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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
International

Draft Interna

Publication as an International Standard requires approval by at least 75 % of the member bodies casting

International
SC 3, Ambie

Annexes A t(

(TET)0on all maters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3:
ional Standards adopted by the technical committees are circulated to the member bodies
Standard ISO 13794 was prepared by Technical Committee ISO/TC 146) Air quality, Sub
ht atmospheres.

H form a normative part of this International Standard. Annex | is forinformation only.

for voting.
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committee



https://standardsiso.com/api/?name=e5636350c3943752e060c94a121bd24a

©1SO ISO 13794:1999(E)

Introduction

This International Standard is applicable to the measurement of airborne asbestos in a wide range of ambient air
situations, including the interior atmospheres of buildings, and for detailed evaluation of any atmosphere in which
asbestos fibres are likely to be present. Because the best available medical evidence indicates that the numerical
fibre concentration and the fibre size and type are the relevant parameters for evaluation of the inhalation hazards,
a fibre counting and measuring technique is the only logical approach. Most fibres in ambient atmospheres are not
asbestos, i [
atmosphe
based on

currently t
fibres foun
effort is e
expensive
positively

and instru
procedure

q y
es have diameters below the resolution limit of the optical mlcroscope This International Standard is
ransmission electron microscopy, which has adequate resolution to allow detection gf-gmall fibres and is

bestos. The
easurement
prohibitively
Es cannot be
s. Subjective
finition of the

ne only technigue capable of unequivocal identification of the majority of individual fibres of
d suspended in an ambient atmosphere can often be identified unequivocally, jf_stfficient
kpended. However, if each fibre were to be identified in this way, the analysis becomes
Because of instrumental deficiencies or because of the nature of the particulate, some fibr,
dentified as asbestos, even though the measurements all indicate that they could be asbestd
mental factors therefore contribute to this measurement, and consequernitly a very precise de
for identification and enumeration of asbestos fibres is required.
In addition to single fibres and bundles, asbestos is often found in_&irysamples as very complex|
structures|which may or may not be also aggregated with other particles. The number of asbestq
bundles ipcorporated in these complex structures often exceeds:the number of isolated fibres jand bundles
observed, [and many of them may be completely obscured in direct-transfer TEM preparations. The method defined
in this International Standard incorporates specimen preparationgrocedures that result in selective copcentration of
asbestos f[fibres, and removal of organic and water-soluble” materials. These procedures have the effect of
dispersing| the majority of the complex clusters and aggregates of fibres into their component fibres and bundles so
that the agbestos in the air sample can be more accurately quantified. All of the feasible specimen preparation
technique$ result in some modification of the aitborne particulate. Even the collection of partjcles from a
three-dimensional airborne dispersion on to a tweidimensional filter surface can be considered a modification of the
particulate, and some of the particles in mostisamples are modified by the specimen preparation procedures.
Although this method results in dispersal of complex clusters and aggregates, it minimizes other effec{s on the size
distribution of fibres and fibre bundles.

aggregated
s fibres and

This Interpational Standard is necessarily complex, because the instrumental techniques used are ¢gomplex, and
also becalise a very detailed and Jogical procedure must be specified to reduce the subjective agpects of the
measuremnent. The method of data recording specified in this International Standard is desigmed to allow
re-evaluatfon of the fibre countifig data as new medical evidence becomes available.

This Interpational Standard describes the method of analysis for a single air filter. However, one ¢
potential grrors in characterizing asbestos in ambient atmospheres is associated with the variability

f the largest
petween filter
e standard's

Comparisan-a
may not be done a priori. A site-specific intercomparison study must be done which takes into account
and type of asbestos, and also the nature of the source of the airborne asbestos.

er procedure
the fibre size
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Ambient air — Determination of asbestos fibres — Indirect-
transfer transmission electron microscopy method

1 Scope
1.1 Substance determined

This Interpational Standard specifies a reference method using transmission electron microscogy (TEM) for
determination of the concentration of asbestos structures in ambient atmospheres. “The specimen preparation
procedure| incorporates ashing and dispersion of the collected particulate, so-that all asbestos s measured,
including the asbestos originally incorporated in particle aggregates or particles of. eomposite materials| The lengths,
widths and aspect ratios of the asbestos fibres and bundles are measured, and these, together with the density of
the type df asbestos, also allow the total mass concentration of airbornefasbestos to be calculated.| The method
allows determination of the type(s) of asbestos fibre present. The method cannot discriminate betwgen individual
fibres of tHe asbestos and non-asbestos analogues of the same amphibele mineral.

1.2 Typq of sample

The methgd is defined for polycarbonate capillary-pore filters or cellulose ester (either mixed esters df cellulose or
cellulose hpitrate) filters through which a known volunig of air has been drawn. The method is| suitable for
determination of asbestos in both exterior and building atmospheres.

1.3 Range

The upper limit for the range of concentration-that can be measured on the analytical filter is 7 000 strlictures/mm?2.
The lower|limit of the range that can be .measured on the analytical filter corresponds to detection of 299 structures
in the areg of specimen examined. The air concentrations represented by these values are a function ¢f the volume
of air sampled and the degree of dilution or concentration selected during the specimen preparatior|] procedures.
The method is particularly applicable for measurements in areas with high suspended-particulate cpncentrations
(exceeding 10 pg/m3), or where detection and identification of asbestos fibres are likely to be preventefl or hindered
by other types of particulate-in direct-transfer TEM preparations. In theory, there is no lower limit to the dimensions
of asbestgs fibres which\can be detected. In practice, microscopists vary in their ability to dete¢t very small
asbestos fjbres. Therefore, a minimum length of 0,5 um has been defined as the shortest fibre to be incorporated in
the reported results?

1.4 Limif of . detection

The limit Of detection theoretlically can be lowered indefinitely by filiration of progressively larger volumes of air,
concentrating the sample during specimen preparation, and by extending the examination of the specimens in the
electron microscope. In practice, the lowest achievable limit of detection for a particular area of TEM specimen
examined is controlled by the total suspended particulate concentration remaining after the ashing and aqueous
dispersal steps, and this depends on the chemical nature of the suspended particulate. For total suspended
particulate concentrations of approximately 10 ug/m3, corresponding to clean, rural atmospheres, and assuming
filtration of 4 000 litres of air, an analytical sensitivity of 0,5 structure/litre can be obtained, equivalent to a limit of
detection of 1,8 structures/litre, if an area of 0,195 mm2 of the TEM specimens is examined. Lower limits of
detection can be achieved by increasing the area of the TEM specimen that is examined, or by concentration of the
sample during specimen preparation. In order to achieve lower limits of detection for fibres and bundles longer than
5 um, and for PCM-equivalent fibres, lower magnifications are specified which permit more rapid examination of
larger areas of the TEM specimens when the examination is limited to these dimensions of fibre.
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2 Terms and definitions

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

2.1

acicular

shape shown by an extremely slender crystal with cross-sectional dimensions which are small relative to its length,
i.e. needle-like

2.2
amphibole
group of roc -fnrming fnrrnmngnneillm silicate minerals, PInQnI\J/ related-in r‘rycf:\l form-and nnmpnei’rinn, and having

the nominal formula:

Ag-1B2CETg022(0OH,F,Cl)»
where

A isK,|Na

B is Fe2+, Mn, Mg, Ca, Na

C is Al Cr, Ti, Fe3+, Mg, Fe2+

T is SiJAl, Cr, Fe3+, Ti
NOTE In |some varieties of amphibole, these elements can be partially substituted by Li, Pb, or Zn. Amphibole is
characterized |by a cross-linked double chain of Si-O tetrahedra with@ Silicon:oxygen ratio of 4:11, by columnaf or fibrous
prismatic crysfals and by good prismatic cleavage in two directions parallel to the crystal faces and intersecting &t angles of

about 56° and|124°.

2.3
amphibole agbestos
amphibole in[an asbestiform habit

2.4
analytical filtgr
filter through|which an aqueous dispersion of ash from the sample collection filter is passed, and from which TEM
specimen grids are prepared

2.5
analytical semsitivity

calculated a|rborne asbestos” structure concentration, equivalent to counting of one asbestos structure in the
analysis

NOTE 1 Iti$ expressed in structures/litre.

NOTE 2 The method given in this International Standard does not specify an analytical sensitivity.

2.6
asbestiform
specific type of mineral fibrosity in which the fibres and fibrils possess high tensile strength and flexibility

2.7

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 The Chemical Abstracts Service Registry Numbers of the most common asbestos varieties are: chrysotile
(12001-29-5), crocidolite (12001-28-4), grunerite asbestos (Amosite) (12172-73-5), anthophyllite asbestos (77536-67-5),
tremolite asbestos (77536-68-6) and actinolite asbestos (77536-66-4).
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2.8

asbestos structure

term applied to an individual asbestos fibre, or any connected or overlapping grouping of asbestos fibres or bundles,
with or without other particles

2.9

ashed filter blank

fibre count made on TEM specimens prepared by the indirect procedure from a blank membrane filter of the type
used for collection of air samples

2.10
aspect ratio
ratio of length to width of a particle

2.11
blank
structure ¢ount made on TEM specimens prepared from an unused filter in order to determine thg background
measuremn|ent

2.12
camera lepgth
equivalent] projection length between the specimen and its electron diffraction pattern, in the absence of lens action

2.13
chrysotile
fibrous mineral of the serpentine group which has the nominal compasition

Mg3S[>05(0OH)4

NOTE Most natural chrysotile deviates little from this pneminal composition. In some varieties of chiysotile, minor
substitutior| of silicon by AI3+ may occur. Minor substitution gfimagnesium by AI3+, Fe2+, Fe3+, Ni2+, Mn2+ gnd Co2+ may
also be prepent. Chrysotile is the most prevalent type of ashestos.

2.14
cleavage
breaking gf a mineral along one of its crystallographic directions

2.15
cleavage fragment
fragment gf a crystal that is bounded by cleavage faces

2.16
cluster
structure i which two.ormore fibres, or fibre bundles, are randomly oriented in a connected grouping

2.17
direct-trangferblank
structure ¢ount*made on TEM specimens prepared by the direct-transfer procedure from a blank filtgr of the type
used for fikration-ofague e

cnarcinnc nf ach

1 n
SPCToONTS O oot

OHS
ooS

2.18
d-spacing
distance between identical adjacent and parallel planes of atoms in a crystal

2.19
electron diffraction
technique in electron microscopy by which the crystal structure of a specimen is examined

2.20
electron scattering power
extent to which a thin layer of substance scatters impinging electrons from their original directions
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2.21

empty beaker blank

fibore count made on TEM specimens prepared by the indirect procedure, using an empty beaker as the initial
sample

2.22

energy-dispersive X-ray analysis

EDXA

measurement of the energies and intensities of X-rays by use of a solid-state detector and multichannel analyzer
system

2.23

eucentric
condition in Which the area of interest of an object is placed on a tilting axis, at the intersection of the'elegtron beam
with that axig, and is in the plane of focus

2.24

field blank
filter cassettg¢ which has been taken to the sampling site, opened and then closed, and.the filter subsequently used
to determine|the background structure count for the measurement

2.25
fibril
single fibre gf asbestos which cannot be further separated longitudinally jiato/smaller components without losing its
fibrous propgrties or appearances

2.26
fibre
elongated pdrticle which has parallel or stepped sides

NOTE Fof the purposes of this International Standard, a fibre is defined to have an aspect ratio equal to or greater than 5:1
and a minimum length of 0,5 pm.

2.27
fibre bundle
structure composed of parallel, smaller-diameter fibres attached along their lengths

NOTE A flbre bundle may exhibit diverging fibres at one or both ends.

2.28
fibrous structure
fibre, or conrlected groupingloffibres, with or without other particles

2.29

funnel blank
structure coynt made on TEM specimens prepared by the direct-transfer method from a filter used fpr filtration
of a sample (ff distilled water

2.30
habit
characteristic crystal growth form, or combination of these forms, of a mineral, including characteristic irregularities

2.31

limit of detection

calculated airborne asbestos structure concentration, equivalent to counting of 2,99 asbestos structures in the
analysis

NOTE It is expressed in structures/litre.
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2.32

matrix

structure in which one or more fibres, or fibre bundles, touch, are attached to or partially concealed by, a single
particle or connected group of nonfibrous particles

2.33

Miller index

set of either three or four integer numbers used to specify the orientation of a crystallographic plane in relation to the
crystal axes

2.34
PCM-equiyalent fibre

fibre of aspect ratio greater than or equal to 3:1, longer than 5 um, and which has a diameter betweep 0,2 um and
3,0 um

NOTE FFor the purposes of this International Standard, PCM is the abbreviated term for phase-contrast opticgl microscopy.

2.35
PCM-equiyalent structure
fibrous strlcture of aspect ratio greater than or equal to 3:1, longer than 5 um, and-which has a diamgter between
0,2 um ang 3,0 um

NOTE FFor the purposes of this International Standard, PCM is the abbreviateddterm for phase-contrast opticgl microscopy.

2.36
primary stfucture
fibrous striicture that is a separate entity in the TEM image

2.37
replication
procedure|in electron microscopy specimen preparation-in which a thin copy, or replica, of a surface is made

2.38
selected afea electron diffraction
technique fin electron microscopy in which the-erystal structure of a small area of a sample is examined

2.39
serpentine
group of cpmmon rock-forming minerals having the nominal formula

Mg3S[>05(0OH)4

2.40
structure
single fibre, fibre burndle, cluster or matrix

2.41
twinning
occurrence of crystals of the same species joined together at a particular mutual orientation, and such that the
relative orientations are related by a definite law

2.42
unopened fibre
large diameter asbestos fibre bundle which has not been separated into its constituent fibrils or fibres

2.43

zone-axis

line or crystallographic direction through the centre of a crystal which is parallel to the intersection edges of the
crystal faces defining the crystal zone
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3 Abbreviated terms

DMF  Dimethylformamide

ED Electron diffraction

EDXA Energy dispersive X-ray analysis

FWHM Full width, half maximum

HEPA High efficiency particle absolute

MEC Mixed esters of cellulose

PC Polygarbonate

PCM  Phage-contrast optical microscopy

SAED Selefted area electron diffraction

SEM Scarjning electron microscope

STEM Scarjning transmission electron microscope

TEM  Tranpmission electron microscope

UICC Uniop Internationale Contre le Cancer

4 Principle

A sample of |airborne particulate is collected by drawing, a measured volume of air through either a capillary-pore
polycarbonate (PC) membrane filter of maximum pore”size 0,4 um or a cellulose ester (either mixed esters of
cellulose or ellulose nitrate) membrane filter of maximum pore size 0,8 um by means of a battery-gowered or
mains-powerned pump. A portion of the filter is"ashed in an oxygen plasma, and the residual ash is dispersed in
distilled watgr with adjustment of the pH to between 3,0 and 4,0 using acetic acid. Analytical filter$ are then
prepared by(filtration of known volumes «©f 'this aqueous dispersion through either capillary-pore PC membrane
filters of maxjmum pore size 0,2 um or cellulose ester membrane filters of maximum pore size 0,22 pm.

TEM specimens are prepared from PC analytical filters by applying a thin film of carbon to the filter surface by
vacuum evaporation. Small areas’are cut from the carbon-coated filter, supported on TEM specimen grids, and the
filter medium|is dissolved awayby a solvent extraction procedure. This procedure leaves a thin film of cafbon which
bridges the ppenings in the’nTEM specimen grid, and which supports each particle from the original ffilter in its
original positfon.

Cellulose ester analytical filters are chemically treated to collapse the pore structure of the filter, and the|surface of
the collapsed filtér is then etched in an oxygen plasma to ensure that all particles are exposed. A thin film} of carbon
is evaporatedl ‘onto the filter surface and small areas are cut from the filter. These sections are supportgd on TEM

specimen grids and the filter medium is dissolved away by a solvent extraction procedure.

The TEM specimen grids from either preparation method are examined at both low and high magnifications to
check that they are suitable for analysis before carrying out a quantitative fibre count on randomly-selected grid
openings. If the selected TEM specimen grid has too high a particulate or fibre loading, another specimen grid with
a lower filtered aliquot shall be selected for analysis. In the TEM analysis, electron diffraction (ED) is used to
examine the crystal structure of a fibre, and its elemental composition is determined by energy-dispersive X-ray
analysis (EDXA). For a number of reasons, it is not possible to identify each fibre unequivocally, and fibres are
classified according to the techniques which have been used to identify them. A simple code is used to record, for
each fibre, the manner in which it was classified. The fibre classification procedure is based on successive
inspection of the morphology, the selected area ED pattern, and the qualitative and quantitative EDXAs.
Confirmation of the identification of chrysotile is only by quantitative ED, and confirmation of amphibole is only by
quantitative EDXA and quantitative zone-axis ED.


https://standardsiso.com/api/?name=e5636350c3943752e060c94a121bd24a

©1SO ISO 13794:1999(E)

In addition to isolated fibres, ambient air samples often contain more complex aggregates of fibres, with or without
other particles. Some particles are composites of asbestos fibres with other materials. Individual fibres and these
more complex structures are referred to as "asbestos structures". The indirect specimen preparation procedure
permits the majority of these complex structures to be dispersed into their constituent fibres and fibre bundles,
allowing more precise quantification than is possible using the direct-transfer procedure.

A coding system is used to record the type of fibrous structure, and also to provide the optimum morphological
description of each structure. The two codes remove from the microscopist the requirement to interpret the fibre
counting data, and allow this evaluation to be made later without the requirement for re-examination of the TEM
specimens. Several levels of analysis are specified, the higher levels providing a more rigorous approach to the
identification of fibres. The procedure permits a minimum required fibre identification criterion to be defined on the

a Kaowieqage a K_Q a0 e _pa anpie emp nen _made 10

basis of pre A
minimum ¢riterion for each fibre, and the degree of success is recorded for each fibre. The lengths ang
classified $tructures are recorded.

The numbgr of asbestos structures found on a known area of the microscope sample, together with t
air filtered| through the sample collection filter, the proportion of the sample collectionfilter that wa
proportion|of the aqueous dispersion that was filtered, and the area of the analytical filtep are used to
airborne goncentration of asbestos, expressed in asbestos structures/litre of air, The mass con
asbestos ip calculated using an assumed density for the asbestos variety, and the'widths and lengths o

5 Appanatus
5.1 Air sampling
5.1.1 Filtgr cassette , for sample collection.

Field monitors, comprising 25 mm to 50 mm diameter three-piece cassettes with cowls which project Ig
in front of the filter surface, shall be used for sample collection. The cassette shall be loaded with eith
pore PC filter of maximum pore size 0,4 um or a cellulose ester [mixed esters of cellulose (MEC) or cel
filter of mgximum pore size 0,8 um. When the filter_iS in position, a shrink cellulose band or adhesive
applied to jprevent air leakage. Suitable precautions shall be taken to ensure that the filters are tightly ¢
assembly po that significant air leakage aroundithe filter cannot occur.

Representative filters from the filter Aot shall be analyzed as described in 8.8 for the presence
structures| and also tested for suitability’as described in annex H, before any are used for air sample cq

NOTE his method permits the\use of larger pore size cellulose ester filters for sample collection than the
size permitied in the direct-transfermethod in ISO 10312. The smaller maximum pore size is specified in ISO 10

achieve this
widths of all

he volume of
5 ashed, the
calculate the
centration of
f the fibres.

ss than 2 cm
er a capillary
ulose nitrate]
tape shall be
amped in the

of asbestos
llection.

naximum pore
B12 in order to

ensure thaf collected particulate-and fibres are retained close to the surface of the filter, which is required if the particulate and

fibres are tg be transferredtosthe TEM grid with high efficiency by the direct-transfer procedure. In this indirect-trg
the depth qf penetration-ef+particulate and fibres into the filter medium during sample collection is unimportant
they do not|pass throtugh'the filter.

5.1.2 Sampling{pump, capable of a flowrate sufficient to achieve the desired analytical sensitiv

insfer method,
provided that

ty. The face
bll provide a

velocity through the filter shall be between 4,0 cm/s and 70 cm/s. The sampling pump used sh
nonfluctuatimgair ftow throug i a ey T i 096

c c c dl VOIU Owrale 1O W

roughout the

sampling period. A constant-flow or critical-orifice controlled pump meets these requirements. Flexible tubing shall
be used to connect the filter cassette to the sampling pump. A means for calibration of the flowrate of each pump is

also required.

NOTE
of the airborne particles, the analytical result may vary with face velocity.

The sampling efficiency for a particular particle size varies with the face velocity. Depending on the size distribution

5.1.3 Stand, to hold the filter cassette at the desired height for sampling, isolated from the vibrations of the pump.

5.1.4 Variable area flowmeter,
required for calibration of the air sampling system.

calibrated, with a range suitable for determination of the selected flowrate as
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5.2 Specimen preparation laboratory

Asbestos, particularly chrysotile, is present in varying quantities in many laboratory reagents. Many building
materials also contain significant amounts of asbestos or other mineral fibres which may interfere with the analysis if
they are inadvertently introduced during preparation of specimens. It is most important to ensure that during
preparation, contamination of TEM specimens by any extraneous asbestos fibres is minimized. All specimen
preparation steps shall therefore be performed in an environment where contamination of the sample is minimized.
The primary requirement of the sample preparation laboratory is that a blank determination shall yield a result which
will meet the requirements specified in 8.8. A minimum facility considered suitable for preparation of TEM
specimens is a positive pressure, laminar flow hood. However, it has been established that work practices in
specimen preparation appear to be more important than the type of clean handling facilities in use. Preparation of
samples shal

| ba carried out-onlhy aftar acecantable hlank valuac hava haon damanctratad
—e-CatHea-BHt-ohy e acce ptanse-Praic e SHave-Be e -aeoRSHate -

NOTE Iti
area as TEM

5 recommended that activities involving manipulation of bulk asbestos samples not be perfornied in the same

pecimen preparation, because of the possibilities of contaminating the TEM specimens.

5.3 Equipment for analysis

5.3.1 Transmission electron microscope , operating at an accelerating potential_of 80 kV to 120 kV, with a

resolution bdg
ability to obtg
magnificatior
cannot be o

tter than 1,0 nm, and a magnification range of approximately 300X t0-100 000X shall be
in a direct screen magnification of about 100 000X is necessary foritspection of fibre morph
may be obtained by supplementary optical enlargement of the screen image with a bin
btained directly. The viewing screen shall be calibrated (such _as shown in Figure 1) with

used. The
ology; this
ocular if it
concentric

circles and th can be

measured in

h millimetre scale such that the lengths and widths of fibre images down to 1 mm wid
increments of 1 mm.

For Bragg amgles less than 0,01 rad the TEM shall be capable_ afiperforming ED from an area of 0,6 un2 or less,
selected from an in-focus image at a screen magnification of 20°000X. This performance requirement defines the

minimum separation between particles at which independent'ED patterns can be obtained from each [particle. If
SAED is usgd, the performance of an individual instrument may normally be calculated using thg following
relationship:

54 %5 +2000 Cq Eeeﬁz

A=0,78
where
A is the effective SAED area,.expressed in square micrometres (um2):
D is the diameter of the-SAED aperture, expressed in micrometres;
M is theé magnification*of the objective lens;
Cs is the spherical aberration coefficient of the objective lens, expressed in millimetres;
6 is th¢ maximum required Bragg angle, expressed in radians.

It is not possible to reduce the effective SAED area indefinitely by the use of progressively smaller SAED apertures,
because there is a fundamental limitation imposed by the spherical aberration coefficient of the objective lens.

If zone-axis ED analyses are to be performed, the TEM shall incorporate a goniometer stage which permits the TEM
specimen to be either:

a) rotated through 360°, combined with tilting through at least +30° to —30° about an axis in the plane of the
specimen; or,
b) tilted through at least +30° to —30° about two perpendicular axes in the plane of the specimen.
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Figure 1 — Example of calibration markings on TEM viewing screen

The analykis is greatly facilitated if the goniometer permits eucentric tilting, although this is not essential. If EDXA
and zone-axis ED are gequired on the same fibre, the goniometer shall be of a type which permits| tilting of the
specimen gnd acquisitioen of EDXA spectra without change of specimen holder.

The TEM ghall have an illumination and condenser lens system capable of forming an electron probe|smaller than
250 nm in|diameter.

NOTE se of an anticontamination trap around the specimen is recommended if the required instrumental performance is
to be obtained.

5.3.2 Energy-dispersive X-ray analyzer , capable of achieving a resolution better than 180 eV (FWHM) on the
MnKa peak. Since the performance of individual combinations of TEM and EDXA equipment is dependent on a
number of geometrical factors, the required performance of the combination of the TEM and X-ray analyzer is
specified in terms of the measured X-ray intensity obtained from a fibre of small diameter, using a known electron-
beam diameter. Solid-state X-ray detectors are least sensitive in the low energy region, and so measurement of
sodium in crocidolite shall be the performance criterion. The combination of electron microscope and X-ray analyzer
shall yield, under routine analytical conditions, a background-subtracted NaKa integrated peak count rate of more
than 1 count per second (cps) from a fibre of UICC crocidolite 50 nm in diameter or smaller when irradiated by an
electron probe of 250 nm diameter or smaller at an accelerating potential of 80 kV. The peak/background ratio for
this performance test shall exceed 1,0.
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The EDXA unit shall provide the means for subtraction of the background, identification of element peaks, and
calculation of background-subtracted peak areas.

5.3.3 Computer .
Many repetitive numerical calculations are necessary, and these may be performed conveniently by relatively
simple computer programs. For analyses of zone-axis ED pattern measurements, a computer with adequate

memory is required to accommodate the more complex programs involved.

5.3.4 Plasma asher , with a radio frequency power rating of 50 W or higher, for ashing of sample collection filters
and for preparation of TEM specimens from MEC filters. The asher shall be supplied with a controlled oxygen flow,

and shall b

modified, if necessary, to provide a valve to control the speed of air admission so th

t rapid air

admission ddg

NOTE Iti

5.3.5 Vacuy
deposition of
to be continu

es not disturb the particulate.
recommended that filters be fitted to the oxygen supply and the air admission line.
m coating unit , capable of producing a vacuum better than 0,013 Pa shall*be used f

carbon on the membrane filters. A sample holder is required which will allowayglass micros
pusly rotated during the coating procedure.

NOTE A
coating proce|
possibility of ¢
deposition of

of ED patterng.

5.3.6 Sputtgr coater
calibration of|ED patterns.

Other calibrafion materials are acceptable.

NOTE Ex

5.3.7 Beake

5.3.8 Vacuy
pump is suitg

5.3.9 Glass
porous supp
vacuum flask

5.3.10 Solv
carbon film
found satisfal

In general, ¢
acetone is us

echanism which allows the rotating slide also to be tilted through an angle-of approximately 459
ure is recommended. A liquid nitrogen cold trap above the diffusion pump may be used to
ntamination of the filter surfaces by oil from the pumping system. Theqactum coating unit may also
e thin film of gold, or other calibration material, when it is required OnyTEM specimens as an interna|

berience has shown that a sputter coater allows-better control of the thickness of the calibration mater
rs, of borosilicate glass, 50 ml capcity; as containers for plasma ashing of sample collection

m source, to provide a vacuum-of at least 20 kPa for the filtration of aqueous dispersions.
ble.

filtration apparatus , forthe filtration of aqueous dispersions. This consists of a filtration b
prt for the filter, a resetvoir with vertical sides, a clamp to hold the reservoir to the filtration b
or filtration manifold=A suitable apparatus is shown in Figure 2.

bnt washer (daffe washer), to allow dissolution of the filter polymer while leaving an intact e
upporting the-fibres and other particles from the filter surface. One design of a washer which
Ctory forarious solvents and filter media is shown in Figure 3.

ithef, chloroform or 1-methyl-2-pyrrolidone is used for dissolving PC filters and dimethylfor
edfor dissolving cellulose ester filters. The higher evaporation rates of chloroform and acetq

Dr vacuum
cope slide

during the
inimize the
be used for
calibration

(optional), with a gold target, for deposition“of gold onto TEM specimens as an internal

al.
filters.
A\ water jet

ase with a
hse, and a

vaporated
has been

mamide or
ne require

that a reservoir of 10 ml to 50 mI of solvent be used, which may need replenishment during the procedure.
Dimethylformamide and 1-methyl-2-pyrrolidone have lower vapour pressures, therefore much smaller volumes of
these solvents may be used. It is recommended that all washers be used in a fume hood, and when specimens are
not being inserted or removed, during the solvent dissolution the Petri dish lid shall be in place. The washer shall be
cleaned before it is used for each batch of specimens.

5.3.11 Condensation washer , for more rapid dissolution of the filter polymer, or if difficulties are experienced in
dissolving the filter polymer. The washer shall consist of a flask, condenser and cold-finger assembly, with a heating
mantle and means for controlling the temperature. A suitable assembly is shown in Figure 4, for use with either
acetone or chloroform as the solvent, depending on the type of filter.

5.3.12 Slide warmer or oven , for heating slides during the preparation of TEM specimens from cellulose ester
filters. It shall be capable of maintaining a temperature of 65 °C to 70 °C.

10
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¥ APPROXIMATE VOLUME

Key

1  Filtration reservoir 4  Filtration base
2  Clamp 5 Vacuum source
3 Porous support 6  Vacuum flask

Figure 2 — Example of filtration apparatus

11
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NOTE

12

So

Key
Il  Lenstissue 3 Electron microscope specimens
P Glass Petri dish (100 mm x 15 mm) 4  Stainless steel mesh bridge (50 mesh)

vent is added until the meniscus contacts the underside of the stainless steel mesh.

Figure 3 — Example of design of solvent washer (Jaffe washer)

[/}
LI
Key
1 Flask 5  Cold finger
2  Specimens 6  Cold water source
3  Condenser 7  Solvent
4  Water drain 8  Thermostatically controlled heating mantle

Figure 4 — Design of condensation washer

© SO
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5.3.13 Ultrasonic bath , for aqueous dispersal of ash from sample collection filters, and also for cleaning of
apparatus used for TEM specimen preparation. The power of the ultrasonic bath shall be sufficient to allow
absorption of energy into a 40 ml volume of water in a 50 ml glass beaker at a rate between 0,05 W/ml to 0,1 W/ml,
at a frequency of approximately 50 kHz.

5.3.14 Carbon-grating replica , with about 2 000 parallel lines per millimetre, to calibrate the magnification of the
TEM.

5.3.15 Calibration grids for EDXA , prepared from dispersions of calibration minerals, for calibration of the EDXA
system. Examples of suitable calibration minerals are riebeckite, chrysotile, halloysite, phlogopite, wollastonite and
bustamite. Prepare the mineral used for calibration of the EDXA system for sodium using a gold TEM grid.

5.3.16 Cgrbon rod sharpener.

NOTE The use of necked carbon rods, or equivalent, allows the carbon to be evaporated on to thefilters with a minimum
of heating.

5.3.17 Dipposable-tip micropipettes , capable of transferring a volume of approximately 50 ul for the pH
adjustment, and a volume of approximately 30 pl for the preparation of TEM specimen grids from cgllulose ester
filters.
5.3.18 Thermometer , with a range from 0 °C to 100 °C, for calibration of the tltrasonic bath.

5.3.19 Stppwatch , for calibration of the ultrasonic bath.
5.4 Consumable supplies

5.4.1 Celjulose ester filters (either MEC or cellulose nitrate) filters of maximum pore size 0,22 um pnd diameter
appropriate for the liquid filtration apparatus, for filtration of the aqueous suspension of residual ash.

5.4.2 Celjulose ester filters (either MEC or cellulose-nitrate) of 5 um pore size and diameter apprdpriate for the
liquid filtration apparatus, for use with the liquid filtration apparatus.

5.4.3 Polycarbonate filters , of maximum_ pore size 0,2 um and diameter appropriate for the liguid filtration
apparatus| for filtration of the aqueous suspension of residual ash.

5.4.4 Petridishes , for storage of analytical filters prepared by filtration of the suspension of residual ash.
5.4.5 Copper electron-microscope grids.
Two hundfed mesh TEM grids are recommended. Grids which have grid openings of uniform size slich that they
meet the fequirement of<8.7.2 shall be chosen. To facilitate the relocation of individual grid openings for quality
assuranceg purposes,. the use of grids with numerical or alphabetical indexing of individual grid| openings is

recommerjded.

5.4.6 Gold electron-microscope grids.

Two-hundke rements are
required in the flbre |dent|f|cat|on procedure GI’IdS which have grid openmgs of unlform size such that they meet the
requirement of 8.7.2 shall be chosen. To facilitate the relocation of individual grid openings for quality assurance
purposes, the use of grids with numerical or alphabetical indexing of individual grid openings is recommended.

5.4.7 Aluminium foil , for covering beakers during the plasma ashing and ultrasonic treatment steps. Aluminium
foil of 0,015 mm to 0,020 mm thickness is suitable.

5.4.8 Carbon rod electrodes , spectrochemically pure, for use in the vacuum evaporator during carbon coating of
filters.

5.4.9 Routine electron microscopy tools and supplies , including fine-point tweezers, scalpel holders and

blades, microscope slides, double-sided adhesive tape, lens tissue, gold wire, tungsten filaments and other routine
supplies are required.

13
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5.4.10 Reference asbestos samples , for preparation of reference TEM specimens of the primary
minerals. The UICC set of minerals is suitable for this purpose.

6 Reagents

WARNING — Use the reagents in accordance with the appropriate health and safety regulations.

6.1 Fibre-free water , freshly distilled, or other source of fibre-free, pyrogen-free water shall be used.

6.2 Chloroform , analytical grade, distilled in glass [preserved with 1 % (volume fraction) ethanol].

6.3 1-Methy

6.4 1,2-Diaminoethane , analytical grade.

I-2-pyrrolidone , analytical grade.

6.5 Dimethylformamide , analytical grade.
6.6 Glacial qcetic acid, analytical grade.
6.7 Acetong, analytical grade.
7 Air sample collection
7.1 Calculation of analytical sensitivity
The desired pnalytical sensitivity is a parameter that shall be established for the analysis prior to sample
The analyticgl sensitivity is defined as that structure concentration corresponding to the detection of one s
the analysis| For indirect-transfer methods of TEM specimen preparation, it is a function of the vol
sampled, thg active area of the collection filter, the aréa of the collection filter that is ashed, the propo
aqueous dispersion of ash that is filtered, the areaof-the analytical filter, and the area of the TEM speg
which struct{res are counted. The number of grid-openings, k, required to be examined to achieve 3
analytical semsitivity is calculated using the formula:

K= (AaVq)

(Sg\g m/f H:a Ws)

where

Ay is the active area,‘expressed in square millimetres, of analytical filter;

Vy is the volumejexpressed in millilitres, of water used for dispersal of residual ash;

S is thT analytical sensitivity, expressed in structures/litre;

Ag is the mean area of grid openings, expressed in square millimetres;

V; is the volume, expressed in millilitres, of aqueous dispersion filtered;

F4 is the fraction of sample collection filter ashed;

Vs is the volume, expressed in litres, of air sampled.

©1SO

asbestos

collection.
tructure in
me of air
ion of the
imen over
particular

Examples of the number of grid openings required to be examined, using various combinations of sampling and
analytical parameters, are shown in Table 1.

14
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Table 1 — Examples of minimum number of grid openings required to achieve a particular analytical
sensitivity and limit of detection

Analytical sensitivity Limit of detection Minimum number of grid openings
structuresl/litre structures/litre Litres of air sampled
500 1000 2000 3 000 4 000 5000 10 000

0,1 0,3 1297 649 325 217 163 130 65
0,2 0,6 649 325 163 109 82 65 33
0.3 0.9 433 217 109 73 55 44 22
0,4 1,2 325 163 82 55 41 33 17
0,5 15 260 130 65 44 33 26 13
0,7 2,1 186 93 47 31 24 19 10
1,0 3,0 130 65 33 22 17 13 7
2,0 6,0 65 33 17 11 9 7 4
3,0 9,0 44 22 11 8 6 5 4
4,0 12 33 17 9 6 5 4 4
50 15 26 13 ' 5 4 4 4
7,0 21 19 10 5 4 4 4 4
10 30 13 7 4 4 4 4 4

NOTE In Table 1, it is assumed that one half of the sample collection filter is ashed, the volume of water used to dispgrse the ash is

40 ml, the Yolume of aqueous dispersion filtered is 34 ml, the active area‘of the analytical filter is 199 mmZ2, and the TEM grifi openings are

square with a linear dimension of 85 um. The limit of detection is defined as the upper 95 % confidence limit of the Poisson djstribution for a

count of zero structures. In the absence of background, this is equal‘to 2,99 times the analytical sensitivity. Non-zero backgrounds observed

during analysis of blank filters will degrade the limit of detection,

7.2 Sample collection procedure

Air samplgs shall be collected using ‘cassettes as described in 5.1.1. During sampling, the filter casgette shall be
supported|on a stand which is isolated from the vibrations of the pump. The cassette shall be held faging vertically
downwards at a height of approximately 1,5 m to 2,0 m above ground/floor level, and connected to thg pump with a
flexible tulpe. Measure the sampling flowrate at the front end of the cassette, both at the beginning afd end of the
sampling period, using a.calibrated variable-area flowmeter temporarily attached to the inlet of the ¢assette. The
mean value of these twg,measurements shall be used to calculate the total air volume sampled.

The varialjle area flowmeter shall be cleaned before use, to avoid transfer of fibre contamination from the flowmeter
to the sanple being collected.

Basic strdtegies for monitoring environmental sources of airborne asbestos are described in gnnex|. After
sampling, a cap shall be placed over the open end of the cassette, and the cassette packed with the filter face-
upwards for return to the laboratory. Field blank filters shall also be included, as described in 8.8, and processed
through the remaining analytical procedures along with the samples.

8 Procedure for analysis
8.1 General

The procedures for ashing of sample collection filters, dispersion of the residual ash, and filtration of the aqueous
dispersion are identical for the two types of sample collection filter. The techniques used to prepare TEM specimens
from the analytical filters are different for PC and cellulose ester filters. The preparation method to be used shall be

15
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that described in either 8.4 or 8.5, depending on the type of membrane filter used for filtration of the aqueous
dispersions. Cleaning of the sample cassettes before they are opened, preparation of the carbon evaporator,
criteria for acceptable specimen grids, and the requirement for blank determinations are identical for the two
preparation techniques. TEM examination, structure counting, fibre identification and reporting of results are
independent of the type of filter or preparation technique used.

The ability to meet the blank sample criteria is dependent on the cleanliness of equipment and supplies. Consider all
supplies, such as microscope slides and glassware, as potential sources of asbestos contamination. It is necessary
to wash all glassware before it is used. Wash any tools or glassware which come into contact with the air sampling
filters or TEM specimen preparations both before use, and between handling of individual samples. Where possible,

use disposable supplies.

NOTE In
all surfaces b
continuous flo

8.2 Cleaning of sample cassettes

Asbestos fib
transferred t
cassette is t
taken into thq

8.3 Prepar

brder to ensure that all particulate contamination and fibres are detached from glassware, it is recomi
e washed by rubbing vigorously with clean paper towel soaked in detergent, and rinsed several'tim
v of water. The glassware should then be rinsed at least twice using fibre-free water.

es can adhere to the exterior surfaces of air-sampling cassettes, and these fibres can be in

the sample during handling. To prevent this possibility of contamination,/and after ensuri
ghtly sealed, wipe the exterior surfaces of each sampling cassette with wet paper towel
 clean facility or laminar-flow hood.

ption of analytical filters

8.3.1 Selectjon of filter area for ashing

Depending

Using freshly cleaned tweezers, remove the sample collectionfilter from the sampling cassette, and plag
second cleanjed glass microscope slide which is used as a(@utting surface. Using a freshly-cleaned cury

blade, cut th

Repeat the process as necessary.

8.3.2 Ashing of sample collection filters

Place the s€
collected pa
thickness 0,
Perforate theg

beaker, prep,
Operate the
to be complg
a minimum

beakers.

NOTE Lo

the analytical sensitivity to be achieved, ash eithet'a quarter or a half of the sample collg

required area of the filter by rocking the btade from the point, pressing it into contact wit

ected filter portion into a 50 ml, borosilicate glass beaker, ensuring that the side of the filt
ticulate faces downwards./Cover the beaker with a 6 cm x 6 cm square piece of alumin
D15 mm to 0,02 mm, and bend the foil over the edges of the beaker so that it forms a

ared in the samedwvay, shall be placed in the asher chamber along with each batch of samp
blasma asher udsing the minimum power at which a glow discharge is observed, until the filt

period of¢3y'h. After the ashing treatment is completed, admit air to the chamber and r¢

bses, of partlculate and fibres from the beaker WI|| occur |f the plasma asher is operated at exce

I

hended that
es under a

dvertently
g that the
efore it is

ction filter.
eitonto a
ed scalpel
N the filter.

br with the
um foil of
tight seal.

foil in 10 to 20 positions, with a needle to allow for gas exchange during plasma ashing. Depending on
the size of the plasma asher chamber, several sample filters may be ashed simultaneously. At least

hne empty
les ashed.
brs appear

tely ashed. Increase the plasma asher power to the maximum, and operate under these conditions for

bmove the

bsive radio-

frequency powe

at which a

sudden, violent |gn|t|on occurs |f the radlo frequency power is excessive. Thrs results in Ioss of flbres from the beaker,
contamination of the interior surfaces of the chamber, and possible cross-contamination of the samples. The same
considerations apply to the ashing of PC filters. The ashing procedure specified avoids these problems. It is recommended that
the ashing of a blank filter be observed closely during the final stages of oxidation, in order to ensure that the radio-frequency
power setting is such that a sudden ignition does not occur.

8.3.3 Aqueous dispersal of residual ash from sample collection filters
Remove the aluminium foil from the top of the beaker. Using a disposable-tip pipette, add 50 pl of glacial acetic acid,
and then add 40 ml of freshly distilled water. Cover the beaker with a new 6 cm x 6 cm square piece of aluminium

foil, and bend the foil over the edges of the beaker so that it forms a tight seal. Place the beaker into the ultrasonic
bath and operate the bath at the calibrated power (see annex B) for a period of 5 min.
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embly of system for filtration of aqueous dispersions

Filtration of the aqueous dispersions is a very critical procedure because it is important to obtain uniform deposits of

particulate on the analytical filters. The following procedure shall be used.

a) Set up the filtration system and connect to a vacuum source;

b) add freshly distilled water to the filtration unit base component until there is a raised meniscus;

c) place a5 um pore size cellulose ester filter onto the water meniscus. The filter will centralize. Apply the vacuum
very briefly in order to bring the filter into contact with the base component;

d) add fieshly distilled water o the top of the cellulose ester filter, and place the analytical filter (effher a 0,2 um
maximum pore size capillary-pore PC filter or a 0,22 um maximum pore size cellulose esterfifter) onto the
water| surface. Apply the vacuum very briefly again in order to bring both filters into contact With the base
comppnent;

e) installthe filtration reservoir and clamp the assembly together.

8.3.5 Filtgation of aqueous dispersions

Before filtdring the aqueous dispersions, prepare a funnel blank by filtration of 40 ml of freshly distilled Water.

The volume of the aqueous dispersion to be filtered depends on either thevparticulate concentration or[the asbestos

fiber congentration. The volume of aqueous dispersion required to<produce an analytical filter with a suitable

particulate
analytical
extended
therefore

area; accd

Pour the 3
larger tha
depth bef
filtered pa

With the
tweezers,
the Petri d

For the be
NOTE

is reason tq
fiber conce

or fiber loading for analysis often cannot be predicted, and it is usually necessary to preg
filters corresponding to filtration of different aliquots.“Fhe aqueous dispersions are not
bxposure of chrysotile to acidic environments causes-leaching of magnesium to occur from t

liquot of the dispersion into the filtration reservoir, and apply the vacuum. If the volume of
the capacity of the filtration resefvair, do not allow the level of liquid in the reservoir to fal
re the remaining volume is added. Failure to observe this precaution may result in distu
ticulate and non-uniform depa@sition.

acuum still applied, unclamp the filtration assembly and remove the filtration reservoir.
remove the analytical filter and transfer it to a Petri dish. Allow the filter to dry before placing
sh.

pker blank, prépare only one analytical filter by filtration of the entire 40 ml dispersion.

pare several
stable, and
ne fibres; it is

necessary to prepare all analytical filters immediately. Uniform deposits of particulate on the analytical
filters canmot be assured if liquid volumes smaller than 5ml*are filtered using filtration systems of 19
rdingly, where it is required to filter volumes 'smaller than 5 ml, the aliquot shall be diluted with freshly
distilled water to a volume exceeding 5 ml.

D mm2 active

the aliquot is
| below 5 cm
bance of the

Using clean
the cover on

t is recomimended that analytical filters corresponding to volumes of 1 ml, 5 ml and 34 ml be prepare
suspect that even the lowest volume will yield an analytical filter of unacceptably high loading. If th
htration is thought to be such that it is required to filter an aliquot of volume lower than 1 ml, use a dilu

in which 1
of 100 ml.

l.ef the original dispersion is transferred to a clean beaker and diluted with freshly distilled water to

, unless there
particulate or
ion procedure
total volume
en be filtered,

corresponding to volumes of 0,1 ml and 0,3 ml of the original dispersion. From the original dispersion, volumes of 1 ml, 5 ml
and 33 ml are also filtered, giving five analytical filters with a concentration range of a factor of 330. The requirement for
washing of the filtration apparatus is minimized if the aliquots are filtered in order of increasing concentration. If aqueous
dispersions are known to have high concentrations of asbestos fibres, the level of cross-contamination from one sample to the
next can be determined by interposing additional funnel blanks. Wash the filtration apparatus between filtrations of different
samples.

8.4 Preparation of TEM specimens from PC analytical filters
8.4.1 Selection of filter area for carbon-coating

Use a cleaned microscope slide to support representative portions of polycarbonate (PC) filter during the carbon
evaporation. Double-sided adhesive tape is used to hold the filter portions to the glass slide. Take care not to
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stretch the PC filters during handling. Using freshly cleaned tweezers, remove the PC filter from the Petri dish, and
place it on a second cleaned glass microscope slide which is used as a cutting surface. Using a freshly-cleaned
curved scalpel blade, cut the filter by rocking the blade from the point, pressing it into contact with the filter. Repeat
the process as necessary. Several such portions may be mounted on the same microscope slide. The scalpel blade
and tweezers shall be washed and dried between the handling of each filter. Identify the filter portions by writing on
the glass slide.

8.4.2 Carbon-coating of filter portions

Place the glass slide holding the filter portions on the rotating-tilting device, approximately 10 cm to 12 cm from the
evaporation source, and evacuate the evaporator chamber to a vacuum better than 0,013 Pa. The evaporation of

carbon shall

be performed in very short bursts, separated by a few seconds to allow the electrodes

to cool. If

evaporation

This crosslin
prepare satig
filter; approx
will break ou
openings on
ability to obta
retaining mo

8.4.3 Useo

Place severd
chloroform o
saturation of

Using a curv
portion. Sele
each square
tissue in the
number of se

bf carbon is too rapid, the strips of PC filter will begin to curl, and crosslinking of the surface
ing produces a layer of polymer which is relatively insoluble in chloroform, and it will net-be
factory TEM specimens. The thickness of carbon required is dependent on the size of parti
mately 30 nm to 50 nm has been found to be satisfactory. If the carbon film is tog thin, larg
of the film during the later stages of preparation, and there will be few complete“and undar
the specimen. Too thick a carbon film will lead to a TEM image which is lacking in contra
in ED patterns will be compromised. The carbon film thickness should be-the minimum poss
bt of the grid openings of the TEM specimen intact.

the Jaffe washer

| pieces of lens tissue, as shown in Figure 3, on the stainless/steel bridge, and fill the w
1-methyl-2-pyrrolidone to a level where the meniscus contacts the underside of the mesh,

the lens tissue.

bd scalpel blade, cut three 3 mm square pieces of ¢arbon-coated PC filter from the carbon-c

Ct three squares to represent the centre and the auter periphery of the active surface of the f
of filter, carbon side up, on a TEM specimen-grid, and place the grid and filter onto the satt

parate pieces of lens tissue may be placed-in the same Jaffe washer. Cover the Jaffe wash

will occur.
bossible to
les on the
e particles
naged grid
5t, and the
ible, while

psher with
esulting in

pated filter
Iter. Place
rated lens

Jaffe washer. Place the three specimen grids*from one sample on the same piece of lens fssue. Any

er with the

lid, and allow] the washer to stand for at least 8 h.

NOTE It has been found that some PC filters ‘will not completely dissolve in the Jaffe washer, even after ¢xposure to

chloroform for as long as 3 days. This problemiis ‘more severe if the surface of the filter was overheated during|the carbon

evaporation. I{ has been found that the problem-of residual undissolved filter polymer can be overcome in several ways:

a) a mixturg¢ of 20 % 1,2-diaminoethane (ethylenediamine) and 80 % 1-methyl-2-pyrrolidone, used in a Jaffe washer,
complete]y dissolves PC filtersdn-15 min, even if the surface of the filter has been overheated. To use this sojvent, place
the grids|directly on the stainless steel mesh of the Jaffe washer; do not use the lens paper. After a period of 15 min,
transfer the stainless steel bridge into another Petri dish, and add distilled water until the meniscus contacts thg underside
of the mdsh. After approximately 15 min, remove the mesh and allow the grids to dry;

b) wused in & Jaffe washer, 1-methyl-2-pyrrolidone has been found to be a more effective solvent than chlorofprm for PC
filters. THis solvent is more effective if the lens paper not used and grids are placed directly on the stainless steel mesh of
the Jaffe| washer. A dissolution period of 2 h to 6 h has been found to be satisfactory. After dissolution i$ complete,
remove the-stainless steel mesh from the Jaffe washer and allow the grirlc to dr\)/ 1 -l\/lnthyl-’)-p\llrrnlidnnn evagorates very

slowly. If it is required to dry the grids more rapidly, transfer the stainless steel bridge into another Petri dish, and add
distilled water until the meniscus contacts the underside of the mesh. After approximately 15 min, remove the mesh and

allow the

c)

grids to dry;

condensation washing of the grids, using chloroform as the solvent, after the initial Jaffe washer treatment, can often

remove much of the residual filter medium in a period of approximately 30 min. To carry out this procedure, transfer the
piece of lens tissue supporting the specimen grids to the cold finger of the condensation washer, which has achieved

stable op
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8.4.4 Rapid preparation of TEM specimens from PC filters

TEM specimens can be prepared rapidly from PC filters, if desired, using the filter dissolution procedure described
in item a) of the note in 8.4.3. Alternatively, the specimens may be washed for approximately 1 h in a Jaffe washer,
followed by washing for 30 min in a condensation washer using chloroform as the solvent.

8.5 Preparation of TEM specimens from cellulose ester analytical filters

8.5.1 Selection of area of filter for preparation

Using clean tweezers, remove the filter from the Petri dish, and place it on a cleaned microscope slide. Using a
clean, curyed scalpel blade, cut out a portion of the filter

8.5.2 Preparation of solution for collapsing cellulose ester filters

Mix 35 ml jof dimethylformamide, 15 ml of glacial acetic acid and 50 ml of freshly distilled water, Store this mixture in
a clean bagtle. The mixture is stable and suitable for use for up to 3 months after preparation:

8.5.3 Filtgr-collapsing procedure

Using a nicropipette with a disposable tip, place 15 pl/cm2 to 25 pl/cm2 of the_eollapsing solution ¢n a cleaned
microscope slide and, using the end of the pipette tip, spread the liquid overthe area to be occupiedl by the filter
portion. Place the filter portion, active surface upwards, on top of the solution, lowering the edge of the filter at an
angle of about 20° so that air bubbles are not created. Remove any solution not absorbed by the filter py allowing a
paper tissyie to contact the liquid at the edge of the filter. More than.one filter portion may be placed jon one slide.
Place the slide either on a thermostatically controlled slide warmer, atya temperature of 65 °C to 70 °C, pr in an oven
at this temperature, for 10 min. The filter collapses slowly to about 15 % of its original thickness. The procedure
leaves a thin, transparent polymer film, with particles and fibresiembedded in the upper surface.

8.5.4 Plagsma etching of the filter surface
The conditions required in the particular plasma ashépshall be established using the procedure definefl in annex A.
Place the microscope slide holding the collapsed-filter portions in the plasma asher, and etch for the time and under
the conditions determined. Take care to ensure-that the correct conditions are used. After etching, admit air slowly
to the chamber and remove the microscope slide.

The air admission valve of the plasma~asher shall be adjusted such that the time taken for the chamber to reach
atmosphetic pressure exceeds 2 min. Rapid air admission may disturb particulate on the surface of the|etched filter.

8.5.5 Carpon-coating
Carbon-cdat the microscape slide holding the collapsed filter portions as described in 8.4.2.
8.5.6 Usq of the Jaffeqwasher

Place sevgral pieces of lens tissue on the stainless steel bridge, and fill the washer with dimethylformamide or
acetone td a-level where the meniscus contacts the underside of the mesh, resulting in saturation of the lens tissue.

Place the specimens in the Jaffe washer as described in 8.4.3. Specimens are normally cleared after approximately
4 h.

8.5.7 Rapid preparation of TEM specimens from cellulose ester filters

An alternative washing procedure may be used to prepare TEM specimens from cellulose ester filters more rapidly
than can be achieved by the Jaffe washing procedure. After the specimens have been washed in a Jaffe washer for
approximately 1 h, transfer the piece of lens tissue supporting the specimens to the cold finger of a condensation
washer operating with acetone as the solvent. Operate the condensation washer for approximately 30 min. This
treatment removes all remaining filter polymer.

Dimethylformamide shall not be used in a condensation washer.
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8.6 Criteria for acceptable TEM specimen grids

Valid data cannot be obtained unless the TEM specimens meet specified quality criteria. Incomplete dispersion of
the residual ash from the sample collection filter, or non-uniform deposition of particulate due to the use of incorrect
filtration procedures are of major concern. Examine in the TEM all three of the TEM grids corresponding to the
largest filtered aliquot at a magnification sufficiently low (300X to 1 000X) so that complete grid openings can be
inspected. If large areas of undispersed ash are observed on widely separated grid openings, the sample collection
filter was either incompletely ashed, or the filter medium may be unsuitable for this preparation procedure. Reject all
of the filters and grids. If it is suspected that the filters are unsuitable for this analytical procedure, use the procedure
specified in annex H to confirm that the filter medium is suitable for analysis by this method, and reprepare the
sample from another sector of the sample collection filter.

If the particulate deposit on the TEM grids corresponding to filtration of the largest filtered aliquot apppars to be
uniform, it is then necessary to select the set of TEM grids with an appropriate loading for fibre counting.|Reject the
grids if:

a) the carbpn replica covers less than approximately 75 % of the area of the TEM specimen, grids;
b) the TEM specimen has not been cleared of filter medium by the filter dissolution step;

If the THM specimen exhibits areas of undissolved filter medium, and if at leasttwo of the three spedimen grids
are not ¢leared, either additional solvent washing shall be carried out, or new_specimens shall be prepared from
the analytical filter.

c) the sample is overloaded with particulate;

If the specimen grid exhibits more than approximately 10 % qbscuration on the majority of the grid| openings,
the spedimen shall be designated as over-loaded. This filter.cannot be analyzed satisfactorily becauge the grid
is too he¢avily loaded with debris to allow separate examination of individual particles by ED and EDXA, and
obscuration of fibres by other particulate may lead te’under-estimation of the structure count. $pecimens
prepared from a filter corresponding to filtration of a_.smaller aliquot shall be selected.

d) the partifulate deposits on the specimen are netuniformly distributed from one grid opening to the next;

If the pdrticulate deposits on the specimen-are obviously not uniform from one grid opening to the next, the
specimen shall be designated as non-unhiform. This condition is caused by incorrect installation of thg filters for
filtration [of the aqueous dispersions{ or*inadequate mixing during dilution of a small volume aliquot. Satisfactory
analysis|of this filter may not be pgssible unless a large number of grid openings is examined.

e) the TEM grid is too heavily loaded with fibrous structures to make an accurate count;

f) ing;

the intact
: ctor of the

analytical filter, or select grids corresponding to filtration of a smaller aliquot.

If the specimens are rejected because unacceptable numbers of grid openings exhibit broken carbon replica,
an additional carbon coating may be applied to the carbon-coated filter, and new specimen grids prepared. The
larger particles can often be supported by using a thicker carbon film. If this action does not produce
acceptable specimen grids, this filter cannot be analyzed and grids prepared from an analytical filter with a
lower particulate loading shall be selected.
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8.7 Procedure for structure counting by TEM

8.7.1 General

The examination consists of a count of asbestos structures which are present on a specified number of grid
openings. Fibrous structures are classified into groups on the basis of morphological observations, ED patterns and
EDXA spectra. The total number of asbestos structures to be counted depends on the statistical precision desired.
In the absence of asbestos structures, the area of the TEM specimen grids to be examined depends on the
analytical sensitivity required. The precision of the structure count depends not only on the total number of
structures counted, but also on their uniformity from one grid opening to the next. Additional structure counting will
be necessary if greater precision is required.

In order t

within the gmall area represented by one specimen grid, examine grid openings on two of the threesq
prepared. | Then combine the results for the calculation of the structure density. Make structure

magnifica
the 100th

analytical

NOTE
been samp

be examingd. When this situation occurs, a larger value of analytical sensitivity may’have to be accepted.

8.7.2 Measurement of mean grid-opening area

t the estimate of the structure density on the sampling filter is not based on the structure’d

on of approximately 20 000X, and terminate at the end of the examination of the \grid oper]

sensitivity has been achieved.

The normal range for the number of grid openings which should be examined\is from 4 to 20. If insu
ed through the filter, the calculation in 8.7.4 can indicate that an impractically large number of grid of

bposits found
ecimen grids
counts at a
ing on which

asbestos structure is observed, except continue the count until a minimum ef foeur grid openings have
been examined. Otherwise, continue the structure count to that number of grid openings at which

the specified

fficient air has
enings should

Measure the mean grid-opening area for the type of TEM specimen-grid in use. The standard deviation of the mean
of 10 openings selected from 10 grids should be less than 5 %."Optionally, or if the 5 % standard deviation criterion
cannot be|demonstrated, measure at a calibrated magnification the dimensions of each grid opening| examined in
the TEM.

8.7.3 TEM alignment and calibration procedures

Before strlicture counting is performed, align the’TEM according to instrumental specifications. Calibfate the TEM
and EDXA system according to the procedures’in annex C.

8.7.4 Det

Before str
analytical

ermination of stopping point

icture counting is begun, calculate the area of specimen to be examined in order to achieve
bensitivity. Calculatethe‘maximum number of grid openings to be examined, using the formu

(AaVq)

k is

b Ag LVt F o BV3)

the selected
a:

the-humber of grid openings to be examined, rounded to the next highest integer;

A, is
Vy is
S is
Ay is
Vi is
Fa is

Vg is

the area, expressed in square millimetres (mm2), of sample filter;

the volume, expressed in millilitres (ml), of water used for dispersal of residual ash;
the required analytical sensitivity, expressed in structures/litre;

the area, expressed in square millimetres (mm2), of TEM specimen grid opening;
the volume, expressed in millilitres (ml), of aqueous dispersion filtered;

the fraction of sample collection filter ashed;

the volume, expressed in litres (1), of air sampled.
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8.7.5 General procedure for structure counting and size analysis

Use at least two specimen grids prepared from the filter in the structure count. Select at random several grid
openings from each grid, and combine the data in the calculation of the results.

Use a form similar to that shown in Figure 5 to record the structure-counting data. Insert the first specimen grid into
the TEM.

In order to facilitate quality assurance measurements which require re-examination of the same grid opening by
different microscopists, insert the grid into the specimen holder in a standard orientation with the grid bars parallel
and perpendicular to the axis of the speC|men holder Thls will provide scan dlrectlons paraIIeI to the edges of the
grid opening. E 0 , and that
they use simllar scan patterns. This procedure permlts rapld relocation of fibrous structures for further ex mrnatron if
necessary.

Select a typ
Adjust the s4
the goniome

cal grid opening and set the screen magnification to the calibrated value (approximately |20 000X).
mple height until the features in the centre of the TEM viewing screen are at.the’eucentrid point. Set
er tilt angle to zero. In column 1 of the structure-counting form, record the ‘number or letter used to
identify the drid. In column 2, record the identification of the particular grid opening. Rasition the specinien so that
the grid opening is positioned with one corner visible on the screen. Move the image’by adjustment gf only one
translation cgntrol, carefully examining the sample for fibrous structures, until the opposite side of the gnd opening

is encounter
translation ¢
entire grid op

When a fibro
identification
the structure

bd. Move the image by a predetermined distance less than one(screen diameter, using| the other
bntrol, and scan the image in the reverse direction. Continue_thé procedure in this manngr until the
ening has been inspected in a pattern similar to that shown imyFigure 6.

us structure is detected, assign a sequential number tocthe primary structure in column 3, perform the
procedures required as detailed in annex E, and enter, the appropriate compositional classification on
counting form in column 5. Assign a morphological* classification to the structure according to the

n annex D, and record this in column 6. Measure‘on the TEM viewing screen the length and width of
the primary structure, in millimetres, and record these measurements in columns 7 angd 8. For a
disperse clugter or matrix, assign a compositional classification and a morphological classification to each structure
component, measure the length and width, and enterthe data in columns 4 to 8. Use column 4 of the structure-
counting form to tabulate the sequential number of total structures, taking into account structure componehts. If non-
asbestos fibres are observed, note their presenee and type, if known.

procedures i
the image o

After a fibrolis structure has been examined and measured, relocate the original field of view accura
continuing sg¢anning of the specimen. Failure to do this may cause fibres to be overlooked or cour
Continue thg examination until the completion of the grid opening on which the 100th fibrous structure
recorded, or|until the number of grid ‘openings required to achieve the specified analytical sensitivity, |calculated
according to[8.7.4, have been e€xamined, whichever occurs first. The data shall be drawn approximately equally
from a minighum of two grids-H)Regardless of the value calculated according to 8.7.4, fibrous structures on a
minimum of four grid openings’shall be counted.

ely before
ted twice.
has been

8.7.6 Measyrement af concentration of asbestos fibres and bundles longer than 5 mm

Give considgratienyto improving the statistical validity for measurement of asbestos fibres and bundles |
5 um by addjtional examlnatlon of the TEM specrmens at a lower magnification, taking account only of

bnger than
these long
dance with
the procedures descrlbed in Annex F. Use a magnification of approximately 10 000X for counting of all asbestos
fibres and bundles longer than 5 um, or approximately 5 000X if only fibres and bundles within the diameter range
0,2 um to 3,0 um are to be counted. Continue the count until completion of the grid opening on which 100 fibres and
bundles have been recorded, or until sufficient area of the specimen has been examined to achieve the desired
analytical sensitivity. Only those structures which are identified as, or are suspected to be, either chrysotile or one of
the amphibole minerals will be reported in either the original or the extended TEM examination. This restriction is
intended to ensure that the best statistical validity is obtained for the materials of interest.
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Report Nu

mber:

Page of

Air volume:

ISO 13794:1999(E)

Sample Number: Sample filter area: mm?2
Filename: Fraction ashed:
Sample description: Dispersal volume: mi
Volume filtered: ml
Aratyticatfitter-ares: mm?2
Preparation date: By: Magnification: X
Analysis dpate: By: Grid-opening dimensions: pm
Computer|entry date: By: Level of analysis (C):
(A):
Grid Gri(_j Structure Class Structure Length Width Cqgmments
opening Primary Total mm mm

Figure 5 — Example of structure-counting form
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ﬁ

2—\

YAYAYAYA Y—s

4
Key

1  TEM field of view, 3 Grid opening
P First pass 4 Second pass

Figure &< Example of scanning procedure for TEM specimen examination

8.7.7 EstimTtion of mass concentration of asbestos fibres and bundles

If the primary objective of the analysis is to estimate the mass concentration, adopt a structure-counting strategy
that allows large structures that contribute most to the mass concentration to be counted with greater statistical
reliability. Follow the procedures described in annex D.

8.8 Blank and quality control determinations

Before air samples are collected, analyse a minimum of two unused filters from each lot of 100 filters to determine
the mean background asbestos structure count of the analytical procedure. If the mean background count for all
types of asbestos structure is found to be more than 10 structures/mmz2, or if the mean background fibre count for
asbestos fibres longer than 5 pum is more than 1,0 fibore/mm2, determine the origin of the contamination and correct
before air samples are collected.
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NOTE The background contamination originating from the sample collection filters is determined by ashing one filter, a
group of three filters, and a group of 10 filters. The background contamination originating from a single filter is calculated from
any observed incremental increase between these measurements. If a constant background value is obtained for these three
measurements, the contamination originates at some other point in the analytical procedure.

Include at least one open field blank and one closed field blank with the samples from each survey. To prepare an
open field blank, transport an unused filter cassette to the sampling site and remove the front cap. Locate the open
cassette in a similar position and orientation as the samples for the whole period of sample collection, but do not
pump air through the filter. After sample collection is completed, replace the front cap and submit the cassette for
analysis as the open field blank. To prepare the closed field blank, transport an unused filter cassette to the

sampling site and keep it closed.

To ensure
with the re
one funne
unused filt

Initially, al
satisfacton
specimeng
provide a
variability
shall cons

8.9 Calc

Calculate
level of al
classificati
asbestos
Calculate

that contamination by extraneous asbhestos 1ibres during Specimen preparation 15 insignificy
sults reported on samples, establish a continuous programme of blank measurementsPto
blank and one empty beaker blank along with each batch of samples. In addition, include
er with every group of samples prepared on one microscope slide.

d also at intervals afterwards, ensure that samples of known asbestos concentrations can
ly. Since there is a subjective component in the structure-counting procedure, re-cou
shall be made by different microscopists, in order to minimize the subjective effects. Su
means of maintaining comparability between counts made by different’microscopists. Chg
between and within microscopists and between laboratories. These guality assurance m
itute approximately 10 % of the analyses. Repeat results should not-differ at the 5 % significa

ilation of results

the results using the procedures detailed in annex G. Prior to TEM examination of the sp
halysis was specified. Before the results are calculated, specify the compositional and
bns to be included in the result. Conduct the chi*sguared uniformity test using the numb
structures found on each grid opening, prior tofapplication of the cluster- and matrix-cou
he concentration result using the numbers of asbestos structures reported after application ¢

nt compared
cess at least
at least one

be analysed
nts of some
ch re-counts
racterize the
easurements
ince level.

ecimens, the
norphological
br of primary
nting criteria.
f the cluster-

and matri¥-counting criteria.

9 Perfolmance characteristics

9.1 General

. The quality
ra-laboratory

It is impor{ant to use this analytical method in conjunction with a continuous quality control programmg
control programme should inclugde use of standard samples, blank samples, and both inter- and in
analyses.
9.2 Interferences andiimitations of fibre identification
hd the nature
an incorrect

Unequivod
of some
identificati
morphologdie
possibilities of m|S|dent|f|cat|on occur Wlth haIonS|te vermlcullte scrolls or palygorsklte aII of WhICh can be
discriminated from chrysotile by the use of EDXA and by observation of the 0,73 nm (002) reflection of chrysotile in
the ED pattern.

al identification of every chrysotile fibre is not possible, due to both instrumental limitations a
bf the fibres. The requirement for a calibrated ED pattern eliminates the possibility of

bn-of the flbre selected However there is a p055|b|I|ty of m|S|dent|f|cat|0n of fibres for which both the

As in the case of chrysotile fibres, complete identification of every amphibole fibre is not possible due to
instrumental limitations and the nature of some of the fibres. Moreover, complete identification of every amphibole
fibre is not practical due to the limitations of both time and cost. Particles of a number of other minerals having
compositions similar to those of some amphiboles could be erroneously classified as amphibole when the
classification criteria do not include zone-axis ED techniques. However, the requirement for quantitative EDXA
measurements on all fibores as support for the random orientation ED technique makes misidentification very
unlikely, particularly when other similar fibres in the same sample have been identified as amphibole by zone-axis
methods. The possibility of misidentification is further reduced with increasing aspect ratio, since it is rare for the
minerals with which amphibole may be confused to display an asbestiform habit.
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9.3 Precision and accuracy
9.3.1 Precision

The analytical precision that can be obtained is dependent upon the number of structures counted, and also on the
uniformity of the particulate deposit on the analytical filter. Assuming that the structures are randomly deposited on
the analytical filter, if 100 structures are counted and the loading is at least 3,5 structures/grid opening, computer
modelling of the counting procedure shows that a coefficient of variation of about 10 % can be expected. As the
number of structures counted decreases, the precision will also decrease approximately as /N, where N is the
number of structures counted. In practice, particulate deposits obtained by filtration of aqueous dispersions of
particles are rarely ideally distributed, and it is found that the precision is correspondingly reduced. Degradation of

precision is g

conseguence of several f:ir‘fr\rc7 such as:

a) non-unif
b)
c)

d)

distortio

variation

variation

The 95 % co
method shouy

brmity of the filtered particulate deposit;

h of the fibre distribution by application of the structure-counting criteria;
between microscopists in their interpretation of the fibrous structures; and,
between microscopists in their ability to detect and identify fibres.

hfidence interval about the mean for a single structure-concentration theasurement using this
Id be approximately = 25 % when 100 structures are counted ov&r 10 grid openings.

9.3.2 Accur
Thereisnoi

NOTE It H
TEM specime
lost before the
transfer cellul
collected at a
been shown

comparable n
2,5 ym. This

procedure for
9.3.3 Inter-

Inter- and in
microscopist
performance
by examinati
non-uniformi

|

cy
dependent method available to determine the accuracy.

as been demonstrated that, after carbon-coating of PC\membrane filters, particulate material is transf
Ns without measurable losses. However, if the filters,are heavily loaded with particulate, some mate

bse ester filter procedure has been demonsirated for laboratory-generated aerosols of chrysotil
face velocity of 8 cm/s. Using laboratory-generated and field-collected aerosols of chrysotile asbe
that, compared with the direct-transfer. (procedure, this indirect specimen preparation procedurd
imbers of fibres longer than 5 um, and,less than a factor of two increase in the numbers of fibres

herosols of materials in which ashestos is blended with other components.
hnd intra-laboratory analyses
fra-laboratory analyses are required in order to monitor systematic errors that may deve

5 when using this‘method. These analyses should be designed to test both the overall meth
of individual mieroscopists. Repeat preparation of TEM grids from different sectors of a filte

analytical

brred to the
rial may be

y are carbon-coated. Good comparability between\the direct-transfer capillary-pore PC procedure ang the direct-

e asbestos
stos, it has

results in
longer than

ndirect specimen preparation procedure may produce results different from those given by the difect-transfer

op among
bd and the
r, followed

pn of the grids by a different microscopist, is a test for reproducibility of the whole method
y of thel particulate deposit on the filter may lead to differences which are not rela

However,
ed to the

performance|of the microscopists. Verified fibre-counting (counting of asbestos structures on the same gifid opening
of a TEM grigl bydwo or more operators, followed by resolution of any discrepancies) may be used both a$ a training
aid and to dgtérmine the performance of different microscopists. The use of indexed TEM grids as defingd in 5.4.5

9.4 Limit of detection

The limit of detection of the method can be varied by choice of the volume of air sampled, the proportion of the
sample collection filter which is ashed, the proportion of the aqueous dispersion of ash which is filtered, the area of
the analytical filter, and the area of the specimen examined in the TEM. It is also a function of the background of
asbestos structures on unused filters. A limit of detection shall be quoted for each sample analysis.

NOTE In practice, the lowest limit of detection is frequently determined by the total suspended particulate concentration,
since each particle on the analytical filter must be separated from adjacent ones by a sufficient distance that the particle can be
identified without interference. Particulate loadings greater than about 25 pug/cm?2 on the analytical filters usually preclude
preparation of TEM specimens. If the analysis is to be performed with an acceptable expenditure of time, the area of the
specimen examined in the TEM for structures of all sizes is limited in most cases to between 10 and 20 grid openings. In
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typical ambient or building atmospheres, it has been found that an analytical sensitivity of 1 structure/litre can be achieved. In
some circumstances, where the atmosphere is exceptionally clean, this can be reduced to 0,1 structure/litre or lower. For fibres
and bundles longer than 5 pm, the reduced magnifications specified permit larger areas of the TEM specimens to be examined
in with an acceptable expenditure of time, resulting in proportionately lower limits of detection. If no structures are found in the
analysis, the upper 95 % confidence limit can be quoted as the upper bound of the concentration, corresponding to 2,99 times
the analytical sensitivity if a Poisson distribution of structures on the filter is assumed. This 95 % confidence limit for zero
structures counted is taken as the detection limit. Since there is sometimes contamination of unused sample filters by asbestos
structures, this should also be taken into account in the discussion of limits of detection.

10 Test report

The test r@port shall include at least items a) to m) as follows:

a) refergnce to this International Standard,;

b) identification of the sample;

c) date and time of sampling, and all necessary sampling data;
d) date ¢f the analysis;

e) identity of the analyst;

f) all ne¢essary specimen preparation data;

g) any pfocedure used not specified in this International Standard\or regarded as an optional procedure;

h) statement of the minimum acceptable identification, category and the maximum identificatjon category
attempted (refer to Tables D.1 and D.2);

i) statement specifying which identification and structure categories have been used to galculate the
concgntration values;

j) the analytical sensitivity, expressed in asbestos structures/litre;
k) the limit of detection, expressed in.asbestos structures/litre;

[) separpte concentration values for chrysotile and amphibole structures, expressed in asbestos strugtures/litre;
m) the 9% % confidence interval limits for the concentration values, expressed in asbestos structures/ljtre.

The followjng items n) and o) shall be recorded, but their inclusion in the test report is optional:
n) a complete listing of the structure-counting data. The following data should be included: grid opeping number,

structire number, identification category, structure type, length and width of the structure éxpressed in
micrometres, and any comments concerning the structure;

0) compositional data for the principal varieties of amphibole, if present.
Inclusion of the following items p), ) and r) in the test report is optional:
p) items h) to m) for all asbestos fibres and bundles longer than 5 pum;
g) items h)to m) for PCM-equivalent asbestos fibres;

r) estimated mass concentrations of chrysotile and amphibole.

An example of a suitable format for the structure-counting data is shown in Figures 7 and 8.
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SAMPLE ANALYSIS INFORMATION

Laboratory name

SAMPLE: 456 Queen Street

Air volume:

Report number Date
Ashby de la Zouch
Exterior sample 1991-09-09
5 750,01

Area of collection filter: 385,0 mm?2
Volume flowrate: 10,0 I/min
Fraction of filter ashed: 0,50
Volume of water used for dispersal of ash: 40,0 ml
Volume of dispersion filtered: 34,0 ml
Activie area of analytical filter: 199,0°"mm?2
Leve of analysis (chrysotile): CD or CMQ
Leve| of analysis (amphibole): ADQ
Magnification used for structure counting: 20 500%
Aspdct ratio for fibre definition: 5:1
Mean dimension of grid openings: 95,4 um
InitigJs of analyst: JMW
Numper of grid openings examined: 10

Analytical sensitivity:

28

Num

Num

Num

Num

0,895 structures/|

Numper of primary asbestos.stractures: 13
per of asbestos structures counted: 26
ber of asbestos-structures > 5 pum: 7
ber of asbestos fibres and bundles > 5 um: 10
ber'of PCM-equivalent asbestos structures: 2
ber of PCM-equivalent asbestos fibres: 5

Num

Figure 7 — Example of format for reporting of sample and preparation data
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SAMPLE ANALYSIS INFORMATION (Page 2 and higher)

Laboratory name Report number Date
SAMPLE: 456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09
TEM ASBESTOS STRUCTURE COUNT — RAW DATA
Grid Grid Structures Identifi- Structure Length \Width Comments
opening Primary—Total catioma type L L
A F4-4 1 1 CD F 1,7 0,045
2 2 CMQ B 3,6 0,09
3 3 ADQ F 4,0 0,15 Crocidolite
E3-6 4 4 CD MC+0 35 1,3
E5-1 5 CD MD 43 7,5 5,0
5 CD MB 7,7 0,30
6 CMQ MF 5,6 0,045
7 CD MB 5% 0,30
8 CD MF 1,7 0,045
B F4-1 6 CD CD+0 6,5 3,0
9 CD CB 3,5 0,15
10 CD CE 3,5 0,045
11 CMQ CR+0 2,6 1,9
G5-1 7 CD CD31 6,1 3,2
12 CD CB 5,6 0,30
13 CMQ CF 4,0 0,045
14 cMQ CB 3,2 0,090
E4-4 8 15 CD B 1,5 0,23
9 16 AD F 8,7 0,15
C G4-4 10 CMQ CDA42 25, 5,6
17 CMQ CB 15, 0,15
18 CMQ CF 9,4 0,045
19 ADQ CF 3,6 0,30 Tremplite
20 CM CF 4,2 0,045
E4:4 No Fibres
E5:6 11 ADQ CD+3 9,4 2,5
21 ADQ CF 7,1 0,30 Amogite
22 ADQ CF 6,2 0,10 Crocidolite
23 CM CB 51 0,20
24 CM CR+0 3,3 1,8
F4-1 12 25 CMQ MC10 3,7 2,1
13 26 CD CC+0 7,4 0,5

a |dentification codes listed in Tables E.1 and E.2

Figure 8 — Example of format for reporting of structure-counting data
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Determination of operating conditions for plasma asher

A.1 General

The plasma
the preparati

For complet¢ ashing of either PC or cellulose ester sample collection filters, operate thé plasma ag

minimum po
order to ens
than 3 h.

During prepa
collapsed int
filter becomsq
etching step
exposed, so

on the origial filter. The amount of etching is critical, and individual ashers vary in performance.

calibrate the
adjusting the
oxidize an ur

A.2 Procg

Place an un
microscope
evacuate to
20 cm3/min.
required for
the filter in a
period of 8

NOTE Pl3
often followed
becomes nea
calibrated acc

hsher is used for complete ashing of sample collection filters, and also for an etching proced
bn of TEM specimens from cellulose ester analytical filters.

ure during

her at the
ashed. In
for longer

ver at which a glow discharge can be maintained, until the filter appears tQ' be completely
ire that the filter has been completely ashed, then operate the plasma asher at full power

ration of TEM specimens from a cellulose ester analytical filter, the' spongy structure of the filter is
b a thinner film of polymer by action of a solvent. Some of theparticles on the surface of the original
completely buried in the polymer, and the specimen preparation procedure incorporates| a plasma
to oxidize the surface layer of the polymer. Particles huried by the filter-collapsing step are then
that they can become subsequently affixed in the evaparated carbon film without altering their position
Therefore,
ied out by
completely
Cal filters.

plasma asher to give a known amount of etching ef\the collapsed-filter surface. This is car
radio-frequency power output and the oxygen flowrate, and measuring the time taken to
collapsed 25 mm diameter cellulose ester filter'of the same type and pore size as the analyti

dure

ised, 25 mm diameter MEC or_ ¢ellulose nitrate filter of the type being used in the centre |of a glass
Slide. Position the slide approximately in the centre of the asher chamber. Close the chamber and
A pressure of approximately-40 Pa, while admitting oxygen to the chamber at a rate of 8 ¢m3/min to

Adjust the tuning of the system so that the intensity of the plasma is maximized. Measurg the time
Complete oxidation of the filter. Determine operating parameters which result in complete oxidation of
period of approximately 15 min. For etching of collapsed filters, use these operating paramieters for a

in.

sma oxidatiop~at high radio-frequency powers will cause uncollapsed cellulose ester filters to shrink and curl,
by sudden\violent ignition. At lower powers, the filter will remain in position and will become slowly thjnner until it
[ly transparent. When multiple filters are etched, the rate of etching is reduced, and the system should be
prdingly.
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B.1 Ge

The ultrag
ultrasonic
change th
aqueous d

Depending
will vary w
positions yised, and always place the sample beakers in these positions. During operation, the temp
water in th
beaker ing

Ultrasonic
be measu

B.2 Prg

Ensure that the level of water in the ultrasonic_bath is adjusted to that which will be used. Operate th
reaches it
Place 40 il of water at approximately 20 °€”into a 50 ml beaker, and measure its temperature. \
switched ¢
and meas
approxima
final temp
rate of end

01

t

ISO 13794:1999(E)

Annex B
(normative)

Determination and standardization of operating conditions
for ultrasonic bath

neral

onic bath is used for dispersal of the residual ash from sample collection filters. Sin
treatment of asbestos dispersions can affect the size distribution of asbestos_structures
2 structure concentration, it is important to standardize the rate of ultrasonic-energy abso
ispersion and the time for which the sample is exposed to ultrasonic treatment.

ith the position of the sample in the bath and the thickness of the\glass. Accordingly, c4

e prolonged
and thereby
rption by the

on the design of the ultrasonic bath, the rate of energy deposition into.the contents of the sample beaker

librate in the

e ultrasonic bath will rise, and will reach an equilibrium tempefature. Since energy transfer
reases with the temperature of the water in the bath, operate'the bath at its equilibrium temp

energy absorbed by the sample reappears as heat, and the rate of absorption of ultrasoni
ed calorimetrically. Use the measurement procedure-specified in B.2.

cedure

5 equilibrium temperature, accelerating this process if necessary by initially using hot wate

ff, place the beaker into the position to be calibrated. After a period of 60 s to 90 s, remoy
ire the temperature of the ¢omntents. Discard the contents of the beaker. Using another 40 1
tely 20 °C, measure thelinjtial temperature of the contents and, with the ultrasonic bath @
prature when the beakeryhas spent the same time in the bath as for the first measurement.
rgy absorption by the“sample using the formula:

185xw

the sample
rature.

¥ature of the

C energy can

e bath until it
I in the bath.
Vith the bath
e the beaker
nl of water at
perating, the
Calculate the

is

the-rate of energy absorption, expressed in watts per millilitre (W/ml);

is

is

is

the temperature rise with ultrasonic bath operating, expressed in degrees Celsius (°C);
the temperature rise with ultrasonic bath not operating, expressed in degrees Celsius (°C);

the time, expressed in seconds (S).

If the rate of energy absorption is higher than the specified range, use a variable transformer as the power supply
for the ultrasonic bath, and adjust the operating conditions so that the rate of energy absorption is in the range
0,05 W/mlto 0,1 W/ml, as defined by this measurement procedure.

Always operate the ultrasonic bath at its equilibrium temperature, because the energy transfer to the beaker
increases with temperature. If a thermometer is used for temperature measurement when calibrating the bath, do
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not immerse the thermometer in the beaker of water during the exposure to the bath, because the presence of the
thermometer increases the absorption of energy during ultrasonic treatment. Alternatively, a low thermal capacity

thermocouple may be used for temperature measurement.
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Calibration procedures

C.1 Calibration of the TEM

C.1.1 Calibration of TEM screen magnification

The electjon microscope should be aligned according to the specifications of the manufacturer. Injtially, and at
regular intervals, calibrate the magnifications used for the analysis using a diffraction_grating replica. Adjust the
specimen [height to the eucentric position before carrying out the calibration. On the. fluorescent vigwing screen,
measure the distance occupied by a convenient number of repeat distances of the grating image, and|calculate the
magnification. Always repeat the calibration after any instrumental maintenance ©rchange in operatirjg conditions.
The magnjfication of the image on the viewing screen is not the same as that. obtained on photographic plates or
film. The ratio between these is a constant value for the particular model of TEM.

C.1.2 Calibration of ED camera constant

Calibrate the camera constant of the TEM when used in ED modexUse a specimen grid supporting a darbon film on
which a thin film of gold has been evaporated or sputtered, Form an image of the gold film with the specimen
adjusted t¢ the eucentric position and select ED conditions. Adjust the objective-lens current to optimize the pattern
obtained, pnd measure either on the fluorescent viewingiscreen or on a recorded image the diameters of the
innermost|two rings. Calculate the radius-based camera’constant, A-L, for both the fluorescent scfeen and the
photographic plate or film, from the relationship:

A4 alb
2,0/h2+ K2+|2
where

A islthe wavelength of the ificident electrons, expressed in nanometres (nm);
L isfthe camera length-expressed in millimetres (mm);

a isfthe unit cell.dimension of gold, expressed in nanometres (0,40786 nm);
D islthe diametér of the (hkl) diffraction ring, expressed in millimetres (mm).

Using gold as.the calibration material, the radius-based camera constant is given by:

A-L=0,11774D mm-nm (smallest ring);
A-L=0,10197D mm-nm (second ring).
C.1.3 Calibration of the EDXA system

Perform energy calibration of the EDXA system for a low-energy and a high-energy peak regularly. Calibration of
the intensity scale of the EDXA system permits quantitative composition data, at an accuracy of about 10 % of the
elemental concentration, to be obtained from EDXA spectra of reference silicate minerals containing the elements
Na, Mg, Al, Si, K, Ca, Mn and Fe, and relevant certified reference materials. If quantitative determinations are
required for minerals containing other elements, reference standards other than those referred to below will be
required. Well-characterized mineral standards permit calibration of any TEM-EDXA combination which meets the
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instrumental specifications of 5.3.1 and 5.3.2, so that EDXA data from different instruments can be compared.
Reference minerals are required for the calibration; the criteria for selection being that they should be silicate
minerals with matrices as close as possible to those of the amphiboles or serpentine, and that individual small
fragments of the minerals are homogeneous in composition within a few percent.

Determine the compositions of these standards by electron microprobe analysis or chemical methods. Crush
fragments of the same selected mineral standards and prepare filters by dispersal of the crushed material in water
and immediate filtration of the suspensions. Prepare TEM specimens from these filters by the procedures described
in clause 8. These TEM specimens can then be used to calibrate any TEM-EDXA system so that comparable
compositional results can be obtained from different instruments.

NOTE Th
Bibliography.

] ] ] J an be found in the
n summary, the mineral is first embedded in a mount of polymethyl methacrylate or epoxy resinahe mount is

then ground &
suitable refer
necessary to t

nd polished to achieve a flat, polished surface of the mineral fragment. This surface is then ‘anal
bnce standards, preferably oxide standards of the individual elements wherever these are)avg
bke account of the water concentration in the minerals, which in the case of chrysotile amounts to 13

zed, using
ilable. 1t is
D6 by mass.

This water conjtent may vary due to losses in the vacuum system.

Aqueous susf aline earth

metals may b

ensions of mineral standards should be filtered immediately after preparation, since alkali and al
partially leached from minerals containing these elements.

Express the
X-ray peak
calculate the
by Cliff and L

results of the electron microprobe analyses as atomic or mass percentage ratios relative|to silicon.
atios of the same elements relative to silicon, obtained from the EDXA system, can then e used to
relationship between peak area ratio and atomic or mass percentage ratio. This technique ig described
orimer (see Bibliography).

The X-rays generated in a thin specimen by an incident electron beam-have a low probability of interactipg with the
specimen. Thus mass absorption and fluorescence effects are negligible. In a silicate mineral specimen [containing
element i, th¢ following relationship can be used to perform quantitative analyses in the TEM.

G iy

Csi Asi

where

C; isthe concentration or atomic proportion of element i;

Cgi is the concentration or atomic (roportion of silicon;

A, is thg¢ elemental integrated-peak area for element i;

As; is thg¢ elemental integrated peak area for silicon;

ki is the k-ratio forelement i relative to silicon (a constant).

NOTE Fof a partieular instrumental configuration and a particular particle size, the value of k; is constant.

To incorporate_eorrection for the particle-size effect on peak area ratios (see Small et al. in Bibliography), Extend the
Cliff and Lorimer technique by obtaining separate values of the constant k; for different ranges of fibre diameter. It is
recommended that 20 EDXA measurements be made for each range of fibre diameter. Suitable ranges of fibre
diameter are < 0,25 um; 0,25 um to 0,5 pm; 0,5 um to 1,0 um and > 1,0 um.

Insert the TEM grid into the TEM, obtain an image at the calibrated higher magnification of about 20 000X%, and
adjust the specimen height to the eucentric point. If the X-ray detector is a side-entry variety, tilt the specimen
towards the X-ray detector. Select an isolated fibre or particle less than 0,5 um in width, and accumulate an EDXA
spectrum using an electron probe of suitable diameter. When a well-defined spectrum has been obtained, perform a
backgound subtraction and calculate the background-corrected peak areas for each element listed, using energy
windows centred on the peaks. Calculate the ratio of the peak area for each specified element relative to the peak
area for silicon. All background-subtracted peak areas used for calibration shall exceed 400 counts.
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Repeat this procedure for 20 particles of each mineral standard. Reject analyses of any obviously foreign particles.
Calculate the arithmetic mean concentration to peak area ratio, k; (k-ratio), for each specified element of each
mineral standard and for each of the fibre diameter ranges. Periodic routine checks shall be carried out to ensure
that there has been no degradation of the detector performance. These k-ratios are used to calculate the elemental
concentrations of unknown fibres, using the Cliff and Lorimer relationship.
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Annex D
(normative)

Structure-counting criteria

D.1 Introduction

©1SO

In addition t¢ isolated fibres, assemblages of particles and fibres frequently occur in air samples. Grpupings of
asbestos fibfes and particles, referred to as "asbestos structures”, are defined as fibre bundles, cllisters and

matrices. Thp numerical result of a TEM examination depends strongly on whether the analystassign
assemblage pf fibres as a single entity, or as the estimated number of individual fibres which form the as
It is thereforp important that a logical system of counting criteria be defined, so that thesinterpretatio
complex strugtures is the same for all analysts, and so that the numerical result is meaningful. Imposition
structure-coynting criteria generally requires that some interpretation, partially based.on* uncertain hea
information, be made of each asbestos structure found. It is not the intention of this nternational Standa
any interpretgtions based on health effects, and it is intended that a clear separationbe made between r

s such an
semblage.
h of these
of specific
lith effects
d to make
cording of

structure-coynting data, and later interpretation of those data. The system of coding specified in this International
Standard pefmits a clear morphological description of the structures to be recorded in a concise manner suitable for

later interprdtation, if necessary, by a range of different criteria, without;the necessity for re-examina|
specimens. In particular, the coding system is designed to permit recording of the dimensions of eac|
fibrous strucfjure, and also whether these structures contain fibres longer than 5 um. This approach pe
evaluations ¢f the data to include considerations of particle respirahility and comparisons with historical

ion of the
N complex
rmits later
indices of

asbestos exgosure. Examples of the various types of morphological structure, and the manner in which these shall

be recorded,|are shown in Figure D.1.

D.2 Structure definitions and treatment

Each fibrous|structure that is a separate entity shall be designated as a primary structure. Each primar
shall be desi@gnated as a fibre, bundle, cluster.or-matrix. These structures are discussed in D.2.1 to D.2.8.

D.2.1 Fibr

U

Any particle with parallel or steppedysides, of minimum length 0,5 um, and with an aspect ratio of 5:1
shall be defiped as a fibre. For chrysotile asbestos, the single fibril shall be defined as a fibre. A fibre wi
sides shall bg assigned a width-gqual to the average of the minimum and maximum widths. This averag
used as the idth in determination of the aspect ratio.

D.2.2 Bungle

A grouping domposed of apparently attached parallel fibres shall be defined as a bundle, with a width ¢
estimate of thezmean bundle width, and a length equal to the maximum length of the structure. The ove

y structure

Dr greater,
h stepped
e shall be

qual to an
rall aspect

pect ratios

ti f the Budtle—ray—b v valie mravided thot it Ataineiadividaal Aatitiant_filbe PRI
ratio o € ouhtre—aype—atyvarde,proviteathatit cotttamsSMaiviatar—Consttent foresSnaving—as

equal to or greater than 5:1. Bundles may exhibit diverging fibres at one or both ends.
D.2.3 Cluster

An aggregate of two or more randomly oriented fibres, with or without bundles, shall be defined as
Clusters occur as two varieties:

a) disperse cluster (type D): a disperse and open network, in which at least one of the individual fibres
can be separately identified and its dimensions measured;

a cluster.

or bundles

b) compact cluster (type C): a complex and tightly bound network, in which one or both ends of each individual
fiore or bundle are obscured, such that the dimensions of individual fibres and bundles cannot be

unambiguously determined.
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Disperse cluster (type D) Compact cluster (type C)

24

Disperse matrix (type D) Compact matrix (type C)

Figure D.1 — Fundamental morphological structure types
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In practice, clusters can occur in which the characteristics of both types of cluster occur in the same structure.
Where this occurs, the structure should be assigned as a disperse cluster, and then a logical procedure should be
followed by recording structure components according to the counting criteria. The procedure for treatment of
clusters is illustrated by examples in Figure D.2.

D.2.4 Matrix

One or more fibres, or fibre bundles, may be attached to, or partially concealed by, a single particle or group of
overlapping non-fibrous particles. This structure shall be defined as a matrix. The TEM image does not discriminate
between particles which are attached to fibres and those which have by chance overlapped in the TEM image. It is

not known, therefore, whether such a structure is actually a complex particle, or whether it has arisen by a simple
Over|apping of pnrfinlne and-fibres-on-the filter.

Since a matilix structure may involve more than one fibre, it is important to define in detail how matrices shall be
counted. Mafrices exhibit different characteristics, and two types can be defined:

a) dispersg matrix (type D): a structure consisting of a particle or linked group of particles; with oveflapping or
attached fibres or bundles in which at least one of the individual fibres or bundles can_be separately identified
and its dimensions measured;

b) compact matrix (type C): a structure consisting of a particle or linked group~of particles, in which fibres or

bundles|can be seen either within the structure or projecting from it, such)that the dimensions of individual
fibres arnd bundles cannot be unambiguously determined.

Count as 1 compact cluster
(all fibres shorter than 5 pm)

Record as CC+0

s Count as a disperse cluster consisting of 5 fibres,
P{ 4 of which aretfonger than 5 um

Record as’CD54, followed by 5 fibres each recorded as CF

5um

Count as a disperse cluster consisting of 4 fibres,
2 of which are longer than 5 um, and 2 cluster residuals

Record as CD+2, followed by 4 fibres each recorded as
CF, and 2 cluster residuals each recorded as CR+0

Count as a disperse cluster consisting of 3 fibres,
2 bundles, 1 of which is longer than 5 um, and 1 cluster residual

Record as CD+1, followed by 3 fibres each recorded as CF,
2 bundles each recorded as CB, and one cluster residual
recorded as CR+0

Figure D.2 — Examples of recording of complex asbestos clusters
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In practice, matrices can occur in which the characteristics of both types of matrix occur in the same structure.
Where this occurs, the structure should be assigned as a disperse matrix, and then a logical procedure should be
followed by recording structure components according to the counting criteria. Examples of the procedure which
shall be followed are shown in Figure D.3.

D.2.5 Asbestos structure larger than 5 mm

Any fibre, bundle, cluster or matrix for which the largest dimension exceeds 5 um. Asbestos structures larger than
5 um do not necessarily contain asbestos fibres or bundles longer than 5 pm.

Count as 1 compact matrix, with
all fibres shorter than 5 um

Record as MC+0

Count as Jdisperse matrix containing
1 fibre shorter than 5 um

Reeard as MD10, followed by 1 fibre recorded as MF

b um

\ / 4 Count as 1 disperse matrix containing

5 fibres, all longer than 5 pm

Record as MD55, followed by 5 fibres each recordqd as MF

5um

\___A

2N

Figure D.3 — Examples of recording of complex asbestos matrices

Count as 1 disperse matrix, containing 3 fibres,
Tofwhichistonger tham 5 pmT,and-Tmatrix residual

Record as MD61, followed by 3 fibres each recorded
as MF, and 1 matrix residual recorded as MR30

5um
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D.2.7 PCM-equivalent structure

©1SO

Any fibre, bundle, cluster or matrix with an aspect ratio of 3:1 or greater, longer than 5 um, and which has a
diameter between 0,2 um and 3,0 um. PCM-equivalent structures do not necessarily contain fibres or bundles
longer than 5 pm, or PCM-equivalent fibres.

D.2.8 PCM-equivalent fibre

Any particle with parallel or stepped sides, with an aspect ratio of 3:1 or greater, longer than 5 um, and which has a
diameter between 0,2 um and 3,0 um. For chrysotile, PCM-equivalent fibres will always be bundles.

D.3 Othe
D.3.1 Stru

Count a strul
Record the d

structure-counting criteria

ctures which intersect grid bars

cture which intersects a grid bar for two sides of the grid opening only,.as"illustrated in |
mensions of the structure such that the obscured portions of componepts-are taken to be eq

Figure D.4.
uivalent to

the unobsculed portions, as shown by the broken lines in Figure D.4. For example,\the length of a fibre intersecting

a grid bar is
be included i

D.3.2 Fibr

During scanrn
double-count
two quadran
moving the

continuing to

D.4 Proce
D.4.1 Intrg

The morphol

faken to be twice the unobscured length. Structures intersecting either of the other two side
N the count.

bs which extend outside the field of view

s shall not

ing of a grid opening, count fibres which extend outside the field of view systematically, so s to avoid

ing. In general, a rule should be established so that fibres extending outside the field of v
s are counted. The procedure is illustrated by-Figure D.5. Measure the length of each su
pecimen to locate the other end of the fibre, and then return to the original field of v
scan the specimen. Fibres without terminations within the field of view shall not be counted.

pdure for data recording
duction

pgical codes specified.afe designed to facilitate computer data-processing, and to allow rec

complete representation of the-important features of each asbestos structure. The procedure require

microscopist
clusters and

D.4.2 Fibr

classify each_grimary fibrous structure into one of the four fundamental categories: fibreg
matrices.

D

S

ew in only
ch fibre by
ew before

brding of a
s that the
, bundles,

On the strucfure#counting form, a fibre as defined in D.2.1 shall be recorded by the designation "F". If th

b fibre is a

separately-counted part of a cluster or matrix, the fibre shall be recorded by the designation "CF", or "MF",
depending on whether it is a component of a cluster or matrix.

D.4.3 Bundles

On the structure-counting form, a bundle as defined in D.2.2 shall be recorded by the designation "B". If the bundle
is a separately-counted part of a cluster or matrix, the bundle shall be recorded by the designation "CB", or "MB",
depending on whether it is a component of a cluster or matrix.
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B V
7/
/7
7/
V4
’ /
7 P '
/ 1
Key
1 Scan direction 3"  Count
2 Do not count 4 Grid opening

Figure D.4 — Example of counting of.structures which intersect grid bars

\ 5
Key
1 Scandirection 4 Do not count
2 Count 5  Grid opening
3  TEM field of view 6 Do not count

Figure D.5 — Example of counting of fibres which extend outside the field of view
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D.4.4 Disperse clusters (type D)

On the structure-counting form, an isolated cluster of type D as defined in D.2.3 shall be recorded by the
designation "CD", followed by a two-digit number. The first digit represents the analyst's estimate of the total
number of fibres and bundles comprising the structure. The digit shall be from 1 to 9, or designated as "+" if there
are estimated to be more than 9 component fibres or bundles. The second digit shall represent, in the same
manner, the total number of fibres and bundles longer than 5 um contained in the structure. The overall dimensions
of the cluster in two perpendicular directions representing the maximum dimensions shall be recorded. In order of
decreasing length, up to five component fibres or bundles shall be separately recorded, using the codes "CF"
(cluster fibre) and "CB" (cluster bundle). If, after accounting for prominent component fibres and bundles, a group of
clustered fibres remains, this shaII be recorded as "CR" (cluster resrdual) If the remaining clustered fibres are

present as
record more
number, deri
fibores and b
information ¢

D.4.5 Conm

On the stru
designation '
and bundles
two perpend
constitutent
tabulation of

D.4.6 Disp

han frve cluster resrduals for any cluster A cluster resrdual shall be measured and assrgned
ed in the same manner as specified for the overall cluster. Optionally, if the number of ¢
ndles in either the original cluster or the cluster residual is outside of the range of 1 1o 9,
pncerning the number of component fibres and bundles may be noted in the "commeénts" colimn.

pact clusters (type C)

Cture-counting form, an isolated cluster of type C as defined in D2;3" shall be record
CC", followed by a two-digit number. The two-digit number describing.the numbers of compo
shall be assigned in the same manner as for clusters type D. The ‘overall dimensions of thé
cular directions shall be recorded in the same manner as/for clusters type D. By def
fibres and bundles of compact clusters cannot be separately measured, therefore ng
component fibres or bundles can be made.

erse matrices (type D)

On the strucfure counting form, an isolated matrix of type D asidefined in D.2.4 shall be recorded by the @

"MD", followd
type D. The
as for cluste
recorded, uj
component f
(matrix resid
to record mg
residual sha
overall matri
residual is o
bundles may

D.4.7 Con

bd by a two-digit number. The two digit numbeér-shall be assigned in the same manner as f
bverall dimensions of the matrix in two perpendicular directions shall be recorded in the san
's type D. In order of decreasing length, up to five component fibres or bundles shall be
ing the codes "MF" (matrix fibre)..and "MB" (matrix bundle). If, after accounting for
bres and bundles, matrix material(containing asbestos fibres remains, this shall be recordg
hal). If the remaining matrix fibres.are present as more than one localized group, it may be

| be measured and assigned a two-digit number, derived in the same manner as specif
. Optionally, if the number’of component fibres and bundles in either the original matrix or
tside of the range of\l/to 9, additional information concerning the number of component
be noted in the "cemments" column.

pact matrice€s-(type C)

On the struct

"MC", followg:

type D. The
as for cluste

re counting form, an isolated matrix of type C as defined in D.2.4 shall be recorded by the d
d by ta-two-digit number. The two-digit number shall be assigned in the same manner as f

bverall drmen5|ons of the matrix |n two perpendlcular directions shall be recorded in the san

measured, therefore no separate tabulation of component flbres or bundles can be made

D.4.8 Procedure for recording partially obscured fibres and bundles

re than one matrix residual.“Bo not record more than five matrix residuals for any matriy.

jal. Do not
a two-digit
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b cluster in
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separate
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ne manner
separately
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The proportion of the length of a fibre or bundle that is obscured by other particulates shall be used as the basis for
determining whether a fibre or bundle is to be recorded as a separate component or is to be considered a part of a
matrix type C or a part of a matrix residual. If the obscured length could not possibly be more than one-third of the
total length, the fibre or bundle shall be considered a prominent feature to be separately recorded. The assigned
length for each such partially-obscured fibre or bundle shall be equal to the visible length plus the maximum
possible contribution from the obscured portion. Fibres or bundles which appear to cross the matrix, and for which
both ends can be located approximately, shall be included in the maximum count of five and recorded according to
the counting criteria as separate fibres or bundles. If the obscured length could be more than one-third of the total
length, the fibre or bundle shall be considered as a part of a compact matrix type C or part of a matrix residual.
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D.5 Special considerations for counting PCM-equivalent structures

Use 3:1 as the minimum aspect ratio for counting PCM-equivalent structures. This aspect ratio definition is required
in order to achieve comparability of the results for this size range of structure with historical optical measurements,
but use of this aspect ratio definition does not significantly affect the ability to interpret the whole fibre size
distribution in terms of a minimum 5:1 aspect ratio. Some applications may require that a count be made of PCM-
equivalent structures only. The coding system permits discrimination between PCM-equivalent structures that

contain fib
NOTE

all fibre si
However, tl
are consist

D.6 Sp
and bun

If the prim
counting
greater stz
the mass
measuren
relative to
chrysotile
numerical
examinatig
designed

res and bundles longer than 5 um and those that do not.

In general, clusters and matrices will yield fewer components as the minimum dimensions specified for countable
fibres are |ncreased Thus it may be found that a partlcular structure ylelds a higher number of component flbres in a count for

e requwement that component flbres and bundles be recorded in order of decreasing Iength ensurep
bnt for a particular structure, regardless of the size category of fibres being counted and the magnificati

bcial considerations for estimation of the mass concentration of ashestos fibr
lles

ary objective of the analysis is to estimate the mass concentration, it is)necessary to adop

dtrategy that allows large structures that contribute most to the mass concentration to be

tistical reliability. The number of structures that must be counted/in ‘erder to achieve a reliab
concentration depends primarily on the range of diameter distribution. The mass

ent is most sensitive to fibres and bundles of large diametets, Which are generally statisticg
the smaller fibres and bundles. If the diameter distributioniis-narrow, such as that found in a
fibrils, the mass concentration can be measured with approximately the same precision
concentration. If the diameter distribution is broad;“mass concentration estimates derive
ns to determine numerical concentrations are statistically unreliable. The strategy speci
to give greater statistical significance to theslarge structures, which contribute most

concentration.

Initially, eq
at a redud

tablish the largest width of asbestos fibre or bundle that can be detected on the grid by a cu
ed magnification, of approximately .50_grid openings. Calculate the volume of this structun

magnificatjon of the TEM to a value such that a width of 1 mm on the fluorescent screen co

approxima
this magn
structures
intercept t
purposes

Figure D.4.

tely 10 % of the width of the previously-selected large structure. Carry out a routine TEM e
fication, terminating the examination at the end of the grid opening on which the integrated
recorded is at least 10 times-the volume of the orginally-selected structure. For asbestos stry
ne grid bars, measure pnly-the unobscured parts of the fibres and bundles within the grid op
pf calculation of the-mass concentration of asbestos. Disregard the procedure indicated
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5 that the data
ion in use.

11%
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Fibre identification procedure
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measuremer|
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identification
of analysis, d
The combin

before the a
factors relate

specified fible identification criteria for a particular fibre. Therefore, a record Shall be made of the id

criteria which
EDXA were
which, for s
chrysaotile, ar|

E.2 EDa
E.2.1 Gen

Initially, clas
those fibres
following pro

The crystal S
required for
attempts are
examined, E

E.22 EDf

The ED tech
detailed med
randomly ori

ised for identification of asbestos fibres may be selected as a function of the intended

ts. In some circumstances, there can be a requirement that fibres shall be unequivocally ide
ral species. In other circumstances there can be sufficient knowledge about the-sample th
of each fibre need not be carried out. The time required to perform the analysis} and therefo
an vary widely depending on the identification criteria which are considered to'be sufficiently
tion of criteria considered definitive for identification of fibres in a particular analysis shall b
alysis is made, and this combination of criteria shall be referred to asd¢he-"Level" of analys
d to instrumental limitations and the character of the sample may. prévent satisfaction o

were satisfied for each suspected asbestos fibre included in thexanalysis. For example, if bg

Ise of the
htified as a
ht rigorous
re the cost
definitive.
b specified
s. Various
all of the
bntification
th ED and

specified to be attempted for definitive identification of each fibre, fibres with chrysotile
pme reason, do not give an ED pattern but which do ield an EDXA spectrum corre

S
P categorized in a way which conveys the level of confidence to be placed in the identificatior}.

nd EDXA techniques
eral

bify fibres into two categories on the-basis of morphology: those fibres with tubular morph
vithout tubular morphology. Conduct further analysis of each fibre using ED and EDXA me
cedures should be used when fibres are examined by ED and EDXA.

tructures of some mineral-fibres, such as chrysotile, are easily damaged by the high curren
EDXA examination. Therefore, investigation of these sensitive fibres by ED shall be complg
made to obtain EDXA-spectra from the fibres. When more stable fibres, such as the amph
DXA and ED may/he.used in either order.

pchniques

orphology
onding to

plogy, and
hods. The

t densities
ted before
boles, are

nique canvbe either qualitative or quantitative. Qualitative ED consists of visual examinatic

ented fibre. ED patterns obtalned from frbres wrth cylindrical symmetry, such as chrysot

change wher

surement, of the general characteristics of the ED pattern obtained on the TEM viewing scr¢

N, without
en from a
le, do not
erals can

be interpreted quantrtatrvely For frbres whrch do not have cylrndrrcal symmetry, onIy those ED patterns obtained
when the fibre is oriented with a principal crystallographic axis closely parallel with the incident electron-beam
direction can be interpreted quantitatively. This type of ED pattern shall be referred to as a zone-axis ED pattern. In
order to interpret a zone-axis ED pattern quantitatively, it shall be recorded photographically and its consistency with
known mineral structures shall be checked. A computer program may be used to compare measurements of the
zone-axis ED pattern with corresponding data calculated from known mineral structures. The zone-axis ED pattern
obtained by examination of a fibre in a particular orientation can be insufficiently specific to permit unequivocal
identification of the mineral fibre, but it is often possible to tilt the fibre to another angle and to record a different ED
pattern corresponding to another zone-axis. The angle between the two zone-axes can also be checked for
consistency with the structure of a suspected mineral.

For visual examination of the ED pattern, the camera length of the TEM should be set to a low value of
approximately 250 mm and the ED pattern then should be viewed through the binoculars. This procedure minimizes

44


https://standardsiso.com/api/?name=e5636350c3943752e060c94a121bd24a

©1S0 ISO 13794:1999(E)

the possible degradation of the fibre by the electron irradiation. However, the pattern is distorted by the tilt angle of
the viewing screen. A camera length of at least 2 m should be used when the ED pattern is recorded, if accurate
measurement of the pattern is to be possible. It is necessary that, when obtaining an ED pattern to be evaluated
visually or to be recorded, the sample height shall be properly adjusted to the eucentric point and the image shall be
focussed in the plane of the selected area aperture. If this is not done there may be some components of the ED
pattern which do not originate from the selected area. In general, it is necessary to use the smallest available ED
aperture.

For accurate measurements of the ED pattern, an internal calibration standard shall be used. Apply a thin coating of
gold, or other suitable calibration material, to the underside of the TEM specimen. This coating may be applied
either by vacuum evaporation or, more conveniently, by sputtering. The polycrystalline gold film yields diffraction

rings on e

ery ED pattern and these ringc prn\/idp the rpquirpd calibration information

To form a
specimen
fibre, or a
the fibre {

n ED pattern, move the image of the fibre to the centre of the viewing screen, adjust.the
to the eucentric position, and insert a suitable selected area aperture into the electron-bea
bortion of it, occupies a large proportion of the illuminated area. The size of the apefture and
hall be such that particles other than the one to be examined are excluded, from the s

Observe the ED pattern through the binoculars. During the observation, the objegtive lens curre

adjusted t
move the
interferend

h the point where the most complete ED pattern is obtained. If an incomplete ED pattern is

es from neighbouring particles.

If a zone-@xis ED analysis is to be attempted on the fibre, the sample shall be mounted in the appro

The most
Rotate the
the gonior
appears w
requires s
manner in
matrix of

exercised
diffraction
Bibliograp
reflections
d-spacings
should be
reflections

Five spots
measuren
shown pro
a well-def

convenient holder allows complete rotation of the specimen grid/and tilting of the grid about
sample until the fibre image indicates that the fibre is oriented with its length coincident with
neter, and adjust the sample height until the fibre is at.the eucentric position. Tilt the fibre
hich is a symmetrical, two dimensional array of spots¢The recognition of zone-axis alignme
bme experience on the part of the operator. During_tilting of the fibre to obtain zone-axis ¢
which the intensities of the spots vary should besebserved. If weak reflections occur at som

in the selection of diffraction spots for measurement and interpretation. A full discussio
and multiple diffraction can be found ‘in”the references by Gard, Hirsch et al., and

ny. Not all zone-axis patterns which canbe obtained are definitive. Only those which have cl
corresponding to low indices ip~at least one direction should be recorded. Patterns
are less than about 0,3 nm are ot definitive. A useful guideline is that the lowest ang
within the radius of the first gold diffraction ring (111), and that patterns with smaller distar
are usually the most definitive.

, closest to the centré spot, along two intersecting lines of the zone-axis pattern shall be
ent, as illustrated in-Figure E.1. The distances of these spots from the centre spot and th
vide the required.data for analysis. Since the centre spot is usually very over-exposed, it doe
ned origin faryithese measurements. The required distances shall therefore be obtained K

between pairs of spats:symmetrically disposed about the centre spot, preferably separated by sé

distances.
better tha
measured

The distances must be measured with a precision of better than 0,3 mm, and the angles to

with.alprecision of better than 0,3 mm.

height of the
M so that the
the portion of
blected area.
nt should be
5till obtained,

particle around within the selected area to attempt to optimize the ED pattern, or to elimipate possible

briate holder.
B single axis.
the tilt axis of
b until an ED
nt conditions
pbnditions, the
e points on a

strong  reflections, the possibility of twinning :@x“multiple diffraction exists, and some cautipn should be

n of electron
Wenk in the
bsely-spaced
in which all
e reflections
ces between

selected for
b four angles
S not provide
y measuring
bveral repeat
h precision of

h 2,5% The diameter of the first or second ring of the calibration pattern (111 and 200) must also be

Using golo

as the calibration material, the radius-based camera constant IS given by:

A-L=0,11774D mm-nm (first ring)

A-L=0,10197D mm-nm (second ring)

E.2.3 EDXA measurements

Interpretation of the EDXA spectrum may be either qualitative or quantitative. For qualitative interpretation of a
spectrum, the X-ray peaks originating from the elements in the fibre are recorded. For quantitative interpretation, the
net peak areas, after background subtraction, are obtained for the X-ray peaks originating from the elements in the
fibre. This method provides quantitative interpretation for those minerals which contain silicon.
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visual compdg

Figure E.1 — Example of measurement of five spots in zone-axis SAED patterns

EDXA spectrum, move the image of the fibre tg\the centre of the screen and remove thg
ect an appropriate electron beam diameter-and deflect the beam so that it impinges or
h the instrumentation, it may be necessary to-ilt the specimen towards the X-ray detector an
{o use a scanning transmission electron microscopy (STEM) mode of operation.

hcquisition of a suitable spectrum yarjes with the fibre diameter, and also with instrumental f
nterpretation, spectra should have-a statistically valid number of counts in each peak. A
br fibres which contain sodiumivare the most critical, since it is in the low energy range tha
ast sensitive. Accordingly, itisshecessary to acquire a spectrum over a sufficiently long peri
sodium can be detected i such fibres. It has been found that satisfactory quantitative analys
Cquisition is continuedtntil the backgound-subtracted silicon Ka peak integral exceeds 10 O
N should then be manipulated to subtract the background and to obtain the net areas of the

itive EDXA classification of some fibres by computer analysis of the net peak areas, it may |
rther fibresyin the same sample on the basis of comparison of spectra at the instrument. F
risons €an’be made after somewhat shorter acquisition times.

b Objective
the fibre.
d, in some

nctors. For
halyses of
the X-ray
bd that the
es can be
00 counts.
elemental

e possible
Frequently,

E.3

Interpretationm of fibre amatysis data

E.3.1 Chrysotile

The morphological structure of chrysotile is characteristic, and with experience, can be recognized readily.
However, a few other minerals have similar appearance, and morphological observation by itself is inadequate for
most samples. The ED pattern obtained from chrysotile is quite specific for this mineral if the specified
characteristics of the pattern correspond to those from reference chrysotile. However, depending on the past history
of the fibre, and on a number of other factors, the crystal structure of a particular fibre may be damaged, and it may
not yield an ED pattern. In this case, the EDXA spectrum may be the only data available to supplement the
morphological observations.
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E.3.2 Amphiboles

Since the fibre identification procedure for asbestos fibres other than chrysotile can be involved and
time-consuming, computer programmes such as that developed by Rhoades (see Bibliography) are recommended
for interpretation of zone-axis ED patterns. The published literature contains composition and crystallographic data
for all of the fibrous minerals likely to be encountered in TEM analysis of air samples, and the compositional and
structural data from the unknown fibre should be compared with the published data. Demonstration that the
measurements are consistent with the data for a particular test mineral does not uniquely identify the unknown,
since the possibility exists that data from other minerals may also be consistent. It is, however, unlikely that a
mineral of another structural class could yield data consistent with that from an amphibole fibre identified by

guantitative EDXA and two zone-axis ED patterns.

Suspected amphibole fibres should be classified initially on the basis of chemical composition. Eithex
guantitative EDXA information may be used as the basis for this classification. From the published-dal
compositigns, a list of minerals which are consistent in composition with that measured for the unknow
be compiled. To proceed further, it is necessary to obtain the first zone-axis ED pattern, accq
instructiong in E.2.2.

It is possilble to specify a particular zone-axis pattern for identification of amphibole;-since a few patte
considered to be characteristic. Unfortunately, for a fibre with random orientatiofi-on a TEM grid,

holder and goniometer currently available will permit convenient and rapid location of two preselecte
The most|practical approach has been adopted, which is to accept thosellow index patterns whi
obtained, fand then to test their consistency with the structures of the minetals already preselected o
the EDXA|data. Test the structures of non-amphibole minerals in thig préselected list against the z¢
obtained for the unknown fibre, since non-amphibole minerals inxsome orientations may yield sin
consistent|with amphibole structures.

The zone-
chemically
have beer
processed
the angle
structures
contains ¢
the full idg
identificati

axis ED interpretation shall include all minerals previously selected from the mineral data
compatible with the EDXA data. This proceduretusually shortens the list of minerals for wh
found. A second set of zone-axis data from.@nother pattern obtained on the same fibre
, either as further confirmation of the identification, or to attempt elimination of an ambiguity
measured between the orientations of the two zone-axes can be checked for consiste
of the minerals. Caution should be exercised in rationalizing the inter-zone axis angle, sin
Laxis twinning the two zone-axis ED,patterns may originate from the separate twin crystals
ntification procedure will normally be applied to very few fibres, unless for a particular re
bn of all fibres is required.

E.4 Fibre classification categories

It is not aljvays possible tg proceed to a definitive identification of a fibre; this may be due to instrumen|
or to the actual nature<ef-the fibre. In many analyses a definitive identification of each fibre may ng
necessary|if there is-other knowledge available about the sample, or if the concentration is below a leV
The analytical procedure must therefore take account of both instrumental limitations and vari
requirements. ,Accordingly, a system for fibre classification is used to permit accurate recording

qualitative or
a on mineral
h fibre should
rding to the

rns are often
ho specimen
[ zone-axes.
h are easily
the basis of
ne-axis data
hilar patterns

file as being
ich solutions
can then be
. In addition,
ncy with the
ce if the fibre
. In practice,
ason precise

tal limitations
t actually be
el of interest.
ed analytical
Df data. The

classificatijops are shown in Tables E.1 and E.2, and are directed towards identification of chrysotile a||1d amphibole
respectively-Eibres shall be reported in these categaories

The general principle to be followed in this analytical procedure is first to define the most specific fibre classification
which is to be attempted, or the "level" of analysis to be conducted. Then, for each fibre examined, record the
classification which is actually achieved. Depending on the intended use of the results, criteria for acceptance of
fibres as "identified" can then be established at any time after completion of the analysis.

In an unknown sample, chrysotile shall be regarded as confirmed only if a recorded, calibrated ED pattern from one
fibre in the CD categories is obtained, or if measurements of the ED pattern are recorded at the instrument.
Amphibole shall be regarded as confirmed only by obtaining recorded data which yields exclusively amphibole
solutions for fibres classified in the AZQ, AZZ or AZZQ categories.
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™ -

CM -

CQ -
CMQ -

Table E.1 — Classification of fibres with tubular morphology
Tubular Morphology, not sufficiently characteristic for classification as chrysotile
Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by Quantitative EDXA

©1SO

CDQ -

NAM -

UF -

AD -

ADX -
AQ -
AZ -
ADQ -
AZQ -
AZZ -
AZZQ -

NAM -

E.4.1 Proag

Occasionally,
be character

Chrysotile SAED pattern and composition by Quantitative EDXA

Non-Asbestos Mineral

Table E.2 — Classification of fibres without tubular morphology
Unidentified Fibre
Amphibole by random-orientation SAED (shows layer pattern.of 8,53 nm spacing)
Amphibole by qualitative EDXA. Spectrum has elementakcomponents consistent with am
Amphibole by random-orientation SAED and qualitative’EDXA
Amphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED pattern
Amphibole by random orientation SAED and Quantitative EDXA
Amphibole by one Zone Axis SAED pattern and Quantitative EDXA
Amphibole by two Zone AxiS'SAED patterns with consistent interaxial angle
Amphibole by two Zone Axis SAED patterns, with consistent interaxial angle, and Quantitati

Non-Asbestos Mineral

edure for-classification of fibres with tubular morphology, suspected to be chrysotile

fibres™are encountered which have tubular morphology similar to that of chrysotile, but wh

phibole

e EDXA

ich cannot
es are not

zed, further either by ED or EDXA. They can be non-crystalline, in which case ED technigu

useful, or t

I H M +lo 1l hialk— ol + i+ N\ CA + + I
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obtained.

Alternatively, the fibre can be of organic origin, but the morphology and composition may not be sufficiently definitive
that it can be disregarded. Accordingly, it is necessary to record each fibre, and to specify how confidently each
fibre can be identified. Classification of fibres will meet with various degrees of success. Figure E.2 shows the
classification procedure which shall be used for fibres which display any tubular morphology. The chart is self-
explanatory, and every fibre is either rejected as a non-asbestos mineral (NAM), or classified in some way which by
some later criterion could still contribute to the chrysotile fibre count.

Morphology is the first consideration, and if this is not similar to that usually seen in chrysotile standard samples,
designate the initial classification as TM. Regardless of the doubtful morphology, examine the fibre by ED and
EDXA methods according to Figure E.2. Where the morphology is more definitive, it may be possible to classify the
fibre as having chrysotile morphology (CM).
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Figure E.2 — Classification chart for fibre with tubular morphology
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For classification as CM, the morphological characteristics required are:

a)

b)

structure to be visible; and,

c)
UICC ch

rysotile, which may degrade in the electron beam.

©1SO

the individual fibrils have high aspect ratios, exceeding 5:1, and are about 30 nm to 40 nm in diameter;

the electron-scattering power of the fibre at 60 kV to 100 kV accelerating potential is sufficiently low for internal

there is some evidence of internal structure suggesting a tubular appearance similar to that shown by reference

Examine every fibre having these morphological characteristics by the ED technique, and classify as chrysotile by

ED (CD) onl

those which give diffraction patterns with the precise characteristics shown in Figure E.3. T

e relevant

features in th

a) the (002
b) thelaye
c) thereis

Using the m

instrument. If documentary proof of fibre identification is required, record acTEM micrograph of at

representativ
calibration ri
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halloysite, pg
by ED is var
fibres that fai
EDXA.

In the EDXA
analysis sha
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quantitative

is pattern for identification of chrysotile are as follows:
reflections shall be examined to determine that they correspond closely to a spacingrof-0,73
line repeat distance corresponds to 0,53 nm; and,

streaking" of the (110) and (130) reflections.

nm;

illimetre calibrations on the TEM viewing screen, these observations“can readily be made at the

e fibre, and record its ED pattern on a separate film or plate: This film or plate shall
hgs from a known polycrystalline substance, such as geld,) This calibrated pattern is
proof that the particular fibre is chrysotile, and not some_ other tubular or scrolled speciq
lygorskite, talc or vermiculite. The proportion of fibres whickrcan be successfully identified as
able, and to some extent dependent on both the instrument and the procedures of the opg
to yield an identifiable ED pattern will remain in theXTM or CM categories unless they are ex

analysis of chrysotile there are only two elements which are relevant. For fibre classification,
| be quantitative. If the spectrum displays’prominent peaks from magnesium and silicon
appropriate ratio, and with only minog peaks from other elements, classify the fibre as ch
EDXA, in the categories CQ, CMQ,,0r.CDQ, as appropriate.
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E.4.2 Procedure for classification of fibres without tubular morphology, suspected to be
amphibole

Every particle without tubular morphology and which is not obviously of biological origin, with an aspect ratio of 5:1
or greater, and having parallel or stepped sides, shall be considered as a suspected amphibole fibre. Further
examination of the fibre by ED and EDXA techniques will meet with a variable degree of success, depending on the
nature of the fibre and on a number of instrumental limitations. It is not possible to identify every fibre completely,
even if time and cost are of no concern. Moreover, confirmation of the presence of amphibole can be achieved only
by quantitative interpretation of zone-axis ED patterns, a very time-consuming procedure. Accordingly, for routine
samples from unknown sources, this analytical procedure limits the requirement for zone-axis ED work to a
minimum of one fibre representative of each compositional class reported In some samples, it may be necessary to
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htion by zone-axis methods may not be justified.

The 0,53 pm layer spacing of the random-orientation ED pattern is not by itself diagnostic for amphibg

the prese
individual
layer lines|

hce of c-axis twinning in many fibres leads to contributions to the layers in the* pattern
parallel crystals of different axial orientations. This apparently random positioriing”of the sp
if also associated with a high fibre aspect ratio, is a characteristic of amphibele asbestos,

some limited diagnostic value. If a pattern of this type is not obtained, the identity~of the fibre is sti

since the
electron b

Figure E.4
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instrumen
maximum
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In the unk
confirmed
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least one 1
most case€
location,
accepted f

absence of a recognizable pattern can be a consequence of an unSuitable orientation r
bam, or the fibre can be some other mineral species.

shows the fibre classification chart which shall be used for suspé&cted amphibole fibres. This

Two routes are possible, depending on whether an attempt'to obtain an EDXA spectrum
ED pattern is made first. The normal procedure for analysis of a sample of unknown origin
y random-orientation ED, qualitative EDXA, quantitativé EDXA, and zone-axis ED, in this se
Classification assigned is defined either by successful analysis at the maximum required le

classification achieved for each fibre on the‘counting sheet in the appropriate column.
pn categories can then be combined later-in any desired way for calculation of the fibre G
ete record of the results obtained when attempting to identify each fibre can also be used
necessary.

For this level of analysis, attempt to raise the classification of every suspected amphibol

ibre from each type of suspected amphibole found by zone-axis methods to confirm their idg
s, because informatioh_exists about possible sources of asbhestos in close proximity to the

dome degree of ambiguity of identification can be accepted. Lower levels of analysis can

or these situations.

le. However,
5 by several
pts along the
and thus has
ambiguous,
blative to the

chart shows

sification paths possible in analysis of a suspected amphibol@fibre, when examined systematically by ED
and EDXA.

Dr a random-
s to examine
quence. The
el, or by the

al limitations. Any instrumental limitations which affect the quality of the results shall be noteql. Record the

The various
oncentration.
to re-assess

nown sample, zone-axis analysis will be required if the presence of amphibole is to be dinequivocally

b fibre to the

jory by inspection of the random orientation ED pattern and the EDXA spectrum. In additiof, examine at

ntification. In
air sampling
therefore be
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