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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liasison with ISQ_also take part in the work 1SO collaborates closely with the International Electrotechnical

Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techpical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14966 Was prepared by Technical Committee ISO/TC 146, Air)quality, Subcommittee SC 3] Ambient
atmospheres.

Annexes A apd B form a normative part of this International Standard. Annexes C, D and E are for informiation only.
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Introduction

This International Standard describes a method for measurement of the numerical concentration
fibrous particles in ambient air using the scanning electron microscope. This International Standard is
procedures of Verein Deutscher Ingenieure (VDI) Guideline 3492 [6].

The meth

of inorganic
based on the

the interior

d_is also suitable for dnfnrmining the numerical concentrations of innrgnnin fibres in

es of buildings, for example measurement of residual airborne fibre concentrations after th
tontaining building materials [7].

atmosphe
asbestos-

Biological
and its res

research has shown that the fibrogenic or carcinogenic effect of a fibre is related\to’its len
istance to dissolution in a biological environment. The point at which fibres are’too short, t
insufficient durability to produce a fibrogenic or carcinogenic effect is uncertain. Fibres™with lengths
10 um and diameters of a few tenths of 1 um, which also have durabilities such that they remain u
many years in the body, are regarded as particularly carcinogenic. On the basjs” of current know
shorter than 5 um are thought to have a low carcinogenic potential [8 to 11].

For the purposes of this International Standard, a fibre is defined as a parti¢le which has a minimum Ig

e removal of

gth, diameter
Do thick or of
greater than
nchanged for
ledge, fibres

ngth to width

(aspect) ratio of 3:1. Fibres with lengths greater than 5 ym and widths{extending from the lower limit ¢f visibility up

to 3 um are counted. Fibres with diameters less than 3 um are considered to be respirable. Since
requires recording the lengths and widths of all fibres, the data’can be re-evaluated if it is requi
concentrations for fibres with a higher minimum aspect ratio [12]¢

of concentration to be measured extends from:that found in clean air environments, in wh
value of @ large number of individual measurementsof asbestos fibre concentrations has been
generally Tlower than 100 fibres/m3 (fibres longer~than 5 pum), up to higher exposure scenari
concentrafions as much as two orders of magnitude higher have been found [10, 12].

The range

This methpd is used to measure the numeric€al concentration of inorganic fibres with widths smaller th
lengths eXceeding 5 um up to a maximum of 100 ym. Using energy-dispersive X-ray analysis (EDX
classified s fibres with compositions-consistent with those of asbestos fibres, calcium sulfate fibr
inorganic fibres.

Calcium slilfate fibres are separated from other inorganic fibres and are not included in the final result
the basis| of current knowledge, they do not represent any health hazard. Nevertheless, th
concentrafion of calcium sulfate fibres must be determined, since a high concentration of thes
negatively| bias the results for probable asbestos fibres, and in some circumstances the sample ma
rejected [13]. In addition; knowledge of the numerical concentration of calcium sulfate fibres is of impqg
interpretatjon of fibre.Concentrations in ambient atmospheres.

Detection |and “identification of fibres becomes progressively more uncertain as the fibre width is re

the method
ed to derive

ch the mean
found to be
ps in which

an 3 um and
M), fibres are
s and other

because on
e numerical
e fibres can
y have to be
rtance in the

duced below

0,2 um. 1 lentification of a fibre as a annr*ifir* species is more confident if the source of emission

is known or

suspected, such as in a building for which bulk materials are available for analysis.

In order to facilitate the scanning electron microscope examination, organic particles collected on
almost completely removed by a plasma ashing treatment.

the filter are

Except in situations where fibre identification is difficult, there should be only minor differences between fibre
counting results obtained by this method and those obtained using the procedures for determination of

PCM-equivalent fibres in annex E of the transmission electron microscopy method ISO 10312:1995.
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INTERNATIONAL STANDARD

ISO 14966:2002(E)

Ambient air — Determination of numerical concentration of
inorganic fibrous particles — Scanning electron microscopy
method

1

This Inter

concentrafion of inorganic fibrous particles in the air. The method specifies the use of gold-coated, ¢

track-etch
X-ray anal
varieties (
fibre types

This Intern
ambient g

particles in the interior atmospheres of buildings, for example to determine the concentration of airbo

fibrous pa

The range

under standard measurement conditions (see 6.2), is approximately 3 fibres to 200 fibres per square

filter area
volume of

NOTE
the atmosg
ISO 10312

2 Terms and definitions

For the pu

21
acicular
shape sho
i.e. needle

Scope

hational Standard specifies a method using scanning electron microscopy fan determir
bd membrane filters, through which a known volume of air has been drawn. Using ener
ysis, the method can discriminate between fibres with compositions consistent with those of
b.g. serpentine and amphibole), gypsum, and other inorganic fibress Annex C provides a
which can be measured.

ational Standard is applicable to the measurement of the corcentrations of inorganic fibroy
ir. The method is also applicable for determining the numerical concentrations of inor:

ticles remaining after the removal of asbestos-containing*products.
of concentrations for fibres with lengths greater than 5 ym, in the range of widths which car

The air concentrations, in fibres per cubic-metre, represented by these values are a fu
air sampled.

The ability of the method to detect andiclassify fibres with widths lower than 0,2 ym is limited. If air|
here being sampled are predominantly < 0,2 ym in width, a transmission electron microscopy m¢
can be used to determine the smaller fibres.

Fposes of this Interpational Standard, the following terms and definitions apply.

wn by an extremely slender crystal with cross-sectional dimensions which are small relative]
-like

ation of the
apillary-pore,
jy-dispersive
the asbestos
summary of

s particles in
janic fibrous
‘ne inorganic

be detected
millimetre of
hction of the

borne fibres in
bthod such as

to its length,

2.2

amphibole
any of a group of rock-forming double-chain silicate minerals, closely related in crystal form and composition, and
having the nominal formula:

where

A=K,

Na;

B = Fe2t, Mn, Mg, Ca, Na;

©1S0 2002 -

All rights reserved


https://standardsiso.com/api/?name=4dc477d38d19ca951e61b65db260d700

ISO 14966:2002(E)

C = Al Cr, Ti, Fe3*, Mg, Fe2;

T =Si, Al, Cr, Fe3+, Ti.

NOTE 1

NOTE 2

See references [19] and [20].

In some varieties of amphibole, these elements can be partially substituted by Li, Pb, or Zn. Amphibole is

characterized by a cross-linked double chain of Si-O tetrahedra with a silicon:oxygen ratio of 4:11, by columnar or fibrous
prismatic crystals and by good prismatic cleavage in two directions parallel to the crystal faces and intersecting at angles of

about 56° and

23

124°.

amphibole Jsbestos

amphibole in

2.4

analytical sensitivity

calculated ai

NOTE 1 It

NOTE2 Th
the measuren

25
asbestiform
specific type

2.6
asbestos
any of a grou
asbestiform
processed

NOTE Th
(12001-29-5),
tremolite asbe

2.7

asbestos st
individual as
other particlg

2.8
aspect ratio
ratio of lengt

an asbestiform habit

borne fibre concentration equivalent to counting one fibre in the analysis
s expressed in fibres per cubic metre.

s method does not specify a unique analytical sensitivity. The analytical sensitivity is determined by t
ent and the conditions found on the prepared sample.

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

p of silicate minerals belonging to the serpentine and amphibole groups which have crystal
habit, causing them to be easily separated into long, thin, flexible, strong fibres when ¢

b
-

Chemical Abstracts Service Registty Numbers of the most common asbestos varieties are
crocidolite (12001-28-4), grunerite asbestos (amosite) (12172-73-5), anthophyllite asbestos (7]
5tos (77536-68-6) and actinolite ‘asbestos (77536-66-4).

ucture
bestos fibre, or ahy)connected or overlapping grouping of asbestos fibres or bundles, with

(2]

h of<a particle to its width

he needs of

ized in the
rushed or

chrysotile
7536-67-5),

or without

2.9
blank

fibre count made on a specimen prepared from an unused filter, to determine the background measurement

210
chrysotile

fibrous variety of the mineral serpentine, which has the nominal composition:

Mg3Si;Og(OH),

NOTE

Most natural chrysotile deviates little from this nominal composition. In some varieties of chrysotile, minor substitution

of silicon by AI3* may occur. Minor substitution of magnesium by A3+, Fe2+, Fe3*, Ni2*, Mn2* and Co2* may also be present.
Chrysotile is the most prevalent type of asbestos.
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2.1
cleavage
breaking of a mineral along one of its crystallographic directions

212
cleavage fragment
fragment of a crystal that is bounded by cleavage faces

213
cluster
fibrous structure in which two or more fibres, or fibre bundles, are randomly oriented in a connected grouping

214
countablg fibre
any objecfl longer than 5 ym, having a maximum width less than 3 ym and a minimum aspect.ratio of 3

—_

2.15
energy-dispersive X-ray analysis
measuremnjent of the energies and intensities of X-rays by use of a solid-state detector and multi-chapnel analyser
system

2.16
field blank
filter cassgtte which has been taken to the sampling site, opened and”then closed, and subsequéntly used to
determine(the background fibre count for the measurement

217
fibre
elongated|particle which has parallel or stepped sides and;a minimum aspect ratio of 3:1

2.18
fibre bundle
structure jomposed of apparently attached, parallel fibres

NOTE A fibre bundle may exhibit diverging fibres at one or both ends. The length is defined as equal to[the maximum
length of the structure, and the diameter is-defined as equal to the maximum width in the compact region.

219
fibril
single fibré¢ of asbestos whieh\cannot be further separated longitudinally into smaller components witHout losing its
fibrous prgperties or appearances

2.20
fibrous sfructure
fibre, or cqnnected: grouping of fibres, with or without other particles

2.21
habit
the characteristic crystal growth form or combination of these forms of a mineral, including characteristic
irregularities

2.22
image field
the area on the filter sample which is shown on the cathode ray tube display

© 1SO 2002 — Al rights reserved 3
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2.23

limit of detection
calculated airborne fibre concentration equivalent to the upper 95 % confidence limit of 2,99 fibres predicted by the
Poisson distribution for a count of zero fibres

NOTE Iti

2.24

s expressed in fibres per cubic metre.

magnification
ratio of the size of the image of an object on the cathode ray tube screen to the actual size of the object

NOTE Fo

ray tube displ3

2.25

matrix
structure in
particle or cg

2.26
serpentine
any of a grou

Mg3Si,05(0

2.27

split fibre
agglomeratio
whilst at othg

2.28
structure

y.

nnected group of non-fibrous particle

p of common rock-forming minerals having the nominal formula:

'|)4

r points appears to separate into separate fibres

single fibre, fjbre bundle, cluster or matrix

3 Abbre

VYiated terms

CRT Cathode ray tube

EDXA  Engrgy-dispersive X:ray analysis

FWHM  Ful

PTFE  Pol

width, halfimaximum

ytetrafluoroethylene

SEM Scanning electron microscope

- tha nirnacac of thic Intarnatinnal Qtaondard maanifination valiiac ahaave rafar ta that annlicahla he cathode
tHe—putp S5 eratotc oo e grooo—varo Sy S—Terer—to—trictapproaote—o—!

which one or more fibres or fibre bundles touch, are attached to, or partiallyCconcealed Hy a single

n of fibres which, at one or several points along its length, appears to be compact and [undivided,

UiCC  Uni

on Internationale Contre le Cancer
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4 Principle

A sample of airborne particulate is collected by drawing a measured volume of air through a gold-coated, capillary-
pore track-etched membrane filter with a maximum nominal pore size of 0,8 um, which is subsequently examined
in the scanning electron microscope (SEM). Before analysis, the gold-coated filter is treated in a plasma asher to
remove organic particles, to the extent that this is possible. The individual fibrous particles and constituent fibres in
a randomly-selected area of the filter are then counted at a magnification of approximately 2 000 x. If a fibre is
detected at the magnification of approximately 2 000 x, it is examined at a higher magnification of approximately
10 000 x to measure its dimensions. At the higher magnification of approximately 10 000 x, energy-dispersive
X-ray analysis (EDXA) is used to classify the fibre according to the chemical composition.

The limit ich, with 95 %

confidenc
detection
examinati
particular

after the p,

A limit of g
surface afea passes through the filter, and an area of 1 mm2 of the filter aréa)is examined in th

correspon

5 Appi

5.1 Air
5.1.1

A disposa

the design

the sampl

of a suitab

filter must

up to appn
(the diams
greater than 5 m/s could occur during sampling, use a long cowl with a ratio of length to effective diam

5.1.2

Figure 2 s

by the use

51.3
the filter
used.

Sampling head.

Sampling train.

S%mpling pump, pulse-free or pulsation-damped, capable of maintaining, at a pressure diffe

, the actual concentration lies when no fibres are found during the SEM examinations
heoretically can be lowered indefinitely by filtration of progressively larger volumes’ o
n of a larger area of the specimen in the SEM. In practice, the lowest achievable-limit of d
brea of SEM specimen examined is controlled by the total suspended particulate(eoncentrati
asma ashing step.

etection of approximately 300 fibres/m3 is obtained if an air volume of 1 m3)per square centi

s to an evaluated sample air volume of 0,01 m3.

hratus and materials

sampling

ble, 3-piece, conductive plastic field monitor cassette may be used as the sampling head,
is such that significant leakage around the filter does not occur. A re-usable unit may als
g head, consisting of a cylindrical cowland a filter holder with backing filter. Figure 1 show:
le sampling head. The cowl and the filter holder should be made from a corrosion-resistant
be clamped in such a manner that significant leaks around the filter do not occur at differe

ter of the exposed circularfilter area through which the air is drawn). If it is possible that w|

hows an exafple of a suitable sampling train. Control of the volumetric flowrate may be ac
of a throttlewvalve (3) or a volumetric flow controller (8) in conjunction with a regulator valve

n
pximately 50 kPa (see B.4),-The length of the cowl should be 0,5 to 2,5 times the effective fl

The limit of
f air and by
ptection for a
pn remaining

metre of filter
e SEM. This

brovided that
D be used as
5 an example
material. The
ial pressures
Iter diameter
nd velocities
bter of 2,5.

hieved either
4).

at least 50 kPa, a volumetric flow of between 8 I/min and 30 I/min, depending on the dia

p

ntial across
eter of filter

In order to achieve the required analytical sensitivity, a flowrate of 8 I/min is required if a 25 mm diameter filter is
used. This flowrate is equivalent to a filter face velocity of approximately 35 cm/s, which results in a pressure
differential of approximately 50 kPa. The sampling pump shall be capable of maintaining the intended flowrate
within £ 10 % throughout the whole sampling period.

© I1SO 2002 — Al rights reserved
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Key
1 Cowl 6 Suction hose
2  Filter holger 7  Clamping roller
3 Backing filter 8 Clamping ring
4  Track-etghed membrane filter 9 PTFE gaskets
5 Supporting mesh

Figure 1 — Example of design of sampling head

5.1.4 Needle valve, with a fine adjustment mechanism, for setting the volumetric flowrate.

5.1.5 Volumetric flowmeter (rotameter), for measuring the volumetric flowrate.

5.1.6 Timer, for measuring-the sampling time.
maximum

5.1.7 Dry |[type gas ‘meter (optional), for volumetric measurement, calibrated, designed for a
volumetric flgwrate of-2.m3/h.

51.8 Metelorological instruments (optional), for recording of meteorological conditions during sampIiTg.

Instruments such as a thermometer, a hygrometer, a barometer and a wind speed and direction recorder will be

required.

5.1.9 Instruments for unattended sampling (optional).

For unattended sampling, a volumetric flow controller is required for regulation of the flowrate to within + 10 % of
the nominal rate, with an automatic switch to turn off the sampling pump if the flowrate exceeds or falls below the

pre-set tolerance band. The flow controller can be integrated into the suction unit.

A programmable switch is required for pre-setting the air sampling cycle. A pressure gauge which incorporates a
switching contact is required to switch off the sampling pump if the pressure differential across the sampling filter

increases to a pre-set value.

© 1SO 2002 — All rights reserved
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e I-H

I i (D] K0
1
1
L
|

|
|
i -—-- rl9
I

11 13 14

Key

1 Sampling head or cassette 8 Volumetric flow controller (optional)

2 Pressyire gauge 9% Sampling-time recorder (optional)

3 Throttle valve (optional) 10" Programmer (optional)

4  Regulator valve (optional) 11 Timer

5 Pump 12 Thermometer (optional)

6 Variahle-area flowmeter 13 Barometer (optional)

7  Gas njeter (optional) with thermometer 14 Hygrometer (optional)

Figure 2 = Example of a suitable sampling train

5.2 Preparation of filters
5.2.1 Vacuum evaparator, capable of producing a vacuum better than 0,013 Pa.

A vacuum| coating unit is required for vacuum deposition of gold onto the capillary-pore membrane fjlters, and for
carbon cogating 6F-SEM specimens if the particulate loading is such that excessive charging of the spedimen occurs.

A sputter ¢oating-unit-has-also-beenfound-to-mestthe requirementsfor gold-coating-of the capillary-pdre filters.

5.2.2 Plasma asher, supplied with oxygen, to oxidize organic particles on the SEM specimen.

An example of the configuration of a suitable plasma asher is shown in Figure 3. The chamber of the plasma asher
may be coupled either capacitatively or inductively. Care shall be taken not to damage the specimen during the
plasma ashing process. A calibration procedure to determine suitable operating conditions for the plasma asher is
described in B.3.

© 1SO 2002 — Al rights reserved 7
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i

Key

1 Belljar 5 Connegctioh/for vacuum pump
2  Filter in mounting ring 6 Airinlet

3  Oxygen iplet 7 Cooling-water inlet

4  Power sypply from plasma generator 8., Cooling-water outlet

Figure 3 — Example of a configuration of a plasma asher

5.3 Sample analysis

5.3.1 Scanning electron microscope (SEM), with an accelerating voltage of at least 20 kV, is requirgd for fibre
counting and| identification.

5.3.2 Energy-dispersive X-ray system for the SEM, capable of achieving a resolution better than 170 eV
(FWHM) on the MnK,, peak.

The performance of an individual combination of SEM and solid-state X-ray detector is dependent on a [number of
geometrical factors. Accordingly, the required performance of the combination of the SEM and X-ray analyser is
specified in ferms of the measured X-ray intensity obtained from a chrysotile fibre of width 0,2 um, [under the
operating cohditions*used during the analysis. Solid-state X-ray detectors are least sensitive in the Ipw energy
region, and qo detegtion of sodium in crocidolite is an additional performance criterion.

The instrum fibres, as

specified in 6.4.1, and identification of the fibres, as specified in 6.4.3.

5.3.3 Stereo-microscope, with a magnification of approximately 20 x, for visual examination of the particulate
deposit on the filter.

5.3.4 Gold-coated capillary-pore polycarbonate filters, of 0,8 ym maximum nominal pore size, for collection
of air samples.

The gold coating shall be approximately 30 nm thick applied to the shiny side of the filter. The procedure for
preparation of the gold-coated filters is described in annex A.

NOTE Optionally, a 20 nm thick layer of gold may be evaporated on to the reverse side of the filter. This coating serves to
protect the filter during plasma ashing and can help to improve the contrast of fibres in the SEM image.

8 © 1SO 2002 — All rights reserved
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5.3.5 Backing filters of cellulose ester membrane, or absorbent pads, with a porosity of approximately 5 ym to
be used as diffusing filters behind the sample collection filters.

5.3.6 Disposable plastic field monitors (optional).

If disposable plastic field monitors are used, they shall consist of 25 mm to 50 mm diameter, three-piece cassettes,
which conform to the requirements of 5.1.1. The cassette shall be loaded with a gold-coated, capillary-pore
polycarbonate filter of maximum nominal pore size 0,8 um, backed by a cellulose ester filter of 5 um porosity.
Suitable precautions shall be taken to ensure that the filters are tightly clamped in the assembly so that significant
air leakage around the filter cannot occur.

Re-use of Aiopuaab:c p:aotib fietd-monitors-isnotrecommended:
5.3.7 Technically pure oxygen, for operation of the plasma asher.

5.3.8 Rubber connecting hoses, for connecting the sampling head to the pump, and;ether equipment in the
sampling frain.

The hose [shall have a wall thickness such that it does not collapse under a vacduum of 50 kPa. Silicone rubber
hose has been found to meet the requirements.

5.3.9 Filter containers, for transport and storage of filters if disposable field'monitors are not used.
5.3.10 Reutine electron microscopy tools and supplies.

Fine point|tweezers, scalpel holders and blades, double-coated adhesive tape, SEM specimen stubs|and colloidal
carbon pa|nt and other routine supplies are required. If a vacuum’evaporator is used for preparation of gold-coated
filters, goldl wire and tungsten filaments are required. For carbon evaporation, spectroscopically purg carbon rods
and a megns of sharpening the rods is required.

5.3.11 Sample for resolution adjustment.

A gold-copted polycarbonate filter, on which\chrysotile fibres with a width < 0,2 ym have been feposited, is
required for adjustment of the operating conditions of the SEM.

5.3.12 Sample for magnification calibration

A test sample is required to calibrate the magnification of the SEM. The magnification standard SRM484e (U.S.
National Institute of Standards‘and Technology) is an example of a sample which meets the requirement.

6 Air sample collection and analysis

6.1 Measurement planning

(=Y th fial ad+ | £ 4 + H 4. + + $al mt H 1
When detérrrining-the—spatial-andtemperal-scope—of-the-measurements—itisimpeortantto-take—inte—€tonsideration

the special aspects of the situation. It is therefore essential to define the objective of the measurements before
samples are collected. Any available information on emission sources, meteorological conditions and the local
situation should be taken into account in order to obtain the maximum information from the measurements. The
number of individual measurements to be made should be selected according to the particular task. In particular,
prior to collection of the samples, the required accuracy for the mean concentration of the inorganic fibres should
be specified, since the error of each individual measurement needs to be taken into consideration in determining
the number of samples to be collected. Measurement uncertainty is discussed in clause 8.

6.2 Collection of air samples

Figure 2 shows an example of a sampling train. Position the sampling head approximately 1,5 m above ground
level.

© 1SO 2002 — Al rights reserved 9
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If a re-usable sampling head is used, place a 5 ym porosity cellulose ester backing filter on to the filter support in
the sampling head. Place a gold-coated filter on top of the backing filter, with the shiny side facing into the direction
of the airflow. Clamp the filters in the sampling head so that the gold-coated filter lies flush against the backing filter
and is tightly fitted. Ensure that damage does not occur to the filter during clamping, and that the filter is not
twisted.

Before air sampling is commenced, perform a brief test with the tube to the sampling head closed, to determine if
any leaks exist in the complete sampling system. Under the conditions of this test, the flowrate indicated by the
volumetric flowmeter shall be less than 10 % of the unimpeded flowrate. Open the tube only after the pump has
been switched off, in order to avoid sudden pressure surges.

., . h 2 W-presst - e filter has
d. Observation of a lower differential pressure at the start of the air sampling indicates-that a serious
f, after sampling, particulate deposits are observed around the edge of the backing filter| or on the

dges of the sampling filter, a leak around the filter has occurred and the sample shall be rejected.

Leaks aroundg
been damag
leak exists.

unexposed €

When sampl|ng is to be commenced, start the pump and the timer simultaneously.

Within 2 min
effective filte
filter loading

of the start of sampling, adjust the volume flowrate to approximately 2 I{min per square cenptimetre of
- area (this value shall not vary by more than + 10 % for the period of sampling). This corresponds to a
pf 1 000 | per square centimetre of effective filter area over a sampling period of approximatgly 8 h.

At the end of the sampling period, switch off the sampling apparatus. If a¢orogrammer was used, confifm that the
sampler opefated within the required parameters for the preset sampling period. Taking care not to dlisturb the
particulate dpposits on the filter surface, remove the sample collection filter and store it upright in g dust-tight
sample container.

Record all sg
air sampling
a sketch and

In fog, a thi
increase in

satisfactory s

samples, eaq

mpling data which may be of significance for later interpretation. An example of a form for rg
data is shown in Figure 4. The location of the sampling apparatus shall be documented in t
if possible, a photograph.

Ck coating (including calcium sulfate fibres) on the sampling filter may occur, resulting
the pressure differential across the.filter. Under these conditions, it is not possible tg
bample to represent the normal sampling period, and it will be necessary to take several
h collected over a shorter sampling time, in order to obtain filters suitable for analysis. Anne

cording of
he form of

in a rapid
collect a
sequential
X E shows

the procedurk for calculation of a mean yalue from the results of several sequential short-term samples.
unusual occurrence, more representative-results could be obtained by collection of air samples when th
conditions are more typical.

f fog is an
e weather

6.3 SEM s$pecimen preparation

Before samg
shows evide

le analysisj-examine the uniformity of the particulate deposit on the filter. If the particula
hce of nah-Uniformity, reject the filter.

te deposit

If the particulate“deposit is uniform, place the filter into the holder of the mounting ring, and position it in
asher, as showrin Figure 3. The plasma ashing treatment removes the majority of the organic material
and this considerably facilitates the SEM analysis of the sample.

e plasma
on the filter,

The rate of oxidation of the organic material on the filter by the oxygen plasma is enhanced by the electrical
conductivity of the filter and the sample holder. Under the specified operating conditions, the plasma ashing
treatment is generally completed after approximately 30 min. After the plasma ashing treatment, either the whole
filter or a part thereof is mounted on an SEM specimen stub, without any further preparation, for SEM analysis.

NOTE 1  The portion of the filter to be analysed may be mounted on the SEM specimen stub either before or after the plasma
ashing treatment.

NOTE 2 Double-sided conductive adhesive tape has been found to be an effective means of mounting the filter.

10 © 1SO 2002 — All rights reserved
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AIR SAMPLING DATA SHEET: ISO 14966

Project: No.:

Sample No.:

Sampling location:

Sampling apparatus (type):

Sampling times:

Start (date, time): End (date, time):

Duration (hours, minutes):

Sampling filter (type):

Nominal pore size (um): Diameter (mm):

Effective diameter (mm): Effective filter areay(mm?):

Sampling data

Volumetric meter readings:

Start (m3): End (m?3):

Volumetric throughput (m3):

Volumetric flowrate

Start (m3/h): End (m3/h):

Mean volumetric flowrate (m3/h):

Meteorological data (if required)

Air temperature (°C): Relative humidity (%):

Wind velocity (m/s):

Weather characteristics:

Remarks:

Sampler (Name): Date of analysis:

Signature:

Figure 4 — Example of a sampling log form for recording of sampling data

© 1SO 2002 — Al rights reserved 11
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If, during SEM analysis, fibres are detected which appear to be organic, the plasma ashing treatment can be
repeated to remove them.

In exceptional cases, it may be necessary to evaporate a thin film of carbon onto the SEM specimens in order to

reduce localized charging, increase the contrast, and thus improve the visibility of fine fibres. This will generally be
required only when the filter has a very heavy particulate loading.

6.4 Analysis in the scanning electron microscope

6.4.1 General instructions

fication of
20KV is

Examine thsg
between 2 (
recommendsg

filter sample at an accelerating voltage of approximately 20 kV and an image magn
00 x and 2500 x. For fibre classification in the SEM, an accelerating voltage . of
d.

pf 2 000 x.
ust visible
hfirmed by
rate fibres
nalyses to

Adjust the S
This adjustm|
at the magni
measuring it
before the a
ensure that t

EM such that fibres with a width of approximately 0,2 um are just visible at a nagnification
ent is performed by selecting a fibre on the prepared sample, or on a test sample, which is
fication of approximately 2 000 x used for fibre counting. The width of this fibre is then co
at a magnification of 20 000 x. This adjustment shall be carried out ©A-at least two sepq
nalysis is started, and it shall be repeated several times during the«course of a series of g
ne fibre visibility conditions have not changed.

Position the
sample shall

Select the of
spectrum ca
100 s.

The criteria f

P>3\/z-

with a minim

N be acquired from a chrysotile fibre of 0,2 um width on the test sample within a maximu

Dr statistical acceptability require, for peak height, P, and background level, B:

X-ray detector such that it subtends the largest possible solid angle at the specimen su
not be tilted to an angle greater than 20° when counting and sizing the fibres.

erating parameters of the SEM and the X-ray detectér system so that a statistically accep

face. The

ble X-ray
period of

(1)

m of 30 pulses in the channel corresponding to the maximum peak height for each of the mpagnesium

and silicon pgaks [16], and

P+B o 2)

B

for each of tfle magnesium ané-silicon peaks.
During analypis, each selected image field is examined for fibres of the length and width ranges specifigd in 6.4.2.
Using EDXA| these fibires are then classified into compositional groups according to the criteria specifigd in 6.4.3.
The sequent|al nuniber of the image field, the fibre length, the fibre width, the elemental composition and the fibre
classification| are_ recorded on a fibre counting form. An example of a suitable fibre counting form i§ shown in
Figure 5. In prder to document the appearance and particulate loading of the sample, three micrographs shall be

taken of eac

Sampie and attached 10 the Tiobre-counting 1orm.

6.4.2 Fibre-counting criteria

6.4.2.1

General

Examine at least 50 image fields in order to reduce, to the extent that is possible, the effect of fluctuations in the
filter loading density on the counting result. Select image fields to be evaluated in such a way that the whole area of
the sample is taken into account and overlapping of the image fields does not occur. Count fibres in accordance
with the specifications in 6.4.2.2 to 6.4.2.9, and the examples shown in Figures 6 and 7.
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FIBRE COUNTING FORM: ISO 14966

Sample No.:

Date:

Page No.:

Name:

Calcium
sulfate

Tally list:

Rejected
structures

Tally list:

Number of
image
fields

Fibre
No.

Image field
No.

pm

pm

Elemental composition

Fibre type

Tally list:

OO |N[O|O|[A_|W[IN|—

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Totqls

Chrysotile type fibres:

Amphibole fibres:

Other inorganic fibres:

Number rejected:

Bundles:

Clusters:

Matrices:

Number of fibres without spectrum:

Catciumsutfate:

Calibrated magnification:

Total number of image fields:

Number of image fields rejected:

Micrograph numbers:

1:
2:

© I1SO 2002 — Al rights reserved

Figure 5 — Example of fibre counting form

13


https://standardsiso.com/api/?name=4dc477d38d19ca951e61b65db260d700

ISO 14966:2002(E)

o 1
4/

A

o\

/

Fibre: count as 1

b

Clustér) count as 3

0 %
i

/

d
\I/

0 = Do not count
1 = Count

=

Figure 6 — Examples of fibres extending outside-the image field

f

Split fibre: count as 1

t

Cluster: count as 5

V.

Fibre bundle: countlas 1

!

Matrix: count as 1 (partidde < 3 um)

J

Matrix: count as 1 (particle

o

<3 um) Do not count (particle > 3 um)

:

Matrix: count as 2 (particle < 3 um)

Figure 7 — Examples of the interpretation of the counting rules
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Countable fibre

A countable fibre is defined in 2.14 as any object longer than 5 ym, a maximum width less than 3 ym, and a
minimum aspect ratio of 3:1.

6.4.2.3

Bundle

A fibre bundle or a split fibre is counted as a single fibre if the overall dimensions of the bundle or the split fibre
conform to those of the countable fibre definition as given in 2.14. The diameter of a fibre bundle or split fibre is
defined as the maximum width in the compact region.

6.4.2.4 |[Cluster

Each countable fibre, fibre bundle or split fibre within a cluster is counted individually if both\ends| of the fibre,
bundle or%plit fibre can be separately located and its length and maximum width measured¢Fof a cldster in which
no individyial countable fibres are visible, count the cluster as a single fibre if the overall.dimensions pf the cluster
conform tq those of the countable fibre definition in 2.14.

6.4.2.5 |Matrix

Each countable fibre, fibre bundle or split fibre within a matrix is counted {nhdividually if both ends

bundle or

split fibre can be separately located and its length and maximum width measured. For a m

of the fibre,
Atrix in which

no individyal countable fibres are visible, count the matrix as a single.fibre if overall dimensions pf the matrix
conform tq those of the fibre definition in 2.14.

6.4.2.6 |[Fibres extending outside of the image field

For each image field, count all countable fibres except thaSe which extend over the right-hand or the|bottom edge
of the imape field. Do not count fibres which have no terminations within the image field. Figure 6 shows examples
of the counting criteria.

6.4.2.7 |Rejection of overloaded image fields

Reject thelimage field if more than one eighth of an image field is covered by aggregates of fibres and/or particles.
Record each rejection of an image field* on the fibre counting form. If more than 10 % of the image fields are
rejected in accordance with this criterion, the sample is overloaded and shall be rejected.

6.4.2.8 |Recording of fibrous particles not meeting the specified definitions

Observatipns of fibrous-particles which do not meet the specified definitions, for example, fibres v

particles (
counting fi

6.4.2.9

matrices), or fibre bundles and clusters with widths greater than 3 um, shall be recorded
Drm.

Termination of fibre counting

ith adherent
on the fibre

Continue

€ examination until completion ot the field in which the T0Uth inorganic fibre (other than ca

Icium sulfate

fibres) occurs. If, after examination of 50 image fields, 100 fibres have not been detected, further fields shall be
examined until either a total of 100 inorganic fibres has been counted or sufficient area has been examined to
achieve the desired analytical sensitivity. For most applications, it is recommended that at least 1 mm?2 of the filter
area be examined.

6.4.3 Fibre classification

6.4.3.1  General

A simple fibre classification procedure is used in which each fibre is classified as chrysotile asbestos, amphibole
asbestos, calcium sulfate or other type of inorganic fibre on the basis of a semi-quantitative analysis of the
elemental spectrum. The fibres are classified into the above categories on the basis of their X-ray emission spectra.

© 1SO 2002 — Al rights reserved 15
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NOTE

In this method, the term “fibre classification” is used, rather than “fibre identification”, to distinguish between a

definitive identification based on a combination of morphology, chemical composition and crystal structure, and the result
obtained by this method in which fibres are presumed to be asbestos if they exhibit an EDXA spectrum consistent with one of
the asbestos varieties. If airborne fibres detected by this method exhibit EDXA spectra consistent with bulk materials present at
the site where the air samples were collected, and these bulk materials have already been identified as one of the asbestos
varieties by polarized light microscopy or transmission electron microscopy, the presumption that the fibres observed are
asbestos is much stronger.

Fibres are classified into four categories:

fibres with chemical compositions consistent with those of serpentine asbestos;

a)

b) fibres wi
c) calcium
d) othering
The “other i

sulfate, but w

It is important to recognize that, during acquisition of an EDXA spectrum froni™a fibre, scattering of th

beam may re
The EDXA s
contain X-ray
be made to
particles or fi

Use the crite

6.4.3.2
Classify a fib

a) the Mga

b) any Fe,

NOTE 1 De|
NOTE2 An
these mineralg
is important t
serpentine an

Sérpentine (chrysotile)

th chemical compositions consistent with those of amphibole asbestos;

Sulfate fibres;

rganic fibres.

organic fibres” category includes all fibres which cannot be classified as_either asbestos

hich do exhibit spectra indicating that they are of inorganic compositions.

sult in emission of X-rays from particles attached to, or in closeproximity to the fibre being
pectrum obtained may therefore contain contributions fromythese particles, and the spe
peaks from elements that are not present in the asbestas varieties. In these cases, attem
acquire EDXA spectra from several positions on the {ibre, as far away from adhering o
bres as possible, in order to minimize the contributions;from the other particles.

fia given in 6.4.3.2 to 6.4.3.8 to classify the specira:

Fe as serpentine (chrysotile) if:
nd Si peaks are clear, with (P + B)/B > 2;

Mn and Al peaks are smalt, with P/B < 1.
pending on the composition of adjacent or attached particles, other peaks such as Ca or Cl may also b,

hophyllite and talc poth yield EDXA spectra which conform to this specification, but the Mg/Si peak he
is lower than that'for serpentine. In order to avoid erroneous classification of talc or anthophyllite as s

b take account-of the Mg/Si peak height ratio, and to calibrate the EDXA detector using known
talc.

6.4.3.3 ATwsite

br calcium

e electron
analysed.
Ctrum may
pts should
r adjacent

e visible.

ght ratio for
brpentine, it
samples of

Classify a fib
a)

b) any Na,
NOTE De
6.4.3.4
Classify a fib
16

re as amosite if:

the Si and Fe peaks are clear, with (P + B)/B > 2;

Mg and/or Mn peaks are small.

pending on any adjacent or attached particles, other peaks such as Ca or Cl may also be visible.

Crocidolite

re as crocidolite if:
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a) the Na, Siand Fe peaks are clear, with (P + B)/B > 2;

b) any peak from Mg is small, and any Mn peak is small with P/B < 1.

NOTE Depending on any adjacent or attached particles, other peaks such as Ca or Cl may also be visible.
6.4.3.5 Tremolite or actinolite

Classify a fibre as tremolite or actinolite if:

a) the Mg, Si and Ca peaks are clear, with (P + B)/B > 2;

b) a peak from Fe may be present, but any Na peak is faint, with P/B < 1:1.

NOTE Depending on any adjacent or attached particles, other peaks such as Ca or Cl may also bevisible.
6.4.3.6 |Anthophyllite or talc

Classify affibre as anthophyllite or talc if:

a) the Mp and Si peaks are clear, with (P + B)/B > 2;

b) the Mp/Si peak height (or area) ratio is consistent with that obtained on fibres of reference anthoppyllite or talc,
and ahy peaks from Fe, and Ca are small.

NOTE sing this analytical method, it is not possible to discriminate routinely between anthophyllite wjth a low iron
concentratipn and talc with a high iron concentration. The fibre morphology may assist in discrimination betweep anthophyllite
and talc. R|bbon-like fibres are probably talc, whereas straight, rod-like fibres are possibly, but not necessarily, gnthophyllite. If
fibres of this composition are observed, it is recommended-that the sample be evaluated using transmigsion electron
microscopy

6.4.3.7 |Calcium sulfate
Classify affibre as calcium sulfate if:
— the Ca and S peaks are clear, with{P + B)/B > 2.

NOTE Pepending on any adjacent or attached particles, peaks from other elements may be visible.

6.4.3.8 |Other inorganic)fibres

Classify a[fibre as@n‘other inorganic fibre if it yields a spectrum containing any combination of elgments which
cannot be|classifiedsinto categories 6.4.3.2 to 6.4.3.7.

NOTE 1 [Pn-the basis of the above criteria, silicate fibres can be classified only as those exhibiting chfysotile-like or

H $tal 4. 4 cu 1
amphibole-tke—elemental-speetra—{asbestos)—ecaleivm—sulfate—and—ether—inerganic—fibres—Fhis—preeedure—eah result in an

over-estimation of the asbestos fibre content [12].

NOTE 2 In the above criteria, amosite and crocidolite have been classified separately. However, some X-ray detectors may
not be sufficiently sensitive to detect the sodium peak from crocidolite and, when using these types of detector, routine
discrimination between amosite and crocidolite may not be possible. In this case, amosite and crocidolite fibres are classified
into the same category.

6.4.3.9 Fibres which exhibit no definitive X-ray peaks
Observation of fibres which yield no definitive X-ray peaks in the EDXA spectrum can be interpreted as an

indication that residual organic material is still present after ashing. Very fine inorganic fibres with widths less than
0,2 ym usually do not yield statistically significant X-ray peaks.
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6.4.3.10 Reference EDXA spectra from standards of the asbestos varieties

For any particular fibre, the relative heights of the peaks in the EDXA spectrum vary with the characteristics of the
X-ray detector. In particular, the detection efficiency for X-ray peaks from low atomic number elements is higher for
ultra-thin window detectors than it is for standard beryllium window detectors. Because each EDXA detector has
different efficiency characteristics, it is necessary to obtain reference spectra for each SEM-EDXA system, using
standards of the asbestos varieties. A series of such spectra, collected using an ultra-thin window detector, are
shown as examples in Figure 8. These spectra are used for comparison purposes in the classification of fibres.
Since the performance of the EDXA detector may change with time, new reference spectra must be obtained at
appropriate intervals, and particularly after any maintenance of the detector has been carried out.

Counts

Counts

18

6000
5700
5400
5100
4800
45004
4200
3900
3600
3300
3000 4
2700
2400
2100
1800
1500
1200
9004
600+
300
04

6000
5700 -
5400
5100
4800 -
4500
4200 -
3900 -
36090 -
3300+
3000
2700
2400
2100
1800+
1500
1200
900
600
300

0

0

¢

N

Mg

Si

Al Fe

1,000 2,000 3,000 4,000 5,000 (6,000 7,000

a) Fibre of reference chrysotile (no gold coating)

Si

Fe
M
ke 9

Na Ca Mn Fe

8,000 9,000
keV

——

,1|:oo 1,000 2,000 3,000 4,000 5,000 6,000 7,000

b) Fibre of reference amosite (no gold coating)

Y

5,000 9,000
keV

Figure 8 — EDXA spectra of fibres of reference materials
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Si

00

1,000

Fe

‘Fe
. . -

2,000 3,000 4,000 5,000 6,000 7,000 8,000 %,000
keV

c) Fibre of reference crocidolite (no gold coating)

Ca

Ca Fe

—
14 ol

2,000 ‘3,000 4,000 5,000 6,000 7,000 8,000 9,000
keV

d) Fibre of reference tremolite (no gold coating)

Figure 8 (continued)
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Counts

3000
2600
2600
2400
2200
2000 0
18004
1600
1400
1200
1000 G Mg
800
600 Ca Fe
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e) Fibre of reference actinolite (no gold coating)
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f) Fibre of reference anthophyllite (no gold coating)

Figure 8 (continued)
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350 A

300 A

250 -+

200 -

150 -

100 -

50 A

g0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 90 100 1M1M,.0 1RO

a) Fibre of chrysotile on a gold-coated filter with other particles

700 A S|

600 A

500 4

0,0 1,0 20 3,0 40 5,0 6,0 70 80 90 100 110 120

b) Fibre of amosite on a gold-coated filter with other particles

Figure 9 — Examples of EDXA spectra from asbestos fibres on gold-coated filters
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350 St Au

0,0 1,0 2,0 3,0 4,0 50 6,0 7,0 8,0 90 100 11,0 120
c) Fibre of crocidolite on a gold-coated filter with other particles

NOTE THe spectra were obtained from fibres detected in actualair samples.

Figure<9-(continued)

6.4.3.11 Precautions during acquisition\of EDXA spectra

During the acquisition of EDXA spectra, care shall be taken to ensure that the electron beam is stable, that the
point of incigence is on the fibreland that the beam does not drift off the fibre during the analysis] It is also
necessary td ensure that the peint of incidence of the electron beam is as far as possible from any gttached or
adjacent fibrg¢s and/or particles,in order to obtain a spectrum from the fibre with a minimum of interferen

In some casgs, it is not possible to classify a fibre unambiguously. This could be because of interferende by other
particles or flbres, or<because the peak to background ratios are insufficient. When this occurs, annotafe the data
for these fibrgs bysan.asterisk and indicate the reason on the fibre counting form.

Examples of EDXA spectra collected from chrysotile, amosite and crocidolite fibres detected in actual air samples
are shown in Figure 9. Peaks from gold will always be present in these spectra, but their intensities will vary
depending on the size of the fibre from which the spectrum is being acquired, and other factors relating to the
interaction of the electron beam with the gold-coated substrate. Other peaks present in the spectra, and variations
in relative peak intensities, can be attributed to adjacent or attached particles.

6.4.4 Measurement of fibre dimensions
For measurement of the fibre dimensions, particularly the fibre width, it is recommended to increase the

maghnification to about 10 000 x or higher. It is also recommended to acquire the EDXA spectrum at this
magnification. Before moving the specimen stage and switching to a higher magnification, the position of a
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prominent structure in the field of view should be noted, in order to allow correct repositioning of the specimen
stage after analysis of the particular fibre has been completed.

6.4.5 Re

cording of data on the fibre counting form

For each fibre classified as “asbestos” or “other inorganic fibres”, record the image field number, fibre number,
length and width, elemental composition and fibre classification. On the fibre counting form, each fibre classified as
“asbestos” shall be further classified as either “chrysotile” or “amphibole”. It is recommended that the “amphibole”
category be further divided, to the extent possible, into categories representing compositions consistent with the
different varieties of amphibole asbestos.

Count cal¢ium sulfaie Tibres, but do nof measure their dimensions. Enter the count of calcium sulfaie

fibre coun

7 Calc

71 Cal

The meas
type i) of
aspect rat

ing form as a tally list, as shown in Figure 5.

ulation of results

culation of the mean fibre concentration

urement obtained by this method is the numerical concentration ci (in fibres per cubic m
norganic fibres longer than 5 um, less than 3 ym in maximum, width, and which also ha
os of 3:1. Based on the EXDA results, these fibres are classifiedyinto groups according to Tz

Table 1 — Fibre classifications

fibres on the

etre for fibre

Fibre classification Numerical concentration

Ci

1 Fibres with compositions consistent with thoseof ¢
serpentine asbestos 1

2 Fibres with compositions consistent with‘those of c
amphibole asbestos 2
3 Other inorganic fibres 3
4 Calcium sulfate y

Calculate the numerical concCentration for fibre classification i (i = 1, 2, 3, 4) as follows:
Ci = n[
N-Vp
where
4.Fp-Vx108
VB = —2
Tt'deﬁ
and

1

1

¢; is the numerical fibre concentration of fibre classification i, in fibres per cubic metre;

n. is the number of fibres counted for fibre classification i;

N is the number of image fields examined;
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deff

is the sampled air volume, in cubic metres, per image field;
is the area of the image field, in square millimetres;

is the sampled air volume, in cubic metres;

is the effective filter diameter (diameter of the exposed circular filter area), in millimetres.

The data recorded on the fibre counting form can be used to determine the size distribution for fibres (except
calcium sulfate fibres) with aspect ratios greater than 3:1 within the length range from 5 ym to 100 ym, and the

width range

nmﬂ?llm tn’%llm

Depending o
the meter re
and sampling

The numeric
then calculat

Cc= C1 +
and the cond
CT = C1 +

7.2 Calcu

For the num
upper 95 %

using the eqdiations:

ek =1
N

g

N

If n; fibres of

numerical fib

8 Perfor

n the choice of sampling equipment, the sampled air volume is calculated as the diffetenc
pdings of a gas-volume meter at the start and end of sampling, or from the average| volun
time.

bl concentration of fibres with chemical compositions consistent with those of the asbestos
ed as:

2

entration for all inorganic fibres Cy (excluding calcium sulfate fibres) is then calculated as:
C2 + C3

lation of the 95 % confidence interval

per of fibres n; of classification i detected in the"SEM examination, obtain the values for the
confidence limits, 4, and A, from Table 2: Convert these values into numerical fibre con

fibre classification i were counted during the examination, then there is a 95 % probabili
Fe concentration will lie within this range.

mance characteristics

e between
e flowrate

arieties is

()

lower and
entrations

(7)

(8)

ty that the

8.1

General

Asbestos fibre concentrations measured in ambient air are generally of the order of less than 1 000 fibres/m3, and
mostly less than 100 fibres/m3 (fibres longer than 5 um). Consequently, the number of asbestos fibres counted
during individual measurements is usually very low [12]. Calculation of the performance characteristics
(measurement uncertainty, sampling uncertainty, analysis uncertainty) is therefore based on the total number of
asbestos and other inorganic fibres.
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8.2 Measurement uncertainty

8.2.1 Systematic errors

Systematic errors in the measured numerical fibre concentration can occur as a result of:

a) sampling (errors in measurement of volume flowrate);

b) SEM specimen preparation (fibre losses during handling and plasma ashing);

c) analysis (adjustment of SEM, fibre counting, measurement and identification).

The most
— detec
— subje

— interp|
adjac

8.2.2 Random errors

Random
fibre coun
with partic

Where pa
uncertaint
evaluation

If extreme
influences
period ang
to minimiz

The errors

Critical items leading to systematic errors are those associated with the SEM examination:. TILese include:

ion and analysis of thin fibres with widths close to and lower than the calibrated visibility limi
Ctive interpretation of aggregates comprising fibres and isometric particles during fibre counti

retation of EDXA spectra to classify fibres, particularly for spectra subjéetto interferences b
bnt particles.

ariation of the results occurs as a result of Poisson variability, and this is particularly imp
s. Low fibre counts are often experienced for asbestos fibres longer than 5 ym. The variabili
ular fibre counts can be estimated using the Poissoncdistribution, as described in 8.2.6.

of 0,2 ym;

ng;

y coatings or

brtant for low
y associated

ticular requirements are specified with regard 40*the accuracy of the measuring process, this statistical

in the results should always be taken into agcount during the planning of the sampling pro
of the extent of the measurement process(resulting therefrom.

fluctuations in the fibre concentrations' in ambient air occur as a result of, for example, m
corresponding variations in the \measurements will be found. In this type of situation,
the number of individual measurements should be selected during planning of the air sam
b the effects of such influenees:

cess and the

eteorological
he sampling
bling in order

described in 8.2.1 t0-8.24 are defined as relative variables on the basis of experience, ¢xpressed as

of the errors

cal sampling
ed to be:

twice the standard deviation, awhich is approximately equivalent to a 95 % confidence interval. All

specified relate to measurements of fibres longer than 5 ym and shorter than 100 pm.

8.2.3 Errors due tossampling

The sampling erfortis defined as the scatter of the measured results when using side-by-side ident

systems. On thetbasis of comparison measurements [17], the relative standard deviation was determin
2 op < 15%

8.2.4 Errors associated with the SEM examination

The errors associated with the SEM examination were calculated for the sums of fibres classified as asbestos and
as other inorganic mineral fibres (excluding calcium sulfate fibres) from the results of four separate series of
measurements in each of which there were five different participating laboratories [17]. From these results, a
relative standard deviation of:

20'A

<35%

was obtained.
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From these comparison measurements [17], the relative standard deviation due to the subjective error of the
operator, using one laboratory and one sample, was found to be:

20'3|:=15%

This shows clearly that the equipment, subjective factors and the characteristics of the preparation are major
aspects which determine the total error of the measurement.

8.2.5 Total error of the measurement

Provided that the errors from different sources are independent, the standard deviation for the overall
measuremert is given by:

GT:\ﬁr§+G£+o—§ 9)
where

o7 is ttle standard deviation for the overall measurement;
og s ttle standard deviation for the sampling errors;
o s tte standard deviation for the analysis errors;
op s ttle standard deviation for the Poisson variability.
The standard deviation for the combination of sampling and analysis is calculated from op and oy to give
20y <[38 %

For individugl samples, the standard deviation_for-the Poisson variability must be combined with thesI standard
deviations td obtain the standard deviation forthe measurement. The Poisson variability is dependént on the
number of fijres counted, and is estimated as in 8.2.6.

8.2.6 Random errors due to fibre counting

Assuming thpt the numerical fibreJconcentrations on the filter are low, the probability P of detecting » ffibres of a
given fibre clhss during examination of N image fields can be described using the Poisson distribution:

a” -exp(=aq)

P(n,a) = r

(10)

The variable|a_can be regarded as the product of the probability p of finding one fibre of the correspopding fibre

i £iald a AL _th h £ 1 fiald H a1+ daotao th n tad ]
class in one Mage-Hertaht v theRtmoer-ormageHeiaSexamthe Tt CoffespoRastothe-expecteavarue n of the

number of fibres detected during examination of N image fields. On the basis of the Poisson distribution, using
Table 2, it is possible to determine the 95 % confidence interval for the calculated fibre number concentration.

For illustration, Figure 10 shows the probability density for detection of 0, 2 and 4 fibres in 165 image fields. The
abscissa scale has been converted to fibre concentration in fibres per cubic metre, assuming a sampled air volume
of 0,01 m3 per image field.
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Fibre Lower Upper Fibre Lower Upper Fibre Lower Upper
count A Ay count A Ay count A Ay

0 0 3,6892 46 33,678 61,358 92 74,164 112,83

1 0,025 5,572 47 34,534 62,501 93 75,061 113,94

2 0,242 7,225 48 35,392 63,642 94 75,959 115,04

3 0,619 8,767 49 36,251 64,781 95 76,858 116,14

4 1,090 10,242 50 37,112 65,919 96 77,757 117,24

5 1,624 11,669 51 37,973 67,056 97 78,657 118,34

6 2,202 13,000 Y4 350,03/ 00,192 Yo 79,99/ 119,44

7 2,814 14,423 53 39,701 69,326 99 80458 120,53

8 3,454 15,764 54 40,567 70,459 100 81360 121,66

9 4,115 17,085 55 41,433 71,591 110 90,400 132,61
10 4,795 18,391 56 42,301 72,721 120 99,490 143,52
11 5,491 19,683 57 43,171 73,851 130 108,61 154,39
12 6,201 20,962 58 44,041 74,979 140 117,77 165,23
13 6,922 22,231 59 44,912 76,106 150 126,96 176,04
14 7,654 23,490 60 45,785 77,232 160 136,17 186,83
15 8,396 24,741 61 46,658 78,357 170 145,41 197,59
16 9,146 25,983 62 47,533 79482 180 154,66 208,33
17 9,904 27,219 63 48,409 80,605 190 163,94 219,05
18 10,668 28,448 64 49,286 81,727 200 173,24 229,75
19 11,440 29,671 65 50,164 82,848 210 182,56 240,43
20 12,217 30,889 66 515042 83,969 220 191,89 251,10
21 13,000 32,101 67 51,922 85,088 230 201,24 261,75
22 13,788 33,309 68 52,803 86,207 240 210,60 272,39
23 14,581 34,512 69 53,685 87,324 250 219,97 283,01
24 15,378 35,711 70 54,567 88,441 260 229,36 293,62
25 16,178 36,905 A 55,451 89,557 270 238,75 304,23
26 16,983 38,097 72 56,335 90,673 280 248,16 314,82
27 17,793 39,284 73 57,220 91,787 290 257,58 325,39
28 18,606 40,468 74 58,106 92,901 300 267,01 335,96
29 19,422 41,649 75 58,993 94,014 310 276,45 346,52
30 20,241 42,827 76 59,880 95,126 320 285,90 357,08
31 21,063 44,002 77 60,768 96,237 330 295,36 367,62
32 21,888 45,175 78 61,657 97,348 340 304,82 378,15
33 22,715 46,345 79 62,547 98,458 350 314,29 388,68
34 23,545 47,512 80 63,437 99,567 360 323,77 399,20
35 24,378 48,677 81 64,328 100,68 370 333,26 409,71
36 25;243 49,840 82 65;24—16+79 386 342,75 420,22
37 26,050 51,000 83 66,111 102,90 390 352,25 430,72
38 26,890 52,158 84 67,003 104,00 400 361,76 441,21
39 27,732 53,315 85 67,897 105,11 410 371,27 451,69
40 28,575 54,469 86 68,790 106,21 420 380,79 462,18
41 29,421 55,622 87 69,684 107,32 430 390,32 472,65
42 30,269 56,772 88 70,579 108,42 440 399,85 483,12
43 31,119 57,921 89 71,474 109,53 450 409,38 493,58
44 31,970 59,068 90 72,370 110,63 460 418,92 504,04
45 32,823 60,214 9 73,267 111,73 470 428,47 514,50

@  The one-sided upper 95 % confidence limit for zero structures is 2,99.
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Probability density

0 200 400 600 800 1000 1200 1400
Fibre concentration, fibres/m3

Figure 10 +— Distribution of the probability density of the fibre concentration for 0, 2 and 4 fibres detected
in an analysed air volume of 0,04 m3

8.3 Limit pof detection

The limit of detection is defined as the numerical fibre concentration below which, with 95 % confidence,|the actual
fibre concentration lies when no fibres are detected during the SEM examination.

The detectiop limit depends on:

a) the volume of air which passed through.the filter during the period of sampling;
b) the effegtive area of the filter;

c) the area|of filter examined.

If no fibres gre detected during the SEM examination, Table 2 shows that the upper 95 % confider|ce limit is
2,99 fibres. Tlhe detectionlimit, £, for the measurement is given by:

g
299 (11)

N-Vpg

E =

A limit of detection of approximately 300 fibres/m3 is obtained with a sampled air volume of 1 m3 per square
centimetre of filter surface area, if an area of 1 mm?2 is examined in the SEM. This corresponds to evaluation of an
air volume of 0,01 m3.

Theoretically, the limit of detection can be reduced indefinitely by increasing the area of filter examined in the SEM.
For example, the limit of detection can be reduced to approximately 150 fibres per cubic metre if, with a sampled air
volume of 1 m3 per square centimetre of filter area, the SEM examination is extended to an area of 2 mm?2.

Any background contamination by fibres which may exist on unused filters is not taken into account in the quoted

detection limit. Experience has shown, however, that background contamination levels of unused filters are
negligible compared with the above detection limit.
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The limit of detection may also be reduced by increasing the volume of air sampled. However, the extent to which
the sampled air volume can be increased may be limited by the concentration of non-fibrous particles in the
ambient air. This can result in an increased formation of agglomerates on the filter and consequent obscuration of
fibres, or the pores of the filter may become blocked during sampling, leading to an unacceptable increase in the
differential pressure across the filter.

The choice of an appropriate sampling time and the necessary extent of the SEM examination are therefore
aspects of the measurement which shall be optimized at the planning stage for each particular application.

9 Test
The test rq
a) refere

b) identi

c) the date, time and location of the air sample collection, and all necessary sampling data, includin

of air
d) the ar
e) the ar
f) the n
calcul

It is recom
and those

report

port shall include at least the following information:
nce to this International Standard;

ication of the sample;

sampled, the sampling time and the effective diameter of the sample, cellection filter;
alysed air volume;
alytical sensitivity;

Lmber of fibres in each of the fibre classifications detected during the SEM examinatic
ated numerical concentrations.

mended that the upper and lower 95 % confidence limits be reported for the fibres classified
classified as other inorganic fibres. An example of a test report is shown in Figure 11.

gy the volume

n, and their

as asbestos
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TEST REPORT

“Project title”

Sampling

Date: “Date of sample collection’

Sample volume: 3,8 m3

Measurement number: “Number’

Sampling duration: 8 h

Sampling apparatus: “Type”

Effective filter area: 380 mm?2

”

Type of measurement: “........

Locatibn: “Description of the sampling location”

Air sampling by:

Analysis in the SEM

Scannjing electron microscope: “Type of SEM”

Analysis system: “Type of EDXA”

Magnification: 2 000 x

Filter area analysed: 1 mm?2

Number of image fields examined: 100

Imagelfield area: 0,01 mm?2

Number of image fields rejected: 5

Number of rejected: Bundles: 1

Clusters: 0 Matrices: 2

Number of fibres without spectrum: 4

Micrograph Numbers: 456, 457, 458

Results
Fibre Number Fibre concentration (fibres/m3)
classification of filros
counted
Mean Poissonian 95 % confidence interval
Amphibole 600 220to 1 310
Chrysotile 300 60 to 880
Total gsbestos 900 410to 1710
Other inorganic 15 1 500 840t0 2470
Calcium sulfate 800 — —

Sampling and analysis performed in accordance with ISO 14966.

Detection of one fibre corresponds to a concentration of 100 fibres/m3.

The volume of air analysed was 0,01 m3.

30

Figure 11 — Example of a test report
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Annex A
(normative)

Preparation of filters for air sampling
The membrane filters of a new batch shall be examined in the SEM to establish that any background level of

inorganic fibres is sufficiently low that it does not significantly affect the reported results, and that the filters have a
uniform paore distribution.

Before sampling, it is necessary to coat the surface of the membrane filters with a gold layer~he|gold coating
protects the filter during plasma ashing and allows the filter to be examined in the SEM without)the ingrease in the
geometric|dimensions of the inorganic fibres, which would result if an evaporated film were @pplied after sampling.
The gold doating is applied using either a vacuum evaporator or a sputter-coating unit.

The thickrjess of the gold coating applied to the side of the filter on which particles,are to be collected during air
sampling (the smooth and more strongly reflecting side) shall be approximately 30-nm. A uniform thickness of gold
coating is|required in order to minimize variations in contrast in the SEM image. Optional vacuum deposition of
approximdtely 20 nm thickness of gold onto the other side of the filter protects the sampling filter during ashing and
can help fo improve the contrast of fibres in the SEM image. If a means<f measuring the thicknesg of the gold
coating is|not available in the vacuum evaporator, the gold coating can\be assumed to be satisfactpry when the
filter loseslits initial dark colour during the course of the evaporation.and takes on a typical metallic gold lustre. If, in
addition, d coated filter appears to have a green colour when observed in transmitted light, it can be assumed that
the thickngss of the gold coating is within the required limits.

The filter ¢oating thickness can also be checked easily using the SEM. A number of membrane filtefs are initially
weighed, after which they are coated with gold and weighed again. The mass of the gold coating can be calculated
by subtragtion, and the thickness can be determined. ffrom the area of the filters and the density of gold. Using a
constant Heam current in the SEM, the height or péak integral for one of the gold X-ray peaks produgced by these
reference |filters can then be compared with the“corresponding gold peak produced on a filter prepared for air
sampling. [The thickness of the gold coating onthe sampling filter can be calculated, assuming a linear relationship
between the gold coating thickness and the size of the gold peak. After subtracting the background signal, the
integral under the gold peak, or the height'of this peak, is a direct measure of the thickness of the gold|coating.
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Annex B
(normative)

Procedures for calibration and adjustment of the SEM

B.1 Calibration of the scanning electron microscope

The SEM sp
2 000 x and

The magnifio

It is important to recognize that the magnification value displayed on some models of SEM is that ap

micrographs
The SEM ex
the viewing S

Adjust the S
are visible a
fibre, either @
The width off
carried out 0
the course of

NOTE1 On
approximately

NOTE2 Th
electron bean
does not exc
observed. Wit
or 2 500 x, the

B.2 Adjustment of the EDXA system

The largest
SEM and th
acquired frorf

The criterion

bcimen is examined at an accelerating voltage of approximately 20 kV and a magnification ¢

P 500 x. For fibre identification in the SEM, an accelerating voltage of 20 kV is recommendeq.

ation on the screen shall be calibrated using a certified commercially-available magnificatior

produced by the recording system, and not to the viewing screen [cathode.fay tube (CR
Amination is performed directly on the viewing screen, and the magnificdtion calibration mu
creen.

EM in such a way that chrysotile fibres with a width of 0,2 ym and“lengths between 5 ym
a the counting magnification of approximately 2 000 x. This¢adjustment is performed by {§
n the prepared sample or on a test sample, which is just visible at the magnification used fo
this fibre is then determined at a magnification of approximately 20 000 x. This adjustme
h at least two separate fibres before starting the analysis, and shall be repeated several tin
a series of analyses.

a 30 cm CRT display, 100 image fields at a magnification of approximately 2 000 x correspond to
1 mm?Z on the specimen.

b width of the scan line (or pixel width fornan SEM with digital imaging) on the sample and the dian

are the factors which determine the resolution in the SEM. Provided that the scan line width or the]
bed 0,2 ym, no severe image degradation relevant to resolution of a 0,2 ym wide fibre longer th
h currently-available CRT display sizes and nominal line numbers of about 500 to 700 at magnification
above conditions are usually mét:

possible solid, angle of the EDXA detector system should be used. The operating parame
b X-ray detector system shall be selected so that a statistically-acceptable X-ray spectru
h a 0,2 yarwidth chrysotile fibre on the test sample within a maximum period of 100 s.

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

f between

standard.
plicable to
) display].
5t relate to

nd 10 um
electing a
I counting.
nt shall be
hes during

an area of

heter of the
pixel width
an 5 um is
5 of 2 000 x

ters of the
m can be

P>3\/E?-

(B.1)

with a minimum of 30 pulses in the channel corresponding to the maximum peak height for each of the magnesium
and silicon peaks [11]; and

P+B
B

>2

for each of the magnesium and silicon peaks.
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(B.2)
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B.3 Adjustment of the plasma asher

The operating conditions of the plasma asher shall be adjusted so that the time for removal of organic materials
from sample filters can be predicted. Place a burning candle which produces smoke at a distance of approximately
30 cm from a sampling head equipped with a gold-coated filter in accordance with annex A. Using the nominal
volume flowrate, collect smoke on the filter for approximately 30 s. Remove the filter from the sampling head
(it should be greyish or black at the surface) and place it in the plasma asher. Cover approximately half of the filter
surface with a glass microscope slide.

If the ashing conditions are correctly adjusted, the smoke particles from the unprotected half of the filter will be
removed in approximately 20 min. The colour of this filter area should then appear the same as that of the unused

filter. The

B.4 Detgction of leaks in the sampling head

The methpd for collecting smoke as described in B.3 can also be used to determing:whether the

around thg
will result

ftermateriatitsetf shouldappear unchanged:

filter when it is installed in the sampling head. After exposure of the sampling head to the §

re are leaks
moke, a leak

in colouration around the edge of the backing filter or around the edge-ef the gold-coated filter. If this
occurs, improve the fitting of the filter in the sampling head, so that an airtight sealis obtained.
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Annex C
(informative)

Characteristics and chemical composition of inorganic fibres

C.1 General

For the purppses of this International Standard, particles with a minimum ratio of length to width of 3:1|4re defined
as fibres.

All fibrous pgrticles can be classified according to their chemical composition (inorganic/organic); accord|ng to their
physical strugture (amorphous/crystalline) and according to their origin (natural/synthetic) [18]. The term| “synthetic
inorganic fibres” is often used as a synonym for “artificial mineral fibres”, or “man-made miineral fibres”.

The development of fibrous morphology in a material can be attributed to a number ‘ef)causes.

a) The lattice structure of a crystalline material may contain privileged directions such as lattice planes, lattice
constan{s, or zones, which demand a fibrous habit. The chain @r\yband silicates, such as pyroxenes,
amphibqles and wollastonite, or the sheet silicates such as chrysotile, which have Si,O4, sheets with a polar
structure whose free valences point in the same direction, are examples of these types of structure [18 to 20].

b) The physical and chemical conditions during formation, such as pressure, temperature and thg chemical
species jn solution, can lead to growth in a fibrous habit:

1) monocrystalline “whiskers”, such as tin, alumina,.silicon carbide and potassium titanate, can be[formed by
crygtallization from solution;

2) quartz and aragonite can be formed by erystallization from a gel phase;
3) alkgline sulfates can be produced during the formation of druses and pores in bricks, and;

4) chrysotile asbestos, amosite¢rocidolite and fibrous gypsum can be formed during metamorphdsis of rock
[19,/201].

¢c) Amorphous fibres can beanufactured from numerous inorganic mixtures. In these processes, the [material is
solidified from a melt or\asolution process, using procedures such as spinning or stretching to form fibres such
as glass|fibres. After.fermation, the properties or crystallinity are sometimes modified by thermal treafment.

C.2 AsbeTtos fibres

Asbestos is a term used to designate a group of naturally occurring inorganic crystalline silicates when they occur
in a fibrous habit. They occur as individual fibres, or bundles of fibres, in rocks. During transformation of the rock,
growth of fibres is favoured by conditions in fissures and gaps in the rock [19, 20].

The asbestos types can be classified mineralogically into serpentine asbestos (chrysotile asbestos) and amphibole
asbestos [19 to 23]. Serpentine asbestos forms during hydrothermal transformation of ultra-basic rocks containing
magnesium and aluminium, such as dunites, gabbros and basalts, at temperatures lower than 360°C. The starting
minerals are olivine and lower-ranking pyroxenes and amphiboles. If whole rock complexes are involved in this
transformation process (serpentinization), the final product is referred to as serpentine. During further hydrothermal
mobilization, chrysotile fibre bundles may precipitate in fissures and gaps of the serpentine, with an intermediate
gel phase.
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