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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria hee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documenb may be the
ent rights. [SO shall not be held responsible for identifying any or all such patent rights. D¢
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committee responsible for this document is ISO/TC 146, Air quality, Subcommittee SC
ospheres.

Part 1: Sampling and qualitative determination of asbestos in commercial bulk materials
Part 2: Quantitative determination of asbestos by gravimetric and microscopical methods
following part is under preparation:

Part 3: Quantitative determination of asbestos by X-ray diffraction method

22262 consists of the following parts, utider the general title Air quality — Bulk materialy:
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Introduction

In the past, asbestos was used in a wide range of products. Materials containing high proportions
of asbestos were used in buildings and in industry for fireproofing, thermal insulation and acoustic
insulation.Asbestoswasalsoused toreinforce materials,toimprove fractureand bending characteristics.
A large proportion of the asbestos produced was used in asbestos-cement products. These include flat
sheets, tiles and corrugated sheets for roofing, pipes and open troughs for collection of rainwater,
and pressure pipes for supply of potable water. Asbestos was also incorporated into products such as
decorative coatings and plasters, glues, sealants and resins, floor tiles, gaskets and road paving. In some

products a
of ceiling t

Three var

approximately 95 % of consumption, and therefore this is the variety thatis encountered mostfreque

during ang
very small
insulation
because it
such as th
anthophyll
materials,
used comny
asbestos a

mined at L{bby, Montana, USA. Vermiculite from this source was widely distributed and is often foun
loose fill infsulation and as a constituent in a range of constructien materials and fireproofing.

While the gsbestos mass fraction in some products can be very high and in some cases approach 10
in other prioducts the mass fractions of asbestos used were significantly lower and often between
and 15 %. In some ceiling tile panels, the mass fraction'of asbestos used was close to 1 %. There are
yn materials in which the asbestos mass) fraction used was less than 1 %. Some adhesijyes,

a few knoy
sealing cof
1 %. Ther
asbestos v
fractions Iq

ISO 22262+
materials f
While it is
of the type
of asbestos

Because of]
cannot pro
part of ISO
simple pro|

bestos was incorporated to modify rheological properties, for example in the manufac

ure

le panels and oil drilling muds.

ieties of asbestos found extensive commercial application. Chrysotile accounted

lysis of samples. Amosite and crocidolite accounted for almost all of the.balance, wi
contribution from anthophyllite. Amosite was generally used as fireproofing or in ther
products. Crocidolite was also used as fireproofing and thermal insulation products,

ose used for lead-acid batteries, and in some gaskets. Materialsycontaining commer
lite are relatively rare, but it also has been used as a filler and réinforcing fibre in compg
hnd as a filtration medium. Tremolite asbestos and actinolite asbestos were not extensi
ercially, but they sometimes occur as contamination of othercommercial minerals. Richtg
d winchite asbestos occur at mass fractions between 0,01 % and 6 % in vermiculite form

for
htly
h a
mal
but

s highly resistant to acids, it also found application as a reinforcing-fibre in acid containers

cial
site
Uely
rite
erly
d as

%,
1 %

hpounds and fillers were manufactuted in which asbestos mass fractions were lower

hrieties (chrysotile, amosite, crocidolite or anthophyllite) was intentionally added at n
wer than 0,1 %.

1 specifies procedures for-collection of samples and qualitative analysis of commercial |

br the presence of asbestos. A visual estimate of the asbestos mass fraction may also be m

Fecognized that thé-accuracy and reproducibility of such estimates is very limited, for m

5 of materials being'analysed these estimates are sufficient to establish that the mass frac
in a manufacfured product is, without doubt, well above any of the regulatory limits.

vide reliable analyses of all types of asbestos-containing materials in untreated samples. ]
22262 extends the applicability and limit of detection of microscopical analysis by the ug

nly

an

b are no known commercially mandfactured materials in which any one of the cominon

ERN

ulk
hde.
any
fion

the widerdnge of matrix materials into which asbestos was incorporated, microscopy alone

Chis
e of
fion

cédures such as ashing, acid treatment, sedimentation and heavy liquid density separa

prior to mi

TOSCOpICAl EXATTIITation.

A prerequisite for use of this part of ISO 22262 and subsequent parts of ISO 22262 is that the sample
shall have been examined ISO 22262-1. ISO 22262 is for application by knowledgeable analysts who are
familiar with the analytical procedures specified.[Z][8][2][10]
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Part 2:
Quantitative determination of asbestos by gravimetric and
microscopical methods
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identified at estimated mass fractionsower than approximately 5 % by weight. It is also aj
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Scope

5 part of ISO 22262 specifies procedures for quantification of asbestos mas$ fract

commercial products that incorporate these minerals.
5 part of [SO 22262 is applicable to the quantitative analysis of:

any material for which the estimate of asbestos mass fraction obtained using ISO 22262-]
to be of insufficient precision to reliably classify the regulatory’status of the material, o
it is considered necessary to obtain further evidence to demonstrate the absence of asbe

resilient floor tiles, asphaltic materials, roofing felts and any other materials in which
embedded in an organic matrix;

wall and ceiling plasters, with or without aggreégate;

mineral products such as wollastonite, ;dolomite, calcite, talc or vermiculite, and ¢
products containing these minerals.

5 part of 1ISO 22262 is primarily intended for application to samples in which asbesto

ples that may contain asbestos at low mass fractions incorporated into matrix materig
roscopical examination of the\untreated sample is either not possible or unreliable. An g
mmendations for the andlysis of each type of material that may contain asbestos.

not the intent of ISO(22262 to provide instruction in the fundamental microscopical and

Normative references

ons below
hl minerals

is deemed
I for which
stos;

hsbestos is

ommercial

5 has been
plicable to
1 such that
nnex gives

analytical

following documents, in whole or in part, are normatively referenced in this documsg
spensable for its application. For dated references, only the edition cited applies.

4

rences, the latest edition of the referenced document (including any amendments) appligs.

nt and are
r undated

[SO 22262-1:2012, Air quality — Bulk materials — Part 1: Sampling and qualitative determination of
asbestos in commercial bulk materials

[SO 13794:1999, Ambient air — Determination of asbestos fibres — Indirect-transfer transmission electron
microscopy method

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.
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3.1
acicular

shape shown by an extremely slender crystal with cross-sectional dimensions which are small relative

to its lengt
[SOURCE: I
3.2

h, i.e. needle-like

SO 13794:1999, definition 2.1]

amphibole
group of rock-forming ferromagnesium silicate minerals, closely related in crystal form and composition,

and havin

A
B
C
T

[SOURCE: I

Note 1 to e
Amphibole

by columna
faces and in|

the nominal formula: Ap.1B2C5Tg022(0H,F,Cl), where

K, Na;
Fe2+, Mn, Mg, Ca, Na;
Al Cr, Ti, Fe3+, Mg, Fe2+;

Gi, Al, Cr, Fe3+, Ti

SO 13794:1999, definition 2.2]

htry: In some varieties of amphibole, these elements can be paxtially substituted by Li, Pb, oy
s characterized by a cross-linked double chain of Si-O tetrahedra with a silicon:oxygen ratio of 4
- or fibrous prismatic crystals and by good prismatic cleavage in two directions parallel to the cry
fersecting at angles of about 56° and 124°.

Zn.
1111,
stal

3.3

amphibolé¢ asbestos

amphibolefin an asbestiform habit

[SOURCE: ISO 13794:1999, definition 2.3]

3.4

anisotropy

state or quplity of having different properties along different axes

EXAMPLE An anisotropic transparent particle can show different refractive indices with the vibration
direction offincident light.

3.5

asbestiforim

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

[SOURCE: ISO 13794:1999, definition 2.6]

3.6

asbestos

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

crushed or

[SOURCE: I

processed

SO 13794:1999, definition 2.7]

Note 1 to entry: The Chemical Abstracts Service Registry Numbers of the most commeon asbestos varieties are:
chrysotile (12001-29-5), crocidolite (12001-28-4), grunerite asbestos (amosite) (12172-73-5), anthophyllite
asbestos (77536-67-5), tremolite asbestos (77536-68-6) and actinolite asbestos (77536-66-4). Other varieties
of asbestiform amphibole, such as richterite asbestos and winchite asbestos (see Reference [11]), are also found

in some pro

ducts such as vermiculite and talc.
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asbestos point
where the point coincides with an asbestos fibre in point counting

3.8

aspectratio
ratio of length to width of a particle

[SOURCE: ISO 13794:1999, definition 2.10]

39

birgfringence
maximum difference between refractive indices due to double refraction

3.1

chriysotile
fibrous mineral of the serpentine group which has the nominal composition:

Mg3Si205(0H)4

[SOPRCE: ISO 13794:1999, definition 2.13]

Notg¢ 1 to entry: Most natural chrysotile deviates little from this . figminal composition. In some

chry
Ni2+

3.1

rsotile, minor substitution of silicon by Al3+ may occur. Minor-substitution of magnesium by Al3
, Mn2+ and Co2+ may also be present. Chrysotile is the most prévalent type of asbestos.

|

cleavage

bre
[SO
3.1

hking of a mineral along one of its crystallographic directions

URCE: ISO 13794:1999, definition 2.14]

A

4,

clejvage fragment

frag
[SO

Not
defi

31

ment of a crystal that is bounded by cleavage faces

URCE: ISO 13794:1999, definition 2.15]

hition of a fibre, but rarely have aspect ratios exceeding 30:1.

B

Cro

stafle in whick~the polarization directions of the polars (polarizer and analyser) are

sed polars

perpendicular

[SOUREE:ISO 10934-1:2002, definition 2.117.2]

varieties of
F Fe2+’ Fe3+’

e 1 to entry: Crushing of non-asbestiform amphibole generally yields elongated fragments that copform to the

b mutually

3.1%

dispersion
variation of refractive index with wavelength of light

[SOURCE: ISO 7348:1992, definition 05.03.26]
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3.15

dispersion staining

effect produced when a transparent object is immersed in a surrounding medium, the refractive index
of which is equal to that of the object at a wavelength in the visible range, but which has a significantly
higher optical dispersion than the object

Note 1 to entry: Only the light refracted at the edges of the object is imaged, and this gives rise to colours at the
interface between the object and the surrounding medium. The particular colour is a measure of the wavelength
at which the refractive index of the object and that of the medium are equal.

3.16
empty point
where the point does not coincide with any particle or fibre in point counting

3.17
energy digpersive X-ray analysis
measuremgent of the energies and intensities of X-rays by use of a solid-state detector aid ‘multi-chapnel
analyser system

[SOURCE: ISO 13794:1999, definition 2.22]
3.18
fibril
single fibrg of asbestos which cannot be further separated longitddinally into smaller compongnts
without loging its fibrous properties or appearances
[SOURCE: ISO 13794:1999, definition 2.25]

3.19
fibre
elongated particle which has parallel or stepped sides

[SOURCE: ISO 13794:1999, definition 2.26]

Note 1 to erjtry: For the purposes of this part ¢f [SO 22262, a fibre is defined to have an aspect ratio equal to or
greater thaf 3:1.

3.20
fibre bundle
structure domposed of parallel(smaller diameter fibres attached along their lengths

[SOURCE: ISO 13794:1999, definition 2.27]
Note 1 to enftry: A fibre bufidle may exhibit diverging fibres at one or both ends.

3.21

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

[SOURCE: ISO 13794:1999, definition 2.30]

3.22

gravimetric matrix reduction

procedure in which constituents of a material are selectively dissolved or otherwise separated, leaving
aresidue in which any asbestos present in the original material is concentrated

3.23
isotropic
having the same properties in all directions

[SOURCE: ISO 14686:2003, definition 2.23]
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3.24
matrix
material in a bulk sample within which fibres are dispersed

3.25
non-empty point
where a point coincides with either a particle or an asbestos fibre in point counting

3.26

point
in point counting, location on the sample where a record is made as to whether the location is occupied
by 4 particle or an asbestos fibre, or whether the location is unoccupied

3.2y
poipt counting
profedure in which random locations are examined on a sample to determine whether eachjlocation is
occlipied by a particle or an asbestos fibre, or is unoccupied, and each type of event is enumdrated

3.28
polarized light
light in which the vibrations are partially or completely suppressed‘in-certain directions af any given
instlant

[SOPURCE: I1SO 10934-1:2002, definition 2.88.1]
Note 1 to entry: The vector of vibration may describe a linear, cixcular or elliptical shape.

3.29
polarizer
polar placed in the light path before the object

[SOPRCE: ISO 10934-1:2002, definition 2.11%4]

3.3p
polar
devjice which selects plane-polatized light from natural light

[SOPRCE: I1SO 10934-1:2002, definition 2.117]

3.31
refractive Index
n
ratip of the speed.of light (more exactly, the phase velocity) in a vacuum to that in a given mgdium

[SOPRCE: 1SO 10934-1:2002, definition 2.124]

3.32
serpéentine
group of common rock-forming minerals having the nominal formula:

Mg3Si205(0H)4

[SOURCE: ISO 13794:1999, definition 2.39]

3.33

twinning

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

[SOURCE: ISO 13794:1999, definition 2.41]

© IS0 2014 - All rights reserved 5
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3.34
unopened fibre
large diameter asbestos fibre bundle that has not been separated into its constituent fibrils or fibres

[SOURCE: ISO 13794:1999, definition 2.42]

4 Abbreviated terms

ED electron diffraction

EDXA EMETEY UISPErSive ATay aratysis
MEC mixed esters of cellulose

PC polycarbonate

PLM polarized light microscopy

RI refractive index

SAED selected area electron diffraction
SEM scanning electron microscope
TEM transmission electron microscope

5 Deterfmination of analytical requirements

Quantification of asbestos beyond the estimate of mass fraction achieved using ISO 22262-1 may noft be
necessary, depending on the applicable regulatoryimit for definition of an asbestos-containing material,
the variety|of asbestos identified, and whether the sample can be recognized as a manufactured product.
Common r¢gulatory definitions of asbestosscontaining materials range from “presence of any asbestos”,
through > 0,1 %, > 0,5 % to > 1 % by mass fraction of one or more of the regulated asbestos varieties.For
many bulk[samples analysed using [S@-22262-1, it is intuitively obvious to an experienced analyst that
the asbestds mass fraction far exceeds these mass fraction limits. In the case of these types of samples,
an experiepced analyst can also.confidently determine that the asbestos mass fraction is well below
these regulatory limits. More precise quantification of asbestos in these types of samples is unnecesspry,
since a more precise and significantly more expensive determination of the asbestos mass fraction will
neither chgnge the regulatory status of the asbestos-containing material nor any subsequent decisjons
concerning its treatmént.” Annex A shows a tabulation of most asbestos-containing materials, |the
variety of dsbestos used in these materials, and the range of asbestos mass fraction that may be present.
Annex A allso indicatés whether, in general, the estimate of asbestos mass fraction provided by the|use
of ISO 22262-1sis/sufficient to establish the regulatory status of the material, or whether quantification
of asbestog by;this part of ISO 22262 is necessary. The analyst should use Annex A for guidance on|the
probable a i i i1 > i i ure
to obtain a reliable result.

Asbestos was never deliberately incorporated for any functional purpose into commercially
manufactured asbestos-containing materials at mass fractions lower than 0,1 %. Accordingly, if any
one or more of the commercial asbestos varieties (chrysotile, amosite, crocidolite or anthophyllite) is
detected in a manufactured product, the assumption can be made that asbestos is present in the product
at a mass fraction exceeding 0,1 %. Therefore, if the regulatory definition of an asbestos-containing
material in a jurisdiction is either “presence of any asbestos” or greater than 0,1 %, then detection of
one or more of the commercial asbestos varieties in a recognizable manufactured product automatically
defines the regulatory status of the material. If the regulatory definition is either 0,5 % or 1 %, and
the mass fraction of asbestos is estimated to be lower than approximately 5 %, then more precise
quantification is necessary to guarantee the regulatory status of the material.

6 © ISO 2014 - All rights reserved
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Detection of tremolite, actinolite or richterite/winchite in a material does not allow any assumptions
to be made regarding the asbestos mass fraction, because these asbestos varieties were, in general,
not deliberately added to products. Rather, they generally occur as accessory minerals in some of the
constituents used to manufacture products. Since the non-asbestiform analogues of the amphiboles
are not generally regulated, it is also necessary to discriminate between the asbestiform and non-
asbestiform analogues of these minerals. When present, these amphibole minerals often occur as
mixtures of the two analogues in industrial minerals.

It is not possible to specify a single analytical procedure for all types of material that may contain
asbestos, because the range of matrices in which the asbestos may be embedded is very diverse. Some
materials are amenable to gravimetric matrix reduction, and some are not

The requirements for quantification beyond that achieved in ISO 22262-1 are summarized i) Table 1.

Table 1 — Summary of requirements for quantification of asbestos in bulk samples

Regulatory control limit

Type of material “ b . Mass fraction Mass fraction Mass fraction
ny asbestos >0,1% > 0,5 % > 1%

If asbestos’is detected at an estithated mass
fraction of < 5 %, more precise quantifica-
tion is required to establish the fegulatory

status of the material

If any commercial asbestos variety is
detected, no further quantification is
required

Corhmercially manu-
factured product

If any variety of
asbestos is detected,
no further quantifi-

cation is required

If asbestos is detected at an estimated mass fraction of ¥ 5 %, more
precise quantification is required to establish the regulgtory status
of the material

OtHer materials

6 |Range

When this part of ISO 22262 is applied toa suitably prepared sample analysed by PLM, SEM ¢r TEM, the
target range is from less than 0,001 % to 5 %. However, there is no upper limit to the concgntration of
asbgstos that can be determined. The lower end of the range depends on the proportion of ndn-asbestos
conftituents that can be removed by gravimetric methods, and the amount of the remainifgg material
thaf can be examined.

7 |Limit of quantification

The limit of quantification using this part of ISO 22262 is defined as the detection and id¢ntification
of gne fibre or'fibre bundle in the amount of sample examined. The limit of quantification that can be
achjeved depends on:

a) [théwnature of the matrix of the sample;

b) The size of the asbestos fibres and bundles,

c) the use of appropriate sample preparation and matrix reduction (gravimetric) procedures;
d) the amount of time expended on examination of the sample; and,

e) the method of analysis used, PLM, SEM or TEM.

With appropriate matrix reduction procedures that are selected based on the nature of the sample, the
limit of quantification can be lower than 0,001 %.

© ISO 2014 - All rights reserved 7
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8 Principle

Aknown weight of the material is heated in a furnace to a temperature of 450 °C + 10 °C to remove organic
materials. Depending on the nature of the sample, the residue from the heating is treated with either
hydrochloric or sulphuric acid to dissolve acid-soluble constituents. If appropriate, water sedimentation
is then used to separate aggregate fragments and particles. For sensitive quantification of amphibole,
some materials may require a refluxing treatment in acid, followed by a reflux treatment in sodium
hydroxide. Alternatively, amphibole can be separated from many other constituents of lower densities
by centrifugation in a heavy liquid. The proportion of asbestos in the residue from these treatments is
then determined by appropriate PLM, SEM or TEM techniques.

9 Safety precautions

Handling 3
procedure
excessive @

Care is neqg
taken to ay

isbestos is regulated by many jurisdictions, and regulations often specify‘a, variet}
to ensure that individuals performing work and those in close proximity aré not expose
oncentrations of airborne asbestos fibres.

oid creating and inhaling airborne asbestos particles when handling-materials suspecte

r of
d to

essary during sampling of materials that may contain asbestos, and-précautions should be

d of

containing|
is no subst
prevent th

asbestos. If the handling instructions in this clause are followed, it hiay be assumed that t
hntial release of fibres. In exceptional cases, more extensive precautions may be necessar
e release of airborne fibres.

ere
y to

1 in
DXiC

Some of th
accordancg
gases. Accg

e procedures described use hazardous chemicals. These chemicals should be handle
with safety requirements. Ashing of some materialsialso may result in discharge of t
rdingly, the muffle furnace should be appropriately;vented.

10 Appafatus

10.1 Dustextracthood. Handling and manipulation of bulk materials suspected to contain asbestos ghall
be perfornied in a suitable dust extract hood;se-that neither the analyst nor the laboratory environnjent
is exposed [to airborne asbestos fibres.

10.2 Sam
of samples

ple comminution equipment. An agate mortar and pestle, or a mill, is required for grindling
to suitable sizes for PLM examination.

10.3 Analytical balance, with-a readability of 0,000 1 g or lower is required.

10.4 Muffle furnace;for ashing of samples to remove interfering organic constituents, a muffle furry
with a minfmum teriperature range up to 800 °C, with a temperature stability of + 10 °C is required.

ace

10.5 Slidg
may be use

warmer, for drying of samples and preparation of microscope slides. Alternatively, an dqven

d.

10.6 Glass filtration assembly (47 mm diameter), with 250 ml reservoir and glass frit base, with side-
arm vacuum filtration flask.

10.7 Glass filtration assembly (25 mm diameter), with 15 ml reservoir and glass frit base, with side-
arm vacuum filtration flask.

10.8 Side-arm vacuum flask, 1000 ml volume.

10.9 Water aspirator, or other vacuum source for filtrations.
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10.10 Magnetic stirrer, for removal of acid-soluble interfering constituents, a magnetic stirrer with a
glass or plastic-coated magnetic stir bar.

10.11 Glass reflux condenser system. A borosilicate glass reflux system, consisting of a 250 ml round-
bottomed flask with a vertical, water-cooled borosilicate glass condenser and a mantle heater is required
for treatment of samples by the sequential refluxing in acid and alkali procedure.

10.12 Centrifuge. A bench-top centrifuge is required for separation of insoluble residues during
procedures including sequential refluxing in acid and alkali, or for separation of amphiboles by
centrifugation in a heavy liquid.

10.13 Glass centrifuge tubes, 15 ml volume.

10.14 Sink-Float or density bottle. Sink-Float Standardd), density 2 750, 4&g/m3 # 5 kg/m3
(2,75 g/cm3 £ 0,005 g/cm3) at 23 °C, for measurement of heavy liquid densify)Alternativdly, a 10 ml
denisity bottle may be used.

10.15 Equipment for microscopical analysis. Appropriate microseopy equipment as gpecified in
[SO|22262-1, for analysis of residues from the gravimetric reduction¢procedures.

10.16 General laboratory supplies. The following supplies and equipment, or equivalent, affe required.
10.16.1 Glassine paper sheets, approximately 15:¢m x 15 cm, for examination of sanples.
10.16.2 Scalpel holder and replacement disposable scalpel blades.

10.16.3 Sampling utensils, including tweezers, needles and spatulas.

10.16.4 Erlenmeyer flasks, 2500ml

10.16.5 Crucibles, silica or glazed porcelain, with lids.

10.16.6 Petri dishes.

10.16.7 Pipettes’and disposable pipette tips, O pl - 1 000 pland O pl - 10 pl .

10.16.8 Disposable pipettes.

10.16.9 Disposable plastic beakers, 50 ml and 1 000 ml.

10.+616 Borosilieate-glass-rods, S-mm-diameter-approximately20-emintensth:

10.16.11 Polycarbonate filters, 0,4 um pore size, 47 mm and 25 mm diameter.

10.16.12 MEC filters, 0,45 pm porosity, 47 mm and 25 mm diameter.

10.16.13 Laboratory equipment and supplies for microscopical analysis according to
1SO 22262-1.

1) Sink-Float Standard is the trade name of a product supplied by Cargille Laboratories. This information is given
for the convenience of users of this document and does not constitute an endorsement by ISO of the product named.
Equivalent products may be used if they can be shown to lead to the same results.
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11 Reagents

11.1 Distilled or de-ionized water, filtered through a 0,22 pm porosity MEC filter.
11.2 Concentrated hydrochloric acid, reagent grade.

11.3 Concentrated sulphuric acid, reagent grade.

11.4 Glacial acetic acid, reagent grade.

11.5 Sodipm hydroxide, pellets, reagent grade.
11.6 Dimethyl formamide, reagent grade.
11.7 Ethapol, denatured.

11.8 Lithijum metatungstate solution, density approximately 2 950 kg/m3.

12 Sample size and homogeneity

12.1 Samjpple size

Prior to anplysis, it is necessary to take into account the homegeneity of the material, and to ensure that
the sample|is of a sufficient size that it is representative of the material under investigation. If inspection
to the un:{ded eye and using a binocular microscopershows that the material is finely divided pnd

homogenegus, or if the nature of the material is recognized as homogeneous from previous knowlefige,
a minimuny sample size of approximately 5 cm3 geherally provides sufficient material for analysis.

12.2 Representative sample

A wide ranfge of asbestos-containing materials was used in the past. Experience is very valuable in|the
selection of the materials to be sampled, and sampling can be facilitated by the use of all available pfior
ingful
ioh of

the
the

gn a
,|the

: als, a
larger sample shall be analysed to ensure that the reported asbestos mass fraction is representatlve of
the material. It is particularly important to consider sample size requirements if the asbestos is present
as natural contamination of a material, rather than as a deliberate addition made in a manufactured
product.

It is recommended that a portion of the sample always be archived, because further examination of the
sample is often the only way in which potential questions and discrepancies can be resolved.
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13 Methods for gravimetric matrix reduction

13.1 General

The objective of gravimetric matrix reduction is to remove as much of the non-asbestos constituents of
the sample being analysed as possible, so that any asbestos present represents a higher mass fraction in
the final residue after the treatment. The simplest methods available are removal of organic constituents
by ashing, removal of soluble constituents by dissolution in acid, and separation of larger aggregate
particles by sedimentation. If the analysis is to determine amphibole varieties only, successive refluxing
in acid and alkali can be effective in removing some silicate minerals, leaving any amphibole minerals
undltered. Amphibole varieties can also be separated from other constituents by density peparation.
Degending on the nature of the sample being analysed, any of the individual methods can'b¢ used, or a
conjbination of several methods can be used in sequence.

13.2 Data recording

Figiire 1 shows an example of a suitable form for recording of analytical data.Depending on|the nature
of the sample and the combination of gravimetric methods that are required‘for specific typefs of sample
mafrix, it may be necessary to modify the form.
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12

BULK SAMPLE ANALYSIS: ASHING AND ACID EXTRACTION GRAVIMETRY
SAMPLE: SAMPLE NO:
CRUCIBLE NO:
DATE:
ANALYST:
INITIAL WEIGHTS COMMENTS
Weight of crucible Effervescence:
Weight of crucible + Sample
Weight of sample
ASHING
Weight of crucible + Ash
Weight of ash
Weight loss during ashing
Percepnt organic and water
ACID|TREATMENT REPORT

Weight of filter

Weight of filter + Residue

Weight of residue

Weight loss during acid treatment
Percepnt acid-soluble materials

Percent total residue

ASBESTOS (% in residue)

PLM EXAMINATION
Type pf asbestos in residue

Percent asbestos in residue

Percent asbestos in sample

Descrjiption of other components in residue

TEM /SEM EXAMINATION

Type pf ashestos in residue

Percent-asbestos in residue

Percentasbestos in sample

Description of other components in residue

Figure 1 — Example of form for recording of gravimetric and analytical data
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13.3 Selection and pre-treatment of a representative sub-sample

13.3.1 General

Prior to analysis, ensure that the sample is dry. The amount of bulk material to be used for the analysis is
optional. However, it is important to take into account the results of the prior analysis using ISO 22262-1

to ensure that:

a) the sub-sample size is sufficient to ensure that the sub-sample is representative of the whole
material;

b) |the mass of the residue remaining after all of the proposed separation steps is sufficiently large for
it to be weighed with sufficient accuracy (approximately 1 % accuracy is desirable);

c) |[the sub-sample is free from any paint that may be present on or in the originalSample.

NOTE1 Using this part of ISO 22262, few bulk materials result in residues lower&han 2 % of fhe original

samlple weight, unless they consist of almost all organic constituents or they are gypsum or lime plasters with

onlyf trace amounts of insoluble materials.

NOTE 2
in the original material are reduced. These inhomogeneities generally bécome more serious at low

mas

Thd
the

13.
Thd

san
sub

13.

The
and
app
agg
5g
of p
sep
feat
tha

s fractions in the original material, and particularly when any asbestoes present is a natural cont3

appropriate weight for the sub-sample and any pre-treatment required depends on th
sample.

B.2 Plasters without aggregate

se materials consist primarily of gypsum, galcium carbonate and calcium hydroxide,
h starch, and if they contain asbestos, it is-isually homogeneously distributed. Use a min
ple weight of approximately 0,1 g. Sub=samples of up to 1 g can be analysed satisfactorily
-sample to a powder using a mortar and pestle.

8.3 Plasters with aggregate

se plasters consist primarily of gypsum, calcium carbonate, calcium hydroxide, large stone
sand, often with animal hair or jute fibres, and sometimes low mass fractions of chrysot
ears to be no large stone aggregate, use a minimum sub-sample of approximately 0,5 g. If

is necessary. Lightly grind the sub-sample using a mortar and pestle to break up the
articles anddfragments so that subsequent ashing and chemical treatments will be effi
hration of mdjor proportions of the non-asbestos components by sedimentation is a
ure in_the/analysis of this type of sample, it is important to not reduce the particle size

frorrl the original sample by cone and quarter methods.

h absolutely necessary. Sub-samples from samples received as pulverized material shou

Use ofahigherstartingweightensuresthatthe effects ofinhomogerneities in the distribution ofasbestos

er asbestos
minant.

b nature of

sometimes
imum sub-
. Grind the

aggregate,
ile. If there
Jarge stone

regate (2 mm to.5.mm in dimension) is present, a minimum sub-sample weight of appfroximately

hggregates
fient. Since
h essential
5 any more
d be taken

13.3.4 Cements with and without aggregate

Portland cement plasters present serious problems in later parts of the procedure, so the sub-sample
weight shall be limited to no greater than 1 g. These materials are very hard. Grind the material to
separate the aggregates of particles and fragments.

13.3.5 Floor tiles

Use a clean scalpel to shave off thin layers of the material. Take the shavings from the full cross-section
of the material, by cutting perpendicular to the plane of the sheet, avoiding any adhesive, if present,
on the under-side, and also avoiding any sealant or debris on the upper surface. This ensures that the
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sample is representative of all of the layers in the material if it is a layered structure. Use a minimum
sub-sample weight of approximately 0,3 g of shavings.

13.3.6 Asphaltic materials without aggregate

Select a sub-sample that represents the entire thickness of the asphaltic material. A minimum sub-
sample weight of approximately 0,5 g is recommended

13.3.7 Asphaltic materials with aggregate

Any asbestps
asbestos mas

eseratertarsts =C srated eas constituentanasoterepe
s fraction from the analysis is critically dependent on the relative amounts of asphaltf

aggregate

sub-sampl
the weight
during ash
acceptable

NOTE 4
approximat

13.3.8 Caulkings, mastics, putties, groutings, wall joint compounds

These mat
to be hom
0,3 g is reg
they do no

13.3.9 Cellulosic materials

Use a mini

13.3.10

Use a mini
thick coat

13.4 Reni

13.4.1 Ge

Ifitis know
compromis
and taken

n the sub-sample. If the aggregate size does not exceed approximately 1 cm, use a-fini
b weight of approximately 10 g. Alternatively, quantification of asbestos maybe based
of the asphaltic constituent only, which can be obtained from the weightyless obser
ing. In this case, a lower sub-sample weight may be used. However, whethefthis approad
depends on the precise language of the applicable regulatory control liniit,

\s guidance for calculating the sub-sample weight required, this type of material generally cont
bly 5 % of asphalt.

brials are manufactured products prepared under quality control, and they can be ass

ommended. Where possible, higher sub-sample weights should be used for mastics, sin
contain asbestos, the residue after ashing may:be‘insufficient for accurate weighing.

mum sub-sample weight of approximately 0,5 g.

Texture coats

mum sub-sample weight offapproximately 0,5 g. Texture coats are frequently covered |
f paint, and it is often diffieult to obtain sufficient material for analysis.

oval of organic materials by ashing

heral

n from prjor experience that the organic content of the material is not significant and doeg
e theranalysis, then the ashing step may be omitted. In this case, the sub-sample is weig
lirectly to the acid dissolution step.

u
pgeneous. With the exception of mastics, a minimuniysub-sample weight of approximIely

ed

Ce if

Dy a

not
hed

Some materials contain starch, which can compromise filtration of the final residue; it is therefore
recommended that all previously uncharacterized samples be ashed.

Ashing of the sample at a temperature of 450 °C for a period of more than 4 h removes the organic
constituents from many materials with very little effect on the optical properties of chrysotile. Although
the colour and optical properties of amosite and crocidolite are altered by this oxidation treatment,
many of the fibres can often still be identified by PLM. The optical properties of tremolite, actinolite,
anthophyllite and richterite/winchite are almost unaffected by this treatment. The heat treatment does
not affect the composition of any of the asbestos varieties, and they can all be identified by electron
microscopy after the treatment.

Use a muffle furnace temperature of 450 °C for routine work. Removal of organic materials from some
matrices may require a longer period of heating up to 10 h. If necessary, the temperature of the muffle
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furnace may be increased to 485 °C. The temperature shall not exceed 500 °C, because chrysotile begins
to degrade above this temperature.

Take appropriate precautions to prevent exposure to toxic fumes that are released when samples
containing polyvinyl chloride or asphaltic materials are treated in the muffle furnace.

13.4.2 Procedure

Label a glazed porcelain or fused silica crucible with a heat-resistant marker, and weigh it. Place the sub-
sample of the bulk materlal 1nt0 the crucible, and Welgh it agaln to obtaln the weight of the sub-sample.
°Cx10°C
for p minimum period of 4 h. Remove the cruc1ble from the muffle furnace and allow it tolegol to room
temperature. Remove the crucible lid and weigh the crucible with its contents. If inspecftion of the
confents of the crucible indicates that the removal of organic materials is incomplete, retirn the crucible
to the muffle furnace for additional treatment.

13.5 Acid treatment and sedimentation procedures

13.5.1 General

Matrix constituents such as calcite, gypsum and mineral wool aré_soluble in hydrochloric acid. These
conftituents also often constitute a large proportion of the sample mass. Stirring a sampld in 2 mol/]

identify and quantify asbestos. The acid treatment slightly~reduces the refractive indices of|chrysotile,
and) this has to be considered when identifying chrysotile’by PLM. This acid treatment doe$ not affect

NOTE Other acids such as acetic acid or formic adid are effective in dissolving gypsum and calcfte, but they

Aftér acid treatment, in some materials large sizes of aggregate or sand remain that can bg separated
from the acid suspension by sedimentation or flotation. A large proportion of constituenjts such as
exfoliated vermiculite or expanded perlite can be separated by flotation. Sand or aggregate fragments
sedjment from aqueous suspension very much more rapidly than most of the asbestos, apjd in some
sanjples a large proportion of the sand or aggregate can be separated from the fraction that contains

Sanpples that contain acid-soluble constituents, with or without insoluble aggregate, are appjopriate for

a mpjor constituentrequires the use of concentrated hydrochloric acid. The procedure for regilient floor
tile|is specified in.13.5.3.

13.5.2 Procedure for acid treatment of samples containing soluble constituents, with dr without
inspluble’aggregate

13.5.2.T Dissolve the acid-soluble and water-soluble components

Transfer the ashed contents of the crucible to a 200 ml Erlenmeyer (conical) flask. Add 100 ml of 2 mol/1
hydrochloric acid and a polytetrafluoroethylene (PTFE)-coated magnetic stirring bar. Place on a
magnetic stirrer for a period of 15 min.

Ensure that excess acid is used, so that all acid-soluble materials will be dissolved.

13.5.2.2 Weigh a polycarbonate filter and set up filtration systems

Weigh a 47 mm diameter, 0,4 pm pore size polycarbonate filter, and place it into a labelled Petri dish.
Assemble a 47 mm diameter vacuum filtration system and install the pre-weighed, 47 mm diameter,
0,4 um pore size polycarbonate filter. Assemble a 25 mm diameter vacuum filtration system and,
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depending on the proposed type of subsequent analysis, install either a 0,45 pm nominal porosity MEC
filter for PLM point counting or a 0,4 um pore size PC filter with a 5 pm MEC back-up diffuser filter for
SEM or TEM examination.

If the sub-sample being analysed contains Portland cement, filtration of the final residue may be very
slow. If Portland cement is known to be present, use a PC filter of 0,8 pm pore size for the filtration.

13.5.2.3 Separate the sedimented, floating and suspended particles

This step is critical and requires some manual dexterity. The objective is to keep the asbestos fibres
suspended in the ]iqnid while allm/ving the hpnvy compaonents such assand and aggregate ta settle out,

or light fraftions such as expanded perlite or exfoliated vermiculite to float.

a) Ifther¢ appears to be no floating perlite or vermiculite, and there also appears to be no sediment of
large aggregate particles, proceed directly to 13.5.2.4.

b) If floatling perlite or vermiculite is present, before proceeding further, add distilled water until{the
floatinlg fraction is brought to the rim of the Erlenmeyer flask. Using a clean’ spatula, removg as
muchI:Ff the floating fraction as possible from the surface of the liquid, and placé€ it in a pre-weighed
50 mn] plastic Petri dish. Place the Petri dish on a slide warmer and allow th€ material to dry.

c) If Step|b) was necessary, allow the flask to stand for several minutes and then pour approximaltely
50 % of the supernatant liquid into a clean 1 000 ml beaker. If step’b) was not necessary, prodeed
directly to d)

d) Swirl the liquid in the flask with a circular motion to resstispend the settled particles. Hesifate
until the larger particles have settled and then pour mostof'the supernatant liquid into the bealker.
Add 130 ml of distilled water to the Erlenmeyer flask and repeat the sedimentation and removal of
superrjatant liquid. Repeat again with an additional. 150 ml of distilled water.

e) Using a wash bottle with distilled water, wash out the sedimented material from the Erlenmgyer
flask into a 100 mm Petri dish. Decant the water into the 1 000 ml beaker, and then place the Betri
dish OI to a slide warmer and allow the sediment to dry. Drying may be accelerated by rinsing|the
sedimg¢nt with a small volume of ethanol,and decanting the ethanol into the 1 000 ml beaker.

f) Adddistilled waterto the beaker tobringthe volume toaknown value (700 mlis usually satisfactdry).

13.5.2.4 Prepare MEC or PC filters'to be used for point counting, SEM or TEM examination

Thoroughly disperse the particulate in the suspension in the 1 000 ml beaker (or the Erlenmeyer flask
if there ar¢ no large aggregate fragments visible) by stirring and blowing air through a pipette |nto
the suspernfsion. Withdrawan aliquot for filtration through the 25 mm diameter MEC or PC filter. [The
particulatd loading on/the filter shall be suitable for the type of analysis proposed. In general, aliqyiots
of betweer] 0,5 ml'and 4 ml have been found to be suitable for PLM point counting, but lower aliq:tots
are usually necessary to obtain appropriate particulate loadings for SEM or TEM examination. Before
filtration, dlilute each aliquot to a volume of more than 5 ml with distilled water to ensure a unifprm
particulat i i ini i i lace
each filter into a labelled Petri dish and allow the filters to dry on the slide warmer.

13.5.2.5 Filter the balance of the suspension

Filter the balance of the suspension through the 0,4 um or 0,8 um pore size polycarbonate filter. Remove
the polycarbonate filter from the filtration system and place it into its labelled Petri dish. Place the Petri
dish on to the slide warmer and allow the filter to dry.

13.5.2.6 Weigh the separated fractions

Before weighing the sedimented material and the polycarbonate filter with the deposit, examine them
using a stereo-microscope. Using forceps, remove any very large fibre bundles visible in the sedimented
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material and place them into a pre-weighed container (a small formed piece of aluminium foil is
satisfactory). If the filter deposit exhibits any large particles, which would make sub-sampling of the
filter deposit unrepresentative, remove large non-asbestos material and transfer it to the sedimented
material, and remove any large asbestos fibres and add them to the pre-weighed container with any
fibres removed from the sedimented material. Transfer the sedimented material to a pre-weighed 50 mm
plastic Petri dish. Weigh the floated material (if applicable), the sedimented material, the manually
picked fibres and the filter with the final residue deposit. Proceed to Clause 14.

13.5.3 Procedure for resilient floor tile

13.5.3.1 Treat the residual ash with concentrated hydrochloric acid

Weigh a 47 mm diameter, 0,4 um pore size polycarbonate capillary-pore filter, and place’it i a labelled
Petri dish. Set up a 47 mm diameter filtration assembly, using a vacuum flask and water‘aspirator. Install
the[polycarbonate filter in the filtration assembly.

Trapsfer the residual ash from the crucible to an agate mortar, add 0,5 ml ofdreshly distilled|water, and
grind the material to disperse it. Slowly add 2 ml of concentrated hydrochloric acid. Calcitg, dolomite
and| ankerite will dissolve with evolution of carbon dioxide. Calcite will.dissolve very rapidly, but any
dolgmite or ankerite will dissolve slowly. If evolution of gas is obseryvéd-to be slow, continue tpo grind the
material in the mortar at intervals in order to facilitate more rapid-dissolution. Complete fissolution
of dolomite or ankerite may require 15 min or longer, but the fesidual ash shall not be exppsed to the
concentrated acid for longer than 20 min. When no more evolution of gas is observed, immediptely dilute
the[suspension with 10 ml of freshly distilled, filtered water.

13.5.3.2 Filter the suspension

Apgly the vacuum to the filtration assembly, pourithe suspension into the filter reservoir, and rinse the
mortar and pestle into the reservoir using about'50 ml of freshly distilled water. Allow the ffiltration to
profeed to completion. Rinse the mortar andypestle and filtration reservoir with approximatgly 10 ml of
distilled water, and allow the filtration tg_proceed to completion. Repeat the rinsing operatign a second
timp in order to ensure that the entireresidue has been transferred and that all of the hydrog¢hloric acid
has|been washed out of the filtered deposit.

13.5.3.3 Dry and weigh the(polycarbonate filter

Rerpove the polycarbonate-filter and transfer it to the labelled Petri dish. A cellulose pad should be
plaged in the bottom. ef)the dish to prevent the polycarbonate filter from sticking to the pase of the
Petfi dish as it dries7The filtration assembly should be washed immediately, so that residupl traces of
chrysotile are net allowed to dry on the unit.

Allgw the pdalycarbonate filter to dry, using a heat lamp or a slide warmer. The filter may ¢url during
dryfing. Allow the polycarbonate filter with the deposit to cool down to room temperature and weigh it.

13.5.4 Examination of materials for amphibole fibres

13.5.4.1 General

Vermiculite, wollastonite, attapulgite and sepiolite represent a group of materials that can be dissolved
using sequential refluxing in acid and alkali.[24] Boiling the product in either hydrochloric or sulphuric
acid removes cations such as magnesium and calcium, leaving a residue of silica gel. Boiling of this
residue in sodium hydroxide dissolves the silica gel, leaving any amphibole minerals almost unaltered.

For analysis of wollastonite, it is necessary to use hydrochloric acid.

NOTE Routine measurement of the amphibole mass fraction in vermiculite and vermiculite-containing
materials is often more conveniently made by the methods specified in Clause 15.
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13.5.4.2 Select a representative sub-sample

Weigh a porcelain or silica crucible. Select up to approximately 2 g of the material, and place it into the
crucible and weigh again.

13.5.4.3 Heat treat the sub-sample

Place the crucible into a muffle furnace, maintained at a temperature of 600 °C + 10 °C for a minimum
period of 10 h. Remove the crucible from the muffle furnace, and allow it to cool down to room
temperature.

13.5.4.4

Transfer t
assembly.
for 1 h. Pla
the flask ta

13.54.5 G

Transfer tH
for 10 min|
filtered, di

iieﬂux the heat-treated sub-sample in acid

e contents of the crucible to the 250 ml round-bottomed flask which is part of the re
\dd 80 ml of either 2 mol/1 sulphuric acid or 2 mol/l hydrochloric acid, and boilthe.suspen

cool down to room temperature.

entrifuge and wash the residue

e contents of the flask to centrifuge tubes, and centrifuge at a minimum speed of 2 800
| Decant the supernatant liquid from the centrifuge tube, and disperse the centrifugat
stilled water. Centrifuge the suspension again. Repeat theswashing procedure a second ti

13.5.4.6

4 mol/I soc

13.5.4.7 S

Transfer th
twice as d
Petri dish.
Petri dish

13.54.8 1

Use the pr
amphibole

14 Proce
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Transfer the centrifugate to the 250 ml flask of the reflux.assembly, and add approximately 80 n

flux the residue in sodium hydroxide

lium hydroxide. Reflux the suspension for 1 h.

eparate the final residue

e contents of the flask to centrifugé.tubes, and centrifuge for 10 min. Wash the centrifug
bscribed in 13.5.4.5. Using ethahol, transfer the centrifugate to a pre-weighed polystyr
Place the Petri dish on a slidewarmer at 60 °C and allow the ethanol to evaporate. Weigh
ontaining the centrifugate-to'obtain the weight of the final residue.

lentify and Quantify amphibole in the final residue
cedures specified in ISO 22262-1 to identify any asbestos, if present, in the final residu
is detected, it,cah be quantified by PLM, SEM or TEM as specified in Clause 14.

dures-for quantification of asbestos in the final residue from gravimet
rduction

Flux
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Ce a piece of unglazed porcelain in the flask to reduce violent bumping during'boiling. Ajlow
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14.1 General

After application of quantitative gravimetric analytical procedures, it is usually necessary to quantify
the asbestos in the final residue. This residue is generally in the form of a thick layer of fine particulate
material on the surface of a polycarbonate filter. In some preparations, filters with particulate material
loadings suitable for PLM point counting may also have been prepared from the final residue. Asbestos in
the final residue from gravimetric reduction procedures is quantified by one of the following methods.
The appropriate procedure depends on the nature of the material. The procedures below are designed
to achieve a sufficiently reliable value for the asbestos mass fraction for comparison with regulatory
limits, at minimum effort and expense.
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14.2 Examination of the residue on the filter and selection of the appropriate procedure

Examine the deposit on the polycarbonate filter using the stereo-binocular microscope. It is sometimes
possible to see large fibre bundles that can be picked from the deposit and identified by PLM (taking into
consideration the fact that the refractive indices will have been reduced by exposure to the hydrochloric
acid). If possible, select fibres and identify them using the methods specified in ISO 22262-1. If additional
documentation on the fibre identification is required, either SEM or TEM methods as specified in
[SO 22262-1 may be used. Depending on the nature of the final residue and the applicable control limits,
select one of the following methods for quantification of any asbestos present.

14_ 2 4 O a dugas 4= 1
s I U AVIITIITU IU ITITASUI TIHITIILS dIUVIIT

Sonpe materials have compositions such that after ashing, or a combination of ashing andacid
thelfinal residue consists almost completely of asbestos. For these types of material,.it is only
to iglentify the asbestos using the procedures specified in ISO 22262-1, and the mass fraction
in the original sample can be calculated from the gravimetric data alone. In somé-cdses, the fi
may represent such a small proportion of the original sample that, even if the residue wlere 100 %
asbgstos, the mass fraction could not exceed the applicable regulatory limit."If this situation occurs, a
decjsion should be made as to whether itis necessary to proceed further, Since the asbestos mass fraction
can|be reported as lower than the particular regulatory limit. Further"quantification of asbgstos in the
residue, or confirmation of the absence of asbestos can be achieved-by any of the following nmethods.

treatment,

necessary
pf asbestos
hal residue

14.2.2 Visual estimation by PLM, SEM or TEM observation

t has been
ses, taking
b basis of a
stos in the

Visyial estimation of the mass fraction of asbestos fibres in a matrix of other material
derIonstrated to consistently yield an over-estimate ofthe proportion of asbestos. In some c4
accpunt of the residue mass fraction after application of the gravimetric procedures, on th
visyal examination of the residue it can be intuitively obvious that the proportion of asb¢

residue is negligible, and that a control limit caniot be exceeded. Such a visual estimate for t
of demonstrating compliance with a controhlimit may be carried out using PLM, SEM or TE
visyal estimation is known to yield over-estimates of the asbestos mass fraction, do not
ation to demonstrate that a control limit is exceeded. For this purpose and other si
which visual estimation is not appropriate, use the point counting procedure specified in 14
mags counting procedure specified.in 14.2.4.

NOTE For the specific case-offloor tile, if asbestos can be reliably identified by PLM in the residue,
mayf be terminated, if desired,"because such residues generally consist almost entirely of chrysotile.
is identified in a floor tilg,‘it.is generally present at substantial mass fractions that exceed any of th
limiks. However, because-of the interference by pigments such as titanium dioxide, and the pos
chrysotile from the €¢alinga, California deposit is a constituent, the PLM procedure is not reliable foy
thafjasbestos is not present or for determining the mass fraction of asbestos in the residue. For quar
chrysotile, or forconfirmation that asbestos is not present, it is necessary to examine the residue by
or T[EM using‘the procedures specified in 14.2.2, 14.2.3 or 14.2.4 .

14.2.2°1. Preparation of SEM or TEM specimens

he purpose
M. Because
use visual
fuations in
|.2.3 or the

the analysis
f chrysotile
b regulatory
Sibility that
confirming
tification of
either SEM

Additional analytical steps other than identification of any asbestos detected in the residue may or
may not be necessary. If the residue weight, assuming it to consist of 100 % asbestos, represents less
than the regulatory asbestos mass fraction limit, then the necessity of proceeding further should be
considered, because the asbestos mass fraction could not possibly exceed the regulatory limit. For the
situation where a visual estimate of the amount of asbestos in the residue is likely to be sufficiently
precise to establish the regulatory status of the material, a drop-mount SEM or TEM procedure is the
optimum way of identifying asbestos and estimating its proportion in the final residue. This is also the
optimum procedure to demonstrate the absence of asbestos. Drop mounts for SEM or TEM are prepared
by dispersing some of the residue in ethanol, and evaporating a small drop of the residue on a carbon
or beryllium planchette mounted on a specimen stub for SEM observation, or a carbon-coated grid for
TEM observation.
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Cut out approximately 1 cm? of the polycarbonate filter and deposit, and transfer this to a disposable
plastic beaker. It will often be found that the deposit can easily be separated from the filter. Add 5 ml of
ethanol, and treat in an ultrasonic bath for 1 min to remove most of the deposit into suspension. Pipette
3 pl of the suspension, using a disposable-tip micropipette, onto the top of an SEM stub or a carbon-
coated grid under a heat lamp. Turn on the heat lamp, and allow the drop of suspension to dry on the
stub or the grid. When it is dried, transfer the specimen to a labelled Petri dish.

14.2.2.2 Estimation of the proportion of asbestos

Examine the specimen in the SEM or TEM. Estimate the proportion of asbestos, taking account of the
entire sampletthe —Br-exatriratterrefseveralrepresentative sridopenitnesormraTEMspeetmen.
If the exaniination is intended to confirm that asbestos is present, ensure that a sufficient amoutjt of
particulatd material is examined to give confidence in this determination with respect to the dpplicable
control lim|it.

NOTE Ypecifically for resilient floor tile, it will often be found that the final residue frgm!this procedure
consists of between 70 % and 95 % chrysotile asbestos with titanium dioxide pigment pagticles. Other typé¢s of
floor tile will yield residues in which chrysotile is a smaller proportion of the total residue; prvin which a low mass
fraction of amphibole or other types of mineral fibres or particles can be found. Some rarefloor tiles contain mfajor
proportiong of tremolite and/or anthophyllite. In addition to chrysotile, the residues®rom floor tiles may conftain
non-asbestiform tremolite, anthophyllite, talc, antigorite, kaolinite, iron oxide, barium sulfate, mica, quartz or
other minernal species.
14.2.2.3 (alculation of the asbestos mass fraction in the originalmaterial
Calculate the mass fraction percent asbestos in the original sub-sample using the following relationship:

C— R x 11

w

where

C isthe mass fraction of asbestos in the ©riginal sub-sample;

R is the weight of residue after ashing and acid treatment, in g;

W is the weight of original subfsample, in g;

P isthe mass fraction of 4sbéstos in the residue derived from TEM or SEM examination.
14.2.3 Point counting by’PLM or SEM
Conventional point counting determines the relative projected areas occupied by different particle
species on| a microescope slide. The integrated relative volumes of different particle species car be
calculated [from a conventional point count, but only if the particles are all of the same thicknesf. If
the densiti i i i i i i icle

species can be calculated. However, conventional point counting does not produce correct results when
applied to the determination of the proportion of asbestos in a mixture of particles with a wide range
of different thicknesses and different densities. The result also clearly depends on the extent of any
sample preparation. The percentage area measurements provided by conventional point counting are
not suitable for calculation of the relative weight mass fractions of asbestos and other particles.

The gravimetric matrix reduction procedures have the overall effect of removing low density materials
and restricting the range of particle sizes in the final residue. Computer modelling studies of the
application of point counting to logarithmic-normal particle diameter and fibre diameter distributions
have shown that the majority of the integrated volume of a particle or fibre species is contributed by
a minority of particles and fibres with the largest diameters. In practice, after gravimetric matrix
reduction according to this part of ISO 22262, the volume, and therefore most of the weight, of particles
in alogarithmic-normal size distribution can be accounted for by considering only those particles larger
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than approximately 10 % of the largest particle detected. The mass point counting protocol used in this
method, used with the specified point counting criteria, is based on these observations.

14.2.3.1 Preparation of specimens for point counting

14.2.3.1.1 Preparation of slides for PLM point counting

Microscope slides for point counting can be prepared either by clearing the MEC filters, or from the
residue collected on the polycarbonate filter. In practice, it has been found more satisfactory to use the
MEC filters for the point counting, because it is sometimes difficult to re-disperse material removed

frofn the polycarbonate filter, particularly 1 the residue on the I1lter contains substantial quantities of

chr

The
pre
mat
liqu
par

a)

b)

ysotile. Prepare microscope slides for point counting according to a) or b).

refractive index liquid to be used for point counting shall be selected such thatallpart
sent as significant proportions of the weight are visible (i.e. their refractive-indices do
ch that of the liquid). For the majority of samples containing chrysotile,-Amosite or cr

Ficle species present cannot be reliably seen in this liquid.

Place 100 pl of a mixture of 35 % dimethylformamide, 15 % glacial acetic acid and 50
water on a clean microscope slide. Gently lower the edge of one‘ef the MEC filters so tha

excess liquid from the slide using the edge of a paper tovel. Repeat the procedure wit
MEC filters. Place the slides on the slide warmer at a.témperature between 65 °C and

the filters, and apply cover slips. The slides are ready for point counting.

It is important to confirm that all particle speciés present as significant proportions of

particle species has refractive indices such that the particles are not visible, an alternat
of preparing the slides shall be used.

In many cases, the filtered depositican be separated from the polycarbonate filter by c

reduction procedure should\not be necessary, because liberation of the fibres from
material during the ashifng,"acid dissolution and the subsequent filtration should have

should have already béen removed in the flotation, sedimentation and manual picki
particles and largefibre bundles. A representative sub-sample of the deposit can then bg
using forceps anid’placed on to a clean 75 mm x 25 mm microscope slide. In other cases,
may notbe sélf~Cohesive, and itis then necessary to cut arepresentative area from the filte
using the édge of a scalpel blade, to scrape the deposit off the filter on to the microscope
placing.the sub-sample of the residue on to the microscope slide, apply one drop of thg
index;liquid to it. Using a second microscope slide, hold it parallel to the first one, but
90°t0 it, and bring the two slides into contact with the refractive index liquid touching |

the liquid, and lay it down on to the liquid so that there ar€ no bubbles underneath it. 4

period of 10 min. Remove them from the slide warmer: Place 30 pl of glycerol triacetats

are visible under the illumination conditiofs used for point counting. If it is found that

the filter using forceps. Grinding of the residue on the polycarbonate filter from the g

a relatively uniform arid homogeneous deposit on the polycarbonate filter, and any larg

cle species
not closely
pcidolite, a

id of refractive index 1,605 has been found to be suitable, but occasionally’it is found that a major

D6 distilled
kit touches
\bsorb any
h the other
70 °C for a
on each of

the weight
any major
ve method

irling back
ravimetric
the matrix
resulted in
e particles
ng of large
broken off
Lhe deposit
rand then,
slide. After
refractive
rotated at
poth slides.
th other in

Press the glides fngpfhpr lighﬂv and rub them backwards and forwards pnrnllp] to ea

a rapid shearing motion. The liquid can then be moved back to the middle of the slide using the

edge of the second slide, and the process repeated several times. This procedure usuall

y produces

a uniform dispersion of particles, and a 22 mm x 22 mm cover slip should then be placed on the
first slide. If the particle density is too high, the process can be repeated after the addition of more
refractive index liquid, and some of the suspension can be removed and used to prepare additional
slides. With practice, the amount of residue necessary to produce slides of acceptable particle
density can be judged reliably. In some samples, the particles and fibres tend to re-aggregate after

dispersal, but this does not appear to affect the point counting procedure. The number
be prepared depends on the degree of matrix reduction achieved and the mass fraction
to be measured. Use a minimum of two slides.
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14.2.3.1.2 Preparation of PC filters for SEM point counting

Using a scalpel, cut a 1 cm square of the filter and mount it on an SEM stub using double-sided adhesive
tape. Take care to not disturb particulates on the filter during the cutting operation. Apply graphite
paint to the edges of the filter. Evaporate a film of carbon on to the surface of the filter.

14.2.3.2 Microscope adjustment for PLM point counting

Use of the correct illumination conditions and checking of particle visibility are critical to the validity
of the point count.

a)
b)

c)

d)

14.2.3.3 Microscope conditions for SEM point counting

Use a magn]
SEM with g

14.2.3.4 P

The follow
particles a
which cont

a)

b)

f)

g)

22

Setup
Select

Adjust]
apertu

Use an

Exami
under
specie
insuffi
final rq

Scana
and th

Carry

i) for
laj]

(ii) for

the PLM with crossed polars and a 530 nm plate in position.
hn objective to provide a total magnification of approximately x100.

the illumination system to provide the maximum illumination, and closeyth€ sub-st
re as much as possible to provide maximum contrast.

eyepiece containing a cross-hair with scale divisions on at least one of‘the directions.

he one of the prepared slides to determine if all of the particle specieshave sufficient cont
the illumination conditions. Pay particular attention to isotropic particle species. If all part

cient contrast, select an alternative refractive index liquid and prepare new slides from
psidue deposit on the polycarbonate filter.

ification of x100 for the point count. A transparent overlay can be used over the display of
ither one index point or several randomly pdsitioned index points over the area of the disg

oint counting

ing point counting criteria ensufte'that the result is based on statistically-valid number
hd fibres, and that the sizes of the particles and fibres included in the measurements are tH
ribute the majority of the weight.

1 of the slides or SEM specimens to estimate the approximate diameters of the largest part
b largest fibre.

but the point court, recording:

particles, eiily those points which occur on particles exceeding 10 % of the diameter of
gest particle detected in the initial scan; and,

each¢species of fibre, only those points which occur on such fibres whose widths exa

age

Fast
icle

5 can readily be seen, proceed with the point count. If any oné of the particle species exhipits

the

the
lay.

s of
ose

icle

the

eed

20

%-of the width of the largest fibre of that species detected in the initial scan.

When a point falls on a region where a particle and fibre of sufficient diameter are overlapped,
record one point for each.

When a point falls on an overlapped region of two fibres of sufficient diameter, record as two points.

When a point falls on an overlapped region of two particles of sufficient diameter, record as two
points.

When a point falls on one segment of a split fibre, record it only if the diameter of the segment under
the point meets the minimum 20 % diameter criterion specified in b).

Distribute the non-empty points over all of the available samples.
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h) Continue the point count until a minimum of 20 asbestos points have been recorded, or until the
stopping point, appropriate for the particular control limit, of either 13 x P, 26 x P, or 130 x P non-
empty points have been recorded, where P is the weight of the final residue on the polycarbonate
filter expressed as a percentage of the original sample weight. Regardless of the above, use a
minimum of two slides and count a minimum of 100 non-empty points.

The statistical reliability of a point count for determination of asbestos depends on the number ofasbestos
points, not on the total non-empty points examined. Accordingly for comparison against a regulatory
standard of 0,1 % asbestos by weight, continue point counting until either a minimum of 20 asbestos
points, or the equivalent of 13 000 non-empty points have been accumulated. For comparison against
a regulato andard of 0,5 % asbestos by weigh ontinue point counting until either 3 minimum of

points is reduced by a factor of 10, assuming that the 20 asbestos point stopping rule is not e
firsf. The point count may be terminated before 20 asbestos points dre encountered if the resulting
confidence limits permit determination of compliance.

14.2.3.5 Calculation of results

Theg mass fraction percentage of asbestos is calculated from the formula:
C = 100 x| M+Rx A
w N

whgre

is the weight of original sub-sample, in g;

is the weight of manually-pieked asbestos, in g;
is the weight of final residue on PC filter, in g;

is the number of-asbestos points counted;

= > » = =

is the number'of non-empty points counted.

The 2-sided uppeér and lower 95 % confidence limits should also be calculated.

14.2.4<Determination of asbestos weight mass fraction from fibre measurements mad¢ by PLM,
SEN on TEM

14.2.4.1 General

Some materials such as talc cannot be selectively removed from asbestos by chemical dissolution.
Depending on the variety of asbestos that is present, it may be possible to separate the asbestos by
density separation, but for talc, separations by this method are often incomplete. The optimum approach
is to prepare samples for either SEM or TEM analysis, and to quantify any asbestos by a fibre count to
determine mass. This procedure can also be used for the determination of chrysotile in finely-divided
materials.
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14.2.4.2 Dispersion of the material in filtered, distilled water

Weigh a sub-sample of 0,1 gto 1 g, and disperse in 20 ml of ethanol. Transfer the suspensiontoa 1 000 ml
glass beaker, and dilute to 800 ml with filtered, distilled water.

NOTE Talcis sometimes difficult to disperse in water, because some of the particles appear to be hydrophobic.
Dispersion is more readily achieved in ethanol.

14.2.4.3 Preparation of filters for SEM or TEM analysis

Use PC filters of 0,2 pm pore size to prepare analytical filters for SEM or TEM analysis. The volume of the
aqueous dispersion to be filtered depends on either the particulate mass fraction or the asbestos. fjbre
mass fract]on in the material. The volume of the aqueous dispersion required to produce an analyfical
filter with p suitable particulate or fibre loading for analysis often cannot be predicted, and ifjis’'usufally
necessary fo prepare several analytical filters corresponding to filtration of different aliquots. Unifprm
deposits of particulate on the analytical filters cannot be ensured if liquid volumes smidller than 3 ml
are filtered using 25 mm diameter filtration systems (199 mm?2 active area); accordingly, where jt is
required t¢ filter volumes smaller than 5 ml, the aliquot shall be diluted with freshly distilled watdr to
a volume ekceeding 5 ml.

Pour the aljquot of the dispersion into the filtration reservoir, and apply theivacuum. If the volume offthe
aliquotisldrger than the capacity of the filtration reservoir, do not allow theélevel of liquid in the reseryoir
to fall below 5 cm depth before the remaining volume is added. Failureto observe this precaution jnay
result in disturbance of the filtered particulate and non-uniform deposition of particulate.

With the vdcuum still applied, unclamp the filtration assembly and'remove the filtration reservoir. U$ing
clean tweefers, remove the analytical filter and transfer it to@ Petri dish. Allow the filter to dry before
placing thd cover on the Petri dish.

14.2.4.4 Preparation of specimens for SEM or TEM,ebservation

Prepare SHM specimens by mounting a portion.ef the analytical filter on a SEM specimen stub. Carhon-
coat the sulrface of the filter in a vacuum evaporator. Prepare TEM specimens from the PC filters using
the procedpres specified in ISO 13794.

—

14.2.4.5 Fjibre counting to determine the mass of asbestos

The mass ¢f asbestos in the residue from gravimetric matrix reduction can be determined by counfing
and measuring the dimensions)of asbestos fibres on a suitably prepared specimen of the residue. [The
mass of aspestos is then cdlculated by summing the volumes of all of the fibres detected in the cojnt,
and assum|ng a density forthe variety of asbestos involved. However, in order to measure the integrated
mass with reliable statistical precision, itis necessary to adopta fibre counting strategy thatallows ldrge
fibre and flbre bundles that contribute most to the mass fraction to be counted with greater statisfical
reliability. [The number of fibres and bundles to be counted in order to achieve a reliable estimate of
the mass fraction depends primarily on the range of the diameter distribution. The mass fraction
measuremgntis most sensitive to fibres and bundles of large diameters, which are generally statistidally
infrequent relative to the smaller fibres and bundles. If the diameter distribution is narrow, such as
that found in a dispersion of chrysotile fibrils, the mass fraction can be measured with approximately
the same precision as that of the numerical mass fraction. If the diameter distribution is broad, mass
fractions calculated from SEM or TEM examinations to determine numerical mass fractions are
statistically unreliable. The strategy specified below is designed to give greater statistical significance
to the large fibres and bundles, which contribute most to the mass fraction.

Initially, establish the largest width of asbestos fibre or bundle that can be detected on the grid by a
cursory survey of the specimen, at a reduced magnification. Calculate the volume of this large fibre
or bundle. Adjust the magnification of the SEM or TEM to a value such that a width of 1 mm on the
display or fluorescent screen corresponds to approximately 10 % of the width of the previously-selected
large structure. Carry out a routine SEM or TEM examination at this magnification, terminating the
examination at the end of a defined area on which the integrated volume of all fibres and bundles
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recorded is at least ten times the volume of the originally-selected fibre or bundle. For asbestos fibres
which intercept the edge of the field of view on the SEM, or the grid bars on the TEM, measure only
the visible parts of the fibres and bundles within the field of view or grid opening, for the purposes of
calculation of the mass fraction of asbestos.

14.2.4.6 Calculation of the mass fraction percentage of asbestos

Calculate the mass fraction percentage of asbestos fibres and bundles using the relationship:

o108 G Sy,

I
L AT A

whgre

M  is the mass fraction of asbestos in percent;

G isthe geometric cross-section shape factor;

A isthe area of analytical filter in mm?2;

D s the density of asbestos in kg/m3;

S is the volume of suspension in ml;

Wj is the width of the jth structure in um;

L; is the length of the jth structure in pm;

E isthe area of analytical filter examined innmm?;

F  isthe equivalent volume of suspension filtered in ml;

T isthe weight of original sub-sample in g.

In the above relationship, assume:
a) [the value for G to be 0,7854 for chrysotile, and 0,5 for the amphiboles; and,

b) |the following valuges.for the densities of the asbestos varieties: chrysotile 2 550 kg/m3,|crocidolite
3 370 kg/m3, amosite 3 430 kg/m3, anthophyllite 3 000 kg/m3, tremolite 3 000 kg/m3, actinolite
3 100 kg/m3 richterite/winchite 3 050 kg/m3. The densities of the asbestos varietied vary with
compositior,/but the values specified are sufficiently accurate for the purposes of this cglculation.

15(Determination of asbestiform amphibole in vermiculite

1 5- 1 chcn al

The special characteristics of vermiculite and the wide range of vermiculite-containing products are
such that a different approach to quantitative analysis is required. Accordingly, analysis of vermiculite
and vermiculite-containing products are considered separately.

Many deposits of vermiculite contain low mass fractions of amphibole minerals, and some of these
fragments of amphibole may have chemical compositions that are within the ranges of the regulated
amphibole asbestos species. However, these amphibole fragments are usually present in a non-
asbestiform crystal habit. Some of the amphibole may be present in an asbestiform crystalline habit,
conformingto the conventional definition of asbestos. Chrysotile has notbeen detected in any commercial
vermiculite, although some vermiculite contains scrolls which are short and exhibit morphological
features superficially similar to those of chrysotile. Scrolls of lizardite that are morphologically similar
and compositionally identical to chrysotile have also been detected in one source of vermiculite.
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However, both types of scroll can be discriminated from chrysotile by TEM methods. In exfoliated
vermiculite, chrysotile would be unlikely to survive the exfoliation process, since the temperatures
used for exfoliation exceed those at which chrysotile is converted to forsterite.

This method can be used to determine the weight percent asbestiform amphibole for vermiculite
ore concentrate, exfoliated vermiculite, loose fill vermiculite attic insulation, vermiculite block fill
insulation, and materials containing vermiculite, including horticultural vermiculite, potting soil, slow
release horticultural fertilizers, sprayed vermiculite-containing fireproofing materials and vermiculite-
containing lightweight concrete.

15.2 Reqmd

It is most important to recognize that reliable and reproducible results cannot be obtained by analysis
of small samples of vermiculite. Any amphibole particles present in vermiculite are usually much fewer
in number|than the flakes of vermiculite, and if only a small sample size is analysed the’/number of
amphibole[particles included in the sample will be small and often unrepresentative: if asbestifprm
amphibole|fibres are present in vermiculite, the fibres and fibre bundles usually, have a large fize
spectrum fanging from a few micrometres in length up to the size of the vermiculite'flakes themselyes.

Table 2 giyes approximate weights of vermiculite that should be used for the initial sub-sample.|For
products cpntaining vermiculite, a visual estimate of the proportion of vernyiculite in the product shquld
be made anpd the starting weights in Table 1 should be proportionately increased.

Table 2 — Minimum sub-sample weights of vermiculite for analysis

Size of vermiculite flakes Minimum starting weight for analysis
mm g
<2 2
>2to<5 10
>5 50

The sub-sample shall be obtained from the\original sample by the cone and quarter method. On a clean
surface, such as a sheet of aluminium foil, form the sample into a cone. Use a thin flat sheet of metdl or
rigid plastic to divide the cone into two-parts, vertically from the apex. Form either of the two fractjons
into a cong, and repeat the procedure until one of the separate fractions is of a suitable weight| for
analysis.

15.3 Sampple pre-treatment

15.3.1 Exfoliated yvermiculite, loose fill vermiculite attic insulation and horticultural vermiculite

Before analysis,'\vermiculite insulation samples originating from attics may require manual removal of
ted
use,

For this measurement, a known weight of the exfoliated vermiculite is first suspended in filtered distilled
water in a beaker. The size of beaker required, and the volume of water used, depends on the size grade
of the vermiculite. If the flake size of the vermiculite is greater than approximately 5 mm, as is the case
for these categories of product, a 1 000 ml beaker with 800 ml of water is satisfactory. Using a spoon,
place a portion of the exfoliated vermiculite sub-sample into the beaker, and immerse the vermiculite
several times by pushing it under the surface using the spoon. Remove the floating vermiculite and
discard it. Continue to wash portions of the vermiculite in this manner until all of the sub-sample has
been treated. Carefully remove all fragments of floating vermiculite from the surface of the water, and
allow the suspension to settle for 1 min. Decant the supernatantliquid to a second beaker. Use ethanol to
wash the sediment from the first beaker into a pre-weighed Petri dish and dry the sediment by placing
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the Petri dish on a slide warmer at a temperature of 60 °C. When the sediment is dry, weigh the dish to
obtain the weight of the sediment. Proceed to 15.4.2.

15.3.2 Vermiculite block fill insulation

Vermiculite block fill insulation may have been treated with asphalt. Asphalt can be detected by
examination of the sample using a stereo binocular microscope. If asphalt is present, weigh the sub-
sample and transfer it to a fused quartz tray or other suitable open container for ashing. Place the
sub-sample in a muffle furnace operating at a temperature of 450 °C + 10 °C for a minimum period
of 10 h. Weigh the residual ash, and calculate the percentage as a proportion of the original dried

ote—Hse-the-flotation-method-speecifiedr o-separate-the-majority-ef-the—vermiculite.

gh the sediment and proceed to 15.4.2.

15.8.3 Vermiculite ore concentrate

Sanpples of vermiculite ore concentrate shall be exfoliated prior to analysis. Setcthie tempera
muffle furnace to 800 °C, and place a fused silica tray into the furnace. Have atvailable a lay
metal container available to receive the exfoliated vermiculite. A sheet of aluminium foil, f
a cdntainer, has been found satisfactory. Using crucible tongs, remove ‘the silica tray from
furpace. The tray will be at a red heat. Sprinkle a small amount of the\vermiculite sample inf
tray. Return the silica tray to the muffle furnace, close the furnace door*for approximately 15 s {
thelexfoliation. Remove the silica tray from the muffle furnace-and pour the exfoliated ver
the[container. Repeat this procedure as many times as necessary, until sufficient vermic
anallysis has been exfoliated. Weigh the exfoliated material and use the flotation method 3
15.3.1 to separate the majority of the vermiculite. Weigh.the sediment and proceed to eithg
15.4.3, depending on the size grade of the vermiculite!

15.8.4 Vermiculite-containing horticultural preducts

Ver
The other components are generally organic, with some plant nutrients. Water may also 1
signiificant proportion of the weight. The-results of the analysis should generally be expressed
dry|weight, because the water content'may vary depending on the storage conditions. Weigh
(a disposable container formed from aluminium foil is suitable), place the sub-sample in th
and weigh again. Dry the sub=sample for a minimum period of 10 h, either on a slide warm
oveh at a temperature of 60 SC, and then re-weigh. Calculate the weight of water evaporate

sanjple.

Tra
Pla

hsfer the sub-sample to a fused quartz tray or other suitable open container for ashing
e the sub-sample in a muffle furnace operating at a temperature of 450 °C + 10 °C for 4

ture of the
ge glass or
brmed into
the muffle
o the silica
o complete

IEI:culite into

ite for the
pecified in
r 15.4.2 or

miculite represents only a fraction of the weight of potting soil and similar horticulturdl products.

epresent a
in terms of
h container
P container
er or in an
d from the

at 450 °C.
| minimum

per
sub

od of 10 h.Weigh the residual ash, and calculate the percentage as a proportion of the ori
LsampleUse the flotation method specified in 15.3.1 to separate the majority of the

inal dried
rmiculite.

Weigh thessediment, and proceed to 15.4.2 or 15.4.3, depending on the size grade of the verniculite.

15.8.5)Sprayed vermiculite-containing fireproofing

Vermiculite-based insulation and fireproofing products often contain as much as 60 % of other
materials such as gypsum, cellulose, glass fibre and calcium carbonate, and also possibly chrysotile. If
the fireproofing contains chrysotile, analysis according to [SO 22262-1 is usually sufficient to establish
its regulatory status. Continue with this gravimetric method if there is a requirement to quantify
asbestiform amphibole.

Constituents suchas gypsumand calcium carbonate can be removed by treatmentin 2 mol/l hydrochloric
acid, without affecting the vermiculite. Gently crush 3 g to 4 g of the product into fragments of about
0,5 cm dimension, using a mortar and pestle. Crushing is intended to facilitate ashing or organic
constituents such as cellulose and the dissolution of the carbonates and gypsum by hydrochloric acid.
Place the crushed material into a pre-weighed porcelain crucible and weigh to obtain the weight of
the sub-sample. Place the crucible with lid into the muffle furnace, and ash the sample at 450 °C for a
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minimum period of 10 h. Remove the crucible with lid from the muffle furnace, allow it to cool to room
temperature, and weigh the crucible without the lid.

Transfer the ashed sub-sample to a 250 ml Erlenmeyer conical flask, add a stirring bar, and also add
100 ml of 2 mol/I hydrochloric acid. Add an additional 50 ml of water. Place the flask on a magnetic
stirrer, and stir for 15 min. Hold a magnet close to the outside of the flask to attract the stirrer bar,
and slide the magnet upwards until the stirrer bar can be removed. Add water to the Erlenmeyer flask
until the meniscus is at the top of the flask. Allow a few minutes for any floating material to come to the
surface. Using a spatula, remove and discard as much of the floating material as possible.

Set up a glass filtration assembly with a pre-weighed 47 mm, 0,8 um pore size polycarbonate filter and
connect it fo a water aspirator. Transfer the ashed and acid-treated sub-sample from the Erlenmg¢yer
conical flagk to the filter reservoir. Rinse the flask with water and add it to the filter reservoir. Aftér{the
filtration i§ completed, rinse the filtered material by addition of 20 ml of water, and allow the filtration to
complete. Repeat the rinsing operation two additional times, to ensure that soluble materials-have heen
removed from the residue. Dry the filter and residue on a slide warmer. Weigh the filter and resiglue.
Proceed to|15.4.3.

15.4 Separation of amphibole and measurement of the amphibole niass fraction

15.4.1 Geperal

Two methd
from the
asbestifor

residue anrweighed. For smaller size grades of vermiculite, this is not feasible and further concentra

of the amy
centrifugaf

15.4.2 Manual separation of amphibole fibre bundles and weighing

Collect sep
has been ¢
percentage
fragments

15.4.3 Separation of amphibagle by centrifugation in a heavy liquid

Transfer t
fireproofin
necessary

Prepare su
Adjust the

pf fibrous amphibole and jdentify them according to the procedures specified in ISO 2226

he residue or sediment from the procedures of 15.3 to a centrifuge tube. For sprd

fo divide the fesidue between two centrifuge tubes or use a larger centrifuge tube.

ds are available for determination of the amphibole mass\fraction in sediments or resid
rocedures in 15.3. If the size grade of the vermiculite®is such that any fibre bundle

ues
5 of

amphibole are sufficiently large, they can be manually picked out from the sedimenft or

hibole by centrifugation in a heavy liquid is neeessary, followed by point counting of
e.

xamined, weigh the Petri dish( to obtain the weight of fibrous amphibole. Calculate

fion
the

hrated fibrous amphibole fragments.in a pre-weighed Petri dish, and, after all of the sedinjent

the

of fibrous amphibole as a preportion of the original sub-sample weight. Select representagive

g samples, therelis usually too much residue to process in one 15 ml centrifuge tube, and

2-1.

yed
itis

fficientliquid of density 2 750 kg/m3 to complete the number of analyses to be perforn

ned.

density of the lithium metatungstate solution to 2 750 kg/m3 by addition of filtered distilled

water. The
in a glass bez
after each addltlon untll the Sink-Float beglns to smk in the llquld Ad]ust the den51ty w1th either water
or more lithium metatungstate until the Sink-Float is suspended in the liquid, and rises to the surface
only slowly.

den51ty is most convemently monltored by use of a Smk Float standard. Place the Smk Float

Add approximately 10 ml of density-adjusted heavy liquid to each of the centrifuge tubes. Using a 5 mm
diameter glass rod, disperse the residue in the liquid by macerating the solids between the inside of the
centrifuge tube and the rod. Add sufficient heavy liquid to bring the liquid level up to approximately
2 cm from the top of each centrifuge tube. Disperse the solids throughout the liquid using the glass rod.

The required time for centrifugation depends on the dimensions and rotation speed of the particular
centrifuge in use. The majority of the weight of amphibole in vermiculite is present as relatively large
fragments, and a centrifuge time sufficient for sedimentation of all particles larger than 5 pm diameter
and with a minimum density of 3 000 kg/m3 is used. Annex B gives the information to calculate the
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required centrifugation time for centrifuges with different dimensions and rotation speeds. Place the
centrifuge tubes in opposite positions in the centrifuge, and operate the centrifuge at maximum speed for
the calculated time. The time required for the dimensions of the centrifuge and rotation speed as shown
in the example in Annex B, is 5 min. After centrifuging, remove each of the tubes from the centrifuge.
There will be a small pellet of solids at the bottom of each tube, and in general a much larger amount of
floating material. Using the glass rod, macerate the floating fraction against the inside of each tube, and
re-disperse the material in the heavy liquid, without disturbing the pellet of solids at the bottom of the
tube. Centrifuge the tubes for a further 5 min. Repeat the dispersal and centrifugation one more time.

Using a small spatula, remove as much of the floating material as possible from the top of each centrifuge
tub ' iqui ' i isturb the
pellet of particulate material at the bottom. There will be some residual floating materialddhering to
the|upper parts of the centrifuge tubes. Remove this adhering material from the upper parts of the
cenfrifuge tubes using a piece of paper towel wrapped around a small spatula or glass rod: Iti§ necessary
to wet the paper towel with water to facilitate the removal of the adhering material.

Direct a jet of water from a wash bottle at the pellet of particulate in each centrifuge tube fo disperse
the(pellet in the water. Disperse the particles in a minimum of 5 ml of watets Centrifuge thle tubes for
1 mlin. Remove the tubes and pour out the liquid, taking care to not disturb the pellets at th¢ bottom of
the[tubes. Repeat the washing and centrifugation operations two additional times to remoye traces of
the heavy liquid. After the final centrifugation, pour out the liquid frém'each tube and use a jef of ethanol
to Wash the pellets of particulate material into a pre-weighed 50 mm diameter plastic Petri|dish. Place
the|Petri dish on a slide warmer and allow the ethanol to evapOxate to dryness. After drying, weigh the
Petfi dish and contents.

Identify any asbestiform amphibole in the centrifugate according to the procedures specified in
1S0|22262-1. Quantify any asbestiform amphibole inthe centrifugate by the point counting procedures
spefified in 14.2.3.

15.4.4 Confirmation of the absence of asbestos in the vermiculite sub-sample

Filter a minimum of 50 ml of the supefnatant liquid from 15.3.1 on to a 47 mm, 0,4 punp pore size
polycarbonate filter. Allow the filter toidry. Prepare SEM or TEM drop mounts according to 14.2.2.1, and
examine a sufficient amount of the particulate material to give confidence that asbestos, if pfesent, is at
a mpss fraction lower than the applicable control limit.

16|Determination of\asbestos in talc

16.1 General

Sonme sources‘of talc contain either chrysotile or amphibole as contaminants. The most common
amphibolesthat may be associated with talc are tremolite and anthophyllite. Talc is insoluljle in acids,
and| therefore the gravimetric matrix reduction methods described in Clause 13 are not effe¢tive.

Although separation of chrysotile from talc by centrifugation in a heavy liquid is theoretically possible,
in general it is not a practical technique. Determination of the chrysotile mass fraction by TEM, using
14.2.4, is the optimum analytical procedure.

16.3 Determination of amphibole in talc

Centrifugation in a heavy liquid can permit separation of amphibole from talc, because the published
density range for talcis 2 580 kg/m3 to 2 830 kg/m3, and the minimum density for the amphibole asbestos
varieties is 3 000 kg/m3. Separation of amphibole from talc is therefore possible using a liquid of density
2 850 kg/m3. Calculate the required centrifugation time according to Annex B. Use the centrifugation
method described in 15.4.3. Identify any asbestiform amphibole in the centrifugate according to the

© ISO 2014 - All rights reserved 29


https://standardsiso.com/api/?name=318aef4d79cc7e302057cfe9fbe2acfb

IS0 22262-2:2014(E)

procedures specified in ISO 22262-1. Quantify any asbestiform amphibole in the centrifugate by the
point counting procedures specified in 14.2.3.

NOTE

This limitation is intended to be considered when this method is used.

The centrifugation time determines the smallest particle size that will be included in the centrifugate.

Ifitis required to include all fibre sizes in the measurement, determination of the mass fraction by TEM,
using 14.2.4, is the optimum analytical procedure.

17 Determination of compliance with legislative control limits

17.1 Gen

Complianc
limit of the
95 % confi
is deemed
asbestos nj
non-compl
often exhil
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The limit ¢f detection for each analysis is relevant to the determination of compliance and shal

reported. K
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measurem

17.2 Gray

If the final
only on th
that the st
measurem

errors tha
should be ¢

17.3 Gray

The weighlt percentage pepresented by the final residue from gravimetric matrix reduction is

maximum
PLM, SEM

or non-complianceswith a specific control limit. In particular, observation of a SEM specimen or ']
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has shown
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b with a regulatory limit is generally considered acceptable if the upper 95 % confidg
measured mass fraction is lower than the legislative control limit. Conversely, if the lo
dence limit of the measured mass fraction is higher than the regulatory limit) the regula
to have been contravened. Accordingly, the statistical reliability and a€curacy of measu
ass fractions should always be considered when making a determination of complianc
ance with alegislative control limit. Measurements of asbestos massfraction in bulk mater
it great variability, some of which may originate in the fundamental lack of homogeneit
and some being a consequence of errors in the measurement method.

h

or example, a measurement of 0,2 % with a limit of detéction of 0,1 % is of questionable v
hing that the measurement is out of compliance with\a control limit of 0,1 %. However,
bnt is likely to be satisfactory for comparison with@control limit of 1 %.

i
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hrting sub-sample was sufficiently\ldrge to be representative, the reliability of a partic

bnt is controlled only by the accuracy of the measured weights. The magnitude of poter
could occur in the gravimétric procedure, combined with the potential weighing err
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rimetry combined'with visual estimation

h

possible valyge for the asbestos mass fraction. Even a superficial visual estimation mad
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drop mounts prepared from the final residue. For many samples, PLM, SEM or TEM examination of
simple drop mounts prepared from the final residue can provide sufficient information to demonstrate
compliance. In other cases, these simple procedures are not sufficiently reliable.

17.4 Gravimetry combined with point counting

The weight percentage of the final residue from gravimetric matrix reduction represents the maximum
possible asbestos mass fraction. Point counting, as specified in 14.2.3, is then used to determine the
proportion of asbestos in the final residue. For comparison with a legislative control limit, the calculated
asbestos mass fraction is compared with the one-sided 95 % upper confidence limit for the number
of asbestos points recorded. Figure 2 shows the maximum calculated mean mass fraction of asbestos
for which the upper 95 % confidence limit is lower than 0,1 %. For a measurement of asbestos mass
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fraction to be in compliance with this control limit, the measurement shall occur within the shaded
area of Figure 2. If it does not, then it is necessary to perform additional point counting until the data
point occurs in the shaded area. However, when calculated asbestos mass fractions are too close to
the relevant control limit (> 0,8 %, > 0,4 % or > 0,08 %), it becomes impractical, on a scientific basis, to
demonstrate compliance. For a control limit of 1 %, the values on the ordinate should be multiplied by
10, and for a control limit of 0,5 %, the values on the ordinate should be multiplied by 5. Otherwise, the
procedure is identical.

In order to confirm that a measured asbestos mass fraction contravenes a 0,1 % control limit, the point
counting data should be compared with the one-sided 95 % lower confidence limit for the number of
asbe ' ' ini i bestos for
which the lower 95 % confidence limit is higher than 0,1 %. Non-compliance with a 0,1 %\¢¢ntrol limit
is cpnfirmed at 95 % confidence if the measurement occurs within the shaded area of-Figyre 3. If the
megsured asbestos mass fraction is too close to the control limit, it may not be possible-to d¢monstrate
nonf-compliance.
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Figure 2 — Maximum calculated mean mass fraction of asbestos for which the 95 % upper
confidence limit of the mass fraction is lower than 0,1 % for a given number of asbestos points
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18 Test report

The testre

a) arefer

port shall include at least items a) to i) as follows:

ence to this part of ISO 22262 (i.e. ISO 22262-2) and the applicable clause/subclause;

b) the identification of the sample, including the location (if known by the analyst);

c) the date of the analysis;

d) the identity of the analyst;

e) the variety or varieties of asbestos detected and the mass fraction of each asbestos variety in
percent;

32
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f)

g)
h)

i)

IS0 22262-2:2014(E)

individually for each sample, an estimate of the limit of quantification for the specific
used;

the analytical method used to identify the asbestos;

procedure

any procedure used not specified in this part of ISO 22262 or regarded as an optional procedure;

a summary of all applicable specimen preparation details.

Items i) to j) shall be recorded in the laboratory data, but the extent to which they are included as part
of the test report is optional:

j)
k)

D

An

arecord of all weight measurements and observations made during the gravimetric ptro

the observations made to confirm the identification of the asbestos varieties réported
any optional procedures;

the variety or varieties of any non-asbestos fibres detected, and the observations n
allowed these fibres to be discriminated from asbestos fibres;

bxample of a suitable format for the test report is shown in Annex G,

cedures;

, including

ade which
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Annex A
(normative)

Types of commercial asbestos-containing materials and optimum
analytical procedures

The propefties of asbestos such as non-flammability, chemical stability and high strength haye

led

worldwidefto abroad use of this mineralin the building and industrial sectors. Asbestos cement predycts,
asbestos-cpntaining lightweight panels and fire-prevention panels, asbestos packings and)‘asbegtos
cloths, asbpstos boards, asbestos foams, asbestos-containing fireproofing and acoustic and decorative

plasters (sprayed asbestos), asbestos-containing compositions for trowel application.and putties

are

the most ifnportant uses. In addition, there is also a variety of products to which asbgstos fibres were
frequentlyjadded in smaller mass fractions, for example paints for protective coatings,adhesives, plastic
sheets and|tiles.

Table A.1 shows the most important asbestos-containing materials with examples of their applicat

ons

and the typical asbestos mass fractions that have been observed in these materials. In exceptional cafses,

asbestos njass fractions deviating from those quoted may have been used.

Table A.1 allso shows the optimum analytical procedure for each of the different varieties of materidl.

Thble A.1 — Optimum analytical procedures for @sbestos-containing materials

Typical asbestos type

Analysis in

ducts

- Cable shafts

Product Examples of application | and mass fractiei’if | accordance | Optimum analytical procedure
asbestos is present with
Asbestos - Roof claddings 10 - 12 % chrysotile. An estimate of asbestos mass ffac-
cement flat - Sometimes,also < 5 % tion from analysis according to
boards - Sidings crocidolite or amosite ISO 22262-1 is usually sufficierft,
— Banister elements in addition to chryso- since in these types of materiall
) ) tile asbestos is either present at mgss
- Windowsills fractions significantly exceeding
— Staircases 1SO 22262-1 legislated control limits, or asbps-
tos is not present in the formulg-
- Partition walls tion.
- Support for cablexrdns
- In small sizés as slates and
shingles in‘theroofing and
siding sectors
Asbestos - Roofeladdings 10 - 12 % chrysotile, An estimate of asbestos mass ffac-
cement corrfi- : . . sometimes also with tion from analysis according tof
gated sheety AL erimeter insulation < 5% crocidolite in ISO 22262-1 is usually sufficier]t,
< Sidingsin the industrial addition to chrysotile since in these types of materiall
sector [SO 22262-1 |asbestos is either present at mass
fractions significantly exceeding
legislated control limits, or asbes-
tos is not present in the formula-
tion.
Asbestos - Drinking water and waste- |10 - 15 % chrysotile. An estimate of asbestos mass frac-
cement pipes/ |water pipes Drinking water pipe tion from analysis according to
ducts . . alsoup to 5 % crocido- [SO 22262-1 is usually sufficient,
- Service pipes lite or amosite in addi- since in these types of material
— Inlet air and exhaust air tion to chrysotile IS0 22262-1 |asbestos is either present at mass

fractions significantly exceeding
legislated control limits, or asbes-
tos is not present in the formula-
tion.
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Typical asbestos type

Analysis in

Product Examples of application | and mass fractionif | accordance | Optimum analytical procedure
asbestos is present with
Asbestos - Standard ashtrays 10 - 12 % chrysotile An estimate of asbestos mass frac-
cement mould-| Fl b tion from analysis according to
ings OWET boxes [SO 22262-1 is usually sufficient,
— Garden articles since in these types of material
IS0 22262-1 |asbestos is either present at mass
~ Sculptures fractions significantly exceeding
legislated control limits, or asbes-
tos is not present in,thp formula-
tion.
Asbpstos- - Sealing of openings in Approximately 15 % An estimate of asbestds mass frac-
confaining walls required to be fire chrysotile and approxi- tion from amnalySis accgrding to
lighfweight resistant mately 15 % amosite ISO 22262-1 1s usually|sufficient,
building _Fi tecti since ifithé€se types ofjmaterial
boafds or 1rte-1;ro etc'l 1(t)_n erlicaste- asbestos is either present at mass
firefresistant m%? 3 vc:n ! 231101;)1 uchs,ft fractions significantlylexceeding
pangls cable ducts and cable shalts legislated control limits, or asbes-
- Fire closures in walls tos is not present in the formula-
required to be fire resistant tion.
(fire shutters, fire barriers) 1SO 22262-1
- Fire-protection encase-
ments
- Smoke-removal ducts
- Insertin fire-resistant
doors and gates
- Substructure of luminar-
ies (lighting fixtures)
Asbstos- - Lining fire-hazard rooms |Up to 50 % chrysotile, An estimate of asbestds mass frac-
confaining — Partiti 1 it sométimes up to 35 % tion from analysis accgrding to
lighfweight a}r ! 103 walls, partition | yidosite ISO 22262-1 is usually|sufficient,
building surfaces, doors since in these types of[material
boafds or - Sanitary modules asbestos is either presgnt at mass
firefresistant ISO 22262-1 |fractions significantlylexceeding
pangls - Support and beam encase- legislated control limits, or asbes-
ments tos is not present in thp formula-
- Smoke aprons tion.
- Fire locks
Asbpstos-con- |- Corrugated paper pipe 30-100 % chrysotile. An estimate of asbestds mass frac-
tairfing pipe  |insulation 0 tion from analysis acc¢rding to
and|boiler <850 ia block and Totalbof 1h5 %o ats_ll)estos, ISO 22262-1 is usually|sufficient,
insylations o 70 mlagér'lesm ockan may ,5 chryso l'g’l't since in these types ofjmaterial
pipe Insufation amosite or Crocidolte, [SO 22262-1 |asbestos is either present at mass

- Calcium silicate block and
pipe insulation

or any mixture of two
or more.

fractions significantly
legislated control limi

exceeding
s, or asbes-
b formula-

tos is not present in th|

tioT:
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Table A.1 (continued)
Typical asbestos type | Analysis in
Product Examples of application and mass fraction if accordance | Optimum analytical procedure
asbestos is present with
Asbestos - Seals or sealing stripson  |Predominantly chryso- An estimate of asbestos mass frac-
packing, lightweight walls required |tile (80 % - 100 %); for tion from analysis according to
asbestos cloth |to be fire resistant (at ceil- |acid-resistant applica- ISO 22262-1 is usually sufficient,
ing, floor, joints between tions crocidolite since in these types of material
elements, wall termina- asbestos is either present at mass
tions) fractions significantly exceeding
o 1 . o legislated control limits, or asbes-
Seats-on-pipe-atd-duet . - _
feed-throughs in walls and :;)(;snls not present in the formulj
ceilings '
- Seals between flanges of
ventilation ducts
- Seals on fire-resistant
glazing, shelter doors, chim-
ney soot doors S0 22262-1
- Seals and insulation on
heat-generation systems,
hot pipes and hot valves
- Fire blankets
- Heat-resistant clothing,
heat-resistant gloves
- Lining of pipe clips for hot
water, steam and sprinkler
pipes
- Lamp wicks
- Mantles for gas lamps
Asbestos mill- |- Sealing strips on light- 80 - 100 % chrysotile An estimate of asbestos mass ffac-
boards weight walls required to tion from analysis according to
be fire resistant (at ceiling, ISO 22262-1 is usually sufficient,
floor, joints between ele- since in these types of material
ments, wall terminations) asbestos is either present at mgss
— Substruct Flumi 150 22262-1 | factions significantly exceediig
. ul_s hrtl.lc ufr_eto uminar- legislated control limits, or asbps-
ies (lighting fixtures) tos is not present in the formulg-
- Bottom coating of wooden tion.
windowsills over radiators
Asbestos - Infilling (sealing) of move- | Approximately 50 % An estimate of asbestos mass ffac-
foams ment joints chrysotile tion from analysis according to|
— Sealsat fire shutt d ISO 22262-1 is usually sufficient,
fi eﬁ Ve shutters an since in these types of material
Ire QAMETS ISO 22262-1 |asbestos is either present at mgdss
fractions significantly exceeding
legislated control limits, or asbps-
tos is not present in the formulj-
tion.
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Typical asbestos type

Analysis in

vinyl flooring materials

fractions significantly

Product Examples of application | and mass fractionif | accordance | Optimum analytical procedure
asbestos is present with
Sprayed - Contour-following fire- 40 - 70 % of chrysotile, An estimate of asbestos mass frac-
asbestos resistant coating of steel crocidolite or amosite, tion from analysis according to
structures also mixtures of min- [SO 22262-1 is usually sufficient,
. - eral wool with either since in these types of material
- Cﬁat,mg of ‘?e‘l”(‘jg,s al,]d 20 % amosite or up to asbestos is either present at mass
‘t/\}/;airl:sngﬁs{:fciisltona’ 30 % chrysotile. Other fractions significantly exceeding
o $, 8arABES, | mixtures include 15 % legislated control limits, or asbes-
e LT UEE R T chrysotile with either tos is not presentinthf formula-
protection) perﬂte or vermiculite, 150 22262-1 tion. P
- Sealing off openings for ~ |and gypsum.
cable, pipe and duct feed-
throughs through walls
required to be fire resistant
- Encasing of ventilation
ducts
Sprayed deco- |- Coating of ceilings and Chrysotile, up to 5 %. Ashing, treatment with 2 mol/1
ratije coatings|walls to provide a textured |Some constituents may hydrochloric acid, and|separa-
(textture coats) | surface which masks irregu- |also contain tremolite. tion of aggregate by fl¢tation or
larities [S0,22262-2 |sedimentation is the optimum
procedure. Quantification can be
either with PLM point founting,
SEM or TEM.
Gypsum wall- |- Provides smooth joint Chrysotile, up to 5 %« Ashing and treatment with 2 mol/]
boafd joint between adjacent panels Some constituentsgmay hydrochloric acid is the optimum
conjpounds also contain low'ntass procedure. Quantification can be
fractions of tremolite. either with PLM point counting,
[SO 22262-2 | SEM or TEM. Absence pf asbestos
is most effectively denjonstrated
by TEM examination of the residue
using the drop mountipg tech-
nique.
Asbgstos- - Grouting of prefabricated J|Up to 20 % chrysotile Ashing and treatment with 2 mol/1
confaining concrete components hydrochloric acid is the optimum
troyeled-on ) \» procedure. PLM examination of
confpositions |~ Sealing of moverpeqtjoints the residue is usually qufficient.
and|putty - Pipe feed-thrdughs In some cases PLM point count-
through walls'and ceilings ing may be necessary. Absence
g . . of asbestos is most effg¢ctively
= Door casings of fire-resist- demonstrated by TEM|examina-
ant doors IS0 22262-2  |tjon of the residue usirg the drop
- Anti*drumming coatings mounting technique.
(car'preservation)
= Coating of underwater
structures
- Baseboard coating on
L 1l
Asbestos- - Reinforcement in flexible |Chrysotile 10 - 20 % An estimate of asbestos mass frac-
containing sheets . tion from analysis according to
floorings — Rot-resistant supbort Chrysotile 80 - 100 % ISO 22262-1 is usually sufficient,
1 derl pF hi since in these types of material
ayeras underiay of cushion [SO 22262-1 |asbestos is either present at mass

exceeding

legislated control limits, or asbes-
tos is not present in the formula-

tion.
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