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Foreword

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

This document is applicable to the measurement of airborne asbestos in a wide range of ambient
air situations, including the interior atmospheres of buildings, and for a detailed evaluation of
any atmosphere. 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, and therefore there is a requirement for fibres to be identified. Many
airborne asbestos fibres in ambient atmospheres have diameters below the resolution limit of the
optical microscope. This document is based on transmission electron microscopy, which has adequate

y y techniqu
unequivocal identification of the majority of individual fibres of asbestos. The fibres foun
in af ambient atmosphere can often be identified unequivocally, if sufficient measurem
expended. However, if each fibre were to be identified in this way, the analysis betomes
expephsive. Because of instrumental deficiencies or because of the nature of‘the partid
fibres cannot be positively identified as asbestos, even though the measurenients all indic3
could be asbestos. Subjective and instrumental factors therefore contribute to this measu
consgquently a very precise definition of the procedure for identificatien-and enumeratior
fibref is required.

In addition to single fibres and bundles, asbestos is often fotind in air samples as ve
aggregated structures, which may or may not be also aggregated with other particles.

of agbestos fibres and bundles incorporated in these complex structures often exceeds
of isplated fibres and bundles observed, and many of them may be completely obscurg
transfer transmission electron microscope (TEM) preparations. The method defined in th
incoifporates specimen preparation procedures that result in the selective concentration|
fibres and the removal of organic, water-soluble and acid-soluble materials. These procedu
effect of dispersing the majority of the complex:clusters and aggregates of fibres into theif
fibres and bundles so that the asbestos in the air sample can be more accurately quantifig
feasiple specimen preparation techniquesresult in some modification of the airborne parti

odified by the specimen preparation procedures. Although this method results in
lex clusters and aggregates;:it minimizes other effects on the size distribution of fibr
les.

This
of th
evall

document requires-a-very detailed and logical procedure is used to reduce the subjed
e measurement. The’method of data recording specified in the document is designed
lation of the fibreCounting data as new medical evidence becomes available.

This
pote
betw
detel

document \describes the method of analysis for a single air filter. However, one of
htial errors in characterizing asbestos in ambient atmospheres is associated with th
een filter samples. For this reason, it is necessary to design a replicate sampling schem|
'mine the standard's accuracy and precision.
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Comparison of results obtained using this indirect-transfer procedure with those from the direct-
transfer procedure cannot be done a priori. This can only be achieved by a site-specific inter-comparison
study that takes into account the fibre size and type of asbestos, and also the nature of the source of the
airborne asbestos.
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Ambient air — Determination of asbestos fibres — Indirect-
transfer transmission electron microscopy method

1 Scope

This document specifies a reference method using transmission electron microscopy for the

dete situations,
including the interior atmospheres of buildings, and for a detailed evaluation for asbestop structures
in arly atmosphere. The specimen preparation procedure incorporates ashing and,'dispersion of the
collefted particulate, so that all asbestos is measured, including the asbestos originally incorporated
in pdrticle aggregates or particles of composite materials. The lengths, widthsdand aspect fatios of the
asbestos fibres and bundles are measured, and these, together with the density of the type|of asbestos,
also |allow the total mass concentration of airborne asbestos to be calculated. The method allows
detefmination of the type(s) of asbestos fibres present. The method-cahnot discrimingte between
individual fibres of the asbestos and elongate fragments (cleavage firagments and acicular particles)
from|non-asbestos analogues of the same amphibole minerall12],

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For datéd references, only the edition cited |applies. For
unddted references, the latest edition of the referencted document (including any amendments) applies.
IS0 4225, Air quality — General aspects — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4225 and the follpwing apply.
ISO gnd [EC maintain terminelegical databases for use in standardization at the following dddresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia:@available at http://www.electropedia.org/

31

acicylar

shapp shown by an extremely slender crystal with cross-sectional dimensions which are sinall relative
to itq lerigth, i.e. needle-like

[SOURCETTSO 1031271995, 31]

3.2

amphibole

group of rock-forming ferromagnesium silicate minerals, closely related in crystal form and
composition, and having the nominal formula:

Ag1B2C5Tg0,,(0H,FCD);

where

© ISO

2019 - All rights reserved
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, Na;

is Fe2*, Mn, Mg, Ca, Na;

], Cr, Ti, Fe3*, Mg, Fe2*;

is Si, Al, Cr, Fe3+, Ti.

Note 1 to entry: 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 a silicon:oxygen ratio of 4:11,
by columnar or fibrous prismatic crystals and by good prismatic cleavage in two directions parallel to the crystal

faces and intnrcnr‘h'ng at ahglnc of about 56° and 124°

[SOURCE: I§

3.3
amphibole
amphibole i

[SOURCE: IS
3.4

0 10312:1995, 3.2]

asbestos
h an asbestiform habit

0 10312:1995, 3.3]

analytical filter

filter throug
which trans

[SOURCE: IS

3.5

analytical 4
calculated 4
asbestos str

Note 1 to ent

h which an aqueous dispersion of ash from the sample collection filter is passed, and
mission electron microscope specimen grids are prepared

0 13794:1999, 2.4]

ensitivity
ucture in the analysis

Fy: It is expressed in structures/litre.

from

lirborne asbestos structure concentration-in structures/litre, equivalent to counting of one

Note 2 to ertry: This method does not specify a unique analytical sensitivity. The analytical sensitivjity is
determined By the needs of the measureméntand the conditions found on the prepared sample.

[SOURCE: IS0 10312:1995, 3.4]

3.6

asbestiform

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

[SOURCE: IS0 10312:1995, 3.5]

3.7

asbestos

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

Note 1 to entry: The Chemical Abstracts Service Registry Numbers of the most common asbestos varieties 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). Other varieties
of asbestiform amphibole, such as richterite asbestos and winchite asbestosl18l, are also found in some products

such as verm

[SOURCE: IS

iculite and talc.

0 10312:1995, 3.6]
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3.8

asbestos structure

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

[SOURCE: IS0 10312:1995, 3.7]

3.9

ashed filter blank

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

[SOURCE: 1SO 13794:1999, 2.9]

3.10
aspectratio
ratio|of length to width of a particle

[SOURCE: ISO 10312:1995, 3.8]

3.11
blank
strugture count made on transmission electron microscope specimens prepared from an ynused filter,
to dgtermine the background measurement

[SOURCE: ISO 10312:1995, 3.9]

3.12
camera length
equiyalent projection length between the specinten and its electron diffraction pattern, in|the absence
of lens action

[SOURCE: ISO 10312:1995, 3.10]

3.13
chryjsotile
fibrojus mineral of the serpentine-group, which has the nominal composition:

=

1g5Si,05(0H),

Note|1 to entry: Most hatural chrysotile deviates little from this nominal composition. In some varieties of
chrydotile, minor substitution of silicon by Al3* may occur. Minor substitution of magnesium by A3+, Fe2+, Fe3+,
Ni2*, Mn2+ and Co%tmay also be present. Chrysotile is the most prevalent type of asbestos.

[SOURCE: 1S6~10312:1995, 3.11]

3.14
clea age
breaking of a mineral along one of its crystallographic directions

[SOURCE: ISO 10312:1995, 3.12]

3.15
cleavage fragment
fragment of a crystal that is bounded by cleavage faces

Note 1 to entry: Crushing of non-asbestiform amphibole generally yields elongated fragments that conform to
the definition of a fibre, but rarely have aspect ratios exceeding 30:1.

[SOURCE: ISO 10312:1995, 3.13, modified — Note 1 to entry added.]
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structure in which two or more fibres, or fibre bundles, are randomly oriented in a connected grouping

[SOURCE: IS
3.17

010312:1995, 3.14]

direct-transfer blank
structure count made on transmission electron microscope specimens prepared by the direct-transfer
procedure from a blank filter of the type used for filtration of aqueous dispersions of ash

[SOURCE: I

013794:1999 2 17]

3.18
d-spacing
distance bet

[SOURCE: IS

3.19
electron di
technique iy

[SOURCE: IS

3.20
electron sc
extent to wi

[SOURCE: IS
3.21

empty beaker blank

fibre count

using an empty beaker as the initial sample

[SOURCE: IS
3.22

energy dispersive X-ray analysis

measureme
analyser sy9

[SOURCE: I§

3.23
eucentric

ween identical adjacent and parallel planes of atoms in a crystal

0 10312:1995, 3.15]

ffraction
electron microscopy by which the crystal structure of a specimen is examined

0 10312:1995, 3.16]
httering power

ich a thin layer of substance scatters electrons from their original directions

0 10312:1995, 3.17]

made on transmission electron mickoscope specimens prepared by the indirect procd

0 13794:1999, 2.21]

ht of the energies-and intensities of X-rays by use of a solid state detector and multi-ch{
tem

0 10312:1995, 3.18]

dure

innel

condition w|

hen the area of interest of an object is placed on a tilting axis at the intersection g

f the

electron beam with that axis and is in the plane of focus

[SOURCE: IS

3.24
field blank

0 10312:1995, 3.19]

filter cassette that has been taken to the sampling site, opened and then closed and which is used to
determine the background structure count for the measurement

[SOURCE: IS

0 10312:1995, 3.20]
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fibril
single fibre of asbestos, which cannot be further separated longitudinally into smaller components
without losing its fibrous properties or appearances

[SOU
3.26

RCE: ISO 10312:1995, 3.21]

fibre
elongated particle which has parallel or stepped sides

Note

1 to entry- For the purpases of this document a fibre is defined to have an aspect ratio Pqnnl

to or greater

than
[SOU

3.27
fibrd
strud

Note
[SOU|

3.28
fibrd
fibre

[soy

3.29
funn
strug
meth

[soy

3.30
habi
char
irreg

[SOU
3.31
limit
calcy

b:1 and a minimum length of 0,5 pm.

RCE: ISO 10312:1995, 3.22]

bundle
ture composed of parallel, smaller diameter fibres attached along their lengths

1 to entry: A fibre bundle may exhibit diverging fibres at one or both ends.

RCE: ISO 10312:1995, 3.23]

us structure
or connected grouping of fibres, with or without other particles

RCE: [SO 10312:1995, 3.24]

el blank
ture count made on transmission electron microscope specimens prepared by the dir
od from a filter used for filtration:of a sample of distilled water

RCE: I1SO 13794:1999, 2.29]

k
hcteristic crystal growth form or combination of these forms of a mineral, including c}
ularities

RCE: 1SO 10312:1995, 3.25]

of detection
latéd‘airborne fibre concentration in structures/l, equivalent to the upper 95 % conf

ect-transfer

laracteristic

idence limit

of 2,9

9-structures predicted by the Poisson distribution for a count of zero structures

[SOU
3.32

RCE: ISO 10312:1995, 3.26]

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 non-fibrous particles

[SOU

© ISO

RCE: ISO 10312:1995, 3.27]
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3.33

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

[SOURCE: ISO 10312:1995, 3.28]

3.34

PCM equivalent fibre

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

[SOURCE: IS0 10312:1995, 3.29]

3.35
PCM equivdlent structure
fibrous strufture of aspectratio greater than or equal to 3:1, longer than 5 pm, and whith*has a diameter
between 0,4 pm and 3,0 pm

[SOURCE: IS0 10312:1995, 3.30]

3.36
pixel
smallest image-forming element to which a grey level is assigned

[SOURCE: ISO 23900-6:2015, 2.10]

3.37
primary structure
fibrous strurture that is a separate entity in the transmission electron microscope image

[SOURCE: IS0 10312:1995, 3.31]

3.38

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

[SOURCE: IS0 10312:1995, 3.32]

3.39
selected arga electron diffraction
technique in] electron micrescopy in which the crystal structure of a small area of a sample is exanjined

[SOURCE: IS0 10312:1995, 3.33]

3.40
serpentine
group of common rock-forming minerals having the nominal formula:

Mg;5i,05(0H),

[SOURCE: ISO 10312:1995, 3.34]

3.41
structure
single fibre, fibre bundle, cluster or matrix

[SOURCE: ISO 10312:1995, 3.35]
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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

[SOU
3.43

RCE: ISO 10312:1995, 3.36]

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

intersection

[SOUR(‘F‘- 1ISQ 10312:1995 3 '27]

3.44

zone-axis

line pr crystallographic direction through the centre of a crystal that is parallelxto the
edgep of the crystal faces defining the crystal zone
[SOURCE: I1SO 10312:1995, 3.38]

4 $ymbols and abbreviated terms

eV electron volt

kv kilovolt

1/min litres per minute

ug microgram (10~ grams)

pum micrometre (10~ metre)

nm nanometre (10-9 metre)

W Watt

DMF Dimethylformandide

ED Electron diffraction

EDXA Energyddispersive X-ray analysis
FWHM Full width, half maximum

HEPA High efficiency particle absolute

MEC Mixed esters of cellulose

PC Polycarbonate

PCM Phase contrast optical microscopy
SAED Selected area electron diffraction

SEM Scanning electron microscope

STEM Scanning transmission electron microscope
TEM Transmission electron microscope
UICC Union Internationale Contre le Cancer
© IS0 2019 - All rights reserved
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5 Type of sample

The method is defined for polycarbonate capillary-pore filters or cellulose ester (either mixed esters of
cellulose or cellulose nitrate) filters through which a known volume of air has been drawn.

6 Range

The upper limit for the range of concentration that can be measured on the analytical filter is
7 000 structures/mm?2. The lower limit of the range that can be measured on the analytical filter
corresponds to the detection of 2,99 structures in the area of specimen examined. Measurement of
concentratigns ratr-tstrieture/mmeatbeachieved—Theairconcentrationsrepresents
these values$ are a

OW

function of the volume of air sampled and the degree of dilution or concentr

selected dufring the specimen preparation procedures. The method is particularly applicab

measureme
detection af
particulate

asbestos fib

asbestos fibres. Therefore, a minimum length of 0,5 um has been defined as.the shortest fibre

incorporate

The method
to be of parf
regulations

7 Limit ¢

The limit of
volumes of
examinatior
detection fq
particulate
on the chem
approximat
of air, an aif
of 1,8 struc
5 um, exam
magnitude.
that is exan{
lower limity

nts in areas with high suspended particulate concentrations (exceeding 25 pg/m3), or w
1d identification of asbestos fibres are likely to be prevented or hindered bfp¢ther tyg
n direct-transfer TEM preparations. In theory, there is no lower limit tothe dimensions of
Ies that can be detected. In practice, microscopists vary in their ability te detect very ghort
fo be
d in the reported results.

also includes provision for measurement of the concentratigns of fibres with sizes thqught
icular biological importance (fibres and bundles >5 pm),.and also fibres of sizes defined in
(PCM equivalent fibres).

nf detection

detection theoretically can be lowered indefinitely by filtration of progressively larger
air, concentrating the sample during-Specimen preparation, and by extending the
| of the specimens in the electron miefoscope. In practice, the lowest achievable limit of
r a particular area of an examined\TEM specimen is controlled by the total suspended
concentration remaining after the ashing and aqueous dispersal steps, and this degends
ical nature of the suspended particulate. For total suspended particulate concentratigns of
bly 10 pg/m3, corresponding'to clean, rural atmospheres, and assuming filtration of 4 D00 1
alytical sensitivity of 0,5 structure/l can be obtained, equivalent to a limit of deteftion
rure/l, if an area of 0,195 mm? of the TEM specimens is examined. For fibres longer|than
ined at lower magnifications, this limit of detection can be reduced by a further order of
Lower limits of detection can be achieved by increasing the area of the TEM specimens
ined, or by concéntration of the sample during specimen preparation. In order to achieve

of detection._for fibres and bundles longer than 5 pm, and for PCM equivalent fibres,

lower mag
specimens

8 Principle

ifications_are'specified which permit more rapid examination of larger areas of the(TEM
hen the 'examination is limited to these dimensions of fibre.

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 pm or a cellulose ester
(either mixed esters of cellulose or cellulose nitrate) membrane filter of maximum pore size 0,8 pm
by means of a battery-powered or mains-powered pump. A portion of the filter is ashed in an oxygen
plasmal22], and the residual ash is dispersed in distilled water with adjustment of the pH to between
3,0 and 4,0 using acetic acid. Analytical filters are then prepared by filtration of known volumes of
this aqueous dispersion through either capillary-pore polycarbonate membrane filters of maximum
pore size 0,2 um or cellulose ester membrane filters of maximum pore size 0,22 pm. TEM specimens
are prepared from polycarbonate analytical filters by a carbon replication procedurell? in which a
thin film of carbon is applied 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 away
by a solvent extraction procedure. This procedure leaves a thin film carbon replica which bridges the
openings in the TEM specimen grid, and which supports each particle from the analytical filter in its
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original position. Cellulose ester analytical filters are chemically treated to collapse the pore structure
of the filter, and the surface of the collapsed filter is then etched in an oxygen plasmal22] to ensure that
all particles are exposed[1], A thin film of carbon is evaporated onto the filter surface and small areas
are cut from the filter. These sections are supported 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)[Zl is used to examine the crystal structure of a fibre, and its
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ns, it is not possible to identify each fibre unequivocally, and fibres are classmed accq
iques which have been used to identify them. A simple code is used to recordyfor ea
her in which it was classified. The fibre classification procedure is based on successiv
e morphology, the selected area electron diffraction pattern, and the qualitative and
by dispersive X-ray analyses. Confirmation of the identification of chrysotile is only by
nd confirmation of amphibole is only by quantitative EDXA and quantitative zone-axis

or without other particles. Some particles are composites of agbestos fibres with othg
idual fibres and these more complex structures are refefred to as “asbestos stru
ect specimen preparation procedure permits the majority of these complex struc
brsed into their constituent fibres and fibre bundles,:allowing more precise quantif
ssible using the direct-transfer procedure. A coding system is used to record the tyj
ture, and also to provide the optimum morphological description of each structure. T}
ve from the microscopist the requirement to*interpret the fibre counting data an
lation to be made later without the requirement for re-examination of the TEM specimn
5 of analysis are specified, the higher levels providing a more rigorous approach to the ig
res. The procedure permits a minimum required fibre identification criterion to bg
asis of previous knowledge, or lack of“it, about the particular sample. Attempts arg
hieve this minimum criterion for.each fibre, and the degree of success is recorded fo
engths and widths of all classified structures are recorded. The number of asbesto
1 on a known area of the mieroscope sample, together with the volume of air filtered
le collection filter, the preportion of the sample collection filter that was ashed, thg
e aqueous dispersion that-was filtered, and the area of the analytical filter are used
irborne concentration, of asbestos in asbestos structures/litre of air. The mass cong
5tos is calculated uSing an assumed density for the asbestos variety, and the widths ar
bres.

Reagents

hg theranalysis, unless otherwise stated, use only reagents of recognized analyticg

r (9.1).

h number of
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dition to isolated fibres, ambient air samples often contain more-complex aggregatles of fibres,
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1 grade and

9.1

Water, fibre-free.

A supply of freshly distilled, fibre-free water, or another source of fibre-free, pyrogen-free water shall be
used. Freshly-distilled water, filtered through a 0,1 pm pore size MEC filter, has been found satisfactory.

9.2 Chloroform, analytical grade, distilled in glass, preserved with a volume fraction of 1 % ethanol.
9.3 1-Methyl-2-pyrrolidone.

9.4 1,2-Diaminoethane (Ethylene diamine).

9.5 Dimethylformamide.
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9.6 Glacial acetic acid.

9.7 Acetone.

10 Apparatus

10.1 Air sampling

10.1.1 Filter cassette

Field monittl)rs, comprising 25 mm to 50 mm diameter conductive three-piece cassettes shall.be

for sample ¢
maximum p

0,8 um. If push-fit cassettes are used, when the filter is in position, a shrink cellulose bahd or adh

tape shall bg
are tightly ¢

Representat
asbestos st
sample colld

NOTE
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specified in I
the filter, whi
by the direct-
into the filter]

10.1.2 Sam

The samplin
The face vel
shall provid
to within %]
meets these
pump. A me

NOTE
size distribut|

10.1.3 Stamnd

A stand sha

This method permits the use of larger pore size cellulose estei{ilters for sample collection tha

The sampling efficiéncy for a particular particle size varies with the face velocity. Depending g

ollection. The cassette shall be loaded with either a capillary pore polycarbondte filt
ore size 0,4 um or a cellulose ester (MEC or cellulose nitrate) filter of maximum pore

applied to prevent air leakage. Suitable precautions shall be taken to ensure that the f
lamped in the assembly so that significant air leakage around the filter cannot occur.

ive filters from the filter lot shall be analysed as described in\12.8 for the presen|
uctures, and also tested for suitability as described in Annex Hybefore any are used f
ction.

re size permitted in the direct-transfer method ISO 10312[2]. The smaller maximum pore §
50 10312 in order to ensure that collected particulate and\fibres are retained close to the surf.
ch is required if the particulate and fibres are to be transferred to the TEM grid with high effig
fransfer procedure. In this indirect-transfer method, the depth of penetration of particulate and
medium during sample collection is unimportant,;provided that they do not pass through the fi

ipling pump

g pump shall be capable of a flow-rate sufficient to achieve the desired analytical sensit]
pcity through the filter shall be between 4,0 cm/s and 87,0 cm/s. The sampling pump
e a non-fluctuating airflow through the filter and shall maintain the initial volume flow
|0 % throughout the sampling period. A constant flow or critical orifice-controlled
requirements. Flexible(tubing shall be used to connect the filter cassette to the sam
hns for calibration ofithe flow-rate of each pump is also required.

on of the airborne particles, the analytical result can vary with face velocity.

1 be used to hold the filter cassette at the desired height for sampling and shall be iso

used
er of

size
esive
Iters

ce of
r air

n the
ize is
hce of
iency
ibres
ter.

ivity.
used
-rate
ump
pling

n the

lated

from the vil

rations of the pump (10.1.2).

10.1.4 Personal sampling

For collection of air samples intended to represent the exposure of an individual, the filter cassette
shall be attached within the breathing zone of the individual, i.e. within 25 cm of the worker's nose
and mouth. Air sampling filter cassettes may be attached to a collar or lapel, with the open end of the
cassette facing downwards.

10.1.5 Flowmeter

A calibrated flowmeter with an appropriate range and accurate to within 2,5 % of the indicated flow

rate is requi

10

red for calibration of the air sampling system.
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Ensure that the flowmeter is clean before use in order to avoid transfer of asbestos contamination from
the flowmeter to the sample being collected.

10.2 Specimen preparation laboratory

Asbestos, particularly chrysotile, may be present in at trace levels in some 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 requir
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magification in use.

For H
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le preparation laboratory is that a blank determination shall yield a result which-w
rements specified in 12.8. Preparation areas with filtered air are recommended. Hoy
established that work practices in specimen preparation appear to be more import

other activities such as bulk asbestos analysis is a practical way of avoiding-cross cof|
sfer of extraneous asbestos into the TEM preparation area can be avoided by the use
atory clothing and cleaning of the exterior surfaces of air sample casSettes prior to en

pration of samples shall be carried out only after acceptable blank values have been de
Equipment for analysis

1 Transmission electron microscope

MI3] operating at an accelerating potential of 80kV or greater, with a resolution better
h magnification range of approximately x 306.to x 100 000 shall be used. The abili

magnification may be obtained by supplententary optical or electronic enlargement d
e. A method for making fibre length and"'width measurements from the screen image
requirement is often fulfilled through the use of a fluorescent screen with calibrateq
e form of circles at 1 cm radius dn¢rements, as shown in Figure 1. This design allows
hs of fibre images down to 1 ‘mm width to be measured in increments of 1 mm, r
e orientation. Alternativelyrelectronic display systems with measurement software n
ded that the system is calibrated to provide fibre measurements within a variation of

ragg angles less,than 0,01 rad, the TEM shall be capable of performing ED from an ar¢
ss, selected from”an in-focus image at a screen magnification of x 20 000. This f
rement defines the minimum separation between particles at which independent

can
nor

i

e obtained(from each particle. If SAED is used, the performance of a particular inst
ally be calculated using Formula (1):
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of clean handling facilities in use. Use of a dedicated TEM preparation area and’isolation of this area
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than 1,0 nm,
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wing screen magnification of about x 100.000 is necessary for inspection of fibre morphology;
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is the effective SAED area, in square micrometres;

is the diameter, in micrometres, of the SAED aperture;

is the magnification of the objective lens;

is the spherical aberration coefficient, in millimetres, of the objective lens;

is the maximum required Bragg angle, in radians.
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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;

b) tilted through atleast +30° to —30° about two perpendicular axes in the plane of the specimen.

The analysiqis greatly facilitated if the goniometer permits eucentric tilting, although this is not esseptial.
If EDXA andfzone-axis ED are required on the same fibre, the goniometer shall be of a type which'permits
tilting of theg specimen and acquisition of EDXA spectra without changing the specimen holdeér:;

The TEM shpll have an illumination and condenser lens system capable of forming an.electron probe of
diameter legs than 250 nm.

Use of an arjti-contamination trap around the specimen is recommended if the ‘tequired instrumpntal
performancg is to be obtained.

Figure 1 — Example of calibration markings on TEM viewing screen
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10.3.2 Energy dispersive X-ray analyser

The TEM shall be equipped with an energy dispersive X-ray analyser 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 analyser is specified in terms of the measured X-ray intensity
obtained from a fibre of small diameter, using a known 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 analyser 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 afi 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.

At a|minimum, the EDXA unit shall provide the means for the identification of.elementpl peaks for
qualjtative assessment of the asbestos fibre type. For quantitative analysis, thesystem shall provide
means for subtraction of the background, identification of elemental peaks, and caflculation of
backpround-subtracted peak areas. For quantitative determination of the asbestos type, |a means for
calcylation of the oxide weight percentages for sodium, magnesium, aluminium, silicon| potassium,
calciim, manganese and iron is required.

10.3|3 Plasma asher

For
rati

supp,

reparation of TEM specimens from MEC filters, a plasma asherl22], with a radio frequ

nllg of 50 W or higher, shall be used to etch the surfage.of collapsed MEC filters. The a4

ied with a controlled oxygen flow, and shall be modified, if necessary, to provide a valj

lency power
her shall be
e to control

the d es from the

surfa

peed of air admission so that rapid air admission does not disturb particles and fibt
ce of the filter after the etching step.

It is fecommended that filters be fitted to the-oXygen supply and the air admission line.

4 Vacuum coating unit

fuum coating unit capable of producing a vacuum better than 0,013 Pa shall be used| for vacuum
sition of carbon on the mémbrane filters. A sample holder is required which will afllow a glass
bscope slide to be continupusly rotated during the coating procedure.

chanism that also-allews the rotating slide to be tilted through an angle of approjimately 45°

g the coating procedure is recommended. A liquid nitrogen cold trap above the diffusion pump
be used to minimize the possibility of contamination of the filter surfaces by oil from f{

he pumping
1d, or other
patterns.

- : Hties may be
used for dep051t10n of gold onto TEM spec1mens asan 1ntegra1 callbratlon ofED patterns Other electron
diffraction calibration materials are acceptable. Experience has shown that a sputter coater allows
better control of the thickness of the calibration material.

10.3.6 Beakers

Borosilicate glass, 50 ml beakers are required as containers for plasma ashing of sample collection
filters.

10.3.7 Vacuum source

A pump is required to provide a vacuum of at least 20 kPa for the filtration of aqueous dispersions. A
water jet pump is suitable.
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10.3.8 Glass filtration apparatus

A glass filtration apparatus is required for the filtration of aqueous dispersions. This consists of a
filtration base with a porous support for the filter, a reservoir with vertical sides, a clamp to hold the
reservoir to the filtration base, and a vacuum flask or filtration manifold. A suitable apparatus is shown

in Figure 2.

‘APPRONMIATE VOLUM S

Key

1 filtration reservoir 4 filtration base
2 clamp 5 vacuum source
3  porous sppport 6  vacuum flask

Figure 2 — Example of filtration apparatus

10.3.9 Solyent washer (Jaffe washer)

The purpos¢ 6fPthe Jaffe washer[23] is to allow dissolution of the filter polymer while leaving an intact
evaporated carbon film supporting the fibres and other particles from the filter surface. One design of
a washer which has been found satisfactory for various solvents and filter media is shown in Figure 3.
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lass Petri dish (100 mm diameter, 15 mm deep)
tainless steel mesh bridge (50 mesh)
lectron microscope specimen grids

Solvent is added until the meniscus contacts the undetside of the stainless-steel bridge.
Figure 3 — Example of Jaffe washer

heral, either chloroform oramixture of 80 % 1-methyl-2-pyrrolidoneand 20 % 1,2 diami
een used for dissolving polycarbonate(ilters and dimethylformamide or acetone ha
issolving MEC or cellulose nitrate filters. The higher evaporation rates of chloroform
re that a reservoir of 10 ml to 50 il}-of solvent be used, which may need replenishmen
edure. Dimethylformamide and\1*methyl-2-pyrrolidone have lower vapour pressure
ler volumes of solvent may be used. It is recommended that all washers be used in 3
vhen specimens are not being inserted or removed, the Petri dish lid shall be in plac

10Condensationwasher

A condensation washer may be used for rapid dissolution of the filter polymer, and it may

if dif
foru

ficulties aresexperienced in dissolving the filter polymer. A suitable assembly is shown
e with €ither acetone or chloroform as the solvent, depending on the type of filter.

nt dissolution. The washershall be cleaned before it is used for each batch of specimers.

hoethanel13]
s been used
and acetone
t during the
s and much
fume hood,
e during the

be effective
in Figure 4,
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water drpin thermostatically-controlled heating mantle

Figure 4 — Design of condensation washer

Do not use dimethylformamide, 1-methyl-2-pyrrolidone or 1,2-diaminoethane in a condensation wgsher.

10.3.11Slidle warmer or oven

Use either a[slide warmer ot ah oven for heating slides during the preparation of TEM specimens ffrom
MEC or cellylose nitratediltérs. It is required to maintain a temperature of 65 °C to 70 °C.

10.3.12Ultrlasonie-bath

An ultrasonjcbath is necessary for cleaning the apparatus used for TEM specimen preparation.

10.3.13Carbon grating replica

A carbon grating replica with about 2 000 parallel lines per millimetre shall be used to calibrate the
magnification of the TEM.

10.3.14 Calibration specimen grids for EDXA

TEM specimen grids prepared from dispersions of calibration minerals are required for calibration
of the EDXA system. The most suitable calibration materials are those that have compositions similar
to those of the asbestos minerals being analysed. One such suitable calibration mineral is Kakanui
hornblendel2é], which is an amphibole containing all chemical elements relevant in asbestos analysis.
Other suitable calibration minerals for individual elements are riebeckite, chrysotile, halloysite,
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phlogopite, wollastonite and bustamite. The mineral used for calibration of the EDXA system for sodium
shall be prepared using a gold TEM grid.

For qualitative identification of fibres of the regulated asbestos varieties, TEM specimen grids prepared
from the reference asbestos samples may be used. The major commercial asbestos varieties exhibit
only small variations in composition.

10.3.15Carbon rod sharpener

The use of necked carbon rods, or equivalent, allows the carbon to be evaporated onto the filters with a
minimum of heating.

10.3{16Disposable tip micropipettes

A digposable tip micropipette, capable of transferring a volume of approximately 30 1, is necessary for
the preparation of TEM specimen grids from MEC filters.

10.3{17 Thermometer

A thgrmometer, 0 °C to 100 °C range, is required for calibration of the.ulfrasonic bath.

10.3{18Stopwatch

A stgpwatch is required for calibration of the ultrasonic bath.
10.4 Consumable supplies

10.4{1 Copper or nickel electron microscope'grids

Copper or nickel TEM grids with 200 mesh are recommended. Grids which have grid [openings of
unifgrm size such that they meet the requirement specified in 12.7.2 shall be chosen. To ffacilitate the
relodation of individual grid openings for quality assurance purposes, the use of grids with numerical
or alphabetical indexing of individual grid openings is recommended.

NOTH Copper TEM grids are\slightly attacked by 1,2-diaminoethane. Provided the exposure time is limited
to 15[min, this does not affect the/specimen preparation in any way. This issue can be avoided by th¢ use of nickel
TEM prids.

10.4{2 Gold or nickel’electron microscope grids

Gold|or nickel.TEM grids with 200 mesh are recommended to mount TEM specimens when sodium
meagurements/are required in the fibre identification procedure. Grids which have grid [openings of
unifgrm size such that they meet the requirement specified in 12.7.2 shall be chosen. To ffacilitate the
relodation of individual grid openings for quality assurance purposes, the use of grids with numerical

or alphabetical inr‘]nving of individual grid openingsis recommended

10.4.3 Aluminium foil

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

10.4.4 Carbon rod electrodes

Spectrochemically pure carbon rods, shall be used in the vacuum coating unit (10.3.4) during carbon
coating of filters.
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10.4.5 Routine electron microscopy tools and supplies.

Fine-point tweezers, scalpel holders and blades, microscope slides, double-coated adhesive tape, lens
tissue, gold wire, tungsten filaments and other routine supplies are required.

10.4.6 Reference asbestos samples

Asbestos samples are required for preparation of reference TEM specimens of the primary asbestos
minerals. Suitable sets of standards are SRM 1866 (chrysotile, crocidolite and amosite) and SRM 1867
(tremolite, actinolite and anthophyllite) from the US National Institute of Standards and Technology
(NIST) or from the UK Health and Safety Executive (HSE) [chrysotile (Canada and Zimbabwe),

crocidolite,

particularly]
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useful for qualitative discrimination between tremolite and actinolite. The Internat]
hl Association (IMA) has specified that values of the mass fraction ratio Mg/(Mg+-Fe) 4
ed as tremolite, and those below 0,9 are defined as actinolitel231[24], SRM 1867itrémolit
D4, and SRM 1867 actinolite has a value of 0,84, providing reference samples represe
s just above and just below the IMA boundary. It is important to receghize that the
btween tremolite and actinolite is only a convention within a continuum of compositi
on and magnesium mass fractions vary in a reciprocal manner.

boratories that are unable to obtain either the NIST or the HSEreference asbestos sam
ternationale Contre le Cancer (UICC) standard reference safiples of asbestos may be
es were widely distributed internationally, and can stillbe.obtained, although they d
olite or actinolite.

erence samples of mineral fibres other than asbestos
ganic fibres should be available to assist in'their identification.

mple collection

lation of analytical sensitivity

analytical sensitivity {s,a parameter that shall be established for the analysis pri
ction. The analytical sensitivity is defined as that structure concentration correspot]
ction of one strucfure in the analysis. For indirect transfer methods of TEM spec
it is a function 6fthe volume of air sampled, the active area of the collection filter, the
tion filter that\is'ashed, the proportion of the aqueous dispersion of ash that is filtereq
inalytical filter, and the area of the TEM specimen over which structures are counted|
nsitivity, S,'is calculated using Formula (2).
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\
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analytical sensitivity, expressed in structures/litre;

active area of the analytical filter in square millimetres;

volume, expressed in millilitres, of water used for dispersal of residual ash;
number of grid openings examined;

mean area of grid openings, expressed in square millimetres;
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Vi the volume, expressed in millilitres, of aqueous dispersion filtered;
F, the fraction of sample collection filter ashed;
V. the volume of air sampled, in litres.

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

11.2 Sample collection procedure

Air spmples shall be collected using filter cassettes as described in 10.1.1. During static-sampling, the
filter] cassette shall be supported on a stand which is isolated from the vibrations of\th¢ pump. The
cass¢tte shall be held facing vertically downwards at a height of approximately 1,5\’ to 2,0 m above
groupd/floor level, and connected to the pump with a flexible tube. Personal $amples may also be
collefted with the filter holder attached to the left or right lapel of the individual;or other position near
the breathing zone.

Meagure the sampling flow-rate at the front end of the cassette, both at\the beginning and end of the
sampling period, using a calibrated variable area flowmeter temporarily attached to the inlet of the
cass¢tte. The mean value of these two measurements shall be usedto calculate the tota| air volume
sampled.

The yariable area flowmeter shall be cleaned before use to.avoid transfer of fibre contamination from
the flowmeter to the sample being collected.

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

Analytical sen- | Limit of detec- Volume of air sampled (litres)
Kitivity tion
500 1000 2000 3000 4000 5000 10000
(strjuctures/1) | (structures/1)

0,1 0,3 937 469 235 157 118 94 47

0,2 0,6 469 235 118 79 59 47 24

0,3 0,9 313 157 79 53 40 32 16

0,4 1,2 235 118 59 40 30 24 12

0,5 15 188 94 47 32 24 19 10

0,7 2,1 134 67 34 23 17 14 7

1,0 3,0 94 47 24 16 12 10 5

2,0 6,0 47 24 12 8 6 5 4

3,0 9,0 32 16 8 6 4 4 4

4,0 12 24 12 6 4 4 4 4

5,0 15 19 10 5 4 4 4 4

7,0 21 14 7 4 4 4 4

10 30 10 5 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 disperse
the ash is 40 ml, the volume of aqueous dispersion filtered is 34 ml, the active area of the analytical filter is 199 mm2, and
the TEM grid openings are square with a linear dimension of 100 pm. The limit of detection is defined as the upper 95 %
confidence limit of the Poisson distribution 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.

Basic strategies for monitoring environmental sources of airborne asbestos are described in Annex I.
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 specified in
12.8, and submitted to the remaining analytical procedures along with the samples.
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12 Procedure for analysis

12.1 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 polycarbonate and cellulose
ester filters. The preparation method to be used shall be either 12.4 or 12.5, depending on the type
of membrane filter used for air sampling. Cleaning of the sample cassettes before they are opened,
preparation of the carbon evaporator, criteria for acceptable specimen grids, and the requirement for
blank deter ture

inations are identical for the two prepnaration techniagues. TEM examination -stru
r r 1 4

counting, fili
technique u

The ability
supplies. Co
contaminati
which come
and betwee

In order to
recommend

detergent, and rinsing several times under a continuous flow of water/ The glassware should th{

rinsed at led

12.2 Clean

Asbestos fil
inadvertent
and after e
cassette wit

12.3 Preparation of analytical filters

12.3.1 Seld

Depending

collection fi
cassette, an
Using a freg
from the po

re identification and reporting of results are independent of the type of filter or prepay
sed.

to meet the blank sample criteria is dependent on the cleanliness of equipment
hsider all supplies such as microscope slides and glassware as potential sourees of asb
on. It is necessary to wash all glassware before it is used. Wash any:tools or glass
into contact with the air sampling filters or TEM specimen preparations both beforsg
h handling of individual samples. Where possible, use disposable stpplies.

ensure that all particulate contamination and fibres are detached from glassware
ed that all surfaces be washed by rubbing vigorously witlf clean paper towel soak

st twice using fibre-free water.

ling of sample cassettes

res can adhere to the exterior surfaces of air*sampling cassettes, and these fibres cz
y transferred to the sample during handling. To prevent this possibility of contamins
nsuring that the cassette is tightly sealed, wipe the exterior surfaces of each sam
h wet paper towel before it is taken into the clean facility or laminar flow hood.

ction of filter area for@shing

ter. Using freshly-cleaned tweezers, remove the sample collection filter from the sam
d place it on t6.a Second cleaned glass microscope slide which is used as a cutting suj
hly-cleaned €urved scalpel blade, cut the required area of the filter by rocking the |
nt, pressihg it into contact with the filter. Repeat the process as necessary.

12.3.2 As

ing‘of sample collection filters

htion

and
bSstos
ware
use,

it is
bd in
bn be

Iin be
tion,
pling

bn the analytical sensitivity to be achieved, ash either a quarter or a half of the sample

pling
face.
blade

Place the selected filter portion into a 50 ml borosilicate glass beaker, ensuring that the side of the filter
with the collected particulate faces downwards. Cover the beaker with a 6 cm x 6 cm square piece
of 0,015 mm to 0,02 mm thickness aluminium foil, and bend the foil over the edges of the beaker so
that it forms a tight seal. Perforate the foil in 10 - 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. In order to provide a control to detect contamination of unused filters, it
is recommended that an ashed filter blank be included with the samples. At least one empty beaker,
prepared in the same way, shall be placed in the asher chamber along with each batch of samples ashed.
Operate the plasma asher using the minimum power at which a glow discharge is observed, until the
filters appear to be completely ashed. Increase the plasma asher power to the maximum, and operate
under these conditions for a minimum period of 3 h. After the ashing treatment is completed, admit air
to the chamber and remove the beakers.
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Losses of particulate and fibres from the beaker will occur if the plasma asher is operated at excessive
radio-frequency power. During ashing of MEC or cellulose nitrate filters, a critical point is reached
during the oxidation at which a sudden, violent ignition occurs if the radio-frequency power is excessive.
This results in loss of fibres 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.

NOTE1 Operation of the plasma asher at excessive radio-frequency power during the initial stages of ashing
can also result in shrinkage of the filter into a hard fragment of plastic that will not ash completely. If this occurs,
the preparation
procg

o 1 > 1 1 L1 ~1l 1. o 1 o 1 o 1
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dure.

12.3{3 Aqueous dispersal of residual ash from sample collection filters

Rem
aceti
squa
Place

 acid, and then add 40 ml of freshly-distilled water. Cover the beakerswith a new §

pve the aluminium foil from the top of the beaker. Using a disposable tip pipette, add 5(

re piece of aluminium foil, and bend the foil over the edges of the beaker so that it formg
the beaker into the ultrasonic bath and operate the bath at the\calibrated power in

ul of glacial
cm x 6 cm
a tight seal.
accordance

with|Annex B for a period of 5 min.

12.3}4 Assembly of system for filtration of aqueous dispersions

nt to obtain
sed:

Filtr
unifd

a)
b)

ition of the aqueous dispersions is a very critical ¢procedure because it is importa
rm deposits of particulate on the analytical filters¢The following procedure shall be ul

q

et up the filtration system and connect to a vacuum source;

3dd freshly distilled water to the filtratiomunit base component until there is a raised jneniscus;

q

c) place a 5 um pore size cellulose ester-filter on to the water meniscus. The filter will centralize.

pply the vacuum very briefly in order to bring the filter into contact with the base comnponent;

d) 4dd freshly distilled water te_the top of the cellulose ester filter, and place the ana
either a 0,2 pm maximum-pore size capillary-pore polycarbonate filter or a 0,22 ur
ore size cellulose ester(filter) on to the water surface; apply the vacuum very briefly ag

o bring both filters into contact with the base component;

ytical filter
n maximum
rain in order
1

install the filtrationFeservoir and clamp the assembly together.

e)
12.3|5 Filtratien of aqueous dispersions

Befo
disti

e filtering the aqueous dispersions, prepare a funnel blank by filtration of 40 m| of freshly-

ledéwater.

The
the asbestos fibre concentration. The volume of the aqueous dispersion required to produce an analytical
filter with a suitable particulate or fibre loading for analysis often cannot be predicted, and it is usually
necessary to prepare several analytical filters corresponding to filtration of different aliquots. The
aqueous dispersions are not stable, and extended exposure of chrysotile to acidic environments causes
leaching of magnesium to occur from the fibres; it is therefore necessary to prepare all analytical filters
immediately. If a proportion of the particulate material on the original sample filter is acid-soluble, add
2 ml of 0,1 M hydrochloric acid to the aqueous dispersion, and allow the reaction to proceed for 1 min.
Uniform deposits of particulate on the analytical filters cannot be ensured if liquid volumes smaller
than 5 ml are filtered using filtration systems of 199 mm? active area; accordingly, 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.

1 £l 1: : FISNE RO 7Y 11 1 sel a1l FIEDNN DS :
ot or tneaqucotsSatspersioirto oe rhHtereaacpeas on— eitnertnepatrtrctratecotc ntration or
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Pour the aliquot of the dispersion into the filtration reservoir and apply the vacuum. If the volume
of the aliquot is larger than the capacity of the filtration reservoir, do not allow the level of liquid in
the reservoir to fall below 5 cm depth before the remaining volume is added. Failure to observe this
precaution may result in disturbance of the filtered particulate and non-uniform deposition.

With the vacuum still applied, unclamp the filtration assembly and remove the filtration reservoir.
Using clean tweezers, remove the analytical filter and transfer it to a petri-dish. Allow the filter to dry
before placing the cover on the petri-dish.

For the beaker blank and any ashed filter blank, prepare only one analytical filter by filtration of the

entire 40 ml dispersion.

It is recom
prepared, u
of unaccept
required to
original disj
volume of 1(
dispersion g
From the or
with a conc
is minimize
known to hd
to the next

between filt]

12.4 Preparation of TEM specimens from PC analytical filters

12.4.1 Seld

Use a cleanfed microscope slide to support representative portions of PC filter during the cq

evaporation
not to stretq
the Petri-di
surface. Usi
pressing it i
mounted on
blank. The {
Identify the

12.4.2 Car

Place the glg
from the ev

hless there is reason to suspect that even the lowest volume will yield an analytical
hbly high loading. If the particulate or fibre concentration is thought to be such that
filter an aliquot of lower volume than 1 ml, use a dilution procedure in which 1 ml g
persion is transferred to a clean beaker and diluted with freshly-distilled\water to a
0 ml. After stirring to ensure complete mixing, aliquots of 10 ml and 30'mFrom this di
an then be filtered, corresponding to volumes of 0,1 ml and 0,3 ml of the original disper
ginal dispersion, volumes of 1 ml, 5 ml and 33 ml are also filtered;giving 5 analytical f
entration range of a factor of 330. The requirement for washing‘of the filtration appa
] if the aliquots are filtered in order of increasing concentration: If aqueous dispersion

fan be determined by interposing additional funnel blanks. Wash the filtration appa
rations of different samples.

ction of filter area for carbon-coating

. Double-coated adhesive tape is used to hold the filter portions to the glass slide. Take
h the PC filters during handling:Using freshly-cleaned tweezers, remove the PC filter

ng a freshly-cleaned curvediscalpel blade, cut the filter by rocking the blade from the
nto contact with the filter- Repeat the process as necessary. Several such portions m
the same microscopeyslide. Include a portion of an unused PC filter as a direct-tra
calpel blade and tweezers shall be washed and dried between the handling of each
filter portions by writing on the glass slide.

bon-coating of filter portions

ss slidesholding the filter portions on the rotation-tilting device, approximately 10 cm-1
hporation source, and evacuate the evaporator chamber to a vacuum better than 0,01

The evapor4

mended that analytical filters corresponding to volumes of 1 ml, 5 ml and 34 ml be

filter

it is
f the
total
uted
sion.
Iters
ratus
s are

ve high concentrations of asbestos fibres, the level of cross:contamination from one sample

ratus

rbon
care
from

5h, and place it on to a second cleaned glass microscope slide which is used as a cultting

oint,
hy be
nsfer
ilter.

2cm
3 Pa.

tion of carbon shall be performed in very short bursts, separated by a few seconds to 4

n[low

the electrodes to cool. If evaporation of carbon is too rapid, the strips of polycarbonate filter will begin
to curl, and cross-linking of the surface will occur. This cross-linking produces a layer of polymer which
is relatively insoluble in chloroform, and it will not be possible to prepare satisfactory TEM specimens.
The thickness of carbon required is dependent on the size of particles on the filter, and approximately
30 nm-50 nm has been found to be satisfactory. If the carbon film is too thin, large particles will break
out of the film during the later stages of preparation, and there will be few complete and undamaged
grid openings on the specimen. Too thick a carbon film will lead to a TEM image which is lacking in
contrast, and the ability to obtain ED patterns will be compromised. The carbon film thickness should
be the minimum possible, while retaining most of the grid openings of the TEM specimen intact.
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12.4.3 Preparation of the Jaffe washer

Set up a Jaffe washer[23] as shown in Figure 3, and fill the washer with either a mixture of 80 % 1-methyl-
2-pyrrolidone (9.3) and 20 % 1,2 diaminoethane (9.4) or chloroform (9.2) to a level where the meniscus
contacts the underside of the stainless steel mesh bridge.

12.4.4 Placing of specimens into the Jaffe washer

Using a curved scalpel blade, cut three 3 mm square pieces of carbon-coated polycarbonate filter from
the carbon-coated filter portion. Select three squares to represent the centre and the periphery of the
active surface of the filter. Place each square of filter, carbon side up, on a TEM specimen grid, and place
the grid and filter on the stainless-steel bridge of the Jaffe washer.

If a npixture of 20 % 1,2-diaminoethane (ethylene diamine) and 80 % 1-methyl-2-pyrrolidope is used in

the ]
of th
anot
appr
solul
wash
mesk

NOTH

even
was (

polyT]
solve

12.5

12.5

Usin
Usin

12.5
Mix

Storé
prep
12.5

Usin

hffe washer, dissolution of the polycarbonate filters will be completed in 15 min,.even i
e filter has been over-heated[13], After a period of 15 min, transfer the stainless-stee
ner Petri-dish, and add distilled water until the meniscus contacts the underside of the
pximately 15 minutes, remove the mesh and allow the grids to dry. If it is desired to r
le particle species on the TEM grids, ethanol may be used instead of\distilled water fo
. If chloroform is used in the Jaffe washer, allow the washer tostarid for at least 8 h.
and allow the grids to dry.

It has been found that some polycarbonate filters will 1ot completely dissolve in the
fter exposure to chloroform for as long as 3 days. This problem is more severe if the surfac
ver-heated during the carbon evaporation. It has been found-that the problem of residual und

her is best overcome by using a mixture of 80 % 1-methyl-2-pyrrolidone and 20 % 1,2-diamino
nt(13].

Preparation of TEM specimens from-gellulose ester analytical filters

1 Selection of area of filter for preparation

b a clean, curved scalpel bladg, ‘cut out a sector of the filter.

2 Preparation of solution for collapsing cellulose ester filters

B5 ml of dimethylformamide, 15 ml of glacial acetic acid with 50 ml of freshly-dis
this mixture inayclean bottle. The mixture is stable and suitable for use for up to 3 1
ration.

3 Filter-collapsing procedure

p aiicropipette with a disposable tip, place 15 pul/cm?2-25 pl/cm? of the collapsing

f the surface
bridge into
mesh. After

btain water-

r the second
Remove the

Jaffe washer,
e of the filter
ssolved filter
ethane as the

b clean tweezers, remove the fileyfrom the petri-dish, and place it on a cleaned micrgscope slide.

tilled water.
honths after

solution on

a clepned microscope slide, and using the end of the pipette tip spread the liquid over the area to be
occupied 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 degrees so that air bubbles are not created. Remove
any solution not absorbed by the filter by allowing a paper tissue to contact the liquid at the edge of
the filter. More than one filter portion may be placed on one slide. Include a portion of an unused MEC
filter as a direct-transfer blank. Place the slide either on a thermostatically-controlled slide warmer at
a temperature of 65 °C to 70 °C, or 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 fibres embedded in the upper surface.

12.5.4 Plasma etching of the filter surface

The conditions required in the particular plasma asher shall be established using the procedure defined
in Annex A. Place the microscope slide holding the collapsed filter portions in the plasma asher and etch
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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.

Adjust the air admission valve of the plasma asher such that the time taken for the chamber to reach
atmospheric pressure exceeds 2 min.

NOTE

Rapid air admission can disturb particulates on the surface of the etched filter.

12.5.5 Carbon-coating

Carbon coat

12.5.6 Pre

Set up a Jaff

the microscope slide holding the collapsed filter portions as described in 12.4.2.

paration of the Jaffe washer

e washer[22] and place the appropriate number of TEM specimen grids on the stainless

mesh. Fill the Jaffe washer with either dimethylformamide (9.5) or acetone (9.7) to adéevel wher

meniscus ca

12.5.7 Plag

Using a cury
coated filte
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the filter po
dissolved af
allow the gr
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ntacts the underside of the mesh.

'ing of specimens in the Jaffe washer

e filter. Place each square of filter, carbon side up, on one-pfithe TEM specimen grids o
el bridge of the Jaffe washer. If dimethylformamide is.used as the solvent, dissoluti

ids to dry.

ria for acceptable TEM specimen grids

fthe residual ash from the sample-collection filter, or non-uniform deposition of partic

0) so that complete grid ©penings can be inspected. If large areas of undispersed as
widely separated grid 6penings, the sample collection filter was either incompletely a

| another sectorof the sample collection filter.

ulate deposit on the TEM grids corresponding to filtration of the largest filtered al
e uniform, it is then necessary to select the set of TEM grids with an appropriate loadir
hg.Reject the grids if:

the car

a)

ed scalpel blade, cut three 3 mm square pieces of carbon-coated MEC filter from the caf
" portion. Select three squares to represent the centre afid the periphery of the a

se of incorrect filtration procedures are of major concern. Examine in the TEM all {
grids corresponding to thé.largest filtered aliquot at a magnification sufficiently

medium may be unsuitable for this preparation procedure. Reject all of the filters and g
Cted that the filters-dre unsuitable for this analytical procedure, use the procedure speg
o confirm thatth@filter medium is suitable for analysis by this method, and re-prepar

steel
e the

bon-
ctive
n the
bn of

lymer is complete after 2 h. If acetone is used as thésolvent, the filter polymer is normally
ter approximately 4 h. After the dissolution period; remove the stainless-steel bridgg

b and

annot be obtained unless the TEM specimens meet specified quality criteria. Incomplete

ulate
hree
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rids.
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e the
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g for

b)

24

the TEM specimen has not been cleared of filter medium by the filter dissolution step. If the TEM
specimen exhibits areas of undissolved filter medium, and if at least two of the three specimen
grids are not cleared, either additional solvent washing shall be carried out, or new specimens shall
be prepared from the analytical filter;

the sample is over-loaded with particulate. If the specimen grid exhibits more than approximately
25 % obscuration on the majority of the grid openings, the specimen shall be designated as over-
loaded. This filter cannot be analysed satisfactorily because the grid is too heavily loaded with
debris to allow separate examination of individual particles by ED and EDXA, and obscuration
of fibres by other particulate may lead to under-estimation of the structure count. Specimens
prepared from a filter corresponding to filtration of a smaller aliquot shall be selected;
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d) the particulate deposits on the specimen are not uniformly distributed from one grid opening
to the next. If the particulate deposits on the specimen are obviously not uniform from one grid
opening to the next, the specimen shall be designated as non-uniform. This condition is caused by

e)

12.7

The ¢xamination consists of a count of asbestos strictures which are present on a specifie
grid
ED pptterns and EDXA spectra. The total number of asbestos structures to be counted dej
statiftical precision desired. In the absenge of asbestos structures, the area of the TEM spe
which must be examined depends on the-required analytical sensitivity. The precision of t
count depends not only on the total nimber of structures counted, but also on their unifi
one

requ

In order that the estimate\of the structure density on the sampling filter shall not be b
strugture deposits found-within the small area represented by one specimen grid, grid op
be eyamined on two ©f;the three specimen grids prepared. The results shall then be comh

incorrect installation of the filters for filtration of the aqueous dispersions, or inadeq
during dilution of a small volume aliquot. Satisfactory analysis of this filter may not
unless a large number of grid openings is examined;

uate mixing
be possible

the TEM grid is too heavily loaded with fibrous structures to make an accurate count. Accurate
counts cannot be made if the grid has more than approximately 7 000 structures/mm?. Select

specimens prepared from a filter corresponding to filtration of a smaller aliquot;

ppening. Since the breakage of carbon film is usually more frequent in areas of he
¢ounting of the intact openings can lead to an underestimate of the structure)coy
gpecimens from another sector of the analytical filter, or select grids corresponding toj
4 smaller aliquot.

I

¢arbon replica, an additional carbon coating may be applied to the (carbon coated fil{
g§pecimen grids prepared. The larger particles tan often be supported by using a thi
fiilm. If this action does not produce acceptable specimen grids,-this filter cannot be aj
grids prepared from an analytical filter with a lower particulate loading shall be select]

Procedure for structure counting by TEM

1 General

bpenings. Fibrous structures are classified\into groups on the basis of morphological o

brid opening to the next. Additional structure counting will be necessary if greater
red.

r¢ whole grid

hvy deposit,
nt. Prepare
filtration of

f the specimens are rejected because unacceptable numbers of grid openings exhibit broken

er, and new
cker carbon
halysed, and
ed.

d number of
bservations,
ends on the
cimen grids
he structure
brmity from
precision is

ased on the
enings shall
ined for the

calcylation of the structure density. Structure counts shall be made at a magnification of approximately

20 0P0 and shall be terminated at the end of the examination of the grid opening on whic
primary asbestos structure is observed, except that the count shall be continued until a
4 grid openings have been examined. Otherwise, the structure count shall continue to tha

h the 100th
minimum of
t number of

grid ppefiings at which the specified analytical sensitivity has been achieved.

The 10T llldl IdIIgt fUl t}lC llulll‘UCl Uf 5l ld Upcuiugb W}liL}l b}lUu}d IUC C)&dlllillcd ib fl UIl 4‘ tO 20 If
insufficient air has been sampled through the filter, the calculation in 12.7.4 can indicate that more than
20 grid openings should be examined. When this situation occurs, a larger value of analytical sensitivity
may be accepted, unless a larger volume aliquot or more grid openings are analysed to improve the
analytical sensitivity.

12.7.2 Measurement of mean grid opening area

The mean grid opening area shall be measured for the type of TEM specimen grids in use. The standard
deviation of the mean of 10 openings selected from 10 grids should be less than 5 %. Alternatively, or
if the 5 % standard deviation criterion cannot be demonstrated, the dimensions of a single typical grid
opening on each of the grids examined shall be measured at a calibrated magnification. The mean value
of the areas shall be used in the calculation of results.
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12.7.3 TEM alignment and calibration procedures

Before structure counting is performed, align the TEM according to instrumental specifications.
Calibrate the TEM and EDXA system according to the procedures in Annex C.

12.7.4 Determination of criterion for termination of TEM examination

Before structure counting is begun, calculate the area of specimen to be examined in order to achieve
the selected analytical sensitivity. Calculate the maximum number of grid openings to be examined

from Formula (3):

(Aa'Vd)
Ag Vi F, 'Vs>

(3)

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

active area of the analytical filter in mm?;

volyme of water used for dispersal of residual ash in ml;
reqpired analytical sensitivity in structures/litre;
aref of TEM specimen grid opening in mm?;
volyme of aqueous dispersion filtered in ml;
fradtion of sample collection filter ashed;

volime of air sampled in litres (1).

12.7.5 Genleral procedure for structure counting and size analysis

Use atleast veral

grid openin

wo specimen grids preparédfrom the filter in the structure count. Select at random se
bs from each grid and combine the data in the calculation of the results.

Use a form first

specimen g

similar to that shown/in Figure 5 to record the structure counting data. Insert the
id into the TEM.
In order to

facilitate quality assurance measurements which require re-examination of the samgq grid

opening by
with the gri
directions ¢
the same st

Hifferent mieroscopists, insert the grid into the specimen holder in a standard orient
d bars parallel and perpendicular to the axis of the specimen holder. This will provide
arallelto the edges of the grid opening. Ensure that all microscopists begin scanni
hrting point on the grid opening, and that they use similar scan patterns. This procd

htion
scan
ng at
dure

permits rapld re-location of fibrous structures for further examination if necessary.

Select a typical grid opening and set the screen magnification to the calibrated value specified in
12.7.7 for counting of structures or fibres in the size range required. Adjust the sample height until the
features in the centre of the TEM viewing screen are at the eucentric point. Set the goniometer tilt angle
to zero. In column 1 of the structure counting form, record the number or letter used to identify the
grid. In column 2, record the identification of the particular grid opening. Position the specimen so that
the grid opening is positioned with one corner visible on the screen. Move the image by adjustment of
only one translation control, carefully examining the sample for fibrous structures, until the opposite
side of the grid opening is encountered. Move the image by a pre-determined distance less than one
screen diameter, using the other translation control, and scan the image in the reverse direction.
Continue the procedure in this manner until the entire grid opening has been inspected in a pattern
similar to that shown in Figure 6. Figure 6 illustrates scanning in an up-down direction; alternatively,
the grid opening may be scanned in a left-right direction. When a fibrous structure is detected, assign
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a sequential number to the primary structure in column 3, perform the identification procedures
required as detailed in Annex E, and enter the appropriate compositional classification on the structure
counting form in column 5. Assign a morphological classification to the structure according to the
procedures in Annex D, and record this in column 6. Measure on the TEM viewing screen the length
and width of the image of the primary structure in millimetres and record these measurements
in columns 7 and 8. If the fibre type is determined, enter the name of the mineral in column 9. For a
disperse cluster or matrix, assign a compositional classification and a morphological classification to
each structure component, measure the length and width, and enter the data in columns 4 - 8. Use
column 4 of the structure counting form to tabulate the sequential number of total structures, taking
into account structure components. If non-asbestos fibres are observed, note their presence and type,

if known. After a fibrous structure has been examined and measured, re-locate the ori

inal field of

view|accurately before continuing scanning of the specimen. Failure to do this may cause
overlooked or counted twice. Continue the examination until the completion of the.grid
which the 100th primary fibrous structure has been recorded, or until the number ef gr
requfred to achieve the specified analytical sensitivity, calculated according to 11, have bee
whichever occurs first. The data shall be drawn approximately equally from a\minimum ¢
Reg

shall|be counted.

12.7|6 Estimation of mass concentration of asbestos fibres and bundles

If th
nece
to th
desc

e primary objective of the analysis is to determine an estimate of the mass concen
5sary to adopt a structure counting strategy that allows large structures that cont
e mass concentration to be counted with greater statistical reliability. Follow the
Fibed in D.6.

12.7{7 Magnification requirements

For (
x20 000. At this magnification, the image of\a single chrysotile fibril is approximately 1 n
and founting can usually be performed without changes of magnification. Consider usi
magnification for measurement of fibre widths if it is required to measure thin fibres v
accuracy. Use a magnification of approximately x10 000 for counting of asbestos fibres
longér than 5 pm, or approximately x5 000 if only fibres and bundles longer than 5 um
the diameter range 0,2 um t0 3,0 um are to be counted (PCM equivalent fibres). Use of
magnifications for fibres and-bundles longer than 5 um permits larger areas of the TEM s
be efamined, thus allowing/lower analytical sensitivities to be achieved. However, it may H
to use a higher magnijfication for accurate width measurements.

Perform these extehded examinations for fibres and bundles longer than 5 um in accordai
procedures described in Annex F. Continue the count until completion of the grid openil

rdless of the value calculated according to 11, fibrous structures on a minimum of 4 gr

fibres to be
opening on
id openings
n examined,
f two grids.
id openings

tration, it is
ribute most
procedures

ounting of structures 20,5 pm in length, use a fluorescent screen magnification of apjproximately

m in width,
ng a higher
vith greater
hnd bundles
and within
these lower
pecimens to
e necessary

hce with the
ng on which
n examined
as gypsum,

. Include in

le or one of

the amphlbole minerals, in e1ther the orlgmal or the extended TEM examination. This restriction is

intended to ensure that the best statistical validity is obtained for the materials of interest.
An enhanced imaging system may be used to perform the fibre counts, provided that:

a)
b)

equivalence with parallel counts made on the fluorescent screen is demonstrated;

if magnifications other than those specified in this clause are used, the minimum

fibre width

specified in the measurements corresponds to at least 5 pixels in the image used for fibre counting.
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Report Number:

TEM asbestos structure count

Page: of

Sample Number:

Air volume (1):

Sample Description:

Sample filter area (mm?):

Fraction ashed:

Dispersal volume (ml):

Analytical filter area (mm?):

Volume filtered(ml):

Filepame: Magnification:
Preparation date: By: Grid opening dimension (um):
Analysis date: By: Level of analysis (chrysotile):
Computey entry date: By: Level of analysis (amphibole):
Structure .
Grid 0 Gr d Class Structure | Length | Width Fibre Identification Comments
PeNINg primary| Total type mm mm
Figure 5 — Example of structure-counting form
28
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3
RN
/ '
Y Y Y Y Y
A A A A
\4
Key
1  grid opening 3 firstpass
2 TEM field of view 4  second pass
Figureé 6 — Example of scanning procedure for TEM specimen examination
12.8 Blank and quality control determinations

Before air samples are collected, analyse a minimum of two unused filters from each filter 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 structures is found to be more than 10 structures/
mm?, or if the mean background fibre count for asbestos fibres longer than 5 pm is more than 0,1 fibre/
mm?, determine the origin of the contamination and correct before air samples are collected.

NOTE The background contamination originating from the sample collection filters is determined by
ashing one filter, a group of 3 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
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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 that contamination by extraneous asbestos fibres during specimen preparation is
insignificant compared with the results reported on samples, establish a continuous programme of
blank measurements. Process at least one funnel blank and one empty beaker blank along with each
batch of samples. In addition, include at least one unused filter with every group of samples prepared
on one microscope slide.

Initially, angatse—s v v
be analysed| satisfactorily. Smce there is a subjective component in the structure -counting prioeefure,
re-counts of some specimens shall be made by different microscopists, in order to minimiz¢ the
subjective ¢ffects. Such re-counts provide a means of maintaining comparability betweén cqunts
made by different microscopists. Characterize the variability between and within microscopists and
between lalporatories. These quality assurance measurements shall constitute approximately 10 %
of the analyfses. Pairs of results should be within the Poisson 95 % confidence interval for the ean
structure cqunt. Provided that it is an infrequent occurrence, a difference of 1 or'2 structures outside of
the Poisson P5 % confidence interval can be tolerated, particularly for counts'ofless than 20.

12.9 Calculation of results

Calculate tH
the specimg
composition
uniformity

to the appli
the number
criteria.

13 Perfor

13.1 Gene
It is impor

programme
and both int

13.2 Inter

Unequivoca
and the naf

e results using the procedures detailed in Annex G Prior to the TEM examinati
ens, the level of analysis was specified. Before theJresults are calculated, specify
al and morphological classifications to be included in the result. Conduct the chi-squ
fest using the number of primary asbestos stractures found on each grid opening,

5 of asbestos structures reported after thesapplication of the cluster and matrix cou

mance characteristics

ral

fant to use this analytical method in conjunction with a continuous quality co
The quality contrelyprogramme should include use of standard samples, blank san
er- and intra-labepatory analyses.

ferences.and limitations of fibre identification

identification of every chrysotile fibre is not possible, due to both instrumental limita

possibility

pf ~an _incorrect identification of the fibre selected. However, there is a possibili

uréenof some of the fibres. The requirement for a calibrated ED pattern eliminate}

bn of
F the
ared
prior

fation of the cluster and matrix counting criteria. Calculate the concentration result yising

hting

ntrol
ples,

kions
the
Ly of

misidentification of fibres for which both the morphologies and the ED patterns are reported on
the basis of visual inspection only. The only significant possibilities of misidentification occur with
halloysite, vermiculite scrolls or palygorskite, all 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. Rarely,
lizardite may exhibit scrolling behaviour, resulting in fibres that resemble chrysotilel3¢l, Although
these can be discriminated from chrysotile by detailed electron diffraction analysis, they differ from
chrysotile in that they are not sensitive to electron beam heating and the ED pattern does not degrade
as occurs with chrysotile.

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
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as amphibole when the classification criteria do not include zone-axis ED techniques. However, the
requirement for quantitative EDXA measurements on all fibres 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.
13.3 Precision and accuracy

13.3.1 Precision

The gnalytical precision that can be obtained is dependent upon the number of structuréss
also pn the uniformity of the particulate deposit on the analytical filter. Assuming thiat th
are randomly deposited on the analytical filter, if 100 structures are counted and thelloadi
3,5 sfructures/grid opening, computer modelling of the counting procedure shows that a ¢
varigtion of about 10 % can be expected. As the number of structures counted decreases, t
will falso decrease approximately VN, where N is the number of structiwes counted.

particulate deposits obtained by filtration of ambient air samples are ravely ideally dist
it is found that the precision is correspondingly reduced. Degradation.of precision is a con
several factors, such as:

a) mon-uniformity of the filtered particulate deposit;

b) distortion of the fibre distribution by application of thé\structure counting criteria;

c) yariation between microscopists in their interpretation of the fibrous structures; and

d) Yariation between microscopists in their ability*to detect and identify fibres.

The 95 % confidence interval about the mean for a single structure concentration measur
this analytical method should be approximately +25 % when 100 structures are counted

openjings.

13.3|2 Accuracy

Therf is no independent method’available to determine the accuracy.

NOTH It has been demeonstrated that, after carbon-coating of polycarbonate membrane filter
material is transferred to The TEM specimens without measurable losses[14]. However, if the filteq
loaded with particulate;_some material can be lost before they are carbon coated. Good comparab
the direct-transfer)capillary-pore polycarbonate procedure and the direct-transfer cellulosd
procgdure has beenr demonstrated for laboratory-generated aerosols of chrysotile asbestos colle
velocjty of 8 cm/stL2l. Using laboratory-generated and field-collected aerosols of chrysotile asbestd

n that, €ompared with the direct-transfer procedure, this indirect specimen preparation proc

ounted, and
b structures
ng is at least
oefficient of
he precision
In practice,
Fibuted, and
sequence of

ement using
bver 10 grid

5, particulate
s are heavily
lity between

ester filter
rted at a face
s, it has been
edure results

patable numbers of fibres longer than 5 um, and less than a factor of two increase in the num

13.3.3 Inter- and intra-laboratory analyses

bers of fibres
those given
mponents.

Inter- and intra-laboratory analyses are required in order to monitor systematic errors that may
develop among microscopists when using this method. These analyses should be designed to test both
the overall method and the performance of individual microscopists. Repeat preparation of TEM grids
from different sectors of a filter, followed by examination of the grids by a different microscopist, is a
test for reproducibility of the whole method. However, non-uniformity of the particulate deposit on the
filter may lead to differences which are not related to the performance of the microscopists. Verified
fibre counting (counting of asbestos structures on the same grid opening of a TEM grid by two or
more operators, followed by resolution of any discrepancies) may be used both as a training aid and to
determine the performance of different microscopistsl311[33], The use of indexed TEM grids as defined
in 10.4.1 and 10.4.2 is recommended in order to facilitate re-location of specific grid openings.
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13.4 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.

In practice, the lowest limit of detection is frequently determined by the total suspended particulate
concentration, since each particle on the analytical filter has to be separated from adjacent ones by a
sufficient distance that allows the particle can be identified without interference. Particulate loadings
greater tha i i i i

examined i the TEM for structures of all sizes is limited in most cases to between 10 ahd 20| grid
openings. I1f typical ambient or building atmospheres, it has been found that an analytigal 'Sensitivity
of 1 structufe/l can be achieved. In some circumstances, where the atmosphere is excéptionally dlean,
this can be feduced to 0,1 structure/1 or lower. For fibres and bundles longer than(5-fim, the reduced
magnificatigns specified permitlarger areas of the TEM specimens to be examined in'with an acceptable
expenditurdg of time, resulting in proportionately lower limits of detection. If ne_structures are fpund
in the analysis, the upper 95 % confidence limit can be quoted as the upper bound of the concentrgtion,
corresponding to 2,99 times the analytical sensitivity if a Poisson distributiorn of structures on the filter
is assumed. [This 95 % confidence limit for zero structures counted is takén as the detection limit. fince
there is sometimes contamination of unused sample filters by asbestos structures, this is also fo be
taken into afcount in the discussion of limits of detection.

14 Test report
The test replort shall include at least items a) to i) and ady one or combination of items j), k), 1) and jm):
a) referenge to this document,i.e. ISO 13794;

b) identifi¢ation of the sample;

c) the datg and time of sampling, and all necessary sampling data;

d) the datg of the analysis;

e) the identity of the analyst;

f) all necepsary specimen-pfeparation data;

g) any profcedure used,hot specified in this document or regarded as an optional procedure;

h) a staterpent of-thé minimum acceptable identification category and the maximum identifichtion
category attempted (refer to Figures E.2 and E.4);

1) a staterhent cnacifiuing vwhich iAanHFinqt

10 o <
eI o PTG vy tr Cr T T et o croT o it =4

leulate

the concentration values;
j) theitem:

1) separate concentration values for chrysotile and amphibole structures equal to or longer than
0,5 um, expressed in asbestos structures/litre;

2) the analytical sensitivity for structures equal to or longer than 0,5 pm, expressed in asbestos
structures/litre;

k) theitem:
1) separate concentration values for chrysotile and amphibole fibres and bundles longer than

5 um, expressed in asbestos structures/litre;
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2) the analytical sensitivity for fibres and bundles longer than 5 pm, expressed in asbestos
structures/litre;

1) theitem:

1) separate concentration values for chrysotile and amphibole PCM equivalent fibres, expressed
in asbestos fibres/ml;

2) the analytical sensitivity for PCM equivalent fibres, expressed in asbestos fibres/ml;

m) the mass concentration of fibres and bundles, expressed in ng/m3,

The following items nJ and o) shall be recorded, but inclusion of items nj) and o) in the t¢st report is
optidnal:

n) 4 complete listing of the structure counting data; the following data should be influded: grid
opening number, structure number, identification category, structure type,lexgth and width of the
gtructure in um, the fibre type of the structure and any comments concerning the strufture;

0) ¢ompositional data or recorded EDXA spectral®! for the principal varieties of amphibolf, if present.

Examples of a suitable format for the structure counting data are shdwn in Figures 7 and 8
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34

Determination of asbestos fibres by ISO 13794

SAMPLE ANALYSIS INFORMATION

Laboratory name Report number Date

SAMPLE: Location
Location
Exterior sample 2019-03-11

p—

N
A
N
N
N
N
N
N

Ajr volume: 5750,01
Afea of collection filter: 385,0 mm?2
Vplume flowrate: 10,0 L/min
Fraction of filter ashed: 0,50
Vplume of water used for dispersal of ash: 40,0 mL
Vplume of dispersion filtered: 34,0 mL
Artive area of analytical filter: 199,0/mm?
Level of analysis (chrysotile): €Dor CMQ
Level of analysis (amphibole): ADQ
Magnification used for structure counting: 20500
Alpect ratio for fibre definition: 5:1
Mean dimension of grid openings: 95,4 um
fjitials of analyst MW
umber of grid openings examined: 10
halytical sensitivity: 0,895 structures/L

mber of primary asbestos structures: 13

mber of asbestos)structures counted: 26

mber of asbestos structures >5 um: 7

mber ofasbestos fibres and bundles >5 pm: 10

mber of PCM equivalent asbestos structures: 2

imber of PCM equivalent ashestos fibres: 5

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: Location
Location
Exterior sample 2019-03-11
TEM ASBESTOS STRUCTURE COUNT - RAW DATA
Grid O;irri](iing - Structures Identificationa Strtl;;t:re Le;gth Wl:ith Fibre Type Comments
primary total
A F4-4 1 1 D E 17 0045 Chrysatile
2 2 CMQ B 3,6 0,09 Chrysotile
3 3 ADQ F 4,0 0,15 Crocidolite
E3-6 4 4 CD MC+0 3,5 1,3 Chrysotile
E5-1 5 CD MD43 7,5 5,0 Chrysotile
5 CD MB 7,7 0,30 Chrysotile
6 CMQ MF 5,6 0,045 Chrysotile
7 CD MB 51 0,30 Chrysetile
8 CD MF 1,7 0,045 Chrysotile
B F4-1 6 CD CD+0 6,5 3,0 Chrysotile
9 CD CB 3,5 0,15 Chrysotile
10 CD CF 3,5 0,045 Chrysotile
11 CMQ CR+0 2,6 1,9 Chrysotile
G5-1 7 CD CD31 6,1 3,2 Chrysotile
12 CD CB 5,6 0,30 Chrysotile
13 CMQ CF 4,0 0,045 Chrysotile
14 CMQ CB 3,2 0,090 Chrysotile
E4-4 8 15 CD B 1,5 0,23 Chrysotile
9 16 AD F 8,7 0,15 Unidentified Amphibole
C G4-4 10 CMQ CD42 25, 5,6 Chrysotile
17 CMQ CB 15, 0,15 Chrysotile
18 cMQ CF 9,4 0,045 | Chrysotile
19 ADQ CF 3,6 0,30 Tremolite
20 CM CF 4,2 0,045 Chrysotile
E4-4 No Fibres
E5-6 11 ADQ CD33 9,4 5,5 Amosite
21 ADQ CF 7,1 0,30 Amosite
22 ADQ CF 6,2 0,10 Crocidolite
23 ADQ CB 51 0,20 Amosite
24 ADQ F 15,3 0.20 Crocidolite
F4-1 12 25 CMQ MC10 3,7 2,1 Chrysotile
13 26 CD CC+0 7,4 0,5 Chrysotile
a [demntifreatiomrcodestistedim Fabtes Etamd£2 I

Figure 8 — Example of format for reporting structure counting data
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Annex A
(normative)

Determination of operating conditions for plasma asher

A.1 General

During the ;Lreparation of TEM specimens from an MEC or cellulose nitrate filter, the spongy stru

of the filter

on the surf
preparation

affixed to tH
of etching is
asher (see 1
out by adjug
taken to con
and pore siZ

A.2 Proc

is collapsed into a thinner film of polymer by the action of a solvent. Some of the_par

critical, and individual plasma ashers vary in performance. Therefore; calibrate the pl
).3.3) to give a known amount of etching of the surface of the collapsed filter. This is ca
ting the radio-frequency power output and the oxygen flowrate, and measuring the
\pletely oxidize an un-collapsed cellulose ester filter with 25:tinm diameter of the same
e as the analytical filters.

pdure

Place an unysed cellulose ester filter, with 25 mm diameter, of the same type as that being used, i

centre of a g
Close the ch

chamber at
the plasma
operating p
15 min. For

36

amber and evacuate to a pressure of approximately 40 Pa, while admitting oxygen t
a rate of 8 ml/min to 20 ml/min. Adjust the tuning of the system so that the intens
in maximized. Measure the time reéquired for complete oxidation of the filter. Deter

hce of the original filter become completely buried in the polymer, and the”spec
procedure incorporates a plasma etching step to oxidize the surface layer*of the poly
Particles bufried by the filter collapsing step are then exposed so that they can becéme subsequ
e evaporated carbon film without altering their position on the original*filter. The am

arameters which result in complete oxidation of the filter in a period of approxim|
etching of collapsed filters, these operating parameters shall be used for a period of 8

cture
ficles
imen
rmer.
ently
ount
hsma
rried
time
type

n the

lass microscope slide. Position the slide appfoximately in the centre of the asher chamber.

b the
ty of
mine
ately
min.
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Annex B
(normative)

Determination and standardization of operating conditions for

B.1
The

prold
strug
ultra
toth

Dep

ultrasonic bath

General

1ltrasonic bath is used for the dispersal of the residual ash from sample collection

nged ultrasonic treatment of asbestos dispersions can affect the size distribution
tures and thereby change the structure concentration, it is important t¢ 'standardiz
sonic energy absorption by the aqueous dispersion and the time for whieh the sampl
P ultrasonic treatment.

gnding on the design of the ultrasonic bath, the rate of enetgy deposition into

of the sample beaker will vary with the position of the sample in-the bath and the thic

glas

posit

4. Accordingly, calibrate in the positions used, and alwaysplace the sample beakd

ions. During operation, the temperature of the water 4n the ultrasonic bath will ri

reach an equilibrium temperature. Since the energy transfer to the sample beaker increa

temy

Ultrd
ener

B.2

Ensu
the b
using
meaq
Afteq

the

temp]
beak
abso

erature of the water in the bath, operate the bath at’its equilibrium temperature.

sonic energy absorbed by the sample reappears-as heat, and the rate of absorption ¢
by can be measured calorimetrically. Use thesmeasurement procedure specified in B.2

Procedure

re that the level of water in thé€ yltrasonic bath is adjusted to that which will be us
ath until it reaches the equilibrium temperature, accelerating this process if necessar
r hot water in the bath. Place 40 m of water at approximately 20 °C into a 50 ml
ure its temperature. With-the bath switched off, place the beaker into the position to b
a period of 60 s to 90-s, remove the beaker and measure the temperature of the contg
ontents of the beaker/Using another 40 ml of water at approximately 20 °C, measu
erature of the conténts, and with the ultrasonic bath operating, the final temperatu
er has spent i the same time in the bath as for the first measurement. Calculate the rg
Fption by thé&Sample, R, expressed in watts per millilitre (W/ml), using Formula (B.1).

(62-61)
t

¢

R=4,185x%

ilters. Since
of asbestos
b the rate of
b is exposed

he contents
kness of the
brs in these
se, and will
ses with the

f ultrasonic

ed. Operate
V by initially
beaker, and
e calibrated.
nts. Discard
e the initial
re when the
te of energy

(B.1)

where

0, isthe temperature rise with ultrasonic bath operating, expressed in degrees Celsius (°C);

0, isthe temperature rise with the ultrasonic bath not operating, expressed in degrees

t isthe time, expressed in seconds (s).

Celsius (°C);

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/ml to 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
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calibrating the bath, do 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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Annex C
(normative)

Calibration procedures

C.1 Calibration of the TEM
C.1.1 Calibration of TEM screen magnification
The |electron microscope should be aligned according to the specifications_df: the mpanufacturer.
Initiglly, and at regular intervals, calibrate the magnifications used for the analysis using § diffraction
grating replica (see 10.3.13). Methods for calibration of the TEM magnification are ppecified in
ISO 29301[8]. Adjust the specimen height to the eucentric position beforg-carrying out the calibration.
On the fluorescent viewing screen, measure the distance occupied byca,;convenient number of repeat
distances of the grating image, and calculate the magnification. Always'repeat the calibration after any
instrjumental maintenance or change of operating conditions. The'magnification of the image on the
viewling screen is not the same as that obtained on photographicyplates or film. The ratio between these
is a gonstant value for the particular model of TEM.
If anjelectronic imaging system is in use, calibrate the magnification on the display device.
C.1.2 Calibration of ED camera constant
Calibrate the camera constant of the TEM when-used in ED mode. Use a specimen grid qupporting a
carbpn film on which a thin film of gold hascbeen evaporated or sputtered. Form an image of the gold
film with the specimen adjusted to the eugentric position and select ED conditions. Adjust the objective
lens current to optimize the pattern ebtained, and measure either on the fluorescent viewing screen
or on a recorded image the diameteks/of the innermost two rings. Calculate the radius-bgsed camera
constant, A - L, for both the fluorescent screen and the photographic plate or film, from the [relationship
shown in Formula (C.1):
D
. L= d (€1
2,0Vh% + k23 P

where

A is‘the wavelength, in nanometres, of the incident electron;

L is the camera length, in mm;

a is the unit cell dimension of gold, in nm (0,407 86 nm);

D is the diameter of the (hkl) diffraction ring, in mm;.

hkl  arethe Miller indices of the diffracting plane
Using gold as the calibration material, the radius-based camera constant is given by:
— A-L=0,117 74 x D mm - nm (smallest ring)
— A-L=0,101 97 x D mm - nm (second ring)
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C.2 Calibration of the EDXA system

Perform energy calibration of the EDXA system for a low energy and 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 materialslZl. 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 instrumental
specifications of 10.3.1 and 10.3.2, 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
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The microprobe analyses of the mineral standards are made\by-conventional techniques, whic

pe silicate minerals with matrices as close as possible to those of the amphibeld
hnd that individual small fragments of the minerals are homogeneous in composition wj
nt. Kakanui hornblendel2¢] is a suitable standard for calibration of the EDXA system.
Lains all the elements relevant to asbestos analysis, and has been extensively ¢haracter]

he compositions of these standards by electron microprobe analysis or ¢hemical met
ents of the same selected mineral standards and prepare filters by dispersal of the cry
water and immediate filtration of the suspensions. Prepare TEM ‘specimens from f{
e procedures described in Clause 12. These TEM specimens can théen be used to cali
DXA system so that comparable compositional results can be' obtained from diff

he mineralogical literature. In summary, the mineral iscfirst embedded in a mount of polynj
or epoxy resin. The mount is then ground and polished ‘to achieve a flat, polished surface
ent. This surface is then analysed, using suitable référence standards, preferably oxide stan
al elements wherever these are available. It is necessary to take account of the water concent
ls, which in the case of chrysotile amounts to #3*% by mass. This water content can vary d
Facuum system.

spensions of mineral standards should be filtered immediately after preparation,
kali earth metals can be partially:leached from minerals containing these elements.

results of the electron microprobe analyses as atomic or weight percentage ratios rel
ray peak ratios of the sameé:elements relative to silicon, obtained from the EDXA syj{

chnique was described by Cliff and Lorimer[1Zl,

generated in a thin’ specimen by an incident electron beam have a low probabili
with the specimen. Thus, mass absorption and fluorescence effects are negligible.
bral specimen’eontaining element i, the relationship shown by Formula (C.2) can be us
Intitative-analyses in the TEM:
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used to calculate the relationship between peak area ratio and atomic or weight percentage

Ly of

In a
ed to

(C.2)

1
Cs;

As;

where

is the concentration or atomic proportion of element i;
is the concentration or atomic percentage of silicon;

is the elemental integrated peak area for element i;

is the elemental integrated peak area for silicon;

is the k-ratio for element i relative to silicon (a constant).

For a particular instrumental configuration and a particular particle size, the value of k; is constant.
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Optionally, the accuracy of the Cliff and Lorimer technique may be increased by incorporating correction
for the particle size effect on peak area ratios[30l. This done by determination of separate values of
the constant k; for different ranges of fibre diameter. Suitable ranges of fibre diameter are <0,25 um,
0,25 pm to 0,5 pm, 0,5 pm to 1,0 pum and >1,0 pm. It is recommended that 20 EDXA measurements be

made

for each range of fibre diameter.

Insert the TEM grid into the TEM, obtain an image at the calibrated higher magnification of about
x20 000, 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 pm
in width, and accumulate an EDXA spectrum using an electron probe of suitable diameter. When a well-
defined spectrum has been obtained, perform a background subtraction and calculate the background-
corr¢cted peak areas for each element listed, using energy windows centred on the peaks.

ratio|
subtr

Repédat this procedure for 20 particles of each mineral standard. Reject analyses of ar
foreign particles. Calculate the arithmetic mean concentration to peak areamatio, k; (k-ra
specified element of each mineral standard and also for each of the fibre diameter ranges i

Perid
perfq

using the Cliff and Lorimer relationship.

If the fibre identification requirements of the analysis are limited to identification of the
asbestos varieties (chrysotile, crocidolite, amosite, tremolite,<actinolite and anthophyllite)
of thp EDXA system may be restricted to collection of aeference EDXA spectrum from e
asbeftos varieties. Fibre identification during sample analysis is then based on comparison
specfrum obtained from each fibre with these refetrence spectra. Examples of reference

show

of the peak area for each specified element relative to the peak area for silicon. All
acted peak areas used for calibration shall exceed 400 counts.

alculate the
ackground-

y obviously
io), for each

f applicable.

dic routine checks shall be carried out to ensure that there has been no degradation of the detector
rmance. These k-ratios are used to calculate the elemental concentrations of unkpown fibres,

nin Annex E.

primary six
calibration

hch of these

of the EDXA
spectra are
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Annex D
(normative)

Structure counting criteria

D.1 General

In addition
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to include c
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shall be rec

D.2 Strug

D.2.1 Gen

Each fibrou{
structure s}
D.2.2 to D.2]

D.2.2 Fibs

Any particle
or greater, s

bupings of asbestos fibres and particles, referred to as “asbestos structures”,are de
as fibre bundles, clusters and matrices. The numerical result of a TEM examination depends str

hdividual fibres which form the assemblage. It is therefore important that a logical sy

to isolated fibres, other assemblages of particles and fibres frequently occur™

the analyst assigns such an assemblage of fibres as a single entity, or as‘the estin

criteria be defined, so that the interpretation of these complex structures is the sam
and so that the numerical result is meaningful. Imposition of specific structure cou

h air
fined
ngly
1ated
stem
e for
hting

erally requires that some interpretation, partially based on urcertain health e
be made of each asbestos structure found. It is not the intentién of this document to
ptations based on health effects, and it is intended that a~Clear separation shall be
fording of structure counting data, and later interpretation of those data. The systg
ified in this document permits a clear morphologicaldescription of the structures

a concise manner suitable for later interpretation; if necessary, by a range of diff
hout the necessity for re-examination of the speéimens. In particular, the coding sy
fo permit recording of the dimensions of each complex fibrous structure, and also wh
ures contain fibres longer than 5 pm. This approach permits later evaluations of the
bnsiderations of particle respirability and.\comparisons with historical indices of asb
kamples of the various types of morphological structure, and the manner in which {
rded, are shown in Figure D.1.

'ture definitions and treatment

eral

structure thatis aGeparate entity shall be designated as a primary structure. Each pri
1all be designatedyas a fibre, bundle, cluster or matrix. These structures are discuss
P.

"€

withyparallel or stepped sides, of minimum length 0,5 pm, and with an aspect ratio
halh be defined as a fibre. For chrysotile asbestos, the single fibril shall be defined as a

fects
ake
ade

m of
o be
brent
stem
bther
data
bstos
hese

mary
ed in

f5:1
Fibre.

A fibre with

stepped sides shall be assigned a width equal To the average of tThe minimum and max1

widths. This average shall be used as the width in determination of the aspect ratio.

D.2.3 Bundle

muim

A grouping composed of apparently attached parallel fibres shall be defined as a bundle, with a width
equal to an estimate of the mean bundle width, and a length equal to the maximum length of the
structure. The overall aspect ratio of the bundle may be any value, provided that it contains individual
constituent fibres having aspect ratios equal to or greater than 5:1. Bundles may exhibit diverging
fibres at one or both ends. A bundle may comprise an unopened fibre bundle in which the fibrils have
never been separated, or a parallel assembly of fibrils that have come together in which no constituent
fibril extends to the full length of the bundle.
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S]]
/1144 =

c) Disperse cluster{Type D) d) Compact cluster (Type ()

N

e) Disperse matrix (Type D) f) Compact matrix (Type C)

Figure D.1 — Fundamental morphological structure types
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D.2.4 Cluster

An aggregate of two or more randomly oriented fibres, with or without bundles, shall be defined as a

cluster. Clus

a)

or bund

b)

ters occur as two varieties:

les can be separately identified and its dimensions measured;

disperse cluster (type D): a disperse and open network, in which at least one of the individual fibres

compact cluster (type C): a complex and tightly bound network, in which one or both ends of each

individual fibre or bundle are obscured, such that the dimensions of individual fibres and bundles
cannot be unambiguously determined.

In practice,
structure. W
procedure 9
The procedt

D.2.5 Mat

One or mors
group of ovg
does not dis
overlapped
particle, or ¥

Since a matn
shall be cou
a) dispers
overlap
can be {
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fibres d
dimens

In practice,
structure. W
procedure 9
Examples of

clusters can occur in which the characteristics of both types of cluster occur in the
'here this occurs, the structure should be assigned as a disperse cluster, and then a.Ig
hould be followed by recording structure components according to the countihg cri
ire for treatment of clusters is illustrated by examples in Figure D.2.

rix

 fibres, or fibre bundles, may be attached to, or partially concealédyby, a single partig
rlapping non-fibrous particles. This structure shall be defined ds a matrix. The TEM i
criminate between particles which are attached to fibres, and those which have by ch
n the TEM image. It is not known, therefore, whether such@structure is actually a con
whether it has arisen by a simple overlapping of particles.and fibres on the filter.

ix structure may involve more than one fibre, it is important to define in detail how mat
hted. Matrices exhibit different characteristics, and‘two types can be defined:

e matrix (type D): a structure consisting of-a*particle or linked group of particles,
bing or attached fibres or bundles in which at least one of the individual fibres or bu
eparately identified and its dimensionsmeasured;

t matrix (type C): a structure consisting of a particle or linked group of particles, in W
r bundles can be seen either within the structure or projecting from it, such tha
ons of individual fibres and hundles cannot be unambiguously determined.

matrices can occur in which the characteristics of both types of matrix occur in the
/here this occurs, the structure should be assigned as a disperse matrix, and then a lg
hould be followed by recording structure components according to the counting cri
the procedure which shall be followed are shown in Figure D.3.
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Count as 1 compact cluster (all fibres shorter than
Record as CC+0

5 um)

5 um

5 um

Count as a disperse cluster consisting of 5 fibres,4
are longer than 5 pm

of which

Record as CD54, followed by 5 fibres eagh\recorded as CF

Count as a dispetse-cluster consisting of 4 fibres, 2
are longer tham’5 pm, and 2 cluster residuals

Record as CD%2, followed by 4 fibres each recordec
2 clusterxesiduals each recorded as CR+0

Count as a 1 disperse cluster consisting of 3 fibres,
1 of which is longer than 5 pm, and 1 cluster residu
ing more than 9 fibres

Record as CD+1, followed by 3 fibres each recordec

of which

| as CF and

2 bundles,
al contain-

| as CF, 2

bundles each recorded as CB, and one cluster residual record-

ed as CR+0

5 um

Figure D.2 — Examples of recording of complex asbestos cluster
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Count as one compact matrix, with all fibres shorter than 5 um
Record as MC+0

5 um
Count as 1 disperse matrix containing one fibre shorter|
than 5 pm
Record as MD10, followed by one fibre recorded as MF
I |
5 um

Count as one disperse matrix€ontaining 5 fibres, all longe
than 5 um

Record as MD55, followed'by 5 fibres each recorded as MK

—

Count as one disperse matrix, containing 3 fibres, one of
which is longer than 5 pm, and 1 matrix residual

Record as MD61, followed by 3 fibres each recorded as M, and
one matrix residual recorded as MR30

S

| ]
5 um

Figure D.5 — Examples ol recording of complex asbestos matrices

D.2.6 Asbestos structure larger than 5 pm

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

D.2.7 Asbestos fibre or bundle longer than 5 pm

An asbestos fibre of any width, or bundle of such fibres, which has a length exceeding 5 pm.
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D.2.8 PCM equivalent structure

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

D.2.9 PCM equivalent fibre

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

Il Structures which intersect grid bars

‘e D.4. Record the dimensions of the structure such that the obscured portions of

xample, the length of a fibre intersecting a grid bar is taken to‘be twice the unobsc
tures intersecting either of the other two sides shall not be included in the count.

P Fibres which extend outside the field of view

hg scanning of a grid opening, count fibres which extend outside the field of view syste

of view in only two quadrants are counted. The\procedure is illustrated by Figure D.5.
h of each such fibre by moving the specinief’ to locate the other end of the fibre, and

eld of view shall not be counted.

t a structure which intersects a grid bar for two sides of the grid opehing only, as illustrated in

components

aken to be equivalent to the unobscured portions, as shown by.the broken lines in Figure D.4.

ired length.

matically, so

avoid double-counting. In general, a rule shouldbe'established so that fibres extending outside the

Measure the
then return

e original field of view before continuingto scan the specimen. Fibres without terminations within
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i 1 4
/7 ,1 PO e
t
Key
1 grid opehing 3  donotcotnt
2 scan dirgction 4 count

Figure D.4 — Example of counting of structures which intersect grid bars
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\1

Key
grid opening 4  count
TEM field of view 5 .do'not count
dcan direction 6\ "do not count

Figure D.5 — Example of counting offibres which extend outside the field of view

D.4 | Procedure for data recording

D.4.1 General

The morphological codes specified are designed to facilitate computer data processing, 4nd to allow
recording of a complete-répresentation of the important features of each asbestos strjucture. The
procgdure requires that the microscopist classify each primary fibrous structure into ong¢ of the four
fundpmental categéries: fibres, bundles, clusters and matrices.

D.4.2 Fibres

On the structure counting form, a fibre as defined in D.2.2 shall be recorded by the designation “F”. If the
fibre|iS-a Separately-counted part of a cluster or matrix, the fibre shall be recorded by the|designation
“CF” or M depermding om whether it isa component of a cluster or matrix.

D.4.3 Bundles

On the structure counting form, a bundle as defined in D.2.3 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.

D.4.4 Disperse clusters (type D)

On the structure counting form, an isolated cluster of type D as defined in D.2.4 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

“w,n

designated as “+” if there are estimated to be more than 9 component fibres or bundles. The second digit
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shall represent, in the same manner, the total number of fibres and bundles longer than 5 pm 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 5 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 shall be recorded as “CR” (cluster residual). If the remaining clustered fibres are present as more
than one localized group, it may be necessary to record more than one cluster residual. Do not record
more than 5 cluster residuals for any cluster. A cluster residual shall be measured and assigned a two-
digit number, derived in the same manner as specified for the overall cluster. Optionally, if the number
of component fibres and bundles in either the original cluster or the cluster residual is outside of the
range of 1 to 9, additional information concerning the number of component fibres and bundles may be
noted in the| “comments” column.

D.4.5 Compact clusters (type C)

On the stru
the designaf
component
dimensions
for clusters
separately 1
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On the struyl
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D.4.7 Compact matrices{type C)

On the strud
designation

manner as for clusters type D. The overall dimensions of the matrix in two perpendicular direc

shall be rec
bundles of

cture counting form, an isolated matrix of type D*as defined in D.2.5 shall be recd

cture counting form, an isolated cluster of type C as defined in D.2.4 shall ‘be recordg
ion “CC”, followed by a two-digit number. The two-digit number describing the numbég
fibres and bundles shall be assigned in the same manner as for clustexs type D. The oy
of the cluster in two perpendicular directions shall be recorded’in-the same mann
type D. By definition, the constituent fibres and bundles of compact clusters cann
heasured, therefore no separate tabulation of component fibres.or bundles can be mad

perse matrices (type D)

nation “MD”, followed by a two-digit number. Thestwo-digit number shall be assign
anner as for clusters type D. The overall dimensions of the matrix in two perpendi
hall be recorded in the same manner as for chusters type D. In order of decreasing lengf
ent fibres or bundles shall be separately recorded, using the codes “MF” (matrix fibre
x bundle). If, after accounting for prominént component fibres and bundles, matrix mat
sbestos fibres remains, this shall belrecorded as “MR” (matrix residual). If the rema
s are present as more than one logalized group, it may be necessary to record more
residual. Do not record more than 5 matrix residuals for any matrix. A matrix res

ix. Optionally, if the number of component fibres and bundles in either the original m|

x residual is outside of the range of 1 to 9, additional information concerning the numl
ibres and bundles may)be noted in the “comments” column.

ture counting form, an isolated matrix of type C as defined in D.2.5 shall be recorded b
“MC”, fallowed by a two-digit number. The two-digit number shall be assigned in the
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compact matrices cannot be separately measured, therefore no separate tabulatipn of

component fibres or bundles can be made.

D.4.8 Pro

cedure for recording of partially obscured fibres and bundles

The proportion of the length of a fibre or bundle that is obscured by other particulate 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 as a part of a matrix type C or 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 5 and recorded according to the
counting criteria as separate fibres or bundles. If the obscured length could be more than one third of
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the total length, the fibre or bundle shall be considered as a part of a compact matrix type C or part of a

matr

D.5

ix residual.

Special considerations for counting PCM equivalent fibres

Use 3:1 as the minimum aspect ratio for counting PCM equivalent fibres. This aspect ratio definition
is required in order to achieve comparability of the results for this size range of fibre 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 fibres only. The coding system permits discrimination

betw

NOTH
for c
of co
bund
recon
the si

D.6
con

If th
nece
the iy
have
on tl
fibre
smal
chry
that
deriy
The {
whic

Initis
curs

DO : 1 ] P TR P £ 11 11 1 1 o 1.1
CCII LV CUUIVAITHUTIUTCS UIdl CULILATIT TTUTCS dlTU DUIIUITS TULIgC LAl O (I 41U LHO ST

In general, clusters and matrices will yield fewer components as the minimum dimehsi
untable fibres are increased. Thus, it could be found that a particular structure yields a hi
mponent fibres in a count for all fibre sizes than it does at a reduced magnificatien’when or
es longer than 5 pm are being counted. However, the requirement that component fibres an
ded in decreasing length order ensures that the data are consistent for a particular structure,
ze category of fibres being counted and the magnification in use.

Special considerations for determination of an estimate of the mass
centration of asbestos fibres and bundles

e primary objective of the analysis is to determine an _estimate of the mass concen
5sary to adopt a structure counting strategy that allows large structures that contril
hass concentration to be counted with greater statistical reliability. The number of str
to be counted in order to achieve a reliable estifate of the mass concentration depen
ne range of diameter distribution. The masS*concentration measurement is most
s and bundles of large diameters, whichare generally statistically infrequent rel
ler fibres and bundles. If the diameter distribution is narrow, such as that found in a d
sotile fibrils, the mass concentrationicah be measured with approximately the same
bf the numerical concentration. If the/diameter distribution is broad, mass concentrati
ed from TEM examinations to'détermine numerical concentrations are statistically
trategy specified below is designed to give greater statistical significance to the largg
h contribute most to the mass concentration.

lly, establish the largest“width of asbestos fibre or bundle that can be detected on t
bry survey, at a reduced magnification, of approximately 50 grid openings. Calculate

of thfis structure. Adjust the magnification of the TEM to a value such that a width of 1

fluon
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escent screencorresponds to approximately 10 % of the width of the previously se

at th|

ture. Carry gut a routine TEM examination at this magnification, terminating the
end of¢the grid opening on which the integrated volume of all structures recorde

10 times the-volume of the originally selected structure. For asbestos structures which i
grid pars, measure only the unobscured parts of the fibres and bundles within the grid ope|
purploses of calculation of the mass concentration of asbestos. Disregard the procedure
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Annex E
(normative)

Fibre identification procedure

E.1 General

The criterid

used for identification of asbestos fibres may be selected, depending on the inte

use of the measurements. In some circumstances, there can be a requirement that fibres)shg

unequivoca
knowledge 4

ly identified as a specific mineral species. In other circumstances there can.bé suffi
ibout the sample that rigorous identification of each fibre need not be carried out. The

required to

perform the analysis, and therefore the cost of analysis, can vary widely’depending o

identificatign criteria which are considered to be sufficiently definitive. The combination of cri
considered fefinitive for identification of fibres in a particular analysis shall-be’specified befor

analysis is

ade, and this combination of criteria shall be referred to as the{Level” of analysis. Va

factors related to instrumental limitations and the character of the samplemay prevent satisfacti
all specified fibre identification criteria for a particular fibre. Thereforefa record shall be made g
identificatign criteria which were satisfied for each suspected asbestos fibre included in the ana
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structures of some’mineral fibres, such as chrysotile, are easily damaged by the
sities required for’EDXA examination. Therefore, investigation of these sensitive fibr
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on the TEM viewing screen from a randomly oriented fibre. ED patterns obtained from fibres with
cylindrical symmetry, such as chrysotile, do not change when the fibres are tilted about their axes, and
patterns from randomly oriented fibres of these minerals can be interpreted quantitatively. For fibres
which do not have cylindrical symmetry, only 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
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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 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 focused in the plane of
the selected area aperture. If this is not done there may be some components of the ED pattern which
do ngtoriginate from the selected area. In general, It will be necessary to use the smallest pvailable ED
aperture.

sed. A thin
of the TEM

For 3ccurate measurements of the ED pattern, an internal calibration standard shall be
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the most definitive.

Five spots, closest to the centre spot, along two intersecting lines of the zone-axis pattern shall be
selected for measurement, as illustrated in Figure E.1. The distances of these spots from the centre spot
and the four angles shown provide the required data for analysis. Since the centre spot is usually very
over-exposed, it does not provide a well-defined origin for these measurements. The required distances
shall therefore be obtained by measuring between pairs of spots symmetrically disposed about the
centre spot, preferably separated by several repeat distances. The distances shall be measured with a
precision of better than 0,3 mm, and the angles to a precision of better than 2,5°. The diameter, D, of the
first or second ring of the calibration pattern (111 and 200) shall also be measured with a precision of
better than 0,3 mm.
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Using gold as the calibration material, the radius-based camera constant is given by:
— A-L=0,117 74 x D mm - nm (first ring)
— A-L=0,10197 x D mm - nm (second ring)

o

5
Figure E.1 — Example of measurement of zone-axis SAED patterns

E.2.3 EDXA measurements

Interpretatipn of the EDXA spectrum may be either qualitative or quantitative. For qualitative
interpretatipn of a spectrum, the X-ray peaks originating from the elements in the fibre are recorded.
For quantitdtive interpretation,the net peak areas, after background subtraction, are obtained fqr the
X-ray peaksjoriginating fromthe elements in the fibre. This method provides quantitative interpretption
for those minerals which ¢ontain silicon.

To obtain ap EDXAlspectrum, move the image of the fibre to the centre of the screen and remove
the objective aperture. Select an appropriate electron beam diameter and deflect the beam sof that
it impinges fon‘the fibre. Depending on the instrumentation, it may be necessary to tilt the specimen
towards thp Xtray detector and, in some instruments, to use Scanning Transmission Ele¢tron
Microscopy (STEM) mode of operation.

The time for acquisition of a suitable spectrum varies with the fibre diameter, and also with instrumental
factors. For quantitative interpretation, spectra should have a statistically valid number of counts in
each peak. Analyses of small diameter fibres which contain sodium are the most critical, since it is in
the low energy range that the X-ray detector is least sensitive. Accordingly, it is necessary to acquire a
spectrum for a sufficiently long period that the presence of sodium can be detected in such fibres. It has
been found that satisfactory quantitative analyses can be obtained if acquisition is continued until the
background subtracted silicon Ka peak integral exceeds 10 000 counts. The spectrum should then be
manipulated to subtract the background and to obtain the net areas of the elemental peaks.

After quantitative EDXA classification of some fibres by computer analysis of the net peak areas, it may
be possible to classify further fibres in the same sample on the basis of comparisons of spectra at the
instrument. Frequently, visual comparisons can be made after somewhat shorter acquisition times.
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E.3 Interpretation of fibre analysis 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.

E.3.2

Amphiboles
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vone-axis"ED interpretation shall include all minerals previously selected from the mineral data
s being-eHemically compatible with the EDXA data. This procedure will usually shoften the list
nerals for which solutions have been found. A second set of zone-axis data from another pattern
obtalned on the same fibre can then be processed, either as further confirmation of the identification,
or to ITITi i Teuity: Ttiom, rientations
of the two zone-axes can be checked for consistency with the structures of the minerals. Caution
should be exercised in rationalizing the inter-zone-axis angle, since if the fibre contains c-axis twinning
the two zone-axis ED patterns may originate from the separate twin crystals. In practice, the full
identification procedure will normally be applied to very few fibres, unless for a particular reason
precise identification of all fibres is required.

E.4 Fibre classification categories

E.4.1 General

It is not always possible to proceed to a definitive identification of a fibre; this may be due to
instrumental limitations or to the actual nature of the fibre. In many analyses a definitive identification
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of each fibre may not actually be necessary if there is other knowledge available about the sample, or
if the concentration is below a level of interest. The analytical procedure shall therefore take account
of both instrumental limitations and varied analytical requirements. Accordingly, a system for fibre
classification is used to permit accurate recording of data. The classifications are shown in Tables E.1
and E.2, and are directed towards identification of chrysotile and amphibole respectively. Fibres shall
be reported in these categories. A situation may occur in which a structure incorporates both chrysotile
and an amphibole, or more than one type of amphibole. This is usually a rare event. When this does
occur, classify the primary structure as “Mixed”, using the code “M” instead of “C” or “A”.

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 examified, record the classification which 1s actually achieved. Depending on the intended use
of the results, criteria for acceptance of fibres as “identified” can then be established at any time'jafter
completion pf the analysis.

In an unknpwn sample, chrysotile will be regarded as confirmed only if a recorded,¢alibrated ED
pattern from one fibre in the CD categories is obtained, or if measurements of the\ED pattern are
recorded at[the instrument. Amphibole will be regarded as confirmed only by obtaining recorded|data
which yieldg§ exclusively amphibole solutions for fibres classified in the AZQ, AZZ or AZZQ categories.

Table E.1 — Classification of fibres with tubular morphology

Category Description

™ Tubular Morphology, not sufficiently characteristic for classification as chrysotile

CM Characteristic Chrysotile Morphology
CD Chrysotile SAED pattern
cQ Chrysotile composition by Quantitative EDXA

CMQ Chrysotile Morphology and composition by Quantitative EDXA
CcDhQ Chrysotile SAED pattern and composition'by Quantitative EDXA
NAM Non-Asbestos Mineral

Table E.2 — Classification of fibres without tubular morphology

Category Description
UF Unidentified Fibre
AD Amphibole by random orientation SAED (shows layer pattern of 0,53 nm spacing)
AX Amphibole byqualitative EDXA. Spectrum has elemental composition consistent with amphjbole

ADX Amphibole by random orientation SAED and qualitative EDXA
AQ Amphibole by Quantitative EDXA

AZ Amphibole by one Zone-axis SAED pattern
ADQ Anphibole by random orientation SAED and Quantitative EDXA
AZQ Amphibole by one Zone-axis SAED pattern and Quantitative EDXA
AZ7Z Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle

AZZQ Amphibole by two Zone-axis SAED patterns, with consistent interaxial angle, and Quantitative EDXA
NAM Non-Asbestos Mineral

E.4.2 Procedure for classification of fibres with tubular morphology suspected to be
chrysotile

Occasionally, fibres are encountered which have tubular morphology similar to that of chrysotile, but
which cannot be characterized further either by ED or EDXA. They may be non-crystalline, in which
case ED techniques are not useful, or they may be in a position on the grid which does not permit an
EDXA spectrum to be obtained. Alternatively, the fibre may be of organic origin, but the morphology
and composition may not be sufficiently definitive that it can be disregarded. Accordingly, there
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is a requirement 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 to 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).

FIBRE WITH TUBULAR MORPHOLOGY

Is fibre morphology characteristic
of that displayed by reference chrysotile?

NO YES

[T @]

Examine by SAED Examine by SAED
Pattern not Chrysotile Chrysotile Pattern no
Chrysotile Pattern Pattern Chrysotile

NAM [cD]¢ [cD] [aM]
—

Pattern not present Pattern not present
or indijstinct or indistinct
[CM]

Examine by quantitative EDXA Examine by quantitative EDXA
Compositién not Chrysotile Chrysotile Composition fot
that of chigysotile composition Composition that of chrysofile

No spectrum No spectrum

NAM [T™] [co] | [CMQ] [cM] (NAM

Examine by quantitative EDXA

Composition not Chrysotile
that of chrysotile composition

No spectrum

NAM |CD I |CDQ I

Figure E.2 — Classification chart for fibre with tubular morphology
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For classification as CM, the morphological characteristics required are:

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

b) the electron scattering power of the fibre at 60 to 100 kV accelerating potential should be
sufficiently low for internal structure to be visible;

c) there should be some evidence of internal structure suggesting a tubular appearance similar to
that shown by reference UICC chrysotile, which may degrade in the electron beam.

Examine every fibre having these morphological characteristics by the ED technique, and classify as
chrysotile by ED (CD) only those which give diffraction patterns with the precise characterlstlc own
in Figure E.3B. Since chrysotile has cylindrical symmetry(3Z], the ED pattern remains unchan rlng
axial rotatign of the fibre. The relevant features in this pattern for identification of chry afe as
follows:

— the (002) reflections should be examined to determine that they correspond cl&%él%r to a spacing of
0,73 nm; O

— the layer line repeat distance should correspond to 0,53 nm; s\\%
— there sHould be “streaking” of the (110) and (130) reflections. Q
a

Figure E.3 — Chrysotile SAED pattern

Using the millimetre calibrations on the TEM viewing screen, these observations can readily be made
at the instrument. If documentary proof of fibre identification is required, record a TEM micrograph of
at least one representative fibre, and record its ED pattern on a separate film or plate. This film or plate
shall also carry calibration rings from a known polycrystalline substance such as gold. This calibrated
pattern is the only documentary proof that the particular fibre is chrysotile, and not some other tubular
or scrolled species such as halloysite, palygorskite, talc, vermiculitel16] or lizardite[3¢l. The proportion of
fibres which can be successfully identified as chrysotile by ED is variable, and to some extent dependent
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on both the instrument and the procedures of the operator. The fibres that fail to yield an identifiable ED
pattern will remain in the TM or CM categories unless they are examined by EDXA.

In the EDXA analysis of chrysotile there are only two elements which are relevant. For fibre
classification, the EDXA analysis shall be quantitative. If the spectrum displays prominent peaks from
magnesium and silicon, with their areas in the appropriate ratio, and with only minor peaks from other
elements, classify the fibre as chrysotile by quantitative EDXA, in the categories CQ, CMQ, or CDQ, as
appropriate.

E.4.3 Procedure for classification of fibres without tubular morphology, suspected to be
amphibole
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In the unknown sample, zone-axis analysis will be required if the presence of amphibole is to be
unequivocally confirmed. For this level of analysis, attempt to raise the classification of every suspected
amphibole fibre to the ADQ category by inspection of the random orientation ED pattern and the
EDXA spectrum. In addition, examine at least one fibre from each type of suspected amphibole found
by zone-axis methods to confirm their identification. In most cases, because information exists about
possible sources of asbestos in close proximity to the air sampling location, some degree of ambiguity
of identification can be accepted. Lower levels of analysis can therefore be accepted for these situations.
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| FIBRE WITHOUT TUBULAR MORPHOLOGY
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Figure E.4 — Classification chart for fibre without tubular morphology
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E.5 Routine fibre identification for investigation of known sources of the
regulated asbestos varieties

For analyses in which the minerals of interest are limited to investigations of known sources of
the regulated commercial asbestos varieties or richterite-winchite, a simpler procedure for fibre
identification may be used. The compositions of the major three commercial regulated asbestos
varieties (chrysotile, amosite and crocidolite) exhibit only limited variation with respect to the major
chemical elements (sodium, magnesium, silicon and iron). Amosite may or may not exhibit a small EDXA
peak from manganese.

For chrysotile, observation of the characteristic tubular morphology, combined with an EDXA
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EDXA spectrum from HSE reference tremolite, shown in Figure E.13, is an example of tren
lower iron concentration. The EDXA spectrum from HSE reference actinolite, shown in Figure E.14, is

an example of actinolite with a high iron concentration.

Figure E.15 shows an EDXA spectrum obtained from richterite-winchite. This mineral is associated
with some sources of vermiculite. Figure E.15 should be considered only as an example, because the
concentrations of sodium, potassium and calcium can be quite variable, even within materials from the
same source.
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Figure E.5 — Energy dispersive X-ray spectrum obtained from SRM 1866 chrysotile
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Figure E.6 — Energy dispersive X-ray spectrum obtained from SRM 1866 amosite
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Figure E.7 — Energy dispersive X-ray spectrum obtained from SRM 1866 crocidolite
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NOTE The gold peaks originate from the gold specimen grid.

Figure E.8 — Energy dispersive X-ray spectrum obtained from Bolivian crocidolite
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Figure|E.9 — Energy dispersive X-ray spectrum obtained from SRM 1867 anthophyllite
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NOTE The gold peaks originate from the gold specimen grid.

Figure E.10 — Energy dispersive X-ray spectrum obtained from HSE anthophyllite
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