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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all suelf patent righfs. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Committee ISO/TC 146, Air quality, Subcominittee SC 3,
Ambient atmospheres.

This|second edition cancels and replacesthe first edition (ISO 14966:2002), which has been technically
reviged. It also incorporates the cofrgcted version ISO 14699:2002/Cor 1:2007. The mpin changes
compared to the previous edition,are as follows:

— (Counting rules, changed (to the recommended method (membrane filter method) ¢f the WHO
World Health Organization);

— Analytical proceduré)(classification), using normalized peak height ratios in addition td the method
If the previousedition;

ule for earlytermination of filter evaluation (counting and analysis). A formula is given fo terminate
the filterevaluation, if the calculated (asbestos) fibre concentration is above a set limit yalue for this
fibre concentration.

Any feedback or questions on this document should be directed to the user’s national standprds body. A
compiete ISt of These bodies can be found at WWW.IS0.0T g/ TMEMDErS-Itm-
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Introduction

This document describes a method for measurement of the numerical concentration of inorganic fibrous
particles in ambient air using the scanning electron microscope. This document is based on VDI 3492[11,

The method is also suitable for determining the numerical concentrations of inorganic fibres in the
interior atmospheres of buildings, for example measurement of residual airborne fibre concentrations
after the removal of asbestos-containing building materials.

Biological research has shown that the fibrogenic or carcinogenic effect of a fibre is related to its
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oses of this document, a fibre is defined as a particle which has a minimum length to y
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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

1SO 1031218
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Ambient air — Determination of numerical concentration

of

inorganic fibrous particles — Scanning electron

microscopy method

1

This

Scope

concentration of inorganic fibrous particles in the air. The method specifies the use of
capillary-pore, track-etched membrane filters, through which a known volume of dit has
Using energy-dispersive X-ray analysis, the method can discriminate between fibré€s with c
consjstent with those of the asbestos varieties (e.g. serpentine and amphibble), gypsu
inorganic fibres. Annex C provides a summary of fibre types which can be measured.

This|document is applicable to the measurement of the concentrations®f ihorganic fibrous
ambient air. The method is also applicable for determining the nunierical concentrations

fibr

ous particles in the interior atmospheres of buildings, for example to determine the cc

of aifborne inorganic fibrous particles remaining after the removal of asbestos-containing

The

range of concentrations for fibres with lengths greatersthan 5 pm, in the range of widt}

be d¢tected under standard measurement conditions (se€-7.2), is approximately 3 fibres 4

per

dquare millimetre of filter area. The air concentrations, in fibres per cubic metre, rep

thes¢ values are a function of the volume of air sampled.

The

hbility of the method to detect and classify“fibres with widths lower than 0,2 pm

airbgrne fibres in the atmosphere being sampled are predominantly <0,2 pm in width, a t
electron microscopy method such as IS0 10312[8 can be used to determine the smaller fiby

2
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3
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31

Normative references

re are no normative references in this document.

Terms and definitions

the purposesefithis document, the following terms and definitions apply.

acicular

shap

document specifies a method using scanning electron microscopy for determingtion of the
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e shown by an extremely slender crystal with cross-sectional dimensions which are sinall relative

to it length, i.e. needle-like

3.2

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

Ag1B2C5Tg0,,(0H,FCD);

where
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A =K, Na;
B =Fe2*, Mn, Mg, Ca, Na;
C =AlCr,Ti, Fe3*, Mg, Fe?*;
T =Si, Al Cr, Fe3*, Ti
Note 1 to entry: In some varieties of amphibole, these elements can be partially substituted by Li, Pb, or Zn.

Amphibole is characterized by a cross-linked double chain of Si-O tetrahedra with a silicon: oxygen ratio of 4:11,

by columnar or fibrous prismatic crystals and by good prismatic cleavage in two directions parallel to the crystal
faces and intnrcnr‘h'ng at ahglnc of about 56° and 124°

3.3
amphibole psbestos
amphibole (3.2) in an asbestiform (3.5) habit (3.17)

34
analytical gensitivity
calculated afirborne fibre (3.13) concentration equivalent to counting one fibredn-the analysis

Note 1 to entfy: The analytical sensitivity is expressed in fibres per cubic metre.

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

3.5
asbestiform
specific type of mineral fibrosity in which the fibres (3.13) and fibrils possess high tensile strength and
flexibility

3.6

asbestos
any of a gropp of silicate minerals belonging to.the serpentine and amphibole fibres (3.2) groups which
have crystallized in the asbestiform (3.5) habit (3.17), causing them to be easily separated into [long,
thin, flexiblg, strong fibres (3.13) when ctushed or processed

Note 1 to entry: The Chemical Abstracts Sérvice Registry Numbers of the most common asbestos varietief are:
chrysotile (12001-29-5), crocidolite~(12001-28-4), grunerite asbestos (amosite) (12172-73-5), anthopHyllite
asbestos (77$36-67-5), tremolite asbestos (77536-68-6) and actinolite asbestos (77536-66-4).

3.7
aspectratio
ratio of length of a paxrticle to its width

3.8
chrysotile
fibrous variety-of the mineral serpentine, which has the nominal composition:

Mg;5i,05(0H),

Note 1 to entry: Most natural chrysotile deviates little from this nominal composition. In some varieties of
chrysotile, minor substitution of silicon by Al;+ can occur. Minor substitution of magnesium by Al3*, Fe2*, Fe3*,
NiZ*, Mn2+ and Co%* can also be present. Chrysotile is the most prevalent type of asbestos.

3.9
cleavage
breaking of a mineral along one of its crystallographic directions

2 © IS0 2019 - All rights reserved
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3.10

cluster

fibrous structure in which two or more fibres (3.13), or fibre bundles (3.14) are randomly oriented in a
connected grouping

3.11
countable fibre
any object longer than 5 pm, having a maximum width less than 3 pm and a minimum aspect ratio of 3:1

3.12
energy-dispersive X-ray analysis

analyser system

3.13
fibre
elongated particle which has parallel or stepped sides and a minimum aspect ratio of 3:1

3.14
fibre bundle
strugture composed of apparently attached, parallel fibres (3.13)

Note 1 to entry: A fibre bundle can exhibit diverging fibres at one or-both ends. The length is defjned as equal
to the maximum length of the structure, and the diameter is defined as equal to the maximum|width in the
complact region.

3.15
fibriL

single fibre (3.13) of asbestos which cannot be further separated longitudinally into smaller components
withput losing its fibrous properties or appeararices

3.16
fibrgus structure
fibre|(3.13), or connected grouping offibres, with or without other particles

3.17
habit
the tharacteristic crystal growth form or combination of these forms of a minerdl, including
charjcteristic irregularities

3.18
image field
the grea on the filter sample which is shown on the screen

3.19
limit of detection
calcylated airborne fibre (3.13) concentration equivalent to the upper 95 % confidence limit of 2,99
fibrespredicted by the Poisson diStribution for a count of Zero fibres

Note 1 to entry: The limit of detection is expressed in fibres per cubic metre.

3.20
magnification
ratio of the size of the image of an object on the observation screen to the actual size of the object

Note 1 to entry: For the purposes of this document, magnification values always refer to that applicable to the
observation screen.

3.21

matrix

structure in which one or more fibres (3.13) or fibre bundles (3.14) touch, are attached to, or partially
concealed by a single particle or connected group of non-fibrous particle

© IS0 2019 - All rights reserved 3
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3.22
serpentine

:2019(E)

any of a group of common rock-forming minerals having the nominal formula:

Mg;Si,0

3.23
split fibre

5(OH),

agglomeration of fibres (3.13) which, at one or several points along its length, appears to be compact

and undivid

ed, whilst at other points appears to separate into separate fibres

3.24
structure
single fibre

4 Abbre

EDXA
FWHM
PTFE

SEM

5 Princi

A sample of
coated, capi
which is sul
coated filter
The individ
then counte
approximat
its dimensig
(EDXA) is us

The limit of

3.13), fibre bundle (3.14), cluster (3.10)or matrix

viated terms

Energy-dispersive X-ray analysis
Full width, half maximum
Polytetrafluoroethylene

Scanning electron microscope

ple

airborne particulate is collected by drawing a measured volume of air through a
llary pore track-etched membrane filter with a maximum nominal pore size of 0,8
sequently examined in the scanning electron microscope (SEM). Before analysis, the
is treated in a plasma asher to retiove organic particles, to the extent that this is pos
hal fibrous particles and constituent fibres in a randomly-selected area of the filte
d at a magnification of approximately 2 000x. If a fibre is detected at the magnificati
ely 2 000x, it is examined at a higher magnification of approximately 10 000x to me4
ns. At the higher magnification of approximately 10 000x, energy-dispersive X-ray ang
ed to classify the fibre/according to the chemical composition.

detection for thisanethod is defined as the numerical fibre concentration below which,

95 % confidence, the actualconcentration lies when no fibres are found during the SEM examing

The limit of
volumes of §
achievable |
suspended [

detection‘theoretically can be lowered indefinitely by filtration of progressively |
ir and by examination of a larger area of the specimen in the SEM. In practice, the Ig
mit of.detection for a particular area of SEM specimen examined is controlled by the
articulate concentration remaining after the plasma ashing step.

gold-

um,
gold-
sible.
I are
pn of
sure
lysis

with
tion.
hrger
west
total

A limit of detection of approximately 300 fibres/m3 is obtained if an air volume of 1 m3 per square
centimetre of filter surface area passes through the filter, and an area of 1 mm? of the filter area is
examined in the SEM. This corresponds to an evaluated sample air volume of 0,01 m3.

6 Apparatus and materials

6.1 Air sampling

6.1.1 Sampling head

A disposable, 3-piece, conductive plastic field monitor cassette may be used as the sampling head,
provided that the design is such that significant leakage around the filter does not occur. A re-usable

4
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unit may also be used as the sampling head, consisting of a cylindrical cowl and a filter holder with
backing filter. Figure 1 shows an example of a suitable sampling head. The cowl and the filter holder
should be made from a corrosion-resistant material. The filter shall be clamped in such a manner that
significant leaks around the filter do not occur at differential pressures up to approximately 50 kPa
as described in B.4. The length of the cowl should be 0,5 to 2,5 times the effective filter diameter (the
diameter of the exposed circular filter area through which the air is drawn). If it is possible that wind
velocities greater than 5 m/s could occur during sampling, use a long cowl with a ratio of length to
effective diameter of 2,5.

6.1.2 Sampling train

Figure 2 shows an example of a suitable sampling train. Control of the volumetric flowrate can be
achigved either by the use of a throttle valve (3) or a volumetric flow controller (8) in-.conjunction with
aregulator valve (4).

6.1.3 Sampling pump

Puls¢-free or pulsation-damped, capable of maintaining, at a pressure differential across the filter of at
least|50 kPa, a volumetric flow of between 8 1/min and 30 1/min, depending on the diameter df filter used.

In orlder to achieve the required analytical sensitivity, a flowrate(of 8 I/min is required|if a 25 mm
dianjeter filter is used. This flowrate is equivalent to a filter face velocity of approximately 35 cm/s.
The §ampling pump shall be capable of maintaining the intendédflowrate within +10 % thrjoughout the
whole sampling period.

© IS0 2019 - All rights reserved 5
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WO

— 00~

suction hose

cowl
filter holder

1

2 clamping roller
3 backing filter

4

5

clamping ring
PTFE gaskets

O I O

track-etdhed membrane filter
supportipg mesh

Figure 1 —<Example of design of sampling head

6.1.4 Ne¢ddle valve

With a fine adjustment meehanism, for setting the volumetric flowrate.

6.1.5 Volumetricflowmeter (rotameter)

For measuringthé volumetric flowrate.

6.1.6 Timer

For measuring the sampling time.

6.1.7 Dry type gas meter (optional)

For volumetric measurement, calibrated, designed for a maximum volumetric flowrate of 2 m3/h.

6.1.8 Meteorological instruments (optional)

For recording of meteorological conditions during sampling. Instruments such as a thermometer, a
hygrometer, a barometer and a wind speed and direction recorder will be required.

6 © IS0 2019 - All rights reserved
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6.1.9 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.

Key

1 dampling head or cassette 8  volumetric flow controller (optional)
2 ressure gauge 9  sampling-time recorder (optional)

3 jhrottle valve (optional) 10 programmer (optional)

4  yegulator valve (optional) 11 timer

5 pump 12 thermometer (optional)

6  Yariable-area flowmetér 13 barometer (optional)

7  gas meter (optiomal}with thermometer 14 hygrometer (optional)

Figure 2 — Example of a suitable sampling train

6.2 | Ppeparation of filters

6.2.1 Vacuum evaporator
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
filters, and for carbon coating of SEM specimens if the particulate loading is such that excessive
charging of the specimen occurs.

A sputter coating unit has also been found to meet the requirements for gold coating of the capillary-
pore filters.

© IS0 2019 - All rights reserved 7
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6.2.2 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.

pu
I

S
7
Key
1 belljar 5 connection for vacuum pump
2 filter in thounting ring 6 airinlet
3 oxygeninlet 7  cooling-water inlet
4  power sypply from plasma generatoy 8  cooling-water outlet

Figure 3 — Example of a configuration of a plasma asher

6.3 Sample analysis

6.3.1 Scahning electron microscope (SEM)

With an accelerating voltage of at least 15 KV, is required for fibre counting and identification.

6.3.2 Energy-dispersive X-ray system
For the SEM, capable of achieving a resolution better than 140 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 terms of the measured X-ray intensity obtained from a chrysotile fibre
of width 0,2 um, under the operating conditions used during the analysis. Solid-state X-ray detectors
are least sensitive in the low energy region, and so detection of sodium in crocidolite is an additional
performance criterion.

The instrumental combination shall satisfy the minimum requirements with regard to the visibility of
fibres, as specified in 7.4.1, and identification of the fibres, as specified in 7.4.3.

8 © IS0 2019 - All rights reserved
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6.3.3 Stereo-microscope

With a magnification of approximately 20x, for visual examination of the particulate deposit on the filter.

6.3.4 Gold-coated capillary-pore polycarbonate filters

Maximum nominal pore size 0,8 um, 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 can be evaporated on to the reverse side of the filter. This coating

4= 4= dedel il p - 1 1o | 1 1 4= - 4=l = = Vol o) - 4l 3
Servastoprotect e rter aur g prasnra asirgana canmrerp- to mprove tne contrastor rroresrtne SEM 1mage.

6.3.3 Backing filters

Cellulose ester membrane, or absorbent pads, with a porosity of approximately,5 pm td be used as
diffulsing filters behind the sample collection filters.

6.3.4 Disposable plastic field monitors (optional)

If digposable plastic field monitors are used, they shall consist of 25 mim to 50 mm diameter| three-piece
cass¢ttes, which conform to the requirements of 6.1.1. The cassette shall be loaded with a gold-coated,
capillary-pore polycarbonate filter of maximum nominal pore size 0,8 pm, backed by a ce]lulose ester
filter) of 5 um porosity or an absorbent pad. Suitable precautions shall be taken to ensure thpt the filters
are tjghtly clamped in the assembly so that significant aifleakage around the filter cannot pccur.

Re-upe of disposable plastic field monitors is not recemmended.

6.3.7 Technically pure oxygen

For gperation of the plasma asher.

6.3.8 Rubber connecting hoses
For donnecting the sampling headto the pump, and other equipment in the sampling train.

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

6.3.9 Filter containers

For transportrand storage of filters if disposable field monitors are not used.

6.3.10 Routine electron microscopy tools and supplies

Fine poimMt tweeZzers, scalpet Notders and biades, doubie-coated adnesive tape, SEM Specimen stubs
and colloidal carbon paint and other routine supplies are required. If a vacuum evaporator is used
for preparation of gold-coated filters, gold wire and tungsten filaments are required. For carbon
evaporation, spectroscopically pure carbon rods and a means of sharpening the rods is required.

6.3.11 Sample for resolution adjustment

A gold-coated polycarbonate filter, on which chrysotile fibres with a width of 20,2 pm have been
deposited, is required for adjustment of the operating conditions of the SEM.

© IS0 2019 - All rights reserved 9
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6.3.12 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.

7 Air sample collection and analysis

7.1 Measurement planning

When dete

consideratign the special aspects of the situation. It is therefore essential to define the objecti
the measurements before samples are collected. Any available information on emissignisoy

meteorolog
maximum i
should be s
the require
error of eac
of samples t

7.2 Colle

Figure 2 shq

ground leve].

If a re-usable sampling head is used, place a 5 pm porosity, ¢ellulose ester backing filter on to the

supportin t
facing into {
filter lies fly
filter during

Before air s
determine i
flowrate ing
Open the tu

Leaks arour
the filter ha
indicates th
edge of the
occurred an

When samp

Ining the spatial and temporal scope oI the measurements, 1T 1S 1Important to take

cal conditions and the local situation should be taken into account in order;to‘obtai

blected according to the particular task. In particular, prior to collection~of the sanj
| accuracy for the mean concentration of the inorganic fibres should be specified, sinc
h individual measurement needs to be taken into consideration in detérmining the nu
p be collected. Measurement uncertainty is discussed in Clause 9.

ction of air samples

ws an example of a sampling train. Position the sampling head approximately 1,5 m a

he sampling head. Place a gold-coated filter on'top of the backing filter, with the shiny
he direction of the airflow. Clamp the filtersin the sampling head so that the gold-cq
sh against the backing filter and is tightly fitted. Ensure that damage does not occur t
clamping, and that the filter is not twisted.

hmpling is commenced, perform_a brief test with the tube to the sampling head closg
[ any leaks exist in the complete sampling system. Under the conditions of this test
licated by the volumetricflowmeter shall be less than 10 % of the unimpeded flow

d the filter can alse occur if the filter is inadequately sealed on the low-pressure side
5 been damaged.Observation of a lower differential pressure at the start of the air sam
at a serious leak-exists. If, after sampling, particulate deposits are observed aroun
backing filtet/or on the unexposed edges of the sampling filter, a leak around the filte
d the saprple shall be rejected.

ing isto be commenced, start the pump and the timer simultaneously.

Within 2 minof the start of sampling, adjust the volume flowrate to approximately 2 I/min per sg

be only after the pump has-been switched off, in order to avoid sudden pressure surges.

into
ve of
rces,
h the

nformation from the measurements. The number of individual measuremefits to be made

ples,
e the
mber

bove

filter
side
ated
o the

d, to
, the
rate.

or if

pling
1 the
I has

uare

centimetre of effective filter area (this value shall not vary by more than #10 % for the period of
sampling). This corresponds to a filter loading of 1 000 I per square centimetre of effective filter area
over a sampling period of approximately 8 h. Sampling in an environment with high dust concentrations
in the air, the loading of particulate material on the sample collection filter can be too high for adequate
analysis after 8 h sampling. In such cases, it is permissible to use a shorter sampling time.

At the end of the sampling period, switch off the sampling apparatus. If a programmer was used, confirm
that the sampler operated within the required parameters for the preset sampling period. Taking care
not to disturb the particulate deposits on the filter surface, remove the sample collection filter and
store it upright in a dust-tight sample container.

Record all sampling data which can be of significance for later interpretation. An example of a form for
recording of air sampling data is shown in Figure 4. The location of the sampling apparatus shall be
documented in the form of a sketch and, if possible, a photograph.
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In fog, a thick coating (including calcium sulfate fibres) on the sampling filter can occur, resulting in a
rapid increase in the pressure differential across the filter. Under these conditions, it will be necessary
to take several sequential samples, each collected over a shorter sampling time, in order to obtain filters
suitable for analysis. Annex E shows the procedure for calculation of a mean value from the results of
several sequential short-term samples.

© IS0 2019 - All rights reserved 11
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AIR SAMPLING DATA SHEET: ISO 14966

Project: No.:

Sample No.:

Sampling location:

Sampling apparatus (type):

Sampling times:

Starf (date, time): End (date, time):

Duration (hours, minutes):

Sampling filter (type):

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

Effe¢tive diameter (mm): Effective filter area (mm?):
Sampling data

Volymetric meter readings:

Start (m?): ‘ End (m?):
Volymetric throughput (m?):

Volumetric flowrate

Start (m3/h): ‘ End (m3/h):

Meah volumetric flowrate (m?3/h):

Metg¢orological data (if required)

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

Win{ velocity (m/s):

Weather characteristics:

Rentarks:

Sampler (Name): Date of analysis:

Signature:

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

Before sample analysis, examine the uniformity of the particulate deposit on the filter. If the particulate

depo

sit shows evidence of non-uniformity, reject the filter.

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

Adju

stment of the plasma asher see Annex B.3.

The rate of oxidation of the organic material on the filter by the oxygen plasma is enhanced by the

elect,
plasy
treat
furth

NOT]H
after

NOTH

If, dy
can k

In ex
orde
This

7.4

7.4.1

Exan
of bd
recol

Adju
of 2
whic
this

aco
co

realconductiityr ofthe Hlter andthe sample - holder Underthe specified eperating
na ashing treatment is generally completed after approximately 30 min. After the pl
ment, either the whole filter or a part thereof is mounted on an SEM specimen Stub,

er preparation, for SEM analysis. For adjustment of the plasma asher see Annex B.3.

1  The portion of the filter to be analysed can be mounted on the SEM specimen stub eit
the plasma ashing treatment.

2 Double-sided conductive adhesive tape has been found to be an effective means of moun

e repeated to remove them.

ceptional cases, it may be necessary to evaporate a thin film of carbon onto the SEM s
I to reduce localized charging, increase the contrast,.and thus improve the visibility o
will generally be required only when the filter hasa very heavy particulate loading.

Analysis in the scanning electron micréscope

General instructions

nine the filter sample at an accelerating voltage of 15 kV or 20 kV and an image m|
tween 2 000x and 2 500x. For fibre classification in the SEM, an accelerating voltags
mmended.

5t the SEM such that fibres-with a width of approximately 0,2 um are just visible at a m)
00x. This adjustmentis.performed by selecting a fibre on the prepared sample, or on a
h is just visible at the agnification of approximately 2 000x used for fibre counting. ]
fibre is then confirmed by measuring it at a magnification of 10 000x. This adjustm

carried out on at least two separate fibres before the analysis is started, and it shall be repe]

time
chan

Posit
The {

5 during the course of a series of analyses to ensure that the fibre visibility conditid
ged.

hditions, the
isma ashing
without any

her before or

ing the filter.

ring SEM analysis, fibres are detected which appear to be organic, the plasma ashing treatment

pecimens in
f fine fibres.

agnification
e of 15 kV is

agnification
test sample,
[he width of
ent shall be
ated several
ns have not

ionthéX-ray detector such that it subtends the largest possible solid angle at the spec

¥

ample shall not be tilted to an angle greater than 20° when counting and sizing the fibres.

en surface.

Select the operating parameters of the SEM and the X-ray detector system so that a statistically
acceptable X-ray spectrum shall be acquired from a chrysotile fibre of 0,2 um width on the test sample
within a maximum period of 100 s. (For calibration and adjustment of the SEM and see B.1 and B.2).
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2019 - All rights reserved

13


https://standardsiso.com/api/?name=1e763c901265670367193cd9c4f2a2fa

ISO 14966

The criteria

:2019(E)

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

P>3VB

M

with a minimum of 30 pulses in the channel corresponding to the maximum peak height for each of the

magnesium

P+B
B

for each of t

During ana
specified in

to the crite]

width, the ¢
example of
and particu
the fibre-co

7.4.2 Fiby

7.4.2.1 Gg

and silicon peaksl2], and

>2

e mngnpcinm and silicon pﬂnl(c

(2)

ia specified in 7.4.3. The sequential number of the image field, the fibre lehgth, the

inting form.
re-counting criteria

tneral

Examine atleast 50 image fields in order to reduce, to the extentthat is possible, the effect of fluctua

in the filter
that the wh
occur. Coun

in Figure 6.

ple area of the sample is taken into account.ahd overlapping of the image fields doe

ysis, each selected image field is examined for fibres of the length and width.r4g
7.4.2. Using EDXA, these fibres are then classified into compositional groups accol

emental composition and the fibre classification are recorded on a fibre counting forr

h suitable fibre counting form is shown in Figure 5. In order to document the appea
ate loading of the sample, three micrographs shall be taken of each sample and attach

loading density on the counting result. Select itnage fields to be evaluated in such a

nges
rding
fibre
n. An
ance
ed to

kions
way
5 not

F fibres in accordance with the specification$’in 7.4.2.2 to 7.4.2.6, and the examples shown
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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.

pum

pum

Elemental composition

Fibre type

Tally list:

O[R[N |W|N]|F-

=
o

Juny
[N

-
[\

-
w

-
S

Uy
2]

Juny
)

_
~

=
[ee]

[
Nel

]
(=]

[\S]
[,

N
N

N
w

N
o~

N
wvi

[\
<)}

N
~

N
co

N
el

30

Tdtals

Chrysotile type fibres:

Amphibole fibres:

Other inorganic fibres:

Number rejected:

Bundles:

Clusters:

Matrices:

Number of fibres without spectrum:

Calcium sulfate:

Total number of image fields:

Calibrated magnification:

Number of image fields rejected.

Micrograph numbers:

© IS0 2019 - All rights reserved

Figure 5 — Example of fibre counting form
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i) j) k)

Figure 6 — Schematic examples.illustrating the use of the fibre counting rules
(L and D ate'not true to scale in the figures)

Count resulfs:
a) 1 fibre
b) 1 fibre
c) 1fibre

d) ' fibre

e) 0 fibres (None of the fibre ends is to the greater part or completely within the image)
f) 1 fibre (both fibre ends within the image)

g) 3fibres (The fibres can be distinguished and meet the L and D criteria)

h) 2 fibres (The fibres can be distinguished and meet the L and D criteria.

i) 1 fibre (The ends of one fibre are outside of the image)

j)  1fibre (The non-fibrous particle is ignored)

k) 1 fibre (The non-fibrous particle is ignored)
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7.4.2.2 Countable fibre

Elongated particle with a length L > 5 um, a width D < 3 pm and a length/width ratio L:D > 3:1.

NOTE 1

fragments (see Annex C).

NOTE 2

cylindrical or prismatic.

7.4.2.3 Bundle

Fibrd
inter

7.4.2

Fibrd
appe]

NOTH

7.4.2

Figur

IF
IF
I

]

¥

image field shall be rejected due to OQ

secting.

4  Split fibre ©
cgo

agglomerate which appears compact and undivided at one or more rp,B‘ces along it
ars separated into different threads at other places. O

The width is defined in the undivided part of the agglomerate. S\\

.5 Counting criteria relating to the image fields QQ

ibres with both ends in the image field are counted. 0\\

ibres with only one end in the image field are CQQ@Pd and given the weighting factor
ibres with both ends outside the image f1eldm¥ not counted.

f more than approx. one eighth of the ali;e@ﬁf an image field is covered by fibres and/or {
ading.

f more than 10 % of the image fi@ﬁ%fa filter sample are overloaded, the sample shall

e 7 illustrates the percentage &OVerage of the image field with particles (approx. one e

D,5.

Figure 7 — Example of the coverage of an image field

© IS0 2019 - All rights reserved

This definition applies to particles irrespective of their origin, for example grown fibres or fibrous

The width is regarded as being the width in the plane of the image, irrespective of whether the fibre is

agglomerate consisting of several fibres arranged in parallel and/or superm%&sed and/or

5 length but

articles, the

be rejected.

ighth).
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7.4.2.6 Geometric and morphological counting criteria

Fibres c

onforming with the definition of the countable fibre are counted.

(both fibres end visible).

A split fibre is to be assessed like a fibre if it conforms with the definition of the countable fibre.

Fibres in a fibre bundle are counted singly if they can be clearly distinguished from one another

A fibre bundle is to be assessed like a fibre if the individual fibres cannot be distinguished from one

another, and if the complete fibre bundle conforms with the definition of the countable fibre. The

presenc

e of unresolved fibre bundles shall be noted in the fibre count form.

Where |
only the

Where
fibres a

A situation
the countin
assessed on

If fibres wif]
the fibre co
D=0,2 um 4

Fibres with
determining
to the detec
the measurd

Asbestos-containing objects not included in the count shall be noted in the fibre counting form.

7.4.2.7 Tq

Continue th
calcium sulf]
have not be

ibres are in contact in such a way that the end of one fibre is concealed by the other
visible partis included in the measurement.

fibres are in contact with non-fibrous particles, the particles shall be ignered. If en
e concealed by the particles, only the visible parts of the fibres are measured.

can arise in rare cases where fibres on a filter sample cannot be inade to conform
b rules. Observations of this type shall be documented separately./They can normal
the basis of experience in relation to the overall situation on thefilter.

h a width D < 0,2 um are included in the fibre count, these shall be listed separatg
inting form. The fibres are then divided on the basis of\the width into the two categ
nd D < 0,2 pm.

D < 0,2 pm shall be registered separately sincethe international reference metho
 the fibre number concentration is based on an optical microscopy method which is lin
tion of fibres with D = 0,2 pm. For this reason; only fibres with D 2 0,2 pum are includ
ment result (see Clause 8).

rmination of fibre counting

e examination until completion of the field in which the 50th inorganic fibre (other
nte fibres, including asbéstos fibres) occurs. If, after examination of 50 image fields, 50 f|
bn detected, further fields shall be examined until either a total of 50 inorganic fibre

Fibre,

ds of

with
ly be

ly in
ories

d for
hited

ed in

than
ibres
5 has

been counted or sufficient aréashas been examined to achieve the desired analytical sensitivity. For
most applications, it is recothimended that at least 1 mm?2 of the filter area be examined.
Fibre counting can be terminated early with respect to a fibre type as a function of a limit or guide yalue
Ky (fibres p¢r m3). Ifqiigre than N, fibres of this type have been found fibre counting can be terminjated.
N, is calculdted asfollows:
3-Ke~ V!
Ny =—LRos 3)
FA

where

N, is the fibre number of a specific type;

Kp  isthe benchmark or limit to be tested, in m=3;

Vs is dependent from Vg the sampled volume of air per filter area:

18
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V's =1 m3/cm? for Vg < 1 m3/cm?;
V's = Vs for Vg > 1 m3/cm?;

F,  isaconstant (= 100 cm=2).

In cases where limit or guide values do not exist, the stop criterion can be freely defined for each
individual measurement in accordance with the specific measurement objective. Here it is essential
that on account of the associated measurement uncertainty N, is not set too low. N, shall be at least 15.
The analysed filter area shall not be less than 0,25 mm?Z.

7.4.3 Fibre classification

7.4.3.1 General

Two
peak
in th
is re

different strategies can be used for fibre identification: analysis based onyreference
height ratios normalised for Si (see 7.4.4), or analysis via the signal-to“background

rommended in the case of detectors that are suitable for analy$ing light elements

e EDX spectrum (see 7.4.3.2 to 7.4.3.8). The method based on comparnison with referg

spectra and
(S/B) ratios
nce spectra
(Z25), eg.

SLEV
back

V (super light element window). For detectors with beryllium windows, analysis via t}
pround ratio is more suitable.

he signal-to-

Comparison with reference spectra of the relevant asbestos types, recorded under
condjitions, is preferable to asbestos identification via the S/B.ratios. It serves, in particular,
false|positive results, which can occur more frequently with the S/B ratio method.

comparable
for avoiding

Sincd
the i
tilt a
spec
para

asbestos spectra exhibit specific differences which derive from the equipment (e.g. til:le detector),
nstrument’s age, the adjusted instrument parameters (e.g. accelerating voltage, working distance,
ngle, beam current) or the sample’s preparation (any carbon or gold coating), the |comparison
fra of particular asbestos types shall"be recorded with the same equipment and the same
neters as the samples’ spectra.

NOTH
betw
struc
EDXA
EDXA
bulk

trans
addit

In this method, the term “fibre classification” is used, rather than “fibre identification”, 11:)
ben a definitive identification based on a combination of morphology, chemical compositio
ture, and the result obtained by this method in which fibres are presumed to be asbestos if th
spectrum consistent with one of the asbestos varieties. If airborne fibres detected by this m
spectra consistent with bulk materials present at the site where the air samples were collect
materials have already been identified as one of the asbestos varieties by polarized light
mission electron mictoscopy, the presumption that the fibres observed are asbestos is mu
jon, morphology.ofthe fibres in the SEM can be used to strenghten the presumption.

distinguish
and crystal
ey exhibit an
ethod exhibit
ed, and these

nhticroscopy or
ch stronger. In

Fibrgs are classifiéd into four categories:

a) flibres wath'chemical compositions consistent with those of serpentine asbestos;
b) fibres with chemical compositions consistent with those of amphibole asbestos;
c) calcium sulfate fibres;

d) otherinorganic fibres.

The “other inorganic fibres” category includes all fibres which cannot be classified as either asbestos or
calcium sulfate, but which do exhibit spectra indicating that they are of inorganic compositions.

It is important to recognize that, during acquisition of an EDXA spectrum from a fibre, scattering of
the electron beam can result in emission of X-rays from particles attached to, or in close proximity to
the fibre being analysed. The EDXA spectrum obtained can therefore contain contributions from these
particles, and the spectrum may contain X-ray peaks from elements that are not present in the asbestos
varieties. In these cases, attempts should be made to acquire EDXA spectra from several positions on
the fibre, as far away from adhering or adjacent particles or fibres as possible, in order to minimize the
contributions from the other particles.
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For analysis via S/B ratios use the criteria given in 7.4.3.2 to 7.4.3.8 to classify the spectra.

7.4.3.2 Serpentine (chrysotile)

Classify a fibre as serpentine (chrysotile) if:

a) the Mg and Si peaks are clear, with (P + B)/B > 2;
b) any Fe, Mn and Al peaks are small, with P/B < 1.

NOTE1 Depending on the composition of adjacent or attached particles, other peaks such as Ca or Cl can also
be visible.

NOTE 2 Axllthophyllite and talc both yield EDXA spectra which conform to this specification, but. the"Mg/Si
peak height rptio for these minerals is lower than that for serpentine. In order to avoid erroneous classificatjon of
talc or anthophyllite as serpentine, it is important to take account of the Mg/Si peak height ratio, and'to calibrate
the EDXA detlector using known samples of serpentine and talc.

7.4.3.3 Amosite
Classify a fiI:‘e as amosite if:

a) the Mg,|Si and Fe peaks are clear, with (P + B)/B > 2;
b) any Na,jand/or Mn peaks are small.

NOTE Dé¢pending on any adjacent or attached particles, other peaks’such as Ca or Cl can also be visible

7.4.3.4 Crocidolite

Classify a fibre as crocidolite if:

a) the Na, pi and 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 D¢pending on any adjacent or attached particles, other peaks such as Ca or Cl can also be visible

7.4.3.5 Tremolite or actinolite

Classify a fibre as tremolite gr.actinolite if:

a) the Mg,|Si and Ca peaks‘are clear, with (P + B)/B > 2;
b) apeakfrom Fe may be present (Tremolite) or is present (Actinolite), Na peak is faint, with P/B ¢ 1:1.

NOTE Dé¢peniding on any adjacent or attached particles, other peaks such as Ca or Cl can also be visible

7.4.3.6 Anthophyllite or talc
Classify a fibre as anthophyllite or talc if:
a) the Mgand Si peaks are clear, with (P + B)/B > 2;

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

NOTE Using this analytical method, it is not possible to discriminate routinely between anthophyllite with a
low iron concentration and talc with a high iron concentration. The fibre morphology can assist in discrimination
between anthophyllite and talc. Ribbon-like fibres are probably talc, whereas straight, rod-like fibres are
possibly, but not necessarily, anthophyllite. If fibres of this composition are observed, it is recommended that the
sample be evaluated using transmission electron microscopy.
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7.4.3.7 Calcium sulfate

Classify a fibre as calcium sulfate if:

— the Ca and S peaks are clear, with (P + B)/B > 2.

NOTE

7.4.3.8 Other inorganic fibres

Depending on any adjacent or attached particles, peaks from other elements can be visible.

Classify a fibre as an other inorganic fibre if it yields a spectrum containing any combination of elements

which-cannot-be-classified-into nnfngnrinc 7432t 7437

NOTE 1  On the basis of the above criteria, silicate fibres can be classified only as those exhibiting chrysotile-

like qr amphibole-like elemental spectra (asbestos), calcium sulfate and other inorganic fibres. T}

canr

7.4.3.9 Fibres which exhibit no definitive X-ray peaks

Obs¢rvation of fibres which yield no definitive X-ray peaks in the EDXA(Spectrum can be in
an indication that residual organic material is still present after ashing: Very fine inorgani

widt

7.4.3.10 Reference EDXA spectra from standards of the asbestos varieties

For
char

atomlic number elements is higher for ultra-thin window detectors than it is for standar
window detectors. Because each EDXA detector has different efficiency characteristics, it
to obtain reference spectra for each SEM-EDXA"system, using standards of the asbestos
series of such spectra, collected using an ultra-thin window detector, are shown as examples
Thes
of th
interjvals, and particularly after any maintenance of the detector has been carried out.

Counts

© ISO

bsult in an over-estimation of the asbestos fibre contentlél,

hs less than 0,2 pm usually do not yield statistically significant'X*ray peaks.

hiny particular fibre, the relative heights of the peaks in the EDXA spectrum va
hcteristics of the X-ray detector. In particular, the-detection efficiency for X-ray pea

e spectra are used for comparison purposes in the classification of fibres. Since the f
e EDXA detector can change with.time, new reference spectra shall be obtained at

5400 Mg

is procedure

terpreted as
* fibres with

ry with the
ks from low
d beryllium
S necessary
varieties. A
in Figure 8.
erformance
appropriate
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a) Fibre of reference chrysotile (no gold coating)
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Figure 8 — EDXA spectra of fibres of reference materials
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d) Fibre of Anthophyllite on a gold-coated filter

Figure 9 — Examples of EDXA spectra from asbestos fibres on gold-coated filters.
The spectra were obtained from fibres (of different width) detected in actual air samples.
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7.4.3.11 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 incidence is on the fibre and that the beam does not drift off the fibre during
the analysis. It is also necessary to ensure that the point of incidence of the electron beam is as far as
possible from any attached or adjacent fibres and/or particles, in order to obtain a spectrum from the

fibre with a

minimum of interference.

In some cases, it is not possible to classify a fibre unambiguously. This could be because of interference
by other particles or fibres, or because the peak to background ratios are insufficient. When this occurs,
annotate the data for these fibres by an asterisk and indicate the reason on the fibre counting form.

7.4.3.12 EILXA spectra collected from actual air samples

Examples of
air samples
intensities
other factor]
peaks prese
attached pa

744 Ana

This method
produce a 1
ratios for id

The range o
The peak hd
average vali
should then

EDXA spectra collected from chrysotile, amosite and crocidolite fibres detected in a
are shown in Figure 9. Peaks from gold will always be present in these spectra, but
vill vary depending on the size of the fibre from which the spectrum is being acquired
s relating to the interaction of the electron beam with the gold-coated substrate. (
nt in the spectra, and variations in relative peak intensities, can be attributed to adjacg
rticles.

lysis using reference spectra and peak height ratios

| requires the recording of reference spectra under theconditions quoted above, in ord
b-specific table which in analogy with Table 1 lists‘the limiting criteria of the peak h
entifying asbestos fibresl[10l. Figure 10 illustrates these limiting criteriallll,

the peak height ratios quoted in Table 1 (15 kVtaccelerating voltage) can serve as a temj
ight ratio obtained from real and standard.asbestos samples should be used initially
le. In case of doubt, the use of quantitative methods is advisable[12], On this basis, the 1
be corrected where necessary.

ctual
their
, and
ther
nt or

erto

pight

blate.
hs an
ange

In addition [to the Mg/Si ratio, the Fe/Si and~Ca/Si ratios play a particularly important part ip the
classificatiop of asbestos types. The Na/Si ratio is important in the classification of crocidolite only.
Table 1 —|Examples of criteria for-the classification of asbestos varieties based on the ratip of
selected peak heights

Mg/Si Fe/Si Ca/Si Na/Si
Asbestos
Amosite 0,1to0 0,25 0,12t0 0,3 <0,08 <0,05
Anthophyllite 0,6 t0 0,8 <0,04t0 0,1 <0,08 <0,05
Chrysotile 1,2to 19 <0,04 <0,08 <0,05
Crocidolite <0,25 0,1to 0,3 <0,08 >0,08
Tremolite 0,5t00,9 <0,04 0,11t0 0,3 <0,05
Actinolite 0,2t00,7 0,04 to 0.18 0,11to 0,3 <0,05
Mineral
Talc 0,7t0 0,9 <0,04-0,1 <0,08 <0,05
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Normalized peak-intensities of asbestos varieties and talc
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Figure 10 — Examples of limits of the element ratios for asbestos classification
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Example:

In the first step, the Mg/Siratio is examined. Depending on the outcome (usually a visual estimate, which
may be confirmed or rejected where necessary by spectral readings), this is followed by considering
the Fe/Si or Ca/Si ratio (the figures quoted apply only to this example) in accordance with Table 2. The
Al/Si ratio shall always be lower than 0,09.

The Ca/Si ratio, and possibly also the Al/Si ratio, can be affected by the surrounding matrix. Therefore,
despite careful choice of the analysis point, exceeding the figures quoted here cannot always be ruled
out. Since t isti ' ' i i ithin

the limits
necessary)

uoted here the measurement should be repeated (with extended measurement tin
efore a final result is obtained.

Table 2 — Classification of asbestos according to example

1es if

1,2 < Mg/Si §

1,9 and |Fe/Si< 0,04 and |Ca/Si<0,08 result: chrysotile

0,5<Mg/Si¢

0,8 and |0,04 <Fe/Si<0,11 and |Ca/Si<0,08 result: anthophyllite or t

—_—

C

0,5<Mg/Si ¢

0,8 and |Fe/Si<0,04 and |0,11<Ca/Si<0,3 |gesult: tremolite

0,7 < Mg/Si 4

0,9 and |Fe/Si<0,04 and |Ca/Si<0,08 result: talc or anthophyll

ite

0<Mg/Si<

result: amosite,
if Na/Si> 0,08
then crocidolite

and |0,1<Fe/Si<0,3 and |Ca/Si<0,08

NOTE El
on the windo|

7.4.5 Med

For measur
the magnifi
at this magj
the position
repositionin

7.4.6 Rec

For each fib,
number, len
each fibre c
recommend
representin

ement ratios in Tables 1 and 2 are given for an ultra-thin window detector and can vary depe
w and the detector used.

surement of fibre dimensions

ement of the fibre dimensions, partieularly the fibre width, it is recommended to inci
Cation to about 10 000x or higherolt'is also recommended to acquire the EDXA spec
nification. Before moving the, specimen stage and switching to a higher magnificg
of a prominent structure jfixthe field of view should be noted, in order to allow co
g of the specimen stage after analysis of the particular fibre has been completed.

prding of data on the fibre counting form

re classified as-dsbestos” or “other inorganic fibres”, record the image field number,
oth and width, €lemental composition and fibre classification. On the fibre counting
assified as\*asbestos” shall be further classified as either “chrysotile” or “amphibole’
ed that the “amphibole” category be further divided, to the extent possible, into categ
b compositions consistent with the different varieties of amphibole asbestos.

Count calcid

ni_sulfate fibres, but do not measure their dimensions. Enter the count of calcium sy

hding

ease
[rum
tion,
frect

fibre
form,

It is
ories

Ifate

fibres on the fibre counting form as a tally list, as shown in Figure 5.

8 Calculation of results

8.1 Calculation of the mean fibre concentration

The measurement obtained by this method is the numerical concentration c; (in fibres per cubic metre
for fibre type i) of inorganic fibres longer than 5 pm, less than 3 um in maximum width, and which also
have minimum aspect ratios of 3:1. Based on the EXDA results, these fibres are classified into groups
according to Table 3.
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Fibre classification

Numerical concentration c;

1 Fibres with compositions consistent with those of serpentine asbestos cq
2 Fibres with compositions consistent with those of amphibole asbestos Cy
3 Other inorganic fibres C3
4 Calcium sulfate Cy
CalciiTate tThe numerical concentration for fibre classification i (i = 1, Z, 3, 4J as follows:
- @
d. =
1
N-Vg
whefe
4-F-V
Iy =—L2 (5)
- dige
and
q; is the numerical fibre concentration of fibre classification i, in fibres per cubic m¢tre;
1, is the number of fibres counted for fibre clasSification i;
N is the number of image fields examined;
Vg isthe sampled air volume, in cubj¢inetres, per image field;
Iy isthe area of the image field, if,square millimetres;
|4 is the sampled air volume, in cubic metres;
dor  1s the effective filter diameter (diameter of the exposed circular filter area), in mjillimetres.
The data recorded on the(fibre counting form can be used to determine the size distributipn for fibres
(excdpt calcium sulfate fibres) with aspect ratios greater than 3:1 within the length range from 5 pm to
100 fum, and the widthrange from 0,2 pm to 3 pm.
Depgnding on the‘choice of sampling equipment, the sampled air volume is calculated as the difference
between the meter readings of a gas-volume meter at the start and end of sampling, or from|the average
voluine flowrate and sampling time.
The pumerical concentration of fibres with chemical compositions consistent with those of the asbestos

varieties s then calculated as:

c=cytcy

(6)

and the concentration for all inorganic fibres ¢} (excluding calcium sulfate fibres) is then calculated as:

CT:C1+C2+C3
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8.2 Calculation of the 95 % confidence interval

For the number of fibres n; of classification i detected in the SEM examination, obtain the values for the
lower and upper 95 % confidence limits, A; and Ay, from Table 4. Convert these values into numerical
fibre concentrations using Formulae 8 and 9:

@

N ()
B

A= ©
|5

If n, fibres of fibre classification i were counted during the examination, then there is a 95 % probability
that the numerical fibre concentration will lie within this range.

9 Perforimance characteristics

9.1 General

Asbestos fibre concentrations measured in ambient air are generally “of the order of less [than
1000 fibresfm3, and mostly less than 100 fibres/m3 (fibres longer than5'tm). Consequently, the number
of asbestos [fibres counted during individual measurements is usualy very lowlél. Calculation df the
performanck characteristics (measurement uncertainty, sampling.uncertainty, analysis uncertainty) is
therefore bgsed on the total number of asbestos and other inorganic fibres.

9.2 Measurement uncertainty

9.2.1 Systematic errors

Systematic ¢rrors in the measured numerical fibre concentration can occur as a result of:
a) sampling (errors in measurement of volume flowrate);

b) SEM spé¢cimen preparation (fibrellosses during handling and plasma ashing);

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

The most ctfitical items leading to systematic errors are those associated with the SEM examingtion.
These include:

— detectign and analysis of thin fibres with widths close to and lower than the calibrated visibility
limit of 0,2 pms

— subjective.interpretation of aggregates comprising fibres and isometric particles during [fibre
counting:

— interpretation of EDXA spectra to classify fibres, particularly for spectra subject to interferences by
coatings or adjacent particles.

9.2.2 Random errors

Random variation of the results occurs as a result of Poisson variability, and this is particularly
important for low fibre counts. Low fibre counts are often experienced for asbestos fibres longer
than 5 um. The variability associated with counts can be estimated using the Poisson distribution, as
described in 9.2.6.
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Where requirements are specified with regard to the accuracy of the measuring process, this statistical
uncertainty in the results should always be taken into account during the planning of the sampling
process and the evaluation of the extent of the measurement process resulting therefrom.

If extreme fluctuations in the fibre concentrations in ambient air occur as a result of, for example,
meteorological influences, corresponding variations in the measurements will be found. In this type of
situation, the sampling period and the number of individual measurements should be selected during
planning of the air sampling in order to minimize the effects of such influences.

The errors described in 9.2.1 to 9.2.4 are defined as relative variables on the basis of experience, expressed
as twice the standard deviation, which is approximately equivalent to a 95 % confidence interval. All of

th A | lota t i £ ] +lo C d ol 4 £l 100
e e IUIloS DPCLIIICU I'CIdlU LU ITICTASUI CILITTILS UL TTIUTTO lUllsCl Lidilr J ',Llll dllu SIIVUI LUT L1iidll 1YV m-

9.2.3 Errors due to sampling

The sampling error is defined as the scatter of the measured results when using-side-by-sjde identical
sampling systems. Based on comparison measurementsli3], the relative \standard deyiation was
determined to be:

dop <15 %

9.2.4 Errors associated with the SEM examination

The gerrors associated with the SEM examination were calculated for the sums of fibres flassified as
asbeftos and as other inorganic mineral fibres (excluding calcium sulfate fibres) from the rgsults of four
separate series of measurements in each of which thexewere five different participating lajoratories!(8l,
Fron} these results, a relative standard deviation of:

20,<35%

was pbtained.

Fron} these comparison measurementslé], the relative standard deviation due to the subjedtive error of
the gperator, using one laboratory.and one sample, was found to be:

dogr- 15 %

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

9.2.5 Totakerror of the measurement

Provjided that the errors from different sources are independent, the standard deviation fof the overall
meagurement is given by:

— [~2 2 2
Op =4/0p +0% +0§ (10)
where

op is the standard deviation for the overall measurement;
og isthe standard deviation for the sampling errors;
o, is the standard deviation for the analysis errors;

op isthe standard deviation for the Poisson variability.
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The standard deviation for the combination of sampling and analysis is calculated from o and o, to give:

20y <38%

For individual samples, the standard deviation for the Poisson variability shall be combined with these
standard deviations to obtain the standard deviation for the measurement. The Poisson variability is
dependent on the number of fibres counted and is estimated as in 9.2.6.

9.2.6 Random errors due to fibre counting

Assuming that the numerical fibre concentrations on the filter are low the prnhnhi]ify P of dete ting
n fibres of algiven fibre class during examination of N image fields can be described using the Polsson
distribution;

| a"-exp(-a)

P(n,a)f (11)

n!

The variable a can be regarded as the product of the probability p of filding one fibre of the
corresponding fibre class in one image field, and N, the number of image fields'‘¢xamined. It corresponds
to the expegted value n of the number of fibres detected during examinatioen of N image fields. Oh the
basis of the Poisson distribution, using Table 2, it is possible to determine the 95 % confidence intgrval
for the calcylated fibre number concentration.

For illustratfion, Figure 11 shows the probability density for detection of 0, 2 and 4 fibres in 165 ijnage
fields. The apscissa scale has been converted to fibre concentration in fibres per cubic metre, assuming
an evaluatefl air volume of 0,01 m3. Annex D shows the relation between random error, area of filter
analysed and fibre concentration.
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Table 4 — Upper and lower limits of the Poissonian 95 % confidence interval of a count

Fibre Lower | Upper | Fibre | Lower | Upper | Fibre | Lower | Upper
count AL Ay count AL Ay count AL Ay
0 o[ 3,689* 20,5 12,607| 31,495 41 29,422 55,621
0,5 0,002 4,674 21 13,000| 32,101| 41,5 29,846| 56,197
: s 0,625 55721245 13;393132,765 42 36;2701—56,772
1,5 0,108 6,416 22 13,788| 33,309| 42,5 30,694| 57,346
2 0,242 7,225 22,5 14,183( 33,910 43 31,119¢".57,921
2,5 0,416 8,006 23 14,581| 34,512 43,5 31,5451 58,495
3 0,619 8,767| 23,5 14,978| 35,111 44 31,970 59,068
3,5 0,815 9,511 24 15,378| 35,711| 44,5 32,397 59,641
4 1,010 10,242 24,5 15,777| 36,308 45 32,823| 60,214
4,5 1,350 10,960 25 16,178| 36,905| 45,5 33,250 60,786
5 1,624| 11,669| 25,5 16,581| 37,501 46 33,678| 61,358
5,5 1,908| 12,368 26 16,983| 38,097} 46,5 34,106 61,929
6 2,202| 13,060| 26,5 17,388 38;690 47 34,534| 62,500
6,5 2,505 13,744 27 17,793{.39,284| 47,5 34,962 63,071
7 2,914| 14,423| 27,5 18,199 39,876 48 35,391| 63,641
7,5 3,131| 15,096 28 18,606| 40,468 48,5 35,821| 64,211
8 3,454 15,864 28,5 19,013| 41,059 49 36,250 64,7181
8,5 3,782 16,426 29 19,422| 41,649 49,5 36,681| 65,350
9 4,115| 17,085| 29,5 19,831 42,238 50 37,111| 65,919
9,5 4,453| 17,739 30 20,241| 42,827 51 37,973 67,056
10 4,795| 18,391y 30,5 20,652| 43,415 52 38,836 68,191
10,5 5,141| 19,038 31 21,063| 44,002 53 39,701| 69,325
11 5,491| (19,683 31,5 21,475| 44,589 54 40,566 70,458
11,5 5,844} 20,323 32 21,888| 45,174 55 41,434 71,390
12 6,201| 20,962| 32,5 22,301| 45,760 56 42,302 72,721
12,5 6,560 21,597 33 22,716| 46,344 57 43,171 73,850
13 6,922 22,231 33,5 23,130| 46,928 58 44,042 74,978
13,5 7,287| 22,861 34 23,546| 47,512 59 44,914 76,106
14 7,554 23,490 34,5 23,962| 48,094 60 45,786 77,232
14,5 8,024| 24,116 35 24,379| 48,676 62 47,54 79,48
15 8,396| 24,741| 35,5 24,796| 49,258 64 49,29 81,73
15,5 8,769 25,363 36 25,214 49,839 66 51,04 83,97
16 9,146| 25,983| 36,5 25,632| 50,420 68 52,80 86,21
16,5 9,523| 26,602 37 26,051| 51,000 70 54,57 88,44
17 9,904 27,219 37,5 26,471| 51,579 75 58,99 94,01
17,5 10,285 27,834 38 26,891| 52,158 80 63,44 99,57
18 10,668 28,448 38,5 27,312| 52,736 85 67,89 105,10
18,5 11,053 29,060 39 27,733| 53,314 90 72,37| 110,63
19 11,440 29,671 39,5 28,154| 53,892 95 76,86 116,13
19,5 11,827( 30,280 40 28,577| 54,469| 100 81,36| 121,63
20 12,217| 30,889 40,5 28,999| 55,045 400 361,76 441,19
* The one-sided upper 95% confidence limit for zero fibres is 2,99
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Figure 11 — Distribution of the probability density of the fibre concentration
for 0, 2 and 4 fibres detected in an ahalysed air volume of 0,01 m3

9.3 Limit of detection

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

The detectign limit depends on:

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

c) the ared of filteréexamined.

If no fibres pre«detected during the SEM examination, Table 2 shows that the upper 95 % confidence
limit is 2,99|fibyes. The detection limit, E, for the measurement is given in Formula 12:

Ee 2,99 (12)
N-Vg

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? 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?.
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Any background contamination by fibres which can 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.

The limit of detection can also be reduced by increasing the volume of air sampled. However, the extent
to which the sampled air volume can be increased can 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 can become blocked during sampling, leading
to an unacceptable increase in the differential pressure across the filter.

The choice
thergfore
application.

NOTH

propriate

of an ap sampling time and the necessary extent of the SEM exa

signi

stang

This

sincH

fibre

The detection limit of a measurement method is usually understood as the.signal |
ard deviation of the background.

definition, however, cannot be used for the measurement method-described in th

structure) detected and identified as asbestos is unambiguously a signal. The detec

icantly above the ‘noise level’ of the background. As a rule, the significance limit is taken to b

mination are
h particular

bvel that lies
e 3 times the

s Standard,

for the visible fibres (D > 0,2 pm) there is no background or noiselevel: each individual fibre (or

tion limit is,

ther¢fore, defined as described above.

10 Test report

The test report shall include at least the following information:

a) 1teference to this document;

b) identification of the sample;

c) the date, time and location of the air sample collection, and all necessary sampling data, including the
yolume of air sampled, the samplingtilme and the effective diameter of the sample collecfion filter;

d) the analysed air volume;

e) the analytical sensitivity;

f) the number of fibres in)each of the fibre classifications detected during the SEM examiination, and
their calculated nuinerical concentrations.

It is fecommended that the upper and lower 95 % confidence limits be reported for the fibrjes classified

as agbestos and>those classified as other inorganic fibres. An example of a test report fis shown in

Figure 12.
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TEST REPORT
“Project title”

Sampling

Date: “Date of sample collection”

Sample volume: 3,8 m?

Measurement number: “Number”

Sampling duration: 8 h

Sampling apparatus: “Type”

Effective filter area: 380 mm?

Type

f measurement: “

”

Locat

on: “Description of the sampling location”

Air sampling by:

Analysis in the SEM

Scanning electron microscope: “Type of SEM”

Analysis system: “Type of EDXA”

Magnification<2)000 x

Filter

area analysed: 1 mm?

Number ofimage fields examined: 100

Imagg field area: 0,01 mm?

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 classification | Number_&-Fibre concentration (fibres/m?)

of fibres

counted

Mean Poissonian 95 % confidence interval

Amphibole 6 600 220to 1310
Chrysotile 3 300 60 to 880
Total asbestos 9 900 410to 1710
Other ingrganic 15 1500 840to 2470
Calcium sulfate 8 800 — —

Sampling and analysis performed in accordance with ISO 14966.

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

The volume of air analysed was 0,01 m3.
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Figure 12 — 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

Befo

coating protects the filter during plasma ashing and allows the filter to be examined ini the

the i
film
sputt

The {

during air sampling (the smooth and more strongly reflecting side} shall be approximate
unifgrm thickness of gold coating is required in order to minimize variations in contrasf
image. Optional vacuum deposition of approximately 20 nm~thickness of gold onto the d
the fijlter protects the sampling filter during ashing and can help to improve the contrast

the

evap
coloy
coatg
thet

The {
initid
can i
the d
gold
peak
filten
of th
of th

Lhe filters have a uniform pore distribution.

e sampling, it is necessary to coat the surface of the membrane filters with a gold lay

hcrease in the geometric dimensions of the inorganic fibres, which would-résult if an)
were applied after sampling. The gold coating is applied using either ajvacuum eva
er-coating unit.

hickness of the gold coating applied to the side of the filter on whieh particles are to

EM image. If a means of measuring the thickness of the 'gold coating is not available in|
prator, the gold coating can be assumed to be satisfactory when the filter loses its
Ir during the course of the evaporation and takes.on a typical metallic gold lustre. If, i
d filter appears to have a green colour when-gbserved in transmitted light, it can be a
hickness of the gold coating is within the reqdired limits.

lly weighed, after which they are coatéd with gold and weighed again. The mass of the
e calculated by subtraction, and the thickness can be determined from the area of th
ensity of gold. Using a constant beam current in the SEM, the height or peak integral f
X-ray peaks produced by these reference filters can then be compared with the corresy
produced on a filter prepared for air sampling. The thickness of the gold coating on t
can be calculated, assuming a linear relationship between the gold coating thickness
b gold peak. After subtracting the background signal, the integral under the gold peak,
s peak, is a direet mreasure of the thickness of the gold coating.

er. The gold
EM without
evaporated
borator or a

be collected
ly 30 nm. A
in the SEM
ther side of
of fibres in
the vacuum
initial dark
h addition, a
ssumed that

ilter coating thickness can also be checked easily using the SEM. A number of membrane filters are

oold coating
e filters and
br one of the
onding gold
he sampling
and the size
br the height
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B.1 Calib

2019(E)
Annex B
(normative)

rocedures for calibration and adjustment of the SEM

ration of the scanning electron microscope

The SEM sy
magnificati
of 15kVisr

The magni
magnificati
models of S
viewing scr
and the mag

Adjust the §
and 10 um
performed }|
at the magn
of approxini
starting the

NOTE 1
correspond t

NOTE 2
diameter of t
line width or
wide fibre lo
line numbers

B.2 Adju

The largest
of the SEM
spectrum cg
period of 10

On a 30 cm observation screen display, 100 image fields at a magnification of approximately 2

The width of the scan line (or pixel width for an SEM with digital imaging) on the sample an

0 s.

ecimen is examined at an accelerating voltage of approximately 15 kV to 20 _kV*-3

nd a

n of between 2 000x and 2 500x. For fibre identification in the SEM, an accelerating voltage

bcommended.

fication on the screen shall be calibrated using a certified commegrcially-avai
n standard. It is important to recognize that the magnification value ‘displayed on
EM is that applicable to micrographs produced by the recording-system, and not t
ben (observation screen). The SEM examination is performed direc¢tly on the viewing sc
nification calibration shall relate to the viewing screen.

EM in such a way that chrysotile fibres with a width of 02 jim and lengths between
are visible at the counting magnification of approximately 2 000x. This adjustmsg
y selecting a fibre, either on the prepared sample or.on a test sample, which is just v
ification used for counting. The width of this fibre, is then determined at a magnific
ately 20 000x. This adjustment shall be carried‘out on at least two separate fibres b
analysis, and shall be repeated several times_during the course of a series of analyses.

b an area of approximately 1 mm? on the spec¢imen.

he electron beam are the factors which determine the resolution in the SEM. Provided that thg
the pixel width does not exceed Q,2 pm, no severe image degradation relevant to resolution ofa 0
hger than 5 pm is observed. With currently-available observation screen display sizes and no
of about 500 to 800 at magnifications of 2 000x or 2 500x, the above conditions are usually met

stment of the EDXA system

possible solidiangle of the EDXA detector system should be used. The operating param
and the Xpay detector system shall be selected so that a statistically-acceptable
in be acquired from a 0,2 pm width chrysotile fibre on the test sample within a maxi

lable
some
b the
reen,

b um
nt is
sible
htion
bfore

000x

d the

scan
2 pm
minal

eters
K-ray
mum

The criterio

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

P>3~x/§

(B.1)

with a minimum of 30 pulses in the channel corresponding to the maximum peak height for each of the

magnesium

P+B
B

and silicon peaks[11l; and

>2

for each of the magnesium and silicon peaks.
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