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Foreword

0312:1995(E)

ISO (the International Organization for Standardization) i
federation of national standards bodies (ISO member bog
of preparing International Standards is normally. carried o
technical committees. Each member body.-interested in
which a technical committee has been established has
represented on that committee. International organizations
and non-governmental, in liaison with (SO, also take part in
collaborates closely with the International Electrotechnic
(IEC) on all matters of electrotechnigal standardization.

Draft International Standardshadopted by the technical ¢
circulated to the member bodies for voting. Publication as
Standard requires approvalby at least 75 % of the member]
a vote.

International Standard ISO 10312 was prepared by Techn
ISO/TC 146, Air-quality, Subcommittee SC 3, Ambient atn

Annexes A, B, C, D, E and F form an integral part of th
Standard:“Annexes G, H and J are for information only.
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This Internatid
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available medi
and the fibre
inhalation haz:
Most fibres in
is a requirems
in ambient atn
optical micros|
electron micrd
small fibres a
identification

often found, n
tures which
fibres found s
unequivocally,
if each fibre W
prohibitively e

O
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nal Standard is applicable to the determination of airborne
wide range of ambient air situations, including the interior
bf buildings, and for detailed evaluation of any atmosphere
stos structures are likely to be present. Because the best
cal evidence indicates that the numerical fibre concentration
sizes are the relevant parameters for evaluation of the
rds, a fibre counting technique is the only logical approach.
ambient atmospheres are not asbestos, and therefore there
nt for fibres to be identified. Many airborne asbestos fibres
nospheres have diameters below the resolution limit of the
cope. This International Standard is based on transmission
scopy, which has adequate resolution to allow detection\ef
hd is currently the only technique capable of unequivecal
f the majority of individual fibres of asbestos. Asbestos is
ot as single fibres, but as very complex, aggregated struc-
ay or may not be also aggregated with other patrticles. The
Ispended in an ambient atmosphere can ofterdbe identified
if a sufficient measurement effort is expehded. However,
ere to be identified in this way, the analysis would become
kpensive. Because of instrumental deficiencies or because

of the nature
as asbestos,
be asbestos.

f the particulate, some fibres canpotibe positively identified
ven though the measurements, alindicate that they could
ubjective factors therefore contribute to this measurement,

and consequeptly a very precise definitionof the procedure for identifica-
tion and enumneration of asbestos fibreg'is-tequired. The method specified
in this Internaftional Standard is designed to provide the best description
possible of tHe nature, numericalz€oncentration, and sizes of asbestos-
containing pafticles found in ancaifr sample. This International Standard is
i plex, becaus€ the instrumental techniques used are com-
because a<‘very detailed and logical procedure must be

a recording specified in this International Standard is de-
v re;évatuation of the structure counting data as new med-
ical evidence becomes available. All of the feasible specimen preparation
techniques repult/in some modification of the airborne particulate. Even

signed to allo

the collection of particles from a three-dimensional airborne dispersion
onto a two-dimensional filter surface can be considered a modification of
the particulate, and some of the particles in most samples are modified
by the specimen preparation procedures. However, the procedures spec-
ified in this International Standard are designed to minimize the disturb-
ance of the collected particulate material, and the effect of those
disturbances which do occur can be evaluated.

This International Standard describes the method of analysis for a single
air filter. However, one of the largest potential errors in characterizing
asbestos in ambient atmospheres is associated with the variability be-
tween filter samples. For this reason, it is necessary to design a replicate
sampling scheme in order to determine this International Standard's ac-
curacy and precision.


https://standardsiso.com/api/?name=fb15428c3cb5d5d40d3144bafef4cbc8

INTERNATIONAL STANDARD © ISO

ISO 10312:1995(E)

Ambient air — Determinatio
Direct-transfer transmission e
mEtllGd

1.1 Sudbstance determined

This International Standard specifies a reference
method [using transmission electron microscopy for
the detgrmination of the concentration of asbestos
structurgs in ambient atmospheres and includes
measurement of the lengths, widths and aspect ratios
of the agbestos structures. The method allows deter:
mination|of the type(s) of asbestos fibres present. The
method ¢annot discriminate between individual fibrées
of the agbestos and non-asbestos analogues  of the
same anjphibole mineral.

1.2 Type of sample

The metlod is defined for polygarbonate capillary-pore
filters or|cellulose ester (éither mixed esters of cellu-
lose or cg¢llulose nitrate) filters through which a known
volume df air has beendrawn. The method is suitable
for detefmination{ of asbestos in both exterior and
building atmospReres.

1.4 Limit of detection

The limit of.detection theoretically can
definitely)by filtration of progressively

be lowered in-
arger volumes

of air:and by extending the examinatioh of the speci-

mens“in the electron microscope. In

practice, the

lowest achievable limit of detection for a particular
area of TEM specimen examined is coptrolled by the
total suspended particulate concentratipn.

For total suspended particulate concer
proximately 10 ug/m3, corresponding
atmospheres, and assuming filtration

trations of ap-
to clean, rural
bf 4 000 litres

of air, an analytical sensitivity of 0,5 strlicture/l can be
obtained, equivalent to a limit of detection of 1,8

structure/l, if an area of 0,195 mm?
specimens is examined. If higher to
particulate concentrations are present,
air filtered must be reduced in order
acceptable particulate loading on the fi
a proportionate increase in the analyticg

Where this is the case, lower limits of
be achieved by increasing the area of t
mens that is examined. In order to

of the TEM
al suspended
the volume of

fo maintain an

ter, leading to
| sensitivity.

detection can
he TEM speci-
achieve lower

limits of detection for fibres and bundl

Es longer than

1.3 Measuring range

The range of concentration which can be determined
is b0 structures/mm2 to 7 000 structures/mm2 on the
filter. The air concentrations represented by these
values are a function of the volume of air sampled.
There is no lower limit to the dimensions of asbestos
fibores which can be detected. In practice,
microscopists vary in their ability to detect very small
asbestos fibres. Therefore, a minimum length of
0,5 um has been defined as the shortest fibre to be
incorporated in the reported results.

5 um, and for PCM equivalent fibres,

lower magni-

fications are specified which permit more rapid ex-
amination of larger areas of the TEM specimens when
the examination is limited to these dimensions of fi-
bre. The direct analytical method cannot be used if the
general particulate loading of the sample collection

filter exceeds approximately 10 ug/cm2

of filter sur-

face, which corresponds to approximately 10 % cov-
erage of the collection filter by particulate. If the total
suspended particulate is largely organic material, the
limit of detection can be lowered significantly by using

an indirect preparation method.
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2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publica-
tion, the editions indicated were valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards indicated below.
Members of IEC and ISO maintain registers of cur-

© ISO

crystal faces and intersecting at angles of about 56°
and 124°.

3.3 amphibole asbestos:
asbestiform habit.

Amphibole in  an

3.4 analytical sensitivity: The calculated airborne
asbestos structure concentration in  asbestos
structures/litre, equivalent to counting of one
asbestos structure in the analysis. The method in this
International Standard does not specify an analytical

rently valid Intgrmationat Standards.

ISO 4225:1994, Air quality — General aspects — Vo-
cabulary.

ISO 4226:1993, Air quality — General aspects —
Units of meas{irement.

ISO Standard Handbook No. 2:1993, Quantities and
units.

ISO Standard Handbook No. 3:1989, Statistical Meth-
ods.

3 Definitigns

For the purpo
following defin

3.1 acicular:
crystal with d
small relative t

3.2 amphibo
ferromagnesiu
crystal form a
mula:

Aq or 1B,Cs
where
A =K, Na

es of this International Standard, the
tions apply (see also I1SO 4225).

The shape of an extremely slendér
ross-sectional dimensions which_ are
b its length, i.e. needle-like.

e: A group of (rock-forming

silicate minerals, clos€ly related in
d composition, with~the nominal for-

[:0,,(0OH,F.Cl),

P NN I T
STTTISTUVITY -

3.5 asbestiform: A specific type of niinerallfibrosity
in which the fibres and fibrils possess high tensile
strength and flexibility.

3.6 asbestos: A term applied 1o a group of silicate
minerals belonging to thelserpentine and amphibole
groups which have crystallized in the asbestiform
habit, causing them te\be easily separated into long,
thin, strong fibresiwhen crushed or procesged. The
Chemical Abstracts Service Registry Numbefs of the
most common asbestos varieties are: chrysotile

(12001-29:5)," crocidolite  (12001-28-4),  grinerite
asbestos, * (amosite)  (12172-73-5),  antHophyllite
asbestos (77536-67-5), tremolite sbestos

(77686-68-6) and actinolite asbestos (77536-66-4).

3.7 asbestos structure: A term applied to pny con-
nected or overlapping grouping of asbestos fibres or
bundles, with or without other particles.

3.8 aspect ratio: The ratio of length to width of a
particle.

3.9 blank: A structure count made on TEM speci-
mens prepared from an unused filter, to d¢termine
the background measurement.

3.10 camera length: The equivalent pfojection
length between the specimen and its electron dif-
fraction pattern, in the absence of lens action.

3.11 chrysotile: A fibrous mineral of the serpentine

B = Fe?*, Mn, Mg, Ca, Na

C=AlCr,

Ti, Fe**, Mg, Fe?*

T =Si, Al, Cr, Fe®* Ti

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 co-
lumnar or fibrous prismatic crystals and by good
prismatic cleavage in two directions parallel to the

group-whichhas-the ominmatcomposition
Mg;Si,O5(0H),

Most natural chrysotile deviates little from this nomi-
nal composition. In some varieties of chrysotile, minor
substitution of silicon by ARt may occur. Minor sub-
stitution of magnesium by AP*, Fe?*, Fe®*, Ni?*
Mn** and Co?* may also be present. Chrysotile is the
most prevalent type of asbestos.

3.12 cleavage: The breaking of a mineral along one
of its crystallographic directions.
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3.13 cleavage fragment: A fragment of a crystal
that is bounded by cleavage faces.

3.14 cluster: A structure in which two or more fi-
bres, or fibre bundles, are randomly oriented in a
connected grouping.

3.15 d-spacing: The distance between identical ad-
jacent and parallel planes of atoms in a crystal.

3.16 electron diffraction: A technique in electron
microscopy by which the crystal structure of a speci-

ISO 10312:1995(E)

tre, equivalent to counting 2,99 asbestos structures in
the analysis.

3.27 matrix: A structure in which one or more fi-
bres, or fibre bundles, touch, are attached to, or par-
tially concealed by, a single particle or connected
group of nonfibrous particles.

3.28 Miiller index: A set of either three or four inte-
ger numbers used to specify the orientation of a

crystallographic plane in relation to the crystal axes.

men is ¢xamined.

3.17 eJectron scattering power: The extent to
which g thin layer of substance scatters electrons
from their original directions.

3.18 epergy dispersive X-ray analysis: Measure-
ment of| the energies and intensities of X-rays by use
of a sofid state detector and multichannel analyser
system,

3.19 ejucentric: The condition when the area of in-
terest an object is placed on a tilting axis at the
intersecltion of the electron beam with that axis and
is in thel plane of focus.

3.20 field blank: A filter cassette which has been
taken td the sampling site, opened, and then closed\
Such alfilter is used to determine the backgrdund
structurg count for the measurement.

3.21 fipril: A single fibre of asbestos, which cannot
be furtHer separated longitudinally into. smaller com-
ponents| without losing its fibrous properties or ap-
pearancgs.

3.22 fipre: An elongated-particle which has parallel
or stepped sides. For the& purposes of this Interna-
tional Standard, a fibreis defined to have an aspect
i al to or_greater than 5:1 and a minimum
0,5 pm.

3.23 fipre bundle: A structure composed of parallel,
smaller diameter fibres attached along their lengths

3.29 PCM equivalent fibre: A fibie
greater than or equal to 3:1, lopger
which has a diameter between0,2 un

3.30 PCM equivalent structure: A f
of aspect ratio greater than or equa
than 5 pum, and which has a diar
0,2 um and 3,0 M

3.31 primary-structure: A fibrous s
a separateentity in the TEM image.

3.32replication: A  procedure
microscopy specimen preparation in
copy, or replica, of a surface is made.

of aspect ratio
han 5 pm, and
and 3,0 um.

brous structure

to 3:1, longer
heter between

tructure that is

in  electron
which a thin

3.33 selected area electron diffraction: A tech-

nique in electron microscopy in wh
structure of a small area of a sample i

3.34 serpentine: A group of commg
minerals having the nominal formula

MgsSi,05(OH),

3.35 structure: A single fibre, fibre
or matrix.

3.36 twinning: The occurrence of

ch the crystal
5 examined.

n rock-forming

bundle, cluster

Crystals of the

same species joined together at a particular mutual

orientation, such that the relative orie
lated by a definite law.

3.37 unopened fibre: An asbestos

htations are re-

fibre bundle of

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

3.24 fibrous structure: A fibre, or connected
grouping of fibres, with or without other particles.

3.25 habit: The characteristic crystal growth form,
(or combination of these forms), of a mineral, includ-
ing characteristic irregularities.

3.26 limit of detection: The calculated airborne
asbestos structure concentration in structures per li-

large diameter which has not been se
constituent fibrils or fibres.

3.38 zone-axis: The line or crystallog

parated into its

raphic direction

through the centre of a crystal which is parallel to the
intersection edges of the crystal faces defining the

crystal zone.

4 Principle

A sample of airborne particulate is coll
ing a measured volume of air thr

ected by draw-
ough either a
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capillary-pore polycarbonate membrane filter of maxi-
mum pore size 0,4 um or a cellulose ester (either
mixed esters of cellulose or cellulose nitrate) mem-
brane filter of maximum pore size 0,45 um by means
of a battery-powered or mains-powered pump. TEM
specimens are prepared from polycarbonate filters by

applying a thin film of carbon to the filter surface by
vacuum evaporation. Small areas are cut from the

carbon-coated filter, supported on TEM specimen

grids, and the filter medium is dissolved away by a

solvent extraction procedure. This procedure leaves a
thin film of carbonahich hridgne the npnningc n the

examination of the TEM specimens. Several levels of
analysis are specified, the higher levels providing a
more rigorous approach to the identification of fibres.
The procedure permits a minimum required fibre
identification criterion to be defined on the basis of
pIUVIUub Klluv‘vncugu or lack of it, about the parthUlar
sample. Attempts are then made to achieve this min-
imum criterion for each fibre, and the degree of suc-
cess is recorded for each fibre. The lengths and

widths of all classified structures and fibres are re-
corded. The number of asbestos structures found on

a—known area—ofthe FRHereScaBe—sarra Arothar
~ GUTTTVTO, \ngLIIUI

TEM specimen| grid, and which supports each particle
from the origingl filter in its original position. Cellulose
ester filters are|chemically treated to collapse the pore
structure of thq filter, and the surface of the collapsed
filter is then efched in an oxygen plasma to ensure
that all particle$ are exposed. A thin film of carbon is
evaporated ontp the fiiter surface and small areas are
cut from the fiter. These sections are supported on
TEM specimen grids and the filter medium is dis-
solved away byl a solvent extraction procedure.

The TEM spefimen grids from either preparation
method are examined at both low and high magni-
fications to chgck that they are suitable for analysis
before carrying| out a quantitative structure count on
randomly-selected grid openings. In the TEM analysis,
electron diffraction (ED) is used to examine the crystal
structure of a flibre, and its elemental composition is
determined by energy dispersive X-ray analysis
(EDXA). For a qumber of reasons, it is not possible:to
identify each fipre unequivocally, and fibres are (clas-

sified according
used to identif
cord, for each
sified. The fibr

to the techniques which haye been
them. A simple code is uSed to re-
ibre, the manner in which jt‘was clas-
classification procedure™is based on

successive insgection of the morpholody, the electron
diffraction pattgrn for a selected-area, and the qual-
itative and quaptitative energy. dispersive X-ray ana-

lyses. Confirmg
is done only b
amphibole is d
quantitative zor

tion of thedidentification of chrysotile

quantitative ED, and confirmation of
one only by quantitative EDXA and
e axis(ED.

with the equivalent volume of air filtered throjugh this
area, Is used to calculate the airborne (Concgntration
in asbestos structures/litre of air.

5 Symbols of units and-abbreviatipns

5.1 Symbols of units<{see also ISO 4226 and

ISO No. 2)
eV = electron volt
kV = kilovolt

[/min =litres per minute

pg s = microgram (10-6 gram)
um = micrometre (10-6 metre)
nm = nanometre (10—9 metre)
W = watt

5.2 Abbreviations

DMF Dimethylformamide

In addition to isolated fibres, ambient air samples of-
ten contain more complex aggregates of fibres, with
or without other particles. Some particles are com-
posites of asbestos fibres with other materials. Indi-
vidual fibres and structures that are more complex are
referred to as “asbestos structures”. A coding system
is used to record the type of fibrous structure, and to
provide the optimum description of each of these
complex structures. The two codes remove the re-
quirement to interpret the structure counting data
from the microscopist, and allow this evaluation to be
made later without the requirement for re-

DE Electron diffraction

EDXA Energy dispersive 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
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uICC Union Internationale Contre le Cancer

6 Reagents

During the analysis, uniess otherwise stated, use only
reagents of recognized analytical grade and water

(6.1).

WARNING — Use the rnnnnnfe in accordance wit

WOT wiiv Yo veser

the appropriate health and safety regulations.

7.1.2 Sampling pump

The sampling pump shall be capable of a flow-rate
sufficient to achieve the desired analytical sensitivity.
The face velocity through the filter shall be between
4,0 cmfs and 25,0 cm/s. The sampling pump used
shall provide a non-fluctuating airflow through the fil-
ter, and shall maintain the initial volume flow-rate to
within + 10 % throughout the sampling period. A
constant flow or critical orifice controlled pump meets

these requirements. Flexible tubing shall be used to

6.1 wdter, fibre-free.
A supply of freshly distilled, fibre-free water, or an-
other solurce of fibre-free, pyrogen-free water shali be

used.

6.2 Chloroform, analytical grade, distilled in glass,

preservgd with 1 % (V/V) ethanol.
6.3 1-Methyl-2-pyrrolidone.

6.4 Dimethylformamide.

no + filt o 44 + 4l O R, A
COUTTTTT T TTITCT CaSSTTC U IO SATIIpINy  puitip. A
means for calibration of the flow-ratgof each pump is
also required.

7.1.3 Stand

A stand shall be used to*hold the filter [cassette at the
desired height for sampling, and shall be isolated from
the vibrations of the pump (7.1.2).

7.1.4 Variable area flowmeter

6.5 Glacial acetic acid.

6.6 Acetone.

7 Apparatus

7.1 Ai
consu

711 F

Field m(
eter thre
less tha
used fo
loaded W
of maxin
nitrate f

sampling — Equipment and
able supplies

Iter cassette

nitors, comprisings25 mm to 50 mm diam-
e-piece cassettes;”with cowls which project
N 2 cm in frept-of the filter surface shall be
sample~cellection. The cassette shall be
ith eithéra capillary pore polycarbonate filter
hum pore size 0,4 um or an MEC or cellulose
lter, of maximum pore size 0,45 Km. Either

1+ abhall Iha bho

A calibrated variable are a flowmeter
approximately 1 I/min to 10 I/min is re
bration of the air sampling system.

The variable area flowmeter shall be
use to avoid transfer of asbestos cont
the flowmeter to the sample being col

vith a range of
quired for cali-

cleaned before
hmination from
ected.

7.2 Specimen preparation laborptory

Asbestos, particularly chrysotile, is pre
quantities in many laboratory reagents.

sent in varying
Many building

materials also contain significant amounts of asbestos

or other mineral fibres which may inte
analysis if they are inadvertently intr]
preparation of specimens. It is most in
sure that, during preparation, contami
specimens by any extraneous asbesto
imized. All specimen preparation steps
be performed in an environment where|
of the sample is minimized. The prima

brfere with the
pduced during
hportant to en-
hation of TEM
5 fibres is min-
shall therefore
contamination
ry requirement

type of f

leadl ANEC
e SHamr e DatKea uy a u Pllll ’J\JIU StZe vt

£ 4 s
of-the—sampte—preparatiomtaboratory

s that a blank

or cellulose nitrate filter, and supported by a cellulose
back-up pad. When the filters are in position, an elas-
tic cellulose band or adhesive tape shall be applied to
prevent air leakage. Suitable precautions shall be
taken to ensure that the filters are tightly clamped in
the assembly, so that significant air leakage around
the filter cannot occur.

Representative filters from the filter lot shall be ana-
lysed as specified in 9.7 for the presence of asbestos
structures before any are used for air sample col-
lection.

determination shall yield a result which will meet the
requirements specified in 9.7. A minimum facility
considered suitable for preparation of TEM specimens
is a laminar flow hood with positive pressure. How-
ever, it has been established that work practices in
specimen preparation appear to be more important
than the tape of clean handling facilities in use. Prep-
aration of samples shall be carried out only after ac-
ceptable blank values have been demonstrated.

NOTE 1 It is recommended that activities involving ma-
nipulation of bulk asbestos samples not be performed in the
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same area as TEM specimen preparation, because of the
possibilities of contaminating the TEM specimens.

7.3 Equipment for analysis
7.3.1 Transmission electron microscope

A TEM operating at an accelerating potential of
80 kV to 120 kV, with a resolution better than
1,0 nm, and a magnification range of approximately
x 300 to x 100 000 shall be used. The ability to obtain

10N NANN .

© |SO

necessary for inspection of fibre morphology; this
magnification may be obtained by supplementary op-
tical enlargement of the screen image by use of a
binocular if it cannot be obtained directly. It is also
required that the viewing screen of the microscope
be calibrated such that the lengths and widths of fibre
images down to 1 mm width can be measured in in-
crements of 1 mm, regardless of image orientation.
This requirement is often fulfilled through the use of
a fluorescent screen with calibrated gradations in the
form of circles, as shown in figure 1.

a direct scree |||ay||;f;\.at;u11 of-abotut—=—366-866—s

Figure 1 — Example of calibration markings on TEM viewing screen
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For Bragg angles less than 0,01 rad, the TEM shall be

2
capable of performing ED from an area of 0,6 um* or

less, selected from an in-focus image at a screen

magnification of x 20 000. This performance require-
ment defines the minimum separation between parti-

cles at which independent ED patterns can be
obtained from each particle. If SAED is used, the
performance of a particular instrument may normally

be calculated using the following equation

Bom o o am = mm e pmmy

150 10312:1995(E)

7.3.2 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. Since the per-
formance of individual combinations of TEM and
EDXA equipment is dependent on a number of ge-
ometrical factors, the required performance of the
combination of the TEM and X-ray analyser is speci-
fied in terms of the measured X-ray intensity obtained
from a fibre of small diameter, using a known electron

\— 0,785 4 % [ 2+ 2 000c.6°)
M s7 )
where

A is the effective SAED area, in square
micrometres;

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

M is the magnification of the objective lens;

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

0 is the maximum required Bragg angle, in

radians.

It is not|possible to reduce the effective SAED area
indefinitg¢ly by the use of progressively smaller SAED
aperturep, 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 per-
mits the| TEM specimen to be either

throdgh at least + 302-to — 30° about an axis in

a) rotated through 360°,C¢ombined with tilting
the Iane of the specimen,;

b) tilted through{at'least + 30° to — 30° about two
perpendiculariaxes in the plane of the specimen.

The analysis is greatly facilitated if the goniometer

bearmdameter—Sotidstate Xray detgctors are least
sensitive in the low energy region;yand so measure-
ment of sodium in crocidolite shall bg the perform-
ance criterion. The combination| of electron
microscope and X-ray analyset shall yield, under rou-
tine analytical conditions,~a backgrdund-subtracted

i +h 1 +
NaKa integrated peak count rate of mofe than 1 count

per second (cps)Arom a fibre of UICC crocidolite,
50 nm in diametec-or smaller, when ifradiated by an
electron probeof 250 nm diameter of smaller at an
accelerating<¢otential of 80 kV. The pgak/background
ratio forthis performance test shall exgeed 1,0.

The EDXA unit shall provide the means|for subtraction
of>the background, identification of el¢mental peaks,
anhd calculation of background-subtractg¢d peak areas.

7.3.3 Computer

Many repetitive numerical calculations |are necessary,
and these may be performed conveniently by rela-
tively simple computer programmes. Hor analyses of
zone-axis ED pattern measurements, a|computer with
adequate memory is required to accommodate the
more complex programmes involved.

7.3.4 Plasma asher

For preparation of TEM specimens from MEC filters,
a plasma asher, with a radio frequency power rating
of 50 W or higher, shall be used to etch the surface
of collapsed MEC filters. The asher shpll be supplied
with a controlled oxygen flow, and shdll be modified,

#-necessary—toprovide—a—valve—to—eentrol the speed

permits eucentric tifting, although this is not essential.
If EDXA and zone-axis ED are required on the same
fibre, the goniometer shall be of a type which permits
tilting of the specimen and acquisition of EDXA spec-
tra without changing the specimen holder.

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

NOTE 2 Use of an anti-contamination trap around the
specimen is recommended if the required instrumental
performance is to be obtained.

of air admission so that rapid air admission does not
disturb particulates from the surface of the filter after
the etching step.

NOTE 3 It is recommended that filters be fitted to the
oxygen supply and the air admission line.

7.3.5 Vacuum coating unit

A vacuum coating unit capable of producing a vacuum
better than 0,013 Pa shall be used for vacuum de-
position of carbon on the membrane filters. A sample
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holder is required which will allow a glass microscope
slide to be continuously rotated during the coating
procedure.

NOTE 4 A mechanism which also allows the rotating
slide to be tilted through an angle of approximately 45°
during the coating procedure is recommended. A liquid ni-
trogen cold trap above the diffusion pump may be used to
minimize the possibility of contamination of the filter sur-
faces by oil from the pumping system. The vacuum coating
unit may also be used for deposition of the thin film of gold,
or other calibration material, when it is required on TEM

© ISO

a washer which has been found satisfactory for vari-
ous solvents and filter media is shown in figure 2. In
general, either chloroform or 1-methyl-2-pyrrolidone
has been used for dissolving polycarbonate filters and
dimethylformamide or acetone has been used for
dissolving MEC or cellulose nitrate filters. The higher
evaporation rates of chloroform and acetone require
that a reservoir of 10 ml to 50 ml of solvent be used,
which may need replenishment during the procedure.
Dimethylformamide and 1-methyl-2-pyrrolidone have
lower vapour pressures and much smaller volumes

specimens as an|internal calibration of ED patterns.

7.3.6 Sputter| coater

A sputter coatgr with a gold target may be used for
deposition of gpld onto TEM specimens as an integral

calibration of E
are acceptable.
coater allows §
calibration matg

D patterns. Other calibration materials
Experience has shown that a sputter
etter control of the thickness of the
rial.

7.3.7 Solvent] washer (Jaffe washer)

The purpose o
ution of the f

the Jaffe washer is to allow dissol-
Iter polymer while leaving an intact

evaporated cafbon film supporting the fibres and

other particles

Glass Petri dish
(D 100 mm x 15 nj

from the filter surface. One design of

of solvent may be used. Tt i1s recommended] that all
washers be used in a fume hood, and Wheh speci-
mens are not being inserted or remoyed, the Petri
dish lid shall be in place during the solvent disgolution.
The washer shall be cleaned befaore it is used for each
batch of specimens.

7.3.8 Condensation washer

For more rapid dissolution of the filter polynier, or if
difficulties are experienced in dissolving t:lxe filter
polymer, use & cohdensation washer, consisting of a
flask, condenser and cold finger assembly,| with a
heating mantle and means for controlling the temper-
ature..A'suitable assembly is shown in figure3, using
either‘acetone or chloroform as the solvent, Hepend-
ing;on the type of filter.

Dimensions in cgntimetres
Electron microscope
specimens

m) Stainless s:ﬁel mesh
/wy bridge (50 mesh)
/
) O
/ © @)
O -
/ @ \ N
‘ O
O o
1
Lens tissue

NOTE — Solvent is added until the meniscus contacts the underside of the stainless steel mesh bridge.

Figure 2 — Example of design of solvent washer (Jaffe washer)
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Condenser

Specimen

ISO 10312:1995(E)

—y» Water drain

Cold finger

7.3.9 $lide warmer or oven
Use either a slide warmer or an oven for heating
slides dpring the preparation of TEM_ specimens from

MEC or|cellulose nitrate filters. It i§ required to main-
tain a tgmperature of 65 °C to 70.°C.

7.3.10 |Ultrasonic bath

An ultraponic bath is,hecessary for cleaning the appa-
ratus used for TEM) specimen preparation.

7.3.11 [Carbon grating replica

<« —

2
Mmnn

Figure 3 — Example of-design of condensation washer

Thermostatically controlled
heating mantle

of the EDXA system for sodium shgll be prepared
using a gold TEM grid.

7.3.13 Carbon rod sharpener

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

7.3.14 Disposable tip micropipette

A disposable tip micropipette, capable of transferring
a volume of approximately 30 pl, is nelcessary for the
preparation of TEM specimen grids frgm MEC filters.

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

7.3.12 Calibration specimen grids for EDXA

TEM specimen grids prepared from dispersions of
calibration minerals are required for calibration of the
EDXA system. Some suitable calibration minerals are
riebeckite, chrysotile, halloysite, phlogopite, wollas-
tonite and bustamite. The mineral used for calibration

7.4 Consumable supplies

7.4.1 Copper electron microscope grids

Copper TEM grids with 200 mesh are recommended.
Grids which have grid openings of uniform size such
that they meet the requirement specified in 9.6.2 shall
be chosen. To facilitate the relocation of individual grid
openings for quality assurance purposes, the use of
grids with numerical or alphabetical indexing of indi-
vidual grid openings is recommended.
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7.4.2 Gold electron microscope grids

Gold TEM grids with 200 mesh are recommended to
mount TEM specimens when sodium measurements
are required in the fibre identification procedure. Grids
which have grid openings of uniform size such that
they meet the requirement specified in 9.6.2 shall be
chosen. To facilitate the relocation of individual grid
openings for quality assurance purposes, the use of
grids with numerical or alphabetical indexing of indi-
vidual grid openings is recommended.

© ISO

are collected, unused filters shall be analysed as de-
scribed in 9.7 to determine the mean asbestos struc-
ture count for blank filters.

Air samples shall be collected using filter cassettes
(7.1.1). During sampling, the cassette shall be sup-
ported on a stand (7.1.3) which is isolated from the
vibrations of the pump (7.1.2). The cassette shall be
held facing vertically downwards at a height of ap-
proximately 1,5 m to 2,0 m above ground/floor level,

and shall be connected to the pump with a flexible
tube.

7.4.3 Carbon jrod electrodes

Spectrochemicglly pure carbon rods, shall be used in
the vacuum evgporator (7.3.5) during carbon coating
of filters.

7.4.4 Routine|electron microscopy tools and
supplies

Fine-point twedzers, scalpel holders and blades, mi-
croscope slideq, double-coated adhesive tape, lens
tissue, gold wirg, tungsten filaments and other routine
supplies are redquired.

7.4.5 Referenge asbestos samples
Asbestos samples, shall be for preparation of refer-
ence TEM spegimens of the primary asbestos min-

erals. The UICC set of minerals is suitable for this
purpose.

8 Air samplle collection

The desired anglytical sensitivity is a-parameter that

Measure the sampling flow-rate at the Afront| end of
the cassette, both at the beginning and”end of the
sampling period, using a calibrated " variable area
flowmeter (7.1.4) temporarily attached to thelinlet of
the cassette. The mean value“-of these two mea-
surements shall be used ta calculate the total air vol-
ume sampled.

Basic strategies formenitoring environmental pources
of airborne asbestes are described in annex (5. After
sampling, a cap/shall be placed over the oper end of
the cassettenand the cassette packed with the filter
face-upwards for return to the laboratory. Fie|d blank
filtersshall also be included, as specified in 9.7, and
submitted to the remaining analytical progedures
along with the samples.

NOTES

5 In table 1 a collection filter area of 385 mm? is assumed,
and the TEM grid openings are assumed to be| 85 umz
square. The limit of detection is defined as the upger 95 %
confidence limit of the Poisson distribution for a pount of
0 structures. In the absence of background, this is|equal to
2,99 times the analytical sensitivity. Backgrounds|that are
different from 0 observed during analysis of blank f{ters will

shall be establi
collection. It is
corresponding t

shed for the analysis-pfior to sample
Hefined as the structlre concentration
b the detectionfof one structure in the

degrade the limit of detection.

6 The analytical sensitivity S, expressed in nu

ber of

analysis. For difect transfer methods of TEM speci-
men preparation, the analytical sensitivity is a function
of the volume ¢f air_sampled, the active area of the
collection filter,| and the area of the TEM specimen
over which stryictares are counted. If total airborne

structures per litre, is calculated using the following
equation:

dust levels are high, it may be necessary to terminate
sampling before the required volume has been sam-
pled. If this happens, the analytical sensitivity required
can be achieved only by counting structures on more
grid openings, or by selective concentration of
asbestos structures using an indirect TEM specimen
preparation technique. Select the sampling rate and
the period of sampling to yield the required analytical
sensitivity, as detailed in table 1. Before air samples

10

A
S=-——1_
kAgV
where
A is the active area, in square millimetres, of
sample collection filter;
Ag is the mean area, in square millimetres, of grid
openings examined;
k is the number of grid openings examined;
Vv is the volume of air sampled, in litres.
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Table 1 — Examples of the minimum number of grid openings required to achieve a particuiar anaiyticai
sensitivity and limit of detection

Analytical Limit of Volume of air sampled (litres)

eaneit] ..4" Aatantinn voiluine o1 air sampiea (itres)

oCIISIuIvVILy UMGLGVLIVIE

structures/l structures/| 500 1 000 2 000 3 000 4 000 5 000
01 0,30 1 066 533 267 178 134 107
0,2 0,60 533 267 34 89 67 54
0.3 0.90 356 178 89 60 45 36
0.4 1,2 267 134 67 45 34 27
0.4 1,5 214 107 54 36 27 22
0,] 2.1 153 77 39 26 20 16
1, 3,0 107 54 27 18 14 I
2, 6,0 54 27 14 9 7 6
3, 9,0 36 18 9 g 5 4
4, 12 27 14 7 5 4 4
5, 15 22 1M 6 4 4 4
7.4 21 16 8 4 4 4 4
14 30 11 6 4 4 4 4

9 Prqcedure for analysis

9.1 General

The techniques used to prepare TEM specimens(are
different for polycarbonate and cellulose esterfilters.
The preparation method to be used shall beeither 9.3
or 9.4, depending on the type of membrane-filter used
for air gampling. Cleaning of the sample cassettes
before {hey are opened, preparation* of the carbon
evaporafor, criteria for acceptablée specimen grids, and
the regdirement for blank detérminations are identical
for the tivo preparation techrigues. TEM examination,
structur¢ counting, fibreidentification and reporting
of results are independent of the type of filter or
preparatjon technigiie-used.

The ability to.meet the blank sample criteria is de-
pendent| on\the cleanliness of equipment and sup-
plies. Cqnsider all supplies such as microscope slides

vertently transferred to the sample during handling.
To prevent this possibility of contaminjtion, and after
ensuring that the cassette is tightly s¢aled, wipe the
exterior surfaces of each sampling cagsette before it
is placed in the clean facility or laminaf flow hood.

9.3 Direct preparation of TEM s
from polycarbonate filters

ecimens

9.3.1 Selection of filter area for carpon coating

Use a cleaned microscope slide to support represen-
tative portions of polycarbonate filter during the car-
bon evaporation. Double-coated adhesiye tape is used
to attach the filter portions to the glass slide. Take
care not to stretch the polycarbonatg filters during
handling. Using freshly cleaned tweezdrs, remove the
polycarbonate filter from the sampling cassette, and

place it on to a second cleaned glass mjicroscope slide
which is used as a cuttingsurface- Using a freshly

and glassware as potential sources of asbestos con-
tamination. It is necessary to wash all glassware be-
fore it is used. Wash any tools or glassware which
come into contact with the air sampling filters or TEM
specimen preparations both before use and between
handling of individual samples. Where possible,
disposable supplies should be used.

9.2 Cleaning of sample cassettes

Asbestos fibres can adher to the exterior surfaces of
air sampling cassettes, and these fibres can be inad-

cleaned curved scalpel blade, cut the filter by rocking
the blade from the point, pressing it into contact with
the filter. Repeat the process as necessary. Several
such portions may be mounted on the same micro-
scope slide. The scalpel blade and tweezers shall be
washed and dried between the handling of each filter.
Identify the filter portions by writing on the glass slide.

9.3.2 Carbon coating of filter portions

Place the glass slide holding the filter portions on the
rotation-tilting device, approximately 10 cm to 12 cm

11
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from the evaporation source, and evacuate the
evaporator chamber (7.3.5) to a vacuum better than
0,013 Pa. The evaporation of carbon shall be per-
formed in very short bursts, separated by a few sec-
onds to allow 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 procedures a layer of polymer
which is relatively insoluble in organic solvents, and it
will not be possible to prepare satisfactory TEM
specimens. The thickness of carbon required is de-

© SO

often remove much of the residual filter medium in a
period of approximately 30 min. To carry out this pro-
cedure, transfer the piece of lens tissue supporting the
specimen grids to the cold finger of the condensation
washer (7.3.8), which has achieved stable operating
conditions. Operate the washer for approximately
30 min after inserting the grids;

b) used in a Jaffe washer, 1-methyl-2-pyrrolidone has been
found to be a more effective solvent than chloroform
for polycarbonate filters. This solvent is more effective
if the lens paper is not used and grids are placed di-

pendent on thel size of particles on the filter, and ap-
proximately 30[nm to 50 nm has been found to be
satisfactory. If the carbon film is too thin, large parti-
cles will break put of the film during the later stages

of preparation,
undamaged grid
a carbon film W
ing in contrast,
will be compr|
should be the n
of the grid oper

9.3.3 Prepara

Place several
figure 2, on theg
the washer (s

and there will be few complete and
openings on the specimen. Too thick
ill lead to a TEM image which is lack-
and the ability to obtain ED patterns
bmised. The carbon film thickness
inimum possible, while retaining most
ings of the TEM specimen intact.

tion of the Jaffe washer

bieces of lens tissue, as shown in
stainless steel bridge (7.1.3) and fill
ee 7.3.7) with chloroform (6.2) or

1-methyl-2-pyrrelidone (6.3) to a level where the

meniscus cont
sulting in saturg

9.3.4 Placing

Using a curved
pieces of carbo

icts the underside of the mesh, re-
tion of the lens tissue.

of specimens in the Jaffe washer

scalpel blade, cut three, 3*mm square
h-coated polycarbonate-filter form the

carbon-coated flilter portion. Select three squares to

represent the g
surface of the fi
side up, ona T
and filter on th
washer. Place

entre and the periphery of the active
Iter. Place each square of filter, carbon
FM specimen grid, and place the grid
e saturated lens tissue in the Jaffe
the{three specimen grids from one

sample on the {

dme piece of lens tissue. Any number

A dissolution period of 2 h to 6 h has beep-found to be
satisfactory. After dissolution is completé; renpove the
stainless steel mesh from the Jaffe_washer ahd allow
the grids to dry. 1-methyl-2-pyrrolidone evaporgtes very
slowly. If it is required to dry_the grids morq rapidly,
transfer the stainless steel kridge into another Petri
dish, and add water (6.1)until the meniscus [contacts
the underside of the_-mesh. After apprgximately
15 min, remove the mesh and allow the grids fo dry. If
it is desired to retain)water-soluble particle sppcies on
the TEM grids, &thanol may be used instead pf water
(6.1) for the second wash;

rectly o the stamtess steetmestrof the Jarrawasher.

c) a mixture of 20 % 1,2-diamirjoethane
[ethylenediamine] and 80 % 1-methyl-2-pyrfolidone,
usedh"in a Jaffe washer, completely dissolves
polycarbonate filters in 15 min, even if the syrface of
the filter has been overheated. To use this|solvent,
place the grids directly on the stainless steel mesh of
the Jaffe washer, do not use the lens paper| After a
period of 15 min, transfer the stainless steel br|dge into
another Petri dish, and add water (6.1) Jntil the
meniscus contacts the underside of the megh. After
approximately 15 min, remove the mesh and gllow the
grids to dry. If it is desired to retain water-sol{ible par-
ticle species on the TEM grids, ethanol may e used
instead of water (6.1) for the second wash.

9.3.5 Rapid preparation of TEM specimen$ from
PC filters

TEM specimens can be prepared rapidly fromp PC fil-
ters, if desired, by washing for approximately [| h in a
Jaffe washer, followed by washing for 30 npin in a
condensation washer using chloroform as the folvent.

of separate pieces of Tens tissue may be placed in the
same Jaffe washer. Cover the Jaffe washer with the
lid, and allow the washer to stand for at least 8 h.

NOTE 7 It has been found that some polycarbonate fil-
ters will not completely dissolve in the Jaffe washer, even
after exposure to chloroform for as long as 3 d. This prob-
lem is more severe if the surface of the filter was over-
heated during the carbon evaporation. It has been found
that the problem of residual undissolved filter polymer can
be overcome in several ways:

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

12

The alternative filter dissolution procedures described
in note 7 may also be used.

9.4 Direct preparation of TEM specimens
from cellulose ester filters

9.4.1 Selection of area of filter for preparation

Using clean tweezers, remove the filter from the filter
cassette, and place it on a cleaned microscope slide.
Using a clean, curved scalpel blade, cut out a portion
of the filter.
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9.4.2 Preparation of solution for collapsing
cellulose ester filters

Mix 35 ml of dimethylformamide (6.4), and 15 ml of
glacial acetic acid (6.5) with 50 ml of water (6.1). Store
this mixture in a clean bottle, The mixture is stable
and suitable for use for up to 3 months after prepara-
tion.

9.4.3 Filter collapsing procedure

ISO 10312:1995(E)

9.4.6 Preparation of the Jaffe washer

Place several pieces of lens tissue on the stainless
steel bridge, and fill the washer with
dimethylformamide (6.4) or acetone (6.6) to a level
where the meniscus contacts the underside of the
mesh, resulting in saturation of the lens tissue.

9.4.7 Placing of specimens in the Jaffe washer

Place the specimens in the Jaffe washer as specified

Using 4 micropipette with a disposable tip (7.3.14),
place 1% ul/cm2 to 25 ul/cm2 of the solution prepared
in 9.4.2|on a cleaned microscope slide, and using the
end of the pipette tip, spread the liquid over the area
to be dccupied by the filter portion. Place the filter
portion,| active surface upwards, on top of the sol-
ution, lpwering the edge of the filter at an angle of
about 2P° so that air bubbles are not created. Remove
any solfition not absorbed by the filter by allowing a
paper t{ssue to contact the liquid at the edge of the
filter. More than one filter portion may be placed on
one slige. Place the slide either on a thermostatically
controlled slide warmer (7.3.9) at a temperature of
65 °C tp 70 °C, or in an oven (7.3.9) at this temper-
ature, fpr 10 min. The filter collapses slowly to about
15 % of its original thickness. The procedure leaves
a thin,rlransparent polymer film, with particles and fix
bres embedded in the upper surface.

9.4.4 Plasma etching of the filter surface

The optimum conditions and time forplasma etching
(see 7.3.4) have been determined-experimentally from
the recpvery of fine chrysotile.fibfils on 0,8 um pore
size MHC filters. The conditions’required in a particular
plasma jasher shall be established using the procedure
specifi in annex A{ Place the microscope slide
holding| the collapséd™filter portions in the plasma
asher, dnd etch for the time and under the conditions
determined. Take” care to ensure that the correct
conditigns 4are "~ respected. After etching, admit air
slowly taCthe chamber and remove the microscope

H oA O . m '
- Jd.o.58. OpPCUITICTIS alfC TIUTTTIally [ Cl

proximately 4 h.

ared after ap-

9.4.8 Rapid preparation of,TEM specimens from

cellulose ester filters

An alternative washing procedure
prepare TEM specimens from cellulg
more rapidly thap’ can be achieveq
washing procédure. After the specin
washed ,inda Jaffe washer for app
transfer)the piece of lens tissue
specimens to the cold finger of
washer (7.3.8) operating with acetong
because dimethylformamide shall nog
condensation washer. Operate the
washer for approximately 30 min. Th
moves all the remaining filter polymer

9.5 Criteria for acceptable TEM
grids

Valid data cannot be obtained unless

mens meet specified quality criterig.

TEM specimen grid in the electron
sufficiently low magnification (x 300
complete grid openings to be insped
grid if

a) the TEM specimen has not been
medium by the filter dissolution s
specimen exhibits areas of undisg
dium, and if at least two of the

ay be used to
se ester filters

by the Jaffe
ens have been
roximately 1 h,
supporting the
h condensation
as the solvent
t be used in a

condensation
s treatment re-

specimen

the TEM speci-
Examine the
nicroscope at a
to x 1 000) for
ted. Reject the

cleared of filter
tep. If the TEM
olved filter me-
hree specimen

slide.

Adjust the air admission valve of the plasma asher
such that the time taken for the chamber to reach at-
mospheric pressure exceeds 2 min. Rapid air admis-
sion may disturb particulates on the surface of the
etched filter.

9.45 Carbon coating

Coat the microscope slide holding the collapsed filter
portions with carbon as specified in 9.3.2.

arids ara nat olaarad oithar AAA
gHaS—ae—+ creatrea— e e —aGa

with solvent shall be carried out,

itional washing
or new speci-

mens shall be prepared from the filter;

b) the sample is overloaded with particulate. If the
specimen grid exhibits more than approximately

10 % obscuration on the majori
openings, the specimen shall be
overloaded. This filter cannot be

ty of the grid
designated as
alanysed satis-

factorily using the direct preparation methods be-
cause the grid is too heavily loaded with debris to

allow separate examination of ind

ividual particles

by ED and EDXA, and obscuration of fibres by
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other particulates may lead to underestimation of
the asbestos structure count;

c) 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 a function either of
the air sampling conditions or of the fundamental
nature of the airborne particulate. Satisfactory

© ISO

In order that the estimate of the structure density on
the sampling filter shall not be based on the small
area represented by one specimen grid, grid openings
shall be examined on two of the three specimen grids
prepared. Then combine the results in the calculation
of the structure density. Structure counts shall be
made at a magnification of approximately x 20 000,
and shall be terminated at the end of the examination
of the grid opening on which the 100th asbestos
structure is observed, except that the count shall be
continued until a minimum of 4 grid openings have

analysis of fhrs—fittermay notbepossibteumntess
a large numper of grid openings is examined;

d) the TEM grd is too heavily loaded with fibrous
structures tp make an accurate count. Accurate
counts cannpt be made if the grid has more than
approximate]y 7 000 structures/mmz; or

e) more than| approximately 25 % of the grid
openings hape broken carbon film over the whole
grid opening| Since the breakage of carbon film is
usually morg frequent in areas of heavy deposit,
counting of [the intact openings can lead to an
underestimalte of the asbestos structure count.

NOTE 8 If the specimens are rejected because un-
acceptable nyimbers of grid openings exhibit broken
carbon replicq, an additional carbon coating may be ap-
plied to the ¢arbon coated filter, and new specimen
grids preparefl. The larger particles can often be sup-
ported by using a thicker carbon film. If this action does
not produce 4cceptable specimen grids, this filter can-
not be analysed using the direct preparation methods!

If one or more pf the conditions described~in"b), c),

d) or e) exists, if may not be possible tq analyse the
sample by this method.

9.6 Procedure for structure counting by TEM

9.6.1 General

The examinatiof cconsists of a count of asbestos

peen examined. UTherwise, the structure couht shall
continue to that number of grid openings atywHich the
specified analytical sensitivity has been,achieved.

NOTE 9 The normal range for the\ iumber [of grid
openings which should be examinedijs’from 4 to 40. If in-
sufficient air has been sampled through the filter, [the cal-
culation in 9.6.4 can indicate( that an impractically large
number of grid openings shelld be examined. When this
situation occurs, a larger Value of analytical sensitiity may
have to be accepted.

9.6.2 Measurement of mean grid opening area

The mearn’grid opening area shall be measured|for the
type ofTEM specimen grids in use. The standgrd de-
viation of the mean of 10 openings selected ffom 10
grids should be less than 5 %. As an optional|proce-
dure, or if the 5 % standard deviation criterion |cannot
be demonstrated, the dimensions of each grid open-
ing examined in the TEM shall be measured af a cali-
brated magnification.

9.6.3 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
specified in annex B.

9.6.4 Determination of stopping point

Bafara ctrictiira oniindin s 1o by Aol 4l
I=A~an~a) EALRCAS AR AT LRI B ISER SAAV A L R PRA VIl AV | (e R S v Llle area

structures whiclrare—presentoma—specifredTumber
of grid openings. Fibres are classified into groups on
the basis of morphological observations, ED patterns
and EDXA spectra. The total number of structures to
be counted depends on the statistical precision de-
sired. In the absence of asbestos structures, the area
of the TEM specimen grids which must be examined
depends on the analytical sensitivity required. The
precision of the structure count depends not only on
the total number of structures counted, but also on
their uniformity from one grid opening to the next.
Additional structure counting will be necessary if
greater precision is required.

14

of specimen to be examined in order to achieve the
selected analytical sensitivity. Calculate the maximum
number of grid openings to be examined using the
following equation:

A
k=Zavs
g
where
k is the number of grid openings to be ex-

amined, rounded upwards to the next
highest integer;
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A is the area, in square millimetres, of sam-
ple filter;
A is the area, in square millimetres, of TEM

specimen grid opening;
Vv is the volume of air sampled, in litres;

S is the required analytical sensitivity, ex-
pressed in number of structures per litre.

9.6.5 General procedure for structure counting

ISO 10312:1995(E)

morphological classification to the structure according
to the procedures specified 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 mea-
surements in columns 7 and 8. For a disperse cluster
or matrix, assign a compositional classification and a
morphological classification to each structure compo-
nent, measure the length and width, and enter the
data in columns 4 to 8. Use column 4 of the data re-
cording form to tabulate the sequential number of

and size analysis

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

Use a form similar to that shown in figure 4 to record
the dath. Insert the first specimen grid into the TEM.

NOTE 10 In order to facilitate quality assurance mea-
suremefts which require re-examination of the same grid
opening| by different microscopists, the grid should be in-
serted ihto the specimen holder in a standard orientation
with th¢ grid bars parallel and perpendicular to the axis of
the spegimen holder. This will provide scan directions par-
allel to {fhe edges of the grid opening. It should be ensured
that all icroscopists begin scanning at the same starting
point onp the grid opening, and that they use similar scan
patternd. This procedure permits rapid relocation of fibrous
structurgs for further examination if necessary.

Select p typical grid opening and set the ‘screen mag-
nificatign to the calibrated value'\\(approximately
x 20 000). Adjust the sample heightyuntil the features
in the pentre of the TEM viewing screen are at the
eucentfic point. Set the goniométer tilt angle to zero.
In column 1 of the datatécording form, record the
numbel or letter used-to-identify the grid. In column
2, recofd the identification of the particular grid open-
ing. Pokition the spécimen so that the grid opening is
positioped with:\ene corner visible on the screen.
Move the infage by adjustment of only one translation
controlf carefully examining the sample for fibres, until

the opy osite side of the gr]r{ npanir\g is—encountered.

total structures taking into account sIructure compo-

nents. if non-asbestos fibres are ©bs
presence and type, if known. After a

has been examined and measured, r
inal field of view accurately before

ning of the specimen, \Failure to do
structures to be overlooked or coun
tinue the examination until the compl

rved, note their
ibrous structure
elocate the orig-
continuing scan-
this may cause
ted twice. Con-
etion of the grid

opening on which the 100th asbest¢s structure has

been recorded) or until the number
required/te‘achieve the specified anal
calculated” according to 9.6.4, have
whichever occurs first. The data shg
proximately equally from a minimun
Regardless of the value calculated ac
fibrous structures on a minimum o
shall be counted.

9.6.6 Measurement of concentrati
fibres and bundles longer than 5 pif

Consider improving the statistical v4

pf grid openings
ytical sensitivity,
been examined
Il be drawn ap-
n of two grids.
cording to 9.6.4,
f four openings

bn for asbestos
1

lidity for meas-

urement of asbestos fibres and bundlles longer than

5 um by additional examination at a |
tion, taking account only of the lo
bundles. Perform this extended exam
and bundles longer than 5 um in accg
procedures specified in annex E. Usg
of approximately x 10 000 for count
fibres and bundles longer than 5 um,
x 5 000 if only fibres and bundles wit
range 0,2 pm to 3,0 um are to be co
the count until completion of the ¢

pwer magnifica-
hger fibres and
nation for fibres
rdance with the
a magnification
ng all asbestos
br approximately
nin the diameter
unted. Continue
rid opening on

which-100-fibres-and-bundles-have-been recorded, or

Move the image by a predetermined 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 5. When a fibrous structure is
detected, assign a sequential number to the primary
structure in column 3, perform the identification pro-
cedures required as detailed in annex E, and enter the
appropriate compositional classification on the struc-
ture counting form in column 5. Assign a

until a sufficient area of the specimen has been ex-
amined to achieve the desired analytical sensitivity.
Only those structures which are identified as, or are
suspected to be, either chrysotile or one of the
amphibole minerals will be reported in either the
original or the extended TEM examination. Other ma-
terials, such as gypsum, cellulose fibres, and filter
artifacts such as undissolved filter strands, will not be
included in the fibre count. This restriction is intended
to ensure that the best statistical validity is obtained
for the materials of interest.

15
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TEM asbestos structure count (page of

Report number: ... AIr volume: oo litres

Sample NUMDbEr: ...

File Name: oo Sample filter area: .......ccocooveeeii mm?

Sample descrigtion: ...........cccoooveiiiiiiiiee

................................................................................ Magnification: ... ST

Preparation dafe: .................. By: o Grid opening dimension: ... 0 pum

Analysis date: [....................... By: oo

Computer entry date: ........... By: i Level of analysis (C): .....c...Ca e
(A S

. Number of .
Grid a"f’ structures Class Type of Length Width Comment$
opéning structure
primary total mm mm

16

Figure 4 — Example of structure counting form
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T TEM field of view
Mr
f—

ISO 10312:1995(E)

First pass ——___ | N

IYAYAY AYAY|<—cpom

9.7 Blank and quality control determinations

Before |air samples are collected, a minimum of two
unused| filters from each filter lot of 100 filters shall

be analysed-to-determine-themean—asbestos—strus

—— Second pass

Figure 5 — (Example of scanning procedure for TEM specimen examination

one unused filter shall be included wWith every group
of samples prepared on one microscdpe slide.

Initially, and also at intervals afterwalds, ensure that
samples of known asbestos concentrations can be
analysed satisfactorily. Since there [is a subjective

ture count. If the mean count for all types of asbestos
structures is found to be more than 10 structures/
mm?, or if the mean fibre count for asbestos fibres
and bundles longer than 5 um is more than 0,1 fibre/
mm?, reject the filter lot.

To ensure that contamination by extraneous asbestos
fibres during specimen preparation is insignificant
compared with the results reported on samples, es-
tablish a continuous programme of blank mea-
surements. At least one field blank shall be processed
along with each batch of samples. In addition, at least

component in the structure counting procedure, it is
necessary that recounts of some specimens be made
by different microscopists, in order to minimize the
subjective effects. Such recounts provide a means of
maintaining comparability between counts made by
different microscopists. Variability between and within
microscopists and between laboratories shall be
characterized. These quality assurance measurements
shall constitute approximately 10 % of the analyses.
Repeat results should not differ at the 5 % signif-
icance level.

17
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9.8 Calculation of results

Calculate the results using the procedures detailed in
annex F. Prior to the TEM examination of the speci-
mens, the level of analysis was specified. Before the
results are calculated, the compositional and
morphological classifications to be included in the re-
sult shall be specified. The chi-squared uniformity test
shall be conducted using the number of primary
asbestos structures found on each grid opening, prior
to the application of the cluster and matrix counting

© SO

ticularly 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 con-
fused to display an asbestiform habit.

10.3 Precision and accuracy (see |ISO
Standard Handbook No. 3)

1031

Precision

criteria. The coficentration result shall be calculated
using the numbers of asbestos structures reported
after the applicafion of the cluster and matrix counting
criteria.

10 Performance characteristics

10.1 General

It is important t
junction with a d
The quality cont
standard samplg
ratory and intrala

o use this analytical method in con-
ontinuous quality control programme.
ol programme should include use of
s, blank samples, and both interlabo-
boratory analyses.

10.2 Interferences and limitations of fibre

identification

Unequivocal ide
not possible, du
the nature of so
a calibrated ED g
incorrect identifi
there is a possi
which both the
reported on the

htification of every chrysotile fibre is
e to both instrumental limitations @nd
me of the fibres. The requirement for
attern eliminates the possipility of an
cation of the fibre selected."\However,
ility of misidentification of fibres for
norphologies and the EP patterns are
basis of visual ifispection only. The

only significant possibilities of.faisidentification occur

with halloysite,
of which can be
use of EDXA an
reflection of chny

ermiculite scfolls or palygorskite, all
discrimigated from chrysotile by the
| by observation of the 0,73 nm (002)
sotile¥in the ED pattern.

The analytical precision that can be obtained| is de-
pendent upon the number of structures eduntgd, and
also on the uniformity of the particulate-deposit|on the
original filter. Assuming that thg!structures are ran-
domly deposited on the filter Nf©100 structues are
counted and the loading is dt least 3,5 structures/grid
opening, computer modelling of the counting|proce-
dure shows that a coefficient of variation off about
10 % can be expected.”As the number of strctures
counted decreasés, the precision will also ddcrease
approximatelysas 4/ N, where N is the numlber of
structures cqQunted. In practice, particulate deposits
obtained by filtration of ambient air samples arg rarely
ideally*distributed, and it is found that the prec|sion is
corrgspondingly reduced. Degradation of precision is
a.consequence of several factors, such as:

a) non-uniformity of the filtered particulate deposit;

b) distorsion of the fibre distribution by application
of the structure counting criteria;

¢) variation between microscopists in their interpre-
tation of the fibrous structures;

d) variation between microscopists in their alility to
detect and identify fibres.

The 95 % confidence interval about the mean for a
single structure concentration measurement| using
this analytical method should be approximately
+ 25 % when 100 structures are counted over [10 grid

oananinas
SPeHRGS

As in the case

fchrysotitefibres, comptete Tderntif=

cation 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 with compositions similar to those of some
amphiboles could be erroneously classified as
amphibole when the classification criteria do not in-
clude zone-axis ED techniques. However, the re-
quirement for quantitative EDXA measurements on
all fibres as support for the random orientation ED
technique makes misidentification very unlikely, par-

18

10.3.2 Accuracy

There is no independent method available to deter-
mine the accuracy.

NOTE 11 It has been demonstrated that, after
polycarbonate membrane filters have been coated with
carbon, particulate material is transferred to the TEM
specimens without measurable losses. However, if the fil-
ters are heavily loaded by particulate material, some of this
may be lost before they are coated with carbon. Good
comparability between the capillary-pore polycarbonate pro-
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cedure and the cellulose ester filter procedure has been
demonstrated for laboratory-generated aerosols of
chrysotile asbestos.

10.3.3 Interlaboratory and intralaboratory
analyses

Interlaboratory and intralaboratory analyses are re-
quired in order to monitor systematic errors that may
develop among microscopists when using this
method. These analyses should be designed to test

ISO 10312:1995(E)

boundary of the concentration, corresponding to 2,99 times
the analytical sensitivity if a Poisson distribution of struc-
tures on the filter is assumed. This 95 % confidence limit
for O structures counted is taken as the detection limit.
Since there is sometimes contamination of unused samples

filters by asbestos structures, this should also be taken into
account in the discussion of limits of detection.

11 Test report

The test report shall include at least

both the overall method and the performance of indi-
vidual |microscopists. Repeating preparation of TEM
grids 1rom different sectors of a filter, followed by
examination of the grids by a different microscopist,
is a tept for the reproducibility of the whole method.
Howeyer, 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
countifg (counting of asbestos structures on the
same grid opening of a TEM grid by two or more op-
eratorg, followed by resolution of any discrepancies)
may be used both as a training aid and to determine
the pefformance of different microscopists. The use
of indgxed TEM grids as described in 7.4.1 and 7.4.2
is recgmmended in order to facilitate relocation of
specifit grid openings.

10.4 |Limit of detection

The linpit of detection of the method can be varied by
choice|of the area of the collection filter, the volume
of air sampled and the area of the specimen examined
in the TEM. It is also a function-of-the background of
asbestps structures on unused.filters. A limit of de-
tection| shall be quoted forceach sample analysis.

NOTE 12 In practice,<the lowest limit of detection is fre-
quently|determined by/the total suspended particulate con-
centratipn, since~each particle on the filter must be
separatpd from_adjacent ones by a distance large enough
for thgq particle to be identified without interference.
Particulpate” oadings on sampling filters greater than
25 ug/cm2 usually preclude preparation of TEM specimens

formation:

a)
b)

c)

d)

e)

h)

reference to this International St3
identification of the.sample;

the date and time of sampling, 3
sampling data;

the date ‘of the analysis;
the/identity of the analyst;

any procedure used that is not
International Standard or regarde

a complete listing of the structu
(the following data should be inc
ing number, structure number, id
gory, structure type, length an
structure in micrometres, and
concerning the structure);

a statement of the minimum ac
cation category and the maxim
category attempted (refer to tabl

the following in-

ndard;

nd all necessary

specified in this
i as optional;

fe counting data
uded: grid open-
entification cate-
d width of the
any comments

ceptable identifi-
m identification
s D.1 and D.2);

a statement specifying which iglentification and

structure categories have been U
the concentration values;

sed to calculate

separate concentration values fd

r chrysotile and

amphibole structures, expresseT in number of

asbestos structures per litre;

by the direct methods. If the analysis is to be performed
with an acceptable expenditure of time, the area of the
specimen examined in the TEM for structures of all sizes is
limited in most cases to between 10 and 20 grid openings.
In typical ambient or building atmospheres, it has been
found that an analytical sensitivity of 1 structure/l can be
achieved. In some circumstances, where the atmosphere is
exceptionally clean, this can be reduced to 0,1 structure/l
or lower. For fibres and bundles longer than 5 um, the re-
duced magnifications specified permit larger areas of the
TEM specimens to be examined with an acceptable ex-
penditure of time, resulting in proportionately lower limits
of detection. If no structures are found in the analysis, the
upper 95 % confidence limit can be quoted as the upper

n)

the 95 % confidence interval limits for the con-

centration values, expressed
asbestos structures per litre;

in number of

the analytical sensitivity, expressed in number of

asbestos structures per litre;

the limit of detection, expresse
asbestos structures per litre;

d in number of

compositional data for the principal varieties of

amphibole, if present;
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o) items g) to m) for asbestos fibres and bundles p) items g) to m) for PCM equivalent asbestos fibres
and bundles.

longer than 5 um;

Sample analysis information (page 1)

An example of a suitable format for the structure

counting data is shown in figures 6 and 7.

Laboratory na‘ne

Sample:

Air volume:

Area of collecti
Level of analysi
Level of analysi
Magnification u
Aspect ratio for|
Mean dimensio
Initials of analysg
Number of grid
Analytical sensi
Number of prim
Number of asbeg
Number of asbq
Number of asbq

Number of PCN

Number of PCN

456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09

n filter:

5 (chrysotile):

5 (amphibole):

s5ed for fibre counting:
fibre definition:

h of grid openings:

t:

openings examined:
ivity:

ary asbestos structures:

stos structures counted:

stos structures > 5 um ¢

| equivalént ‘asbestos fibres:

stos fibres and bundtes > 5 um :

| equivalent asbestos structures:

Report number

Date

2 150,0 litres
38570 mm?
€P or CMQ
ADQ

x 20 500

5/1

95,4 um
JMW

10

1,968 structures/I
13

26

7

10

3

5

Figure 6 — Example of format for reporting sample and preparation data

20
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Laboratoriy name

Sample analysis information (pages 2 and following)

Report number Date

Sample: 456 Queen Street
Ashby de la Zouch
Exterior sample 1991-09-09

ISO 10312:1995(E)

TEM asbestos structure count — Raw data
. Grid Number of Identifi- | Structure | Length | Width A
Grid . structures . Comments
opening cation? type
primary total um pm
A F4-4 1 1 CD F 1,7 0,045
2 2 CMQ B 26 0,09
3 3 ADQ F 40 0,15 Crocidolite
E3-6 4 4 CD MC+0 3.5 1,3
E5-1 5 CD MD43 7.5 5,0
5 CD MB 7.7 0,30
6 CMQ MF 5,6 0,045
7 CD MB 5,1 0,30
8 CD MF 1,7 0,045
B F4-1 6 CD €D+0 6,5 3,0
9 CD CB 3,6 0,15
10 CD CF 3.5 0,045
11 CcMQ CR+0 2,6 1,9
G5-1 7 CD CD31 6,1 3,2
12 CD CB 5,6 0,3
13 CcMQ CF 4,0 0,045
14 CMQ CB 3,2 0,090
E4-4 8 15 CD B 1,5 0,23
9 16 AD F 8,7 0,15
C G4-4 10 cMQ CD42 25 5,6
17 CMQ CB 15 0,15
18 CMQ CF 9,4 0,045
19 ADQ CF 3,6 0,30 Tremolite
20 CM CF 4,2 0,045
E4-4. No fibres
E56 1" ADQ CD+3 9.4 25
21 ADQ CF 7.1 0,30 Amosite
22 ADQ CF 6,2 0,10 Crocidolite
23 CM CB 5,1 0,2
24 CM CR+0 33 18
F4-1 12 25 CcMQ MC10 3,7 2,1
13 26 CD CC+0 7.4 0,5
1) Identification codes listed in tables D.1 and D.2.

Figure 7 — 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 A.2 Procedure
During the preparation of TEM specimens from an Place an unused cellulose ester filter, withc28mm di-
MEC or cellulosg nitrate filter, the spongy structure ameter, of the same type as that being ‘w$ed,|in the

of the filter is cdllapsed into a thinner film of polymer

by the action of

a solvent. Some of the particles on

the surface of the original filter become completely
buried in the polymer, and the specimen preparation
procedure incorporates a plasma etching step to
oxidize the surfpce layer of the polymer. Particles

buried by the fil
so that they can
evaporated carb

er collapsing step are then exposed
become subsequently affixed to the
n film without altering their position

on the original filter. The amount of etching is critical,
and individual ashers vary in performance. Therefore,
the plasma ashefr (7.3.4) shall be calibrated to give a

known amount
lapsed filter. Th
radio-frequency

f etching of the surface of the col-
is is carried out by adjusting the

bower output and the oxygen flow-

rate, and measyring the time taken to completely

oxidize an unc
25 mm diametel

llapsed cellulose ester filter with
of the same type and pore size as

those used in th¢ analysis.

centre of a glass microscope slide. Pasition the slide
approximately in the centre of the\aSher chamber.

Close the chamber and evacuateto’a pressure]
proximately 40 Pa, while admitting oxygen

chamber at a rate of 8 mimin to 20 ml/min.
the tuning of the system“sd that the intensity
plasma in maximized. Measure the time requi

of ap-

to the
Adjust

of the
ed for

complete oxidationfef the filter. Determine opgrating

parameters whigh“result in complete oxydation
filter in a period of approximately 15 min. For 4

of the
tching

of collapsedfilters, these operating parameters shall

be used for a period of 8 min.

NOTE13
efs‘Will cause the filter to shrink and curl, followed
den violent ignition. At lower powers, the filter will
in position and will slowly become thinner until it ig
transparent.
power be used such that violent ignition does nof

Plasma oxidation at high radio-frequendy pow-
by sud-

remain
nearly

It is recommended that a radio-frelquency

occur.

When multiple filters are etched, the rate of etching is re-

duced, and the system should be calibrated accordir

22
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Annex B
(normative)
Calibration procedures
B.1 Calibration of the TEM a is the unit cell dimensi

10312:1995(E)

on of gold, in

B.1.1 | Calibration of TEM screen
magnffication

The elg¢ctron microscope should be aligned according
to the ppecifications of the manufacturer. Initially, and
at regylar intervals, calibrate the magnifications used
for the analysis using a diffraction grating replica
(7.3.11). Adjust the specimen height to the eucentric
position before carrying out the calibration. Measure
the distance on the fluorescent viewing screen occu-
pied by a convenient number of repeat distances of
the grating image, and calculate the magnification.
Alwayq repeat the calibration after any instrumental
maintepance or change of operating conditions. The
magnifjcation of the image on the viewing screen is
not thqg same as that obtained on photographic plates
or film| The ratio between these is a constant value
for the|particular model of TEM.

B.1.2 | Calibration of ED camera constant

Calibrate the camera constant of the-TEM when used
in ED mode. Use a specimen grid\supporting a carbon
film onl which a thin film of gold-has been evaporated
or sputtered. Form an image‘of the gold film with the

specimen adjusted to the elcentric position and se-
lect EI conditions. Adjust the objective lens current
to optimize the pattern obtained, and measure the di-

ametells of the innérmost two rings either on the flu-
orescefpt viewing screen or on a recorded image.
Calculate the radius-based camera constant, AL, for
both thé~fluorescent screen and the photographic

" / A AN An
NariviTicico (— U,4U7 OO0 1

m);

D is the diameter, in millimetres, of the (hki)

diffraction ring.

Using gold as the calibration mats
based camera constant-is given by

AL = 0,117 74D,;mm-nm (smallest

rial, the radius-

ring)

AL = 0,109997D mm-nm (second 1ing)

B.2. “Calibration of the EDXA

Energy calibration of the EDXA systg
ergy and high energy peak shall be
larly. Calibration of the intensity sca
system permits quantitative compos
accuracy of about 10 % of the ele
tration, to be obtained from EDXA

system

m for a low en-
performed regu-
le of the EDXA
ition data, at an
mental concen-
spectra of refer-

ence silicate minerals involving the¢ elements Na,

Mg, Al, Si, K, Ca, Mn and Fe, and ap
reference materials. If quantitative de
required for minerals containing othg
erence standards other than those rg
will be required. Well-characterized n
permit calibration of any TEM-ED
which meets the instrumental specif
and 7.3.2, so that EDXA data from
ments can be compared. Reference
quired for the calibration; the crite
being that they should be silicate m
trices as close as possible to those of

plicable certified
terminations are
r elements, ref-
ferred to below
ineral standards
KA combination
cations of 7.3.1
different instru-
minerals are re-
ia for selection
nerals with ma-
the amphiboles

or serpentine, and that small individy

al fragments of

plate or fitlm, USINg the folflowing equation:

AL = aD
2,00/ K+ K2+ 1°
where
A is the wavelength, in nanometres, of the
incident electrons;
L is the camera length, in millimetres;

The minerals are homogeneous In composition within

a few percent.

Determine the compositions of these standards by
electron microprobe analysis or chemicals methods.
Crush fragments of the same selected mineral stan-
dards and prepare filters by dispersal of the crushed
material in water and immediate filtration of the sus-
pensions. Prepare TEM specimens from these filters
according to the procedures specified in clause 9.
These TEM specimens can then be used to calibrate
any TEM-EDXA system so that comparable composi-
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tional results can be obtained from different instru-
ments.

NOTES

14 The microprobe analysis of the mineral standards are
carried out by conventional techniques which can be found
in annex J. The mineral is first embedded in a mount of
poly(methyl methacrylate) or epoxy resin. The mount is then
ground and polished to achieve a flat, polished surface of
the mineral fragment. This surface is then analysed, using
suitable reference standards, preferably oxide standards of

© ISO
A; is the elemental integrated peak area for
element i;
Ag; is the elemental integrated peak area for
silicon;
k; is the k-ratio for element i relative to sili-
con.

For a particular instrumental configuration and a par-
ticular particle size, the value of k; is constant.

the individual eler
necessary to take
the minerals, whi
13 % by mass. TH
in the vacuum sys

15 Aqueous sus
filtered immediate
earth metals may
taining these elem

Express the res
lyses as atomic
silicon. X-ray pe
tive to silicon, o
then be used tg
peak area ratio g
The technique

(see annex J, re

The X-rays geng
dent electron be
ing with the sp
fluorescence eff]
eral specimen

equation can be

Tents-wherever theseare avaitabte—HTs
into account the water concentration in
Ch in the case of chrysotile amounts to
is water content may vary due to losses
tem.

ensions of mineral standards should be
y after preparation, since alkali and alkali
be partially leached from minerals con-
ents.

ilts of the electron microprobe ana-
br mass percentage ratios relative to
k ratios of the same elements rela-
btained from the EDXA system, can

calculate the relationship between
nd atomic or mass percentage ratio.
vas described by Cliff and Lorimer
ference [8]).

rated in a thin specimen by an inci-
bm have a low probability of interact-
bcimen. Thus, mass absorption and
ects are negligible. In a silicate*min-
tontaining element i, the following
ised to perform quantitative-analyses

To incorporate correction for the particle size|effect
on peak area ratios (see annex J, referencés\f35] and
[36], extend the Cliff and Lorimer technigue [pby ob-
taining separate values of the constant ; for different
ranges of fibre diameter. It is recommended fhat 20
EDXA measurements be made foreach range ¢f fibre
diameters. Suitable ranges offibre diameter ar

&

< 0,25 pm; 0,25 pm<ton0,5 um; 0,5 pm to 1,0 pm;
> 1,0 um.

Insert the TEM/ grid into the transmission electron
microscope, eptain an image at the calibrated |higher
magnificatiéon-of about x 20 000, and adjust thg spec-
imen heidht to the eucentric point. If the X-ray|detec-
tor is avside-entry variety, tilt the specimen tqwards
theXcray detector. Select an isolated fibre or particle
less than 0,5 um in width, and accumulate an| EDXA
spectrum using an electron probe of suitable| diam-
eter. When a well-defined spectrum has begn ob-
tained, perform a background subtractiop and
calculate the background-corrected peak argas for
each element listed, using energy windows dentred
on the peaks. Calculate the ratio of the peak afea for
each specified element relative to the peak afea for
silicon. All background-subtracted peak areas uged for
calibration shall exceed 400 counts.

Repeat this procedure for 20 particles of each rineral
standard. Reject analyses of any obviously foreign
particles. Calculate the arithmetic mean concentration
to peak area ratio, k; (k-ratio), for each specifigd ele-
ment of each mineral standard and for each of|the fi-
bre diameter ranges. Periodic routine checks shall be

in the TEM:
C; A
o=k x ——
Csi Asi
where
G is thg concentration or atomic percentage
of elgment \;
Cg;  is thecorcentratiom or atormic percentage
of silicon;

24

carried out to ensure that there has been no degra-
dation of the detector performance. These k-ratios are
used to calculate the elemental concentrations of un-
known fibres, using the Cliff and Lorimer relationship.
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Annex C
(normative)

Structure counting criteria

C.1 General

C.2.1 Fibre

In additjon to isolated fibres, other assemblages of
particleg and fibres frequently occur in air samples.
Groupinggs of asbestos fibres and particles, referred to
as "asPestos structures”, are defined as fibre bun-
dles, clysters and matrices. The numerical result of a
TEM examination depends largely on whether the
analyst lassigns such an assemblage of fibres as a
single eptity, or as the estimated number of individual
fibres which form the assemblage. It is therefore im-
portant [that a logical system of counting criteria be
defined) so that the interpretation of these complex
structurgs is the same for all analysts, and so that the
numeridal result is meaningful. Imposition of specific
structurg-counting criteria generally requires that
some iffterpretation, partially based on uncertain in-
formatign on health effects, be made of each
asbestop structure found. It is not the intention of this
Internat/onal Standard to make any interpretations
based oh health effects, and it is intended that\a.clear
separatipn shall be made between recordingof struc-
ture colinting data, and later interpretation’ of those
data. The system of coding specifiedtin ‘this Interna-
tional Ytandard permits a clear (morphological de-
scriptionp of the structures to be regorded in a concise
manner|suitable for later interpréetation, if necessary,
by a rarjge of different critefia, without the necessity
for re-examination of the.specimens. In particular, the
coding $ystem is desighed to permit the dimensions
of each|complex fibrous structure, and also whether
these structures.eontain fibres longer than 5 uym, to
be recofded.Fhis approach permits later evaluations
of the |datas to include considerations of particle
respira

Any particle with parallel or stepped
mum length 0,5 um, and with an)asp
or greater, shall be defined as a fibre|
asbestos, the single fibril .shall be def]

sides, of mini-
bct ratio of 5/1

For chrysotile
ned as a fibre.

A fibre with stepped sides“shall be adsigned a width

equal to the average_oftthe minimum

and maximum

widths. This average’/shall be used d4s the width in

determination of ‘thé aspect ratio.

C.2.2 Bundle

A grouping composed of apparently a
fibres’shall be defined as a bundle, wit
tevan estimate of the mean bundle wid
equal to the maximum length of the
overall aspect ratio of the bundle may
provided that it contains individual co
with aspect ratios equal to or greater
dles may exhibit diverging fibres at on

C.2.3 Cluster

An aggregate of two or more randor
bres, with or without bundles, shall 4

cluster. Clusters occur as two varietieg.

C.2.3.1 disperse cluster (type D):
open network, in which at least one ¢
fibres or bundles can be separately id
dimensions measured,;

C.2.3.2 compact cluster (type C):

ttached parallel
h a width equal
th, and a length
structure. The
have any value,
hstituent fibres
than 5/1. Bun-
e or both ends.

nly oriented fi-
e defined as a

Disperse and
f the individual
entified and its

Complex and

.......

of asbestos exposure. Examples of the various types
of morphological structure, and the manner in which
these shall be recorded, are shown in figure C.1.

C.2 Structure definitions and treatment

Each fibrous structure that is a separate entity shall
be designated as a primary structure. Each primary
structure shall be designated as a fibre, bundle, clus-
ter or matrix.

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

In practice, clusters can occur in which the character-
istics of both types of cluster occur in the same
structure. Where this occurs, the structure should be
defined as a disperse cluster, and then a logical pro-
cedure should be followed by recording structure
components according to the counting criteria. The
procedure for treatment of clusters is illustrated by
examples in figure C.2.
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Fibres

N\ N

a) Disperse cluster {type D) b) Compact cluster (type C)

AT L

c) Disperse matrix {type D) d) Compact matrix (type C)

Figure C.1 — Fundamental morphological structure types
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Count as 1 compact cluster containing more than 9 fi-

bres (all fibres shorter than 5 um)

Record as CC+0

5um

5 um

Eount—as—t—disperse ciuster comnsistmg
of which are longer than 5 um

Record as CD54, followed by 5.fibres,
as CF

Count as 1 disperse cluster consisting
of'which are longer than 5 um, and 2 clu
each containing more than 9 fibres

Record as CD+2, followed by 4 fibres,
as CF, and 2 cluster residual, each recor

Count as 1 disperse cluster consisting
bundles, 1 of which is longer than 5 um
residual containing more than 9 fibres

Record as CD+1, followed by 3 fibres,

of 5 fibres, 4

pach recorded

of 4 fibres, 2
ster residuals,

pach recorded
ded as CR+0

of 3 fibres, 2
and 1 cluster

pach recorded

as CF_2 hundles each recorded as CB

and 1 cluster

residual recorded as CR+0

Figure C.2 — Examples of recording of complex asbestos clusters
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C.2.4 Matrix

One or more fibres, or fibre bundles, may be attached
to, or partially concealed by, a single particle or group
of overlapping nonfibrous particles. This structure
shall be defined as a matrix. The TEM image does not
discriminate between particles which are attached to
fibres, and those which have by chance overlapped in
the TEM image. It is not known, therefore, whether
such a structure is actually a complex particle, or
whether it has arisen by a simple overlapping of par-

© ISO

C.2.6 Asbestos fibre or bundle longer than
5um

An asbestos fibre of any width, or bundle of such fi-
bres, which has a length exceeding 5 um.

C.2.7 PCM equivalent structure

Any fibre, bundle, cluster or matrix with an aspect ra-
tio of 3/1 or greater, longer than 5 pm, and which has
a diameter between 0,2 um and 3,0 um. PCM equiv-

ticles and fibredon the filter.

Since a matrix ptructure may involve more than one
fibre, it is impoftant to define in detail how matrices
shall be countefl. Matrices exhibit different character-
istics, and two types can be defined.

C.2.41 dispense matrix (type D): Structure con-
sisting of a particle or linked group of particles, with
overlapping or gttached fibres or bundles in which at
least one of thge individual fibres or bundles can be
separately identjified and its dimensions measured.

C.2.4.2 compact matrix (type C): Structure con-
sisting of a pafticle or linked group of particles, in

which fibres or pundles can be seen either within the

structure or prd

jecting from it, such that the dimen-

sions of individual fibres and bundles cannot be un-
ambiguously deftermined.

In practice, ma
teristics of bot

rices can occur in which the.charac-
types of matrix occur in-the ‘'same

structure. Where this occurs, the structure~should be

assigned as a d
cedure should
components ac
ples of the prg
shown in figure

C.2.5 Asbest

sperse matrix, and then a’logical pro-
be followed by reterding structure
cording to the codnding criteria. Exam-
cedure whichSshall be followed are
C.3.

os’structure larger than 5 um

alent structures do not necessarily contairy flpres or
bundles longer than 5 um, or PCM equivalent [fibres.

C.2.8 PCM equivalent fibre

Any particle with parallel or stepped sides, yith an
aspect ratio of 3/1 or greater, longer than 5 Yym, and
which has a diameter bétween 0,2 pm and B,0 pm.
For chrysotile, PCM eguivalent fibres will always be
bundles.

C.3 Other structure counting criterja

C.3.1__Structures which intersect grid bars

A sfructure which intersects a grid bar shall pnly be
counted on two sides of the grid opening, as illus-
trated in figure C.4. Record the dimensions|of the
structure such that the obscured portions of fompo-
nents are taken to be equivalent to the unolyscured
portions, as shown by the broken lines in figlire C.4.
For example, the length of a fibre intersecting a grid
bar is taken to be twice the unobscured [length.
Structures intersecting either of the other twp sides
shall not be included in the count.

C.3.2 Fibres which extend outside the|field
of view

During scanning of a grid opening, count fibreg which
extend outside the field of view systematically, so as
to avoid double-counting. In general, a rule shpuld be

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

fibres or bundles longer than 5 pm.

28

established so that fibres extending outside the field
of view in only two quadrants are counted. The pro-
cedure is illustrated by figure C.5. Measure the length
of each of these fibre by moving the specimen to lo-
cate the other end of the fibre, and then return to the
original field of view before continuing to scan the
specimen. Fibres without terminations within the field
of view shall not be counted.
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Count as 1 compact matrix, with all fibres shorter than
5 um

Record as MC+0

Count as 1 disperse matrix consisting of | fibre shorter

than 5 um
'/ Record as MD10, followed by 1 fibre redorded as MF

€ount as 1 disperse matrix consisting of 5 fibres, all
longer than 5 um

Record as MD55, followed by 5 fibres, gach recorded
as MF

Count as 1 disperse matrix, consisting if|3 fibres, 1 of
which is longer than 5 um, and 1 matrix| residual con-
taining 3 fibres

Record as MD61, followed by 3 fibres, gach recorded
as MF, and 1 matrix residual recorded a4 MR30

5 um

Figure C.3 — Examples of recording of complex asbestos matrices
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Figure C.4 — Example of counting of structures’which intersect grid bars

v

(—- Grid opening

Figure C.5 — Example of counting of fibres which extend outside the field of view
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C.4 Procedure for data recording

C.4.1 General

The morphological codes specified are designed to
facilitate computer data processing, and to allow re-
cording of a complete representation of the important
features of each asbestos structure. The procedure
requires that the microscopist classify each primary
fibrous structure into one of the four fundamental
categories: fibres, bundles, clusters and matrices.

ISO 10312:1995(E)

number, derived in the same manner as specified for
the overall cluster. Optionally, if the number of com-
ponent fibres and bundles in either the original cluster
or the cluster residual is outside the range 1 - 9, ad-
ditional information concerning the number of com-
ponent fibres and bundles may be noted in the

“comments” column.

C.45 Compact clusters (type C)

On the structure counting form, an isol

ated cluster of

C.4.2 Fibres

On the gtructure counting form, a fibre as defined in
C.2.1 shill be recorded by the designation “F". If the
fibre is @ separately-counted part of a cluster or ma-
trix, the|fibre shall be recorded by the designation
“CF", on “MF", depending on whether it is a compo-
nent of g cluster or matrix.

C.4.3 Bundles

On the $tructure counting form, a bundle as defined
in C.2.2 [shall be recorded by the designation “B"”. If
the bundle is a separately-counted part of a cluster or
matrix, fhe bundle shall be recorded by the desig-
nation “CB”, or “MB", depending on whether it is a
compongnt of a cluster or matrix.

C.4.4 Disperse clusters (type D)

On the dtructure counting form, an isolated cluster of
type D gs defined in C.2.3 shall be fecorded by the
designatjon “CD", followed by a- two-digit number.
The first|digit represents the apalyst's estimate of the
total number of fibres andcbundles comprising the
structurg. The digit shall be-from 1 to 9, or designated
as "+" |if there are eStimated to be more than 9
component fibres or_uhdles. The second digit shall
represerft, in theSame manner, the total number of
fibres and bundles longer than 5 um contained in the
structurd. The(overall dimensions of the cluster, in
two perpéndicular directions representing the maxi-

Type C as defined in C.2.3 shall be, e
designation “CC”, followed by a(twd
The two-digit number describing) the
component fibres and bundles'shall be
same manner as for clusters of type
dimensions of the clusterin two pe
rections shall be recorded in the same
clusters of type D-By definition, the
bres and bundles ‘of compact clusters
arately measufed; therefore, no sepa
of compopent fibres or bundles can be

C.4.6.. Disperse matrices (type D)

QFf the structure counting form, an iso
type D as defined in C.2.4 shall be re
designation “MD", followed by a twa
The two-digit number shall be assigne
manner as for clusters of type D. The
sions of the matrix in two perpendic
shall be recorded in the same manner
of type D. In order of decreasing le
component fibres or bundles shall be
corded, using the codes "MF”" (ma
“MB" (matrix bundle). If after accoun
nent component fibres and bundles, 1
containing asbestos fibres remains, th
corded by the designation “MR" (mat]
the remaining matrix fibres are present
one localized group, it may be neces
more than one matrix residual. Do ng
than 5 matrix residuals for any matrix
sidual shall be measured and assign

corded by the
-digit number.
b numbers of
hssigned in the
D. The overall
roendicular di-
manner as for
constitutent fi-
cannot be sep-
rate tabulation
made.

ated matrix of
corded by the
-digit number.
d in the same
overall dimen-
ular directions
as for clusters
ngth, up to 5
separately re-
rix fibre) and
ing for promi-
natrix material
is shall be re-
rix residual). If
as more than
sary to record
t record more
. A matrix re-
ed a two-digit

mum dimensions, shall be recorded. Tn order of de-
creasing length, up to 5 component fibres or bundles
shall be separately recorded, using the codes “CF”
(cluster fibre) and “CB" (cluster bundle). If, after ac-
counting for prominent component fibres and bun-
dles, a group of clustered fibres remains, this shall be
recorded by the designation “CR" (cluster residual).
If the remaining clustered fibres are present as more
than one localized group, it may be necessary to re-
cord 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

arabaor Aoen oA s+ ara PaaRRar
U TiveoT, UTTTIvVOU 1T TS odTTTie Trianrirmet

s specified for

the overall matrix. Optionally, if the number of com-
ponent fibres or bundles in either the original matrix
or the matrix residual is outside the range 1 - 9, ad-
ditional information concerning the number of com-
ponent fibres and bundles may be noted in the
“comments” column.

C.4.7 Compact matrices (type C)

On the structure counting form, an isolated matrix of
type C as defined in C.2.4 shall be recorded by the
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designation "MC"”, followed by a two-digit number.
The two-digit number shall be assigned in the same
manner as for clusters of type D. The overall dimen-

sions of the m

atrix in two perpendicular directions

shall be recorded in the same manner as for clusters
of type D. By definition, the constitutent fibres and
bundles of compact matrices cannot be separately
measured; therefore, no separate tabulation of com-
ponent fibres or bundles can be made.

C.4.8 Procedure for recording of partially

© |SO

be considered as a part of a compact matrix of type
C or part of a matrix residual.

C.5 Special considerations for counting
of PCM equivalent structures

Use 3/1 as the minimum aspect ratio for counting of
PCM equivalent structures. This aspect ratio definition
is required in order to achieve comparability of the
results for this size range of structure with historical
optical measurements, but use of this aspect ratio

obscured fibres and bundles

The proportion pf the length of a fibre or bundle that
is obscured by pther particulates shall be used as the
basis for deterrhining whether a fibre or bundle is to

be recorded as
considered as g

a separate component or is to be
part of a matrix of type C or part of

a matrix residual. If the obscured length could not

possibly be mo

re than one-third of the total length,

the fibre or bupdle shall be considered a prominent

feature to be

separately recorded. The assigned

length for each such partially obscured fibre or bundle
shall be equal t¢ the visible length plus the maximum

possible contril
bres or bundles
for which both
shall be include)
according to th
or bundles. If th
one third of the

ution from the obscured portion. Fi-
which appear to cross the matrix, and
ends can be located approximately,
d in the maximum of 5 and recorded
e counting criteria as separate fibres
e obscured length could be more than
total length, the fibre or bundle shall

definition does not significantly affect the(ability to
interpret the whole fibre size distributiopyin) t¢érms of
a minimum 5/1 aspect ratio. Some applications may
require that a count be made of RCM eqfivalent
structures only. The coding systém permits discrimi-
nation between PCM equivalent-structures that con-
tain fibres and bundles longér than 5 pum angl those
that do not.

NOTE 16 In general, “clusters and matrices Wil vyield
fewer components~as- the minimum dimensions gpecified
for countable fibfgs“vare increased. Thus, it may be found
that a particularstructure yields a higher number |of com-
ponent fibressand bundles in a count for all fibre sizes than
it does at’a reduced magnification when only fidres and
bundleés longer than 5 um are being counted. Howgver, the
requirement that component fibres and bundles be recorded
in'decreasing length order ensures that the data gre con-
Sistent for a particular structure, regardless of the bize cat-
egory of fibres being counted and the magnificatior] in use.
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Fibre identification procedure

D.1 General

investigation of these sensitive fibres

by ED should

be completed hefore attempts are made to obtain

The critelzria used for identification of asbestos fibres
may be |selected depending on the intended use of
the meapurements. In some circumstances, there can
be a requirement that fibres shall be unequivocally
identifiel as a specific mineral species. In other cir-
cumstances, there can be sufficient knowledge about
the sample, so that rigorous identification of each fi-
bre neefl not be carried out. The time required to
perform[the analysis, and therefore the cost of analy-
sis, can|vary widely depending on the identification
criteria donsidered which are to be sufficiently defini-
tive. Thg combination of criteria considered definitive
for identfication of fibres in a particular analysis shall

shall be made of the identification(¢riteria
ere satisfied for each suspected aspestos fi-
bre inclyded in the analysis. For example, if both ED
and EDXA were specified to be attempted for defini-
tive identification of each fibre, fibres with chrysotile
morpholpgy which, for some feason, do not give an
ED pattern but which do yield an EDXA spectrum
correspdnding to chrysotile;‘are categorized in a way
which canveys the level of confidence to be placed in
the identification.

D.2 ED and EDXA techniques

D.2.1

EDXA spectra from the fibres. Wheémmore stable fi-
bres, such as the amphiboles, are~examined, EDXA

and ED may be used in either order.

D.2.2 ED techniques

The ED technique _can be either qualitgtive or quanti-
tative. Qualitative.ED consists of visugl examination,

without detailedsmeasurement, of the

general char-

acteristics ¢f the ED pattern obtainedi on the TEM
viewing screen from a randomly oriehted fibre. ED
patterns‘obtained from fibres with cylipdrical symme-

tryssuch as chrysotile, do not change v
are, tilted about their axes, and patterns
oriented fibres of these minerals can
quantitatively. For fibres which do not
symmetry, only those ED patterns obta
fibre is oriented with a principal crysta
closely parallel with the incident electr
tion can be interpreted quantitatively. T
pattern shall be referred to as a
pattern”. In order to interpret a zone-a
guantitatively, it shall be recorded p
and its consistency with known min
shall be checked. A computer progran
to compare measurements of the zon
tern with corresponding data calculatg

hen the fibres
from randomly
be interpreted
have cylindrical
ined when the
llographic axis
bn beam direc-
his type of ED
zone-axis ED
xis ED pattern
hotographically
bral structures

may be used
e-axis ED pat-
d from known

mineral structures. The zone-axis ED p

ttern obtained

by examination of a fibre in a particular jorientation can
be insufficiently specific to permit un¢quivocal iden-
tification of the mineral fibre, but is is|often possible
to tilt the fibre to another angle and record a dif-
ferent ED pattern corresponding to andther zone-axis.

Initially, fibres are classified into two categories on the
basis of morphology: those fibres with tubular
morphology, and those fibres without tubular
morphology. Further analysis of each fibre is con-
ducted using ED and EDXA methods. The following
procedures should be used when fibres are examined
by ED and EDXA.

The crystal structures of some mineral fibres, such as
chrysotile, are easily damaged by the high current
densities required for EDXA examination. Therefore,

The angle between the two zone-axes can also be
checked for consistency with the structure of a sus-
pected 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 should
then be viewed through the binoculars. This proce-
dure 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
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the ED pattern is recorded, if accurate measurement
of the pattern is to be possible. It is necessary that,
when obtaining an ED pattern to be evaluated visually
or to be recorded, the sample height shall be properly
adjusted to the eucentric point and the image shall be
focussed in the plane of the selected area aperture.
If this is not done, there may be some components
of the ED pattern which do not originate from the
selected area. In general, it will be necessary to use
the smallest available ED aperture.

For accurate
internal calibration standard shall be used. A thin
coating of gold| or another suitable calibration mate-
rial, shall be applied to the underside of the TEM
specimen. This [coating may be applied either by vac-
uum evaporatiop or, more conveniently, by sputtering.
The polycrystalline gold film yields diffraction rings on
every ED patterh and these rings provide the required
calibration inforqnation.

To form an ED
to the centre of
of the specime

pattern, move the image of the fibre
the viewing screen, adjust the height
to the eucentric position, and insert

a suitable sele¢ted area aperture into the electron

beam so that th
large proportion

e fibre, or a portion of it, occupies a
of the illuminated area. The size of

the aperture and the portion of the fibre shall be such
that particles other than the one to be examined are

excluded from
pattern through

the selected area. Observe the ED
the binoculars. During the observa-

tion, the objective lens current should be adjusted tq

the point whersg
tained. If an ing
move the partig

the most complete ED pattern is ob-
omplete ED pattern is still obtained,
le around within the selected-area to

attempt to optimize the ED pattern, or to_eliminate

possible interfer

ences from neighbouring particles.

If a zone-axis ED analysis is to benattempted on the
fibre, the sample shall be mounted’in the appropriate
holder. The mos$t convenient_holder allows complete
rotation of the specimen~grid and tilting of the grid

about a single 3
image indicateg

xis. Ratate’the sample until the fibre
that\the fibre is oriented with its

length coinciderjtwith the tilt axis of the goniometer,

© ISO

occur at some points on a matrix of strong reflections,
the possibility of twinning or multiple diffraction ex-
ists, and some caution should be exercised in the se-
lection of diffraction spots for measurement and
interpretation. A full discussion of electron diffraction
and multiple diffraction can be found in the references
by J.A. Gard [11] P.B. Hirsch et a/[14] and H.R. Wenck
[(42] included in annex J. Not all zone-axis patterns
which can be obtained are definitive. Only those
which have closely spaced reflections corresponding
to low indices in at least one direction should be re-

: T T = i Ss than
about 0,3 nm are not definitive. A useful guideline is
that the lowest angle reflections should b& within the
radius of the first gold diffraction ring*(111), dnd that
patterns with smaller distances petween reflections
are usually the most definitive.

Five spots, closest to the_cgentre spot, along two
intersecting lines of the zone-axis pattern shal| be se-
lected for measurement; as shown in figure 0.1. The
distances of these §pots from the centre spot gnd the
four angles shown orovide the required data fpr anal-
ysis. Since the“centre spot is usually very pverex-
posed, it dees not provide a well-defined orgin for
these measurements. The required distancds shall
therefere be obtained by measuring between pairs of
spots: symmetrically disposed about the centie spot,
preferably separated by several repeat distancgs. 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 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.

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

AL = 0,117 74D mm-nm (first ring)

AL = 0,101 97D mm-nm (second ring)

D.2.3 EDXA measurements

Interpretation of the EDXA spectrum may bd either

and adjust the sarAple—heightunti-thefibre—is—sat-the
eucentric position. Tilt the fibre until an ED appears
which is a symmetrical, two dimensional array of
spots. The recognition of zone-axis alignment condi-
tions requires some experience on the part of the
operator. During tilting of the fibre to obtain zone-axis
conditions, the manner in which the intensities of the
spots vary should be observed. If weak reflections
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qualitative or quantitative. For qualitative interpretation
of a spectrum, the X-ray peaks originating from the
elements in the fibre are recorded. For quantitative
interpretation, the net peak areas, after background
subtraction, are obtained for the X-ray peaks originat-
ing from the elements in the fibre. This method pro-
vides quantitative interpretation for those minerals
which contain silicon.
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Spot 5
o
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To obtai
fibre to

jective a
diameter
the fibre]
be nece
detector
ning Trar
of operat

an EDXA spectrum, move the image of the
he centre of the screen and remove the op-
berture. Select an appropriate electron beam
and deflect the beam so that it impinges on

Depending on the instrumentation; it may
sary to tilt the specimen towards the X-ray
and, in some instruments, tfo-Use the Scan-
smission Electron Microscepy (STEM) mode
ion.

The timg
with the
factors.
have a
peak. An
sodium 4
ergy ran
Consequ ;
for a period that is sufficiently long for the sodium to
be detected in such fibres. It has been found that
satisfactory quantitative an analyses can be obtained
if acquisition is continued until the background sub-
tracted silicon Ko 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.

for acquisition of-a.stitable spectrum varies
fibre diameter;~and also with instrumental
For quantitative-interpretation, spectra should
tatistically< valid number of counts in each
alyses ofssmall diameter fibres which contain
re the’most critical, since it is in the low en-
je~that the X-ray detector is least sensitive.

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

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

on the basis of comparison of spectra at the
intrument. Frequently, visual compaifisons can be
made after somewhat shorter acquisitipn times.

D.3 Interpretation of fibre analysis data

D.3.1 Chrysotile

tile is charac-
Cognized read-
have a similar
ation by itself

The morphological structure of chrysg
teristic, and with experience, can be re
ily. However, a few holder minerals
appearance, and morphological obsery
is inadequate for most samples. The D pattern ob-
tained from chrysotile is quite specific flor this mineral
if the specified characteristics of the [pattern corre-
spond to those from reference chrysaotile. 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
and ED pattern. In this case, the EDXA spectrum may
be the only data available to supplement the
morphological observations.

D.3.2 Amphiboles

Since the fibre identification procedure for asbestos
fibres other than chrysotile can be involved and time-
consuming, computer programmes, such as that de-
veloped by B.L. Rhoades (see annex J, reference
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[32]), are recommended for interpretation of zone-
axis ED patterns. The published literature contains
composition and crystallographic data for all of the
fibrous minerals likely to be encountered in TEM
analysis of air samples, and the compositional and
structural data from the unknown fibre should be
compared with the published data. Demonstration
that the measurements are consistent with the data
for a particular test mineral does not uniquely identify
the unknown, since the possibility exists that data
from other minerals may also be consistent. It is,

© |SO

same fibre can then be processed, either as further
confirmation of the identification, or to attempt elim-
ination of an ambiguity. In addition, the angle meas-
ured between the orientations of the two zone-axes
can be checked for consistency with the structures
of the minerals. Caution should be exercised in ratio-
nalizing the inter-zone-axis angle, since if the fibre
contains c-axis twinning, the two zone-axis ED pat-
terns may originate from the separate twin crystals.
In practice, the full identification procedure will
normally be applied to very few fibres, unless precise

however, unlik
class could vyis

bly that a mineral of another structural
Id data consistent with that from an

amphibole fibr¢ identified by quantitative EDXA and

two zone-axis §

Suspected am
tially on the b
qualitative or g
used as the &
published data
erals which ar
measured for t
To proceed fur
zone-axis ED p

It is possible t
for identificatio
are often con
nately, for a fik
grid, no specir
available will p
two preselectd
proach has be
low index patte]
to test their ¢
minerals alread
data. Even the
in this presele
zone-axis data
non-amphibole
yield similar
structures.

The zone-axis

ED patterns.

phibole fibres should be classified ini-
asis of chemical composition. Either
uantitative EDXA information may be
asis for this classification. From the
on mineral compositions, a list of min-
b consistent in composition with that
he unknown fibre should be compiled.
ther, it is necessary to obtain the first
httern, according to D.2.2.

specify a particular zone-axis pattern
n of amphibole, since a few patterns
idered to be characteristic. Unfortu-
re with random orientation on a TEM
nen holder and goniometer currently,
ermit convenient and rapid location:of
d zone-axes. The most practical_ap-
bn adopted, which is to accept those
r'ns which are easily obtained, and then
bnsistency with the structures of the
/ preselected on the basijs of the EDXA
structures of non-amphibole minerals
cted list shall bé~tested against the
obtained for the unknown fibre, since
minerals in,Ssome orientations may
patterns. {consistent with amphibole

FD-interpretation shall include all min-

identitication ot all fibres Is required for a garticular
reason.

D.4 Fibre classification categories

It is not always possible to proceed to a definitive
identification of a fibre; this, may be due t¢ instru-
mental limitations or to.the actual nature of the fibre.
In many analyses, a definitive identification |of each
fibre may not actually“be necessary if there |is other
knowledge available about the sample, or if the con-
centration is_below a level of interest. The analytical
procedure, shall therefore take into account |poth in-
strumental™limitations and varied analytical [require-
ments(Accordingly, a system for fibre classififation is
used, to permit accurate recording of data. The classi-
fications are shown in tables D.1 and D.2, anfl are di-
rected towards identification of chrysotjle and
amphibole respectively. Fibres shall be repprted in
these categories.

The general principle to be followed in this analytical
procedure is first to define the most specific fibre
classification which is to be attempted, |or the
“level” of analysis to be conducted. Then, for each
fibre examined, record the classification whigh is ac-
tually achieved. Depending on the intended uge of the
results, criteria for acceptance of fibfes as
“identified” can then be established at any tifne after
completion of the analysis.

In an unknown sample, chrysotile will be reggrded as
confirmed only if a recorded, calibrated ED|pattern
from one fibre in the CD categories is obtainkd, or if

erals previously Selected from the mineral data file as
being chemically compatible with the EDXA data. This
procedure will usually shorten the list of minerals for
which solutions have been found. A second set of
zone-axis data from another pattern obtained on the
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measurements of the ED pattern are recorded at the
instrument. Amphibole will be regarded as confirmed
only by obtaining recorded data which indicates ex-
clusively the presence of amphiboles for fibres clas-
sified in the AZQ, AZZ or AZZQ categories.
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Table D.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
CDQ Chrysotile SAED pattern and compasition by Ouantitative EDXA
NAM Non-Asbestos Mineral
Table D.2 — Classification of fibres without tubular morphology
Categqry Description
UF Unidentified Fibre
AD Amphibole by random orientation SAED (shows layer pattern of 0,53 nm spacing)
AX Amphibole by qualitative EDXA. Spectrum has elemental cordponents consistent with amphibjole
ADX] Amphibole by random orientation SAED and qualitative EDXA
AQ Amphibole by Quantitative EDXA
AZ Amphibole by one Zone-axis SAED pattern
ADQ Amphibole by random orientation SAED and Quantitative EDXA
AZQ) Amphibole by one Zone-axis SAED pattern;and Quantitative EDXA
AZZ Amphibole by two Zone-axis SAED pattefns, with consistent interaxial angle
AZZQ Amphibole by two Zone-axis SAED ‘patterns, with consistent interaxial angle, and Quantitative| EDXA
NAM Non-Asbestos Mineral
D.4.1 Procedure for classification"of fibres meet with various degrees of success. FigureD.2
with tupular morphology suspected to be shows the classification procedure to be used for fi-
chrysotfle pres which display any tubular morphology. Thg chart
is self explanatory, and every fibre is gither rejected
Occasionally, fibres are encountered which have tu- as a non-asbestos mineral (NAM), of classified in
bular m¢rphology simifar) fo that of chrysotile, but some way which by some later critefion could still
which cgnnot be characterized further either by ED contribute to the chrysotile fibre count.
EBEtD;éﬁ“;EZZ ;nraey :ft Tjosr;-furtlséa:”gzymmvgy'zg Ciisi Morphology is the first Consideration, a wd.if this is not
position pn th& grid which does not permit an EDXA similar to thgt usually seen in chry;oh_le standard
samples, designate the initial classifiation as TM.

spectrunp to be obtained. Alternatively, the fibre may

Reagardless of the doubtful marnhaoloa
T LARA SRS}

, examine the

be of organic origin, but the morphology and compo-
sition may not be sufficiently definitive enough to be
disregarded. Accordingly, there is a requirement to
record each fibre, and to specify how confidently each
fibre can be identified. Classification of fibres wiill

fiore by ED and EDXA methods

it may be possible to classify the fi
chrysotile morphology (CM).

according to

figure D.2. Where the morphology is more definitive,

bre as having
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FIBRE WITH TUBULAR MORPHOLOGY

Is fibre morphology characteristic of that
displayed by reference chrysotile?

NAM

NO YES
™ cM
I
Examine by SAED Examine by SAED
Paftern not Chrysotile Chrysotile Pattern not
chtysotile pattern pattern chrysotile
CcD CD NAM

or indistinct

Pattern not present

xamine by quantitative EDXA

NAM
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Composition not that
of chryso

ile

™

Chrysotile
composition

No spectrum

Pattern not present
or indistinct

Examine by quantitative EDXA
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Chrysotile
composition

of chrysotile

No spectrum

ca

cMma

Examine by quantitative EDXA

]

C™m

Composition not that

NAM

NAM

Composition not that
of chrysotile

No spectrum
1

CcD

Chrysotite
composition

cba

Figure D.2 — Classification chart for fibre with tubular morphology
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For classification as CM, the morphological character-
istics required are the following:

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 kV to 100 kV accelerating potential should be
sufficiently low for the internal structure to be
visible;

ISO 10312:1995(E)

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 sub-
stance 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 or

c) therg should be some evidence of an 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 char-
acteristice by the ED technique, and ciassify as
chrysotilg by ED (CD) only those which give diffraction
patterns [with the precise characteristics shown in
figure D.3. The relevant features in this pattern for
identification of chrysotile are as follows:

a) the (D02) reflections should be examined to de-
termine that they correspond closely to a spacing
of 0,73 nm;

b) the layer line repeat distance should correspond
to 0,53 nm;

c) therg should be “streaking” of the (110) and(130)
refle¢tions.

verrtettite—Hhe—proportior—of—fibres
successfully identified as chrysotile-by
and to some extent dependent ©n-bd
ment and the procedures of the opera
that fail to yield an identifiable 'ED pattd
in the TM or CM categories-Unless they
by EDXA.

In the EDXA analysis of chrysotile thers
elements which?are relevant. For fibre
the EDXA analysis shall be quantitativg
trum displays’ prominent peaks from m
silicon, With their areas in the appropr
with.only minor peaks from other elen
the fibre as chrysotile by quantitative
€ategories CQ, CMQ, or CDQ, as apprg

which can be
ED is variable,

th the instru-
tor. The fibres

fUi. I Il O

rn will remain
are examined

b are only two
classification,
2. If the spec-
agnesium and
late ratio, and
nents, classify
EDXA, in the
priate.

D.4.2 Procedure for classification of fibres

without tubular morphology, sus;j
amphibole

Every particle without tubular morpholg
is not obviously of biological origin, W
ratio of 5/1 or greater, and having para
sides, shall be considered as a suspec
fibre. Further examination of the fibr
EDXA techniques will meet with a vari
success, depending on the nature of th
a number of instrumental limitations.
possible to identify every fibre comp
time and cost are of no concern. Mo
mation of the presence of amphibole ¢4
only by quantitative interpretation of
patterns, a very time-consuming procd

bected to be

gy and which
ith an aspect
lel or stepped
led amphibole
e by ED and
hble degree of
e fibre and on
It will not be
etely, even if
reover, confir-
n be achieved
zone-axis ED
dure. Accord-

Figure D.3 — Chrysotile SAED pattern

ingly, for routine samples from unknown sources, this
analytical procedure limits the requirement for zone-
axis ED work to a minimum of one fibre represen-
tative of each compositional class reported. In some
samples, it may be necessary to identify more fibres
by the zone-axis technique. When analysing samples
from well-characterized sources, the cost of identifi-
cation by zone-axis methods may not be justified.

The 0,53 nm layer spacing of the random orientation
ED pattern is not by itself diagnostic for amphibole,
However, the presence of c-axis twinning in many fi-
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bres leads to contributions to the layers in the pat-
terns by several individual parallel crystals of different
axial orientations. This apparently random positioning
of the spots along the layer lines, if also associated
with a high fibre aspect ratio, is a characteristic of
amphibole asbestos, and thus has some limited diag-
nostic value. If a pattern of this type is not obtained,
the identity of the fibre is still ambiguous, since the
absence of a recognizable pattern may be a conse-
guence of an unsuitable orientation relative to the
electron beam, or the fibre may be some other min-

© SO

or by the instrumental limitations. Any instrumental
limitations which affect the quality of the results shall
be noted. Record the maximum classification
achieved for each fibre on the counting sheet in the
appropriate column. The various classification catego-
ries can then be combined later in any desired way for
calculation of the fibre concentration. The complete
record of the results obtained when attempting to
identify each fibre can also be used to re-assess the
data if necessary.

eral species.

Figure D.4 shows the fibre classification chart to be

used for susy
shows all the

of a suspected
tematically by §

ected amphibole fibres. This chart
lassification paths possible in analysis
amphibole fibre, when examined sys-
D and EDXA. Two routes are possible,

depending on Jvhether an attempt to obtain an EDXA

spectrum or a
first. The norm
of unknown o

andom orientation ED pattern is made
al procedure for analysis of a sample
igin will be to examine the fibre by

random orientdtion ED, qualitative EDXA, quantitative

EDXA, and zon
fibre classificat
successful ang

e-axis ED, in this sequence. The final
on assigned will be defined either by
lysis at the maximum required level,

In-the unknown sample—zone-axis—analysis—wjll be re-
quired if the presence of amphibole 3| to be
unequivocally confirmed. For this level 6f\analysis, at-
tempt to raise the classification of -every suspected
amphibole fibre to the ADQ categorytby inspgction of
the random orientation ED pattern and th¢ EDXA
spectrum. In addition, examineat least one fifpre from
each type of suspected amphibole found by zpne-axis
methods to confirm theiridentification. In mogdt cases,
because information eXists about possible solirces of
asbestos in close{proximity to the air sampling lo-
cation, some degree of ambiguity of identification can
be accepted: Lower levels of analysis can therefore
be accepted)for these situations.
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