

7.5 Sampling procedure

7.5.1 Sample size

An area of at least 1 cm2 must be covered by the sampling medium. It should be possible to prepare the
entire adHesive surface with particulate loading forexamination with SEM.

7.5.2 Method

7.5.2.1 Invisible or thin layers of dust

To analysg¢ a dust deposit, the sampling medium is pressed with the adhesive side down on the sampljng
site and then removed carefully~The medium can only be pressed once on the sampling site in ordef to
ensure a clear cross-reference€to’the sampling point. Pushing motions are to be avoided when taking the
contact sample. If adhesivetape is used as sampling medium, a strip approximately 5 cm long is cut frpm
the roll. After removingthe protective layer of the tape, the strip is pressed on the sampling point gnd
lifted again. During sampling care should be taken that the adhesive tape is not deformed.

The strip fis then-pldced into the transport container. Transparent round containers with a diameter

of approximately~70 mm and a height of at least 10 mm have proven to be well suited for this purpqgse.
The strip fistaped to the bottom of the container by bending the two ends so that the collection afea
is facing up- i i i id—When

using carbon pads on sample trays, transport is better carried out in one of the transport containers
offered by the manufacturer. The sampling tray is usually fixed in the base of the container and then a
transparent hood is placed as a protective cover above.

During transport of the samples, care shall be taken to ensure that no changes to the sample particulate
loading occurs due to contact, of the sample with the transport container.

Another possibility for transport is offered by encapsulating the sample in a pocket consisting of two
different components. For instance, one side can be the label, the second the component, plastic-coated
paper (without adhesive). Both components are clearly larger than the adhesive tape. The tape sample
is laid in the pocket so that the adhesive side is facing the non-adhesive, plastic-coated component. The
pocket is subsequently closed by pressing the two components together. When following this procedure,

8 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=7dc3f3ec1fa414a5fb5716fdc9072d4b

ISO 16000-27:

2014(E)

it is to be ensured that no noticeable portions of the dust layer for analysis sticks to the plastic-coated
component.

The sample should be clearly labelled, either directly on the container or with a permanently adhesive

lab

el. The lettering must be permanent (water-proof).

7.5.2.2 Thicker layers of dust

To determine the fibre content of heavier layers of dust and to record the deposition of dust over time,
a different method is necessary for samphng Multlple pleces of the sample medium are needed for

an
thi
be

7.6
Re

If {
dia
A

q

—_—

If

dlldl_yblb LU uULulllCllL LllC UUDL ldyCl lll ll.b CllLll CL_y lllC llulllUCl Ul bdlllpltb lb Ul u—:uu—;u L
ckness of the dust layer. Sampling is conducted repeatedly at the same point until all the
b1 collected. Each piece of medium should be briefly pressed only once on the samplihg po

p Sampling record

cord the details for each sample, and include at least the following informadtion:
sample designation;

exact description of the sampling point for each sample:

— building;

— room and room size (floor area);

— position in room (horizontal/vertical);

— surface type (material, structure).

gram, take a photograph or make a note-on a building plan.
o, record
date of sampling,
name of person who took'sample,
measurement objective (e.g. according to Table 1), and
reason for the selection of the sampling point(s).

ther relevant/information is available for the sample, document this in the sampling recor

ward the
b dust has
nt.

his information does not sufficiently document the details of the sample, make a supplemental
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Sampling according to ISO 16000 Part 27

Date: Name:

Building:

MeasUyrement objective:

Sample number / designation: Sampling point;
Positign (horizontal/vert.): Surface type;
Room; Floor area of room;
Map [ Diagram O Photo O

Other |[nformation:  (e.g. reason for the selection of the sampling point)

Figure 1 — Example of a sanipling record

8 Analysis (SEM)
8.1 Adjpstment of the SEM

8.1.1 Magnification and accelerating voltage

Fibre strufture counting is carried-out using two different magnifications. The smaller magnificatiof is
in the range from 300x to 400x..The higher magnification is 1 000x.

For identification by EDXA a‘higher magnification (5 000x or higher) might be needed, depending on the
width of the structure{The accelerating voltage for the SEM is both for counting and EDXA 15 or 20 kV.

Adjust thg SEM such that fibres with a width of approximately 0,2 um are just visible at a magnificatjon
of 1 000x [see Annex B).

The sample‘shall not be tilted to an angle greater than 20 ° when counting the asbestos structures.

8.2 Procedure

8.2.1 Sample preparation

When adhesive tape has been used, the particulate loading of the part of the tape used for sampling is
initially examined under the stereomicroscope to determine if the sample homogeneity is satisfactory.
A section with alength of atleast 1 cm is chosen, if required cut out using preparation scissors and fixed
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to a prepared stub. Depending on measurement objective, plasma ashing of the sample to remove any
organic material can be performed if necessary. The sample is then coated with gold or carbon.

NOTE

When coating samples with carbon or gold, attention must be paid that the sample is not heated such

that the adhesive begins to melt. After coating, craquelure (crazing) can be partially observed on the surface. This
can make analysis more difficult, but is generally without significance as long as the adhesive layer has not been
noticeably altered by over-heating.

8.2.2 SEM examination

8.

First, atleast 10 mm?2 of the sample surface (minimum of 25 image fields) is examined forfibre

at

2.1 Sample area to be examined

btructures

he lower magnification (300x to 400x). Subsequently, 1 mm?2 of the sample surfacelis anglysed at a
mdgnification of 1 000-fold magnification. The analysis can be terminated if 60 weighted fibre

tructures

(sefe Clause 9) have been found. Fibrous structures seen in addition under highey (EDX) magnification

an
sel
fie

8.4.2.2 Fibre structure counting rules

| structures <5 pum in length are not counted. The image fields to be examined shall be

d.

matrix (see Clause 3).

randomly

ected over the entire surface of the contact sample (approximately 1 cmg)iavoiding overlags of image

All fibre structures (containing visible fibres of the type, 'searched for (asbestos or MMVF) are
counted and divided into the four categories of individaal fibre, fibre bundle, fibre clustet, and fibre

— | If a fibrous structure covers more than an eighth‘of the image field, this is to be noted ih the fibre
count form.

— | All fibrous structures extending beyond the’image field are counted.

NO[TE Sizing (length/width) of the counted (asbestos) structures can be done, but is not mandatdry.
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28.8 k'™ 16 mm

Fibre cluster

Individual fibre

LS TR .s.8

Fibre cluster Fibre matrix, coverage of more than an eighth

Figure 2 — Several examples for applying the fibre counting rules
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8.3 Fibre classification by EDXA

8.3.1 General classification criteria

The fibres are classified by means of the EDXA spectra. Firstly, the peak heights, P, and the background
level, B, are evaluated by means of the ratio:

(P + B)/B and assigned to one of the three following categories:

— Category A: (P+B)/B=4

— | CategoryB:2<(P+B)/B<4
— | Category C: (P + B)/B < 2 and significantly detected (P > 3 \/E)

Filres are classified as inorganic fibres if the EDXA spectrum contains a signal of category A of B, taking
acqount only of elements with atomic number Z = 11 (i.e. from Na onward).

NO[TE Numbers given above for (P + B)/B ratios are dependent from the energy‘resolution of the dgtector. For
resplutions of 130 eV or less: you can use 6 instead of 4 and 3 instead of 2.

The criteria listed in Table 3 apply to the interpretation of the spectraxIt is possible on the badis of these
criferia to distinguish only between silicate fibres with chrysotile-like or amphibole-like sgectra and
thg other fibre classes mentioned.

Table 3 — Criteria for interpretation of EDX spectra

Filpre class Criteria

Ch|rysotilea Mg and Si peaks: category A or B
Fe, Mn, and Al peaks: category C

(further peaks are possible depending on attjached or
adjacent substances, e.g. Ca, Cl)

Amphibole asbestosb Si and Fe peaks: category A or B
(all‘)

osite, crocidolite) Mn, Mg, Na peaks: category C possible

(further peaks are possible depending on attlached or
adjacent substances, e.g. Ca, Cl)

Cajcium sulfate (gypsum) Distinct Ca peak, S peak present

(further peaks are possible if the calcium sulfate is not
chemically pure)
Fibres with a spectrum which does not satisf{y the

above criteria but contains at least one elemént peak of
category A or Babove Z2 11

Other inorganictibres

Fibres with a spectrum which contains no element

Organicfibres
peak of category Aor B for Z> 11

a  This criterion is also satisfied by the amphibole asbestos anthophyllite and by talc fibres which, however, are usually
distinguishable from chrysotile through their lower Mg/Si ratio.

b [f the Ca-containing amphibole asbestos types actinolite and tremolite are present in the sample, it should be noted
that the Ca peak must be definitively in category A or B and that Mg (tremolite) might occur in addition to or instead of Fe
(actinolite). If anthophyllite is present, in the case of an Mg-rich variant an A or B peak must be present for Si and Mg. Fe then
occurs only as subsidiary component. The Mg content decreases as the Fe content increases. It should generally be noted
that the amphibole asbestos variants tremolite, actinolite, and anthophyllite were used to only a small extent in industrial
products. Fibres whose Mg/Si ratio is distinctly lower than chrysotile might be fibrous talc particles or fibres of the
amphibole asbestos anthophyllite. It is possible to distinguish between chrysotile and talc or anthophyllite by quantitative
elemental analysis. Talc and anthophyllite fibres can be reliably distinguished on the basis of differences in their crystal
structure through electron diffraction using the transmission electron microscope.

It is important to recognize that, during acquisition of an EDXA spectrum from a fibre, scattering of the
electron beam might result in emission of X-rays from particles attached to, or in close proximity to the
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fibre being analysed. The EDXA spectrum obtained might therefore contain contributions from these
particles, and the spectrum might contain X-ray peaks from elements that are not present in the asbestos
varieties. In these cases, attempts should be made to acquire EDXA spectra from several positions on
the fibre, as far away from adhering or adjacent particles or fibres as possible, in order to minimize the
contributions from the other particles.

8.3.2 Additional classification criteria for asbestos varieties

8.3.2.1 Serpentine (chrysotile)

Classify a fibre as serpentine (chrysotile) if
a) the Mg and Si peaks are clear, with (P + B)/B > 2 and
b) any F¢, Mn, and Al peaks are small, with P/B < 1.

NOTE1 [Depending on the composition of adjacent or attached particles, other peaks such@s.Ca or Cl might dlso
be visible.

NOTE 2  [Anthophyllite and talc both yield EDXA spectra which conform to this.specification, but the Mg/Si
peak height ratio for these minerals is lower than that for serpentine. In order to avoid’erroneous classificatiop of

talc or anthophyllite as serpentine, it is important to take account of the Mg/Si peak height ratio, and to calibijate
the EDXA detector using known samples of serpentine and talc.

8.3.2.2 Amosite

Classify a fibre as amosite if

a) the Sijand Fe peaks are clear, with (P + B)/B > 2 and
b) any Np, Mg, and/or Mn peaks are small.

NOTE Depending on any adjacent or attached particles, other peaks such as Ca or Cl might also be visible

8.3.2.3 (rocidolite

Classify a fibre as crocidolite if

a) the Ng, Si, and Fe peaks are-cledr, with (P + B)/B > 2 and

b) any pe¢ak from Mg is smallyand any Mn peak is small with P/B < 1.

NOTE Depending on'the’adjacent or attached particles, other peaks such as Ca or Cl might also be visible

8.3.2.4 Tremolite-or actinolite

Classify a fibre.das tremolite or actinolite if

a) the Mg, Si, and Ca peaks are clear, with (P + B)/B > 2 and
b) apeak from Fe can be present, but any Na peak is faint, with P/B < 1.

NOTE Depending on the adjacent or attached particles, other peaks such as Ca or Cl might also be visible.

8.3.2.5 Anthophyllite or talc
Classify a fibre as anthophyllite/talc if
a) the Mg and Si peaks are clear, with (P+B)/B > 2 and

b) the Mg/Si peak height (or area) ratio is consistent with that obtained on fibres of reference
anthophyllite or talc, and any peaks from Fe, and Ca are small.
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NOTE When using this additional analytical identification criteria see the remark given in Table 3 under b.

8.3.2.6 Reference EDXA spectra from standards of the asbestos varieties

For any particular fibre, the relative heights of the peaks in the EDXA spectrum vary with the
characteristics of the X-ray detector. In particular, the detection efficiency for X-ray peaks from low
atomic number elements is higher for ultra-thin window detectors than it is for standard beryllium
window detectors. Because each EDXA detector has different efficiency characteristics, it is necessary
to obtain reference spectra for each SEM-EDXA system, using standards of the asbestos varieties. A
series of such spectra, collected using an ultra-thin window detector, are shown as examples in Figure 3.

Th mﬂmmhrmame
of the EDXA detector might change with time, new reference spectra shall be obtained at'appropriate
intprvals, and particularly after any maintenance of the detector has been carried out;
Y A
5 000
5 400 - Mg
t 800
1 200
3 600
3 000
P 400
I 800
1 200
600

0

Y

a) Chrysotile (no gold coating)

5 000
b 400
4 800
4 200
3 600
3000
2400
1800
1200
600

y

@)
[O))

b) Amosite (no gold coating)
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1600
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800
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c) Crocidolite (no gold coating)
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1600
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1 000
800
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|

d) Tremolite (no gold coating)
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e) Actinolite (no gold coating)

y

'_
.
Y
}_

oorg

f) Anthophyllite (no gold coating)

Key
X keV
Y counts

Figure 3 — EDXA spectrum from fibre of reference asbestos varieties

8.3.2.7 Additional precautions during acquisition of EDXA spectra

During the acquisition of EDXA spectra, care must be taken to ensure that the electron beam is stable,
that the point of incidence is on the structure and that the beam does not drift off the structure during
the analysis. It is also necessary to ensure that the point of incidence of the electron beam is as far
as possible from any attached or adjacent fibres and/or particles, in order to obtain a spectrum from
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the structure with a minimum of interference. In some cases it is not possible to classify a structure
unambiguously. This could be because of interference by other particles or fibres, or because the peak
to background ratios are insufficient. When this occurs, annotate the data for these structures by an
asterisk and indicate the reason on the structure counting form.

8.3.3 Differential classification of other fibres

8.3.3.1 Inorganic product fibres

Fibres can be classified as product fibres only if the origin of these fibres can be attributed to a product
which is gresent on the vicinity of the sampling location. For this, it is necessary for the spectra of the
fibres on the filter to agree substantially with those of the product.

In order tp provide evidence a bulk material sample shall be taken according to ISO 22262+1.'The HDX
spectra of several thin fibres taken from different places from this bulk sample shall he compafed
with each| other. If relatively uniform spectra with coinciding element peaks and intensity pattefns
are detected, a list of characteristic elements can be derived from these spectra.~-The obtained list of
character]stic elements found in the material fibres can in principle be used to cldssify the fibres on the
sample collection filter.

For assigrfment as product fibres, the element spectra are recorded for 40 thin fibres in a dispersed
specimen [of each sample of material. An element is included in the list ‘of elements in the product in
category A if it is found in more than eight of these 10 fibres with a signal/background ratio of 23:1. |f it
is detectedl in more than six of the fibres in category A or B, i.e. withda signal/background ratio 21:1, put
does not sptisfy the condition for inclusion as an A element, it is regarded as a B element.

Concernirlg the comparison with the spectra on the sample'collection filters, the following procedure
is recomnjended: In the element list of the product fibres every element peak is classified in one of the
categorieqd A, B, or C in dependence on the relation (P #5)/B. Based on this classification scheme fibfes
originating from the air sample and attributed to the class “other inorganic fibres” can be classified as
product fipres if the EDX spectrum complies with €he following conditions.

a) Elemgdnts, the peaks of which are attributed to category A in the reference spectrum, must|be
detected with an intensity pattern acéording to category B.

b) Ofthgelements which are attribiited to category B in the reference spectrum at least on third mpst
be detected. If less than three-elements are detected in the bulk material reference spectrum, the
fibre is classified as a produet fibre even if none of these can be attributed to category B. Howevet, at
least ¢ne element shall meetthe category C criterion. For example, the EDX spectrum of a glass fibre
from the bulk sample might indicate the elements Na, Mg, Al, Si, K, and Ca, whereas the Na peal or
also the Al or Mg peakimight be missing. In any case the distinct peaks of Si and Ca are detected

The specification of-the above criteria for the classification of “other inorganic fibres” as product fibres
is a convention which might result in both an overestimation and underestimation of the actual prodjct
fibre concpntration.

8.3.3.2 OrganicTibres

Differentiation between different types of organic fibres is not possible. Prior information is necessary
for this. It can be helpful in some circumstances if the known original substances are available so that
morphological aspects features which can facilitate the assignment to defined types of fibres are to be
found in Reference [8].

The following points must be complied with to detect organic fibres.
— No cold ashing of the samples must be carried out.

— The permissible accelerating voltage shall be tested on the actual sample. It shall be ensured in this
case that fibres with a width of 0.2 um or, if fibres as thin as this are not present in the sample, the
thinnest fibres present can be identified.
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— Detectors without windows or with ultrathin windows should be used so that it is possible to detect
light elements from Z = 6 (carbon) upward. It should be noted in this connection that some light
element detectors greatly attenuate the nitrogen peak.

— Fibres are classified as organic fibres if the main peaks in the EDX spectrum exhibit elements with
Z < 11, especially C (except carbon fibres), O, and possibly N and F, Cl, or S might also be present.

9 Calculation and presentation of results

Along with a purely qualitative analysis (fibres of a certain category present: yes/no), the count results
in ¢onnection with the analysed filter area can be calculated as fibrous structures per cm2.To take the
higher potential of bundles, clusters, and matrices to release fibres, these structures are-weighted more
heqvily (see Table 4).

Table 4 — Weighting factors

Fibrous structure type Weighting factor
Individual fibre 1
Fibre bundle 5 (109)
Fibre cluster 5 (108
Fibre matrix 5+102)
a  With coverage of one eighth of thedimage field area by
the fibrous structure at 300 to 400-feld magnification. One
structure is weighted only once: either 5 or 10.

The weighted fibrous structures are calculated as follows:

4
25w,
—i=1

Zy = 2 )

whlere
Zw is the weighted countresult, in cm-2;
Sw,iis the weighted\count result of an individual fibrous structure type i;

A is the analyseéd sample area, in cm?2.

—

Alang withthe weighted count result, the number of the fibrous structures actually found anfd the total
anglysed.image field area should also be given. This is helpful for further (e.g. statistical) analyses.

Dug to'the substantial variability of fibre width, which can be caused, for example, by the inhofnogeneity
of fibre distribution on the surface connected with unavoidable, purely coincidental deviations in the
analysis, four classes characterized by on weighted count result are implemented (see Table 5). The
analysis and presentation of results are separated according to fibre types (asbestos, MMVF).

NOTE The numbers of (weighted) structures found at the two magnifications are added as well as the areas
examined.
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Table 5 — Division into classes (fibre type indicates asbestos, MMVF, other fibres)

Weighted Class
Analysis count result Zy
cm-2
No fibre type detected 0 0
Fibre type detected >0to 100

Surface clearly loaded with fibre ~100 to 500 2
type

Surface hpavity toadedwitirfibre >500 3
type

It is advispble to use the above classification instead of “precise” structure density figures,‘due to the
consideraple scattering of the measured structure densities, partially stochastically infltenced or que
to inhomqgeneities in the dust surface loading. The weighting of the structures is a‘convention gnd
takes intolaccount, that a multifibre structure (especially in the case of asbestos isthearing a risk) [for
generating a larger number of fibres, if further split up for example by mechanical.ihfluences.

10 Record of analysis
The recordl of analysis must contain the following information as a mififmum:

— the twWo magnifications set for the SEM (e.g. 300x and 1 000x);

— the sgmple area analysed at the particular magnification;

— imagdfield numbers of the fibrous structures found andthe associated identification characterisfjics
(fibrops structure, amphibole asbestos, chrysotile;MMVF).

NOTE [f in a fibrous structure different types of asbestos are found, this structure is to be either recorded as
only one agbestos type or an appropriate note is to,be made in the column for remarks. This prevents the fibrpus
structure from being counted twice.

An examp]e for a counting protocol is givenin Annex A.

11 Measurement uncertainty

11.1 General

Experiende shows thatthe’ examination of surfaces in rooms or buildings in which no asbestos-containjng
products are or have'\been used yields the result “no asbestos detected” in the majority of cases wlen

The measured value is determined, along with the random sample related deviation (11.2), through a
series of influential factors whose variables are not always known with precision and which generally
lead to a deviation of too low values. Thus, with some surfaces, e.g. concrete, it is to be expected that
micro-roughness, cavities, and pores will lead to inhomogeneous particulate loading of the samples.
Likewise, it is to be assumed that possibly not all fibres on the surface were removed with the adhesive.

Despite this, a positive detection of fibres according to this guideline is a very sensitive indication of
surface contamination. Both effect-directed indicators (alveolar fibres) and factors, which are useful
as indicators of future fibre release and the effectiveness of cleaning regimes are of interest. Therefore
a weighting for “multiple fibrous structures” (fibre bundle, cluster, matrix) has been introduced. This
approach makes analysis significantly easier and ensures that the direct advantage of contact samples,
namely the simplicity of sampling, is not heavily compromised by the necessity of great effort in the
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analysis. In this case priority is given to a larger scope of random samples (more individual samples)
than to the greater precision of the individual sample.

11.2 Random sample related deviation

The deposit of fibrous structures on the surface is subject to random distribution. The resulting
unavoidable random sample related deviation is identical in its structure to the expected deviation
concerning air measurements.

If a small area sectlon 1s observed (for 1nstance the area to be analysed later) and the tlme sequence

digtribution according to this guideline (see also SO 14966). Parameters influencing the rand¢m sample
relpted deviation and the calculation of confidence intervals are summatized in Annex C.

11,3 Deviations in analysis and weighting of the count results

Smlaller counting deviations can be expected compared to_filter analysis due to the relatively simple
counting rules for detecting fibrous structures (there are.nollength or average limits and no geparation
of multi-fibrous structures into individual fibres and sizing). Deviations are however caused py the use
of fwo magnifications. With the smaller magnification{300x to 400x), itis to be expected thatjindividual
fibfes with diameters of less than approximately 0j6:pum are not detected. Bigger asbestos ¢ontaining
strjuctures (d > 0,6 um) are counted more efficiently due to the low magnifications used. Thiqd leads to a
mdre mass oriented value, which is underlined‘if weighting factors are used.

The use of two different magnifications'\regarding differentiated counting of clusters would lead
to deviations due to the better resolution at higher magnification, since the individual fibfes can be
differentiated more from each otherxThe uniform weighting factors, among other things, ¢ounteract
this. The weighting factors are a convention. The resulting deviations cannot be quantified ekactly as a
reqult. This restriction is taken.into account through the general classification into only four flasses for
thg degree of the surface coftamination.

On| a set of four samplées) the following results have been achieved by four laboratories ffom three
different countries (se€/lable 6) using this method.

Table 6 — Comparison of results / weighted counting results (asbestos)/ division int¢ classes

Weighted fibre concentration
(cm=2)/class
Sample Laboratory 1 Laboratory 2 Laboratory 3 Laboratory 4
1 ANDLA ANARW/a) ANARW/a) ANARW/a)
X IVU/U A‘U/U IVU/U A‘U/\J
2 2300/3 1240/3 1482/3 2250/3
3 45/1 63/1 82/1 92/1
4 18/1 ND/0 ND/0 ND/O

ND = Not detected.

Deviations might vary depending from fibre type and particle loading of the sample.

11.4 Detection limit

Detection limit for the purposes of this guideline is understood as the fibrous structure density (cm-2)
below which, with 95 % probability, the actual density lies when no fibrous structures are detected

© ISO 2014 - All rights reserved 21


https://standardsiso.com/api/?name=7dc3f3ec1fa414a5fb5716fdc9072d4b

ISO 16000-27:2014(E)

during SEM examination. The detection limit depends on the examined sample area F. Provided that the
instructions specified in this guideline are observed, the detection limit is determined as follows: For
n =0 or Sw = 0 (no fibrous structures found), an upper limit is rounded up to a whole number A, = 4 for
the 97,5 % confidence interval.

NOTE In contrast to ISO 14966, here calculation is made for the value 0 with a unilateral 97,5 % confidence
interval and rounded up. This method takes several influential variables that are quantifiable only with difficulty
into account.

From this detection limit, D, results:

D== (2)

F islexamined sample area, in cm2.

For a sample area of 0,11 cm?2 analysed according to this guideline, a detection limit of 36 cm-2 exists|for
the fibroup structures.

12 Applications and instructions for use

12.1 General

In practicg, a series of questions arise which are only partially/addressed in the following. The transitjon
from the previously most used approaches to the method described in this guideline can possibly l¢ad
to other results. This applies not only to the classification and analysis of the end result, but alsd to
the way the count result is arrived at. Previously the sample was often initially examined at varyjng
magnificafions and then the more precise analysisiof the visibly loaded areas was performed at higher
magnificafion. This has the consequence that\the lower fibre concentration (<100 cm-2) is generglly
estimated| to be higher than the concentrations detected using this guideline. However, depending|on
method and criteria for analysis, the process’of examination was often prematurely terminated once the
relevant number of structures was foufid, possibly leading to lower assessments in the upper range af is
the case when following this guideline:

The clear fistinction between clusters, bundles, and matrices is not always possible. In these cases the
analyst myust decide which agsignment is to be made. The assignment is, however without importancg to
the final rpsult because bothy structures are weighted equally.

The countling rules and the corresponding definitions have been intentionally kept simple in ordeq to
not compromise thedctual advantage of contact samples, namely the ease of sampling, with a too hjgh
demand f¢r precision, as mentioned in 11.1 above. It is to be assumed that the deviation arising frpm
random s3dmpling in the final result is dominant in all cases and therefore a very detailed and compllex
analysis of the individual sample is not useful.

12.2 Sample requirements

The sample area to be analysed according to this guideline is 1 cm?2. This size has been chosen because
the SEM stub on some devices only allows a sample size of slightly more than 1 cm2. This sample size
has the advantage, however, that within such small area a more uniform presence of particles is to be
expected which leads to smaller variance of the single results. If sampling is performed using adhesive
tape, the total sample area available is clearly greater. The possibility exists here to create two or three
individual samples out of this. Whether this is useful, depends on the particular question to be answered.

If statistically-valid results are required for a project, the sampled surface should not incorporate any
large defects such as cavities or pores within the area of the collected sample, and the surface should be
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smooth, as tapes might vary in their collection, the same tape type must be used for the same site or if
comparisons between sites are made.

When using rigid media as adhesive material (e.g. carbon pads mounted on SEM stubs), it is especially
important for a valid result that in the sampled area there are no large, macroscopically evident particles
on the surface. This generally results not only in these particles adhering to the surface of the contact
sample, but also in a large portion of the sampled surface not coming into contact with the adhesive
medium.

12

.3 Summary of the results for multiple individual samples

De

fermination of an average value across multiple samples of one surface area is appropt

coptamination of two surfaces is to be compared. The requirement for this is that the.cont

wi

Sh
stry
ave

hin the particular areas can be assumed to be homogenous.

uld multiple individual results from one surface area be summarized, first the'unweighte

rage value Sy for this area.

S 25
M_ZFi

whlere

In
fib

Sh
ba
stn

If 4
DAY

F is examined sample area, in cm2.

loing this, it makes sense to initially add the individual fibre structures separately from th
Fe structures so that the final result can also be'weighted later, if required.

puld the average values of two areas be compared with each other, significance tests are

ucture density Sy calculated according to Formula (3).

he areas analysed in the samples from the two areas are different sizes, the sum of the
1 from the area F1 with thelarger analysed area is to be accordingly converted and rot

whole number:

D' Sia :int(ZSi'l I;—j]

whlere

%Si1 is'the sum of the structures from area F;

XS%1 is the normalized sum of structures;

iate if the
Amination

d counted

uctures S; are to be added together and applied to the total analysed area=This corresponds to the

(3)

e multiple

o be done

ed on the sum of the total found structures XS; (see 11.2) and not in the basis of the averdge fibrous

tructures
nded to a

(4)

F1 isarea1;

F> is area 2.
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Annex A
(informative)

Example of SEM structure counting form

|Page: of:
Sample N+.: Date: Name: WX
Magnifica]tion: Image field area (mm2): (\Q\
Stfucture no. Image field no. Type Structure n/\‘W‘e/ight
1 /
S
2 S
3 NY
=

4 o

5 O

6 X

7 QY

\

8 &\S

9 \AQ)

10 Q8

N

11 W

12 "9

13 . (;"

14 @)

15 N\

\\l

16 O

17 ('\U

18 &

19 7

A

n
Summary: structlis@:‘ounted/weighted result X

N
Keys to ab J@Eions
Type (asbestos fibres): Structure: Remarks:
C = chrysotile F = fibre
A = amosite B =bundle
CR = crocidolite C = cluster
AC = actinolite M = matrix
TR = tremolite
AN = anthophyllite

Other fibres specify type and label:
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Procedures for calibration and adjustment of the SEM

SEM specimen is examined at an accelerating voltage of approximately 15-20 kV and@mag
00x to 400x or 1 000x. For fibre identification in the SEM, an accelerating voltage of 1
ommended.

magnification onthescreenshallbecalibrated usingacertified commercially-available mag
ndard. It is important to recognize that the magnification value displayédyon some model
t applicable to micrographs produced by the recording system, and.not'to the viewing sq
play). The SEM examination is performed directly on the viewing-screen, and the mag
ibration must relate to the viewing screen.

ust the SEM such that fibres with a width of approximately 0,2 pm are just visible at a mag
| 000x.

s adjustment is performed by selecting a fibre on the,prepared sample, or on a test sam
st visible at the magnification of approximately 1, 000x used for structure counting. Th
fibre is then confirmed by measuring it at a m@gnification of 10 000x. Carry out this a

j
thiF
roytinely before each series of analyses.

sition the X-ray detector such that it subtends the largest possible solid angle at the specimg

TE1 Ona25cm x 16 cm CRT display25 image fields at a magnification of 1 000 correspond t

1 mymZ on the specimen.

NO
dia|

ling

0,2

B.

Th
of

Spé
pel

Th

TE 2  The width of the scan line (or pixel width for an SEM with digital imaging) on the sam
Imeter of the electron beam are:the factors which determine the resolution in the SEM. Provided th
width or the pixel width-dees not exceed 0,25 pm, no severe image degradation relevant to res
pum thick fibre longer than-5 um is observed.

D

Adjustmentiof the EDXA system

b largest passible solid angle of the EDXA detector system should be used. The operating p
the SEMiand the X-ray detector system shall be selected so that a statistically-accept
bctrum can be acquired from a 0,2 um width chrysotile fibre on the test sample within a
iod*of 100 s.

rnification
5-20 kV is

Fnification
b of SEM is
reen (CRT
Fnification

rmification

ple, which
e width of
djustment

n surface.

an area of

ble and the
at the scan
blution of a

hrameters
hble X-ray
maximum

e criterion for statistical acceptability requires, for peak height P and background level B:

P>3+B

(B.1)

with a minimum of 30 pulses in the channel corresponding to the maximum peak height for each of the
magnesium and silicon peaks and,

(P+B)/B>2

for each of the magnesium and silicon peaks.

©lI
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Annex C
(informative)

Random sample related deviation

The random sample deviation can be described by a Poisson distribution:

W s the probability;

<n> ils the average value of the number of fibrous structures on the surface area under considef
fion;

n is the count result (number of counted structures).

1)

For a courft result n, the 95 % confidence interval of the average valuge\leading to this count result is then

calculated as follows:

Ao

I (n) -exp{—(n)}-d(n)

2u =095

Jim"-exp{~(m}-d(n)

0

(¢

where

Aoand Ay are the upper and lower limits of the 95 % confidence interval of the average value <r
The confidence limits can-be’ calculated using the x2 distribution:

2)

—~—
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